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In the context of increasingly complex construction projects, effective communication and co-
ordinated design efforts are essential for ensuring safety, efficiency, and cost-effectiveness in
structural engineering. This thesis investigates the transformative potential of live collaboration
technologies, with a specific focus on Tekla Live Collaboration, as an innovative solution to the
long-standing challenges of asynchronous file exchanges and fragmented workflows. Traditional
design methods, which rely heavily on static documentation and sequential communication, often
result in misinterpretation and delays. By contrast, live collaboration enables real-time interac-
tions, fostering early error detection, enhanced model synchronisation, and improved multidisci-
plinary integration.

A mixed-methods approach was employed to explore these technological advancements. The
research integrates a comprehensive literature review with experimental testing through a dedi-
cated test bench, utilising Tekla Live Collaboration in practical scenarios, and a detailed case
study that includes quantitative assessments such as the System Usability Scale and qualitative
feedback from engineering professionals. The findings reveal that live collaboration enhances
design coordination and decision-making processes, although several challenges persist, notably
in areas such as navigation, user adaptability, and integrated functionalities.

Ultimately, this study contributes to the broader discourse on digital transformation in the ar-
chitecture, engineering, and construction (AEC) industry by demonstrating that while live collab-
oration technologies offer substantial benefits in speeding up structural design workflows and
reducing errors, continuous refinement and user-centred enhancements are necessary. The the-
sis delineates clear recommendations for future research and tool development, paving the way
for more robust, integrated, and user-friendly solutions in structural engineering practice.

Keywords: Live collaboration, Structural engineering, Tekla Live Collaboration, Building
Information Modelling, Mixed methods
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1. INTRODUCTION

1.1 Background

Collaboration is pivotal in structural engineering, where expertise is integrated across
various disciplines, including architecture, civil engineering, mechanical systems, and
construction. As construction projects grow in complexity, the need for efficient, real-time
communication between stakeholders becomes increasingly essential (Miles, 2005).
Traditional collaboration methods, such as exchanging static design files or conducting
face-to-face meetings, often result in inefficiencies, miscommunication, and delays
(‘Tech-Clarity | The State of Collaborative Design in AEC, e-book’, 2023). These chal-
lenges underscore the necessity of adopting advanced technologies that can facilitate

seamless collaboration in structural engineering projects.

Building Information Modeling (BIM), which is the digital process that creates an accurate
virtual model of a building for planning, design, construction, and operation (Azhar, 2011)
has emerged as a transformative tool in the construction industry. It enables the creation,
management, and sharing of digital representations of the physical and functional as-
pects of buildings. Within the BIM framework, live collaboration technologies represent
a significant innovation by facilitating real-time interaction (Lee et al., 2023) and synchro-
nisation among project stakeholders, allowing them to access, edit, and review structural
models simultaneously, regardless of their physical location (Tekla Model Sharing | Tekla
User Assistance, 2024). These capabilities reduce errors, enhance decision-making, and

accelerate project delivery timelines.

Tekla Structures, Finland's most widely used BIM software, provides structural engineers
with a powerful platform for effectively managing and coordinating their designs, partic-
ularly through its live collaboration features. The software integrates cloud-based ser-
vices and advanced data-sharing protocols, allowing real-time model updates to be in-
stantly visible to all participants (Working collaboratively within a Tekla Structures model
| Tekla User Assistance, 2024). This creates a collaborative environment where potential
conflicts can be identified and resolved early in the design phase, significantly reducing

costly changes during construction. In addition to the robust “Tekla Model Sharing” fea-



ture, Trimble Tekla is introducing the novel “Tekla Live Collaboration” tool (hereafter re-
ferred to as “Tekla Live Collaboration”) to facilitate enhanced dynamic collaboration

among users.

Despite the growing adoption of live collaboration technologies, there is a limited body
of research examining their effectiveness, challenges, and impact on structural engineer-
ing workflows. Questions remain regarding the degree to which these technologies en-
hance design efficiency, improve communication, and mitigate project risks. Further-
more, understanding the barriers to their implementation, such as technological limita-
tions, user adaptability, and interoperability with other systems, is crucial for their wide-

spread adoption.

This study seeks to address these gaps by exploring the role of live collaboration tech-
nologies in structural engineering. By examining their applications, benefits, and chal-
lenges, the research aims to provide insights into how these technologies can enhance
collaborative practices, ultimately leading to more efficient and resilient structural de-

signs.

1.2 Research objectives

The objective of this thesis is to understand the potential of Tekla Live Collaboration in

addressing structural engineering challenges through collaborative workflows.

As the integration of live collaboration technologies in BIM continues to grow, it is an
opportune moment to examine the current status of developments in live collaboration
within structural engineering. The purpose is to identify the IT tools currently supporting
live collaboration in structural engineering and to assess the quality of these tools, with
a particular focus on Tekla Live Collaboration. Therefore, an in-depth study of live col-
laboration technologies in Tekla Structures software, the most widely used BIM software
in Finland, is undertaken. Through this explorative research, the potential benefits of live

collaboration in structural engineering can be highlighted.
This thesis is focused on answering the following research questions (RQ).

RQ1: What is the present status of developments for live collaboration in structural en-

gineering?

RQ2: How can the quality of an IT tool for live collaboration in structural engineering be

tested?

RQ3: What are the potential benefits of live collaboration in structural engineering?



This framework aims to comprehensively explore the capabilities of Tekla Live Collabo-
ration, providing insights into its value and areas for improvement within the field of struc-

tural engineering.

1.3 Scope and limits of the study

This study focuses on exploring the possibilities and effectiveness of “Tekla Live Collab-
oration” in addressing structural engineering challenges through collaborative workflows.
The scope encompasses conceptual analysis and the potential benefits of Tekla Live

Collaboration in the field of structural engineering.

The study primarily focuses on Tekla Live Collaboration and its application within the
context of Structural Engineering. It relies on data and insights gathered from a specific
user group (e.g., engineering professionals) and may not represent all potential users
globally. Furthermore, the research examines the currently available features and func-
tionalities of Tekla Live Collaboration in the Tekla Structures 2024 version without ac-
counting for future updates or advancements in the tool. The study may include a limited
number of experimental scenarios, which might not fully capture the tool’s performance

across diverse project scales or complexities.

By defining these boundaries, the study aims to provide a focused analysis while ac-

knowledging its constraints and potential areas for further research.

1.4 Research methods

This study employs a mixed-methods approach, combining the strengths of both quali-
tative and quantitative research methods (Venkatesh, Brown and Sullivan, 2016), to
comprehensively analyse the capabilities and effectiveness of Tekla Live Collaboration
in addressing structural engineering challenges. The methodology comprises three key

components: a literature review, experimental testing, and case study analysis.

The literature review provides an overview of current developments in live collaboration
technologies within the field of structural engineering. It investigates the concept of live
collaboration and examines the available IT tools designed to facilitate it, with a particular

focus on Tekla Live Collaboration.

To evaluate the quality and effectiveness of live collaboration features, experimental test-
ing is conducted, centred on implementing the Tekla Live Collaboration feature to ad-
dress challenges in structural modelling. The experiments utilised a test-bench ap-
proach, where workstations were prepared, and industry experts participated in problem-

solving sessions that involved test cases.



During these sessions, experts utilised Tekla Live Collaboration to resolve structural
modelling issues. The sessions were recorded, and feedback was collected. These feed-
back forms and observations serve as the basis for both qualitative and quantitative anal-
yses to assess the effectiveness of the tool. The findings are interpreted to evaluate how
effectively Tekla Live Collaboration addresses the challenges encountered in structural

engineering workflows.



2. PRESENT STATUS OF DEVELOPMENTS FOR
LIVE COLLABORATION IN STRUCTURAL EN-
GINEERING

Collaboration is generally understood as working together with a dedication to a win-win
philosophy to achieve a goal that may be challenging for many individuals operating
alone (Moradi and Klakegg, 2024). According to Gray and Wood (1991), collaboration
occurs when a group of independent stakeholders in a problem area work together to
act or make decisions on issues related to that domain through an interactive process
that follows common rules, conventions, and structures. Collaboration has long been
central to structural engineering projects, which typically involve architects, engineers,
contractors, and other stakeholders working together on complex building systems (GDI

Engineering, 2023).

Historically, communication in the building industry progressed from paper drawings and
face-to-face meetings to computer-aided design (CAD) file exchanges and email (Sacks
et al. 2018, p.213). However, limitations in asynchronous file sharing often led to mis-
communication and delays (Cavka, Staub-French and Tory, 2015; ‘Tech-Clarity | The
State of Collaborative Design in AEC, e-book’, 2023).The past decade has seen a shift
toward model-based and real-time digital collaboration. In this context, “live collabora-
tion” refers to workflows in which multiple stakeholders simultaneously interact with a
common digital model or workspace supported by cloud platforms and real-time commu-

nication tools (Infinity, 2024).

This chapter reviews the literature on the evolution of collaboration in structural engi-
neering, emphasising recent technological tools such as Building Information Modelling
and cloud-based platforms, alongside collaborative processes like Integrated Project De-
livery and multidisciplinary teamwork. It synthesises how industry and academia have
addressed synchronous, model-driven collaboration and identifies the remaining chal-

lenges in current practice.

2.1 Evolution of Collaboration in Structural Engineering

Early collaboration in structural engineering was primarily paper-based and sequential.

Design teams exchanged printed drawings and specification documents, while coordi-



nation took place through meetings and markup cycles (Miles, 2005). With the emer-
gence of desktop computers and two-dimensional (2D) CAD systems in the late 20th
century, digital files, such as Drawing (DWG) and Drawing Exchange Format (DXF), be-
gan to replace paper documents. Engineers continued to work mainly in isolation, send-
ing updated drawings back and forth. Coordination was often ad-hoc; for instance, one
structural engineer’s drawing would be faxed or emailed to the architect for reference
without a live connection between models. Despite the Internet facilitating email and
early web sharing, such exchanges remained asynchronous and prone to errors (‘Tech-
Clarity | The State of Collaborative Design in AEC, e-book’, 2023).

Beginning in the late 1990s, research groups demonstrated prototypes of distributed,
computer-mediated teamwork. For instance, Fruchter (1999) described an early Internet-
based “collaborative design and learning space” for architecture, engineering and con-
struction (AEC) teams. In that model, geographically dispersed student teams utilised
desktop sharing and video conferencing to simulate face-to-face meetings while jointly
developing a building model (Fruchter, 1999). The study showed that by linking disci-
pline-specific models and using video support, even complex, international project teams
could coordinate design activities (team members “model, refine, and document” the de-
sign together). The author observed that the distribution of teams adds complexities in
real-world collaboration, encompassing spatial constraints, timing challenges, coordina-
tion difficulties, and cooperation hurdles reflecting the challenges of early global team-
work (Fruchter, 1999).

Throughout the 2000s, collaboration relied on increasingly sophisticated tools but re-
mained largely “file-based.” Teams began using project websites or File Transfer Proto-
col (FTP) servers to upload CAD models, reports, and mark-ups (ExaVault, 2018). How-
ever, file coordination became a significant bottleneck because when one discipline up-
dated a model, others had to manually integrate the changes (Cavka, Staub-French and
Tory, 2015). In response, software emerged for model coordination; for example, Navis-
works enabled collision detection by aggregating separate discipline models, and FTP-
based “common data environments” provided centralised storage. Nevertheless, collab-
oration was typically asynchronous: project meetings would review snapshots of models

rather than a live, shared workspace.

In summary, the evolution up to about 2010 transitioned from paper and email coordina-
tion to digital file exchanges and web-based review sessions (Figure 1). During this pe-
riod, the industry began to adopt the concept of Integrated Project Delivery (IPD). This
approach emphasises the early involvement of all stakeholders and the joint use of

shared information. As Leicht, Messner and Anumba (2009) observed, the emerging



trends in AEC collaboration have increased emphasis on IPD, intelligent models for in-
formation sharing, and virtual teaming, although the physical workspace still often lagged

behind these advancements.

Evolution of collaboration in Structural Engineering
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Figure 1: Evolution of collaboration in Structural Engineering

2.2 Model-Based Collaboration and BIM Integration

In the last 10 to 15 years, Building Information Modelling (BIM) has transformed collab-
oration by shifting projects from disconnected drawings to integrated digital models
(Azhar et al., 2008). As the name suggests, BIM is a three-dimensional (3D) represen-
tation information model encompassing the physical and functional features of a building.
In BIM, architects, engineers, and other disciplines work on a common 3D model that
contains both graphical and semantic data. For structural engineering, this means that
steel and concrete elements are modelled, with their properties (materials, sections, con-
nections) becoming part of the shared information space. Model-based workflows enable
automatic clash detection, quantity take-offs, and even analytical integration with struc-

tural analysis tools.

BIM covers all the constituents of building management throughout its lifecycle, from a
conceptual design to its construction and operation. According to Oraee et al. (2017),
BIM is a highly significant breakthrough in the construction sector that can assist project
management in areas such as prefabrication, construction, procurement, and facility

management. BIM offers powerful tools for engineers to model structures in 3D, analyse



performance, and coordinate complex geometries and materials within a collaborative

environment.

Several studies highlight the advantages of BIM for multidisciplinary coordination. For
instance, a case study by Habte and Guyo (2021) demonstrated a BIM workflow linking
Revit with the structural analysis software ETABS and SAFE. Their findings highlight that
structural design tasks can be seamlessly interconnected and that effective collaboration
across disciplines, particularly with architects, can be facilitated through the implemen-
tation of BIM (Habte and Guyo, 2021). In practice, the engineering team modelled the
building in Revit and transferred data (loads, sections) to analysis programs via custom
plugins. This setup enabled bidirectional data exchange and automated clash detection,
as BIM was utilised to streamline modelling, analysis, design, and clash detection pro-
cesses (Habte and Guyo, 2021). In other words, instead of separate CAD files, the struc-
tural design was embedded in the BIM platform, so changes in the architect’s model (for
example) could immediately propagate to the structural model and analysis. The result

was a single digital environment where design and documentation coexisted.

More broadly, the BIM paradigm encourages the use of common data environments
(CDEs) where project information is stored centrally. Major BIM software vendors have
developed cloud-based BIM platforms (e.g. Autodesk BIM 360, Trimble Connect, Bentley
ProjectWise 365), enabling real-time access to models for all stakeholders. Through
these platforms, an engineer in Finland and an architect in Italy can simultaneously open
the same building model in the cloud, assign tasks, review changes, and comment on
elements (Tekla Model Sharing | Tekla User Assistance, 2024). Industry reports indicate
that real-time data-sharing solutions facilitate seamless connectivity between project
teams and data throughout the entire process, from initial design to final construction
(‘Top 5 BIM Interoperability Solutions for Seamless Collaboration - Bimdex’, 2024).
These systems typically provide access control, version history, and markup tools, ena-
bling transparent collaboration without the need to exchange static files. In practice,
many offices now use cloud BIM for concurrent work: multiple engineers may each have
their local Tekla Model instance but sync changes to a central “live” model on the cloud
server (Tekla Model Sharing | Tekla User Assistance, 2024).

The integration of BIM into structural engineering has also broadened the field beyond
traditional calculations. Solnosky (2016) notes that structural engineers have adopted
advanced software and hardware, with innovations over the past decade significantly
broadening the scope of structural engineering beyond conventional analytical ap-
proaches. In particular, BIM has enabled the flow of non-graphical information through

the model, allowing engineers to embed material properties directly within elements.



Some researchers even envision BIM as a corporate knowledge management tool. For
instance, Fruchter, Schrotenboer and Luth (2009) introduced the concept of a “Building
Knowledge Model” (BKM) that enriches the BIM with corporate memory by reusing past
project data, expert knowledge, and documentation within the shared model. Although
still in the early stages, this idea illustrates how model-based collaboration can encom-

pass not only geometry but also the intellectual assets of a firm.

Nevertheless, full integration remains challenging. While the promise of BIM is a single
integrated platform, in practice, structural engineers often use specialised analysis and
design software alongside BIM. The Habte and Guyo case study pointed out that no
single software yet covers all structural tasks without leaving the familiar design environ-
ment (Habte and Guyo, 2021). Engineers tend to rely on trusted analysis tools and then
use BIM for geometry and documentation. Bridging between these tools requires interop-
erability efforts (explained in the following subchapter). Still, the trend is clear: model-
based workflows and BIM adoption have made structural collaboration more immediate
and cohesive than ever before, enabling richer cross-disciplinary coordination than was

possible with 2D drawings (Figure 2).
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Figure 2: Modern BIM integration

2.3 Real-Time and Synchronous Collaboration Technologies

Building on BIM, the most recent advances enable synchronous, real-time collaboration

within digital workspaces. These go beyond uploading a model to the cloud; they enable
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multiple users to interact with the same model or virtual environment simultaneously,
often with integrated communication capabilities (Architizer, 2015). Figure 3 illustrates

the flowcharts that compare asynchronous and synchronous workflows.

Asynchronous Collaboration

File . Clash . .
Export Email Import detection Meeting Revision
Synchronous Collaboration
Open shared Live Auto clash In-model Updated
model edit detection comments/chat immediately

Figure 3: Asynchronous vs. Synchronous Collaboration

One class of tools involves cloud-hosted BIM platforms that offer real-time model re-
views. For example, Graphisoft’'s BIMcloud or Trimble’s Connect platform lets users re-
view IFC models and chat in the model. Such tools also allow simultaneous viewing: a
manager might be in an office in Finland while an engineer in India, both zooming and
rotating the shared model together. The key advantage is that decisions can be made
together rather than through slow email exchanges. Several industry articles note that
real-time BIM collaboration reduces misunderstandings and accelerates decision-mak-
ing since project partners “facilitate real-time communication” through shared models
(Handy, 2025).

Another set of technologies focuses on immersive and interactive workspaces. Early
prototypes in studies experimented with large display walls and advanced interfaces.
Leicht, Messner and Anumba (2009) describe “interactive workspaces” where virtual and
physical realms merge. For example, teams might work around a digital table or use
augmented reality (AR) tools that allow them to manipulate the BIM with hand gestures.
These environments are designed to leverage natural interaction: whiteboards and tablet
computers are used alongside the model, and participants can move freely around a
digital reconstruction of the building (Leicht, Messner and Anumba, 2009). The goal is to
bring the entire team together in one virtual room. In practice, specialised labs and virtual
reality (VR) facilities have allowed student and industry teams to test such workspaces;
studies have found that different configurations of media (e.g., tabletop vs. wall display
vs. VR headset) measurably change the way team members contribute and reach con-

sensus (Leicht, Messner and Anumba, 2009).
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Virtual reality (VR) and mixed reality (MR) systems are closely related to collaborative
design. Several experiments have integrated BIM with VR; for instance, a team can wear
headsets and see a 3D model from the inside, walking through the structure and design.
Some systems allow one user in VR to view the building model while other remote users
appear as avatars. Fechter, Damgrave and Wartzack (2015) presented a framework in
which a product model and remote participants were visualised together in a single im-
mersive environment. In that system, participants (represented by avatars) could view
and even directly edit the product geometry through natural interactions, such as hand
gestures. The key insight was that by seeing each other and the model simultaneously
in VR, communication became more natural, similar to being in the same room with the
model. The study reported that such immersive co-working could enhance the exchange
of expertise and reduce the cognitive load associated with switching interfaces (Fechter,
Damgrave and Wartzack, 2015).

Alongside VR, augmented reality (AR) is gaining traction. AR headsets (like Microsoft’s
HoloLens) allow BIM models to overlay onto the real world (Dolenc, 2023). In a meeting,
one engineer might draw a beam in Revit, and that change instantly appears superim-
posed on a conference room table in front of all collaborators wearing AR devices
(Maijcher, 2021). While still emerging in practice, companies have begun pilots where AR
is used for collaborative layout and site planning, enabling real-time comments directly

on the model in situ (Delgado et al., 2020).

Eventually, telepresence tools such as video conferencing and screen sharing have un-
dergone steady improvements. Although not unique to structural engineering, modern
platforms (e.g., Microsoft Teams, Zoom) integrate seamlessly with BIM, allowing teams
to share screens of the model often while on a call or review 3D models together during
a video call. This “live” screen sharing is widely used for daily coordination. As Fruchter
(1999) noted decades ago, even primitive versions of this (desktop sharing over the in-
ternet) already allowed remote “face-to-face” meetings of AEC teams. Today’s higher-
bandwidth, low-latency networks make such real-time visual collaboration routine, and
solutions are continually evolving (e.g., collaborative whiteboards and spatial audio

meeting rooms).

2.4 Interdisciplinary and Multidisciplinary Workflows

Structural engineering collaboration does not occur in a vacuum; it must align with archi-
tectural and construction processes to ensure seamless integration. Modern project de-
livery emphasises integrated, multidisciplinary workflows (Muthumanickam et al., 2023).

Building Information Modelling itself is inherently multidisciplinary: BIM models typically
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contain architectural, structural, mechanical, electrical, and plumbing (MEP) elements.
Workflows are thus designed to coordinate these disciplines from early design through-

out the construction.

One common approach is clash detection coordination meetings. In these, discipline
models (often federated via Trimble Connect or similar tools) are reviewed by a multidis-
ciplinary team in the cloud (Ahmadpanah 2022, p.13; Lozinski, 2024). The model is col-
our-coded, and clashes (e.g., where a beam intersects a duct) are marked. The team
meets (virtually or in person) to assign responsibilities and fix issues. This process, often
using “BIM coordination” tools, exemplifies a collaborative workflow: it requires input from
structural, mechanical, architectural, and construction stakeholders, typically facilitated
by a BIM coordinator (Ahmadpanah 2022, p.13).

A more holistic approach is Integrated Project Delivery (IPD). In IPD contracts, all major
participants (owner, architect, contractor, and structural engineer) share risks and re-
wards, working together from the project’s inception (Neuroject, 2025). BIM is often cited
as an enabler of IPD since it provides a common platform. Collaborative design char-
rettes are used to align goals with all disciplines in the same room (or virtual space).
Leicht, Messner and Anumba (2009) highlighted that face-to-face interaction could be
emphasised in charrettes: teams using interactive workspaces for sustainable design
found that richer physical interaction aided integration. Thus, even as digital tools ad-
vance, many workflows still value co-location or real-time group sessions (now made

possible virtually as well).

Structural engineers also collaborate across sub-disciplines and specialities. For in-
stance, a structural model often contains both general framing and detailed components
(stair details, connections, DELTABEAM®). Effective collaboration requires linking these
levels. Some firms employ in-model collaboration between analysis specialists and de-
tailing specialists: the analysis team ensures strength and loads, while detailers add con-
nection elements in the same BIM model (Barison and Santos, 2010). Interfaces such
as Revit’s linked models allow one engineer to share a model view of gravity design while

another focuses on lateral analysis, maintaining consistency.

Another interdisciplinary workflow involves contractors and fabricators. Structural engi-
neers increasingly work closely with fabricators, who need accurate shop drawings. In
advanced workflows, a steel subcontractor can access the engineer’s BIM and immedi-
ately create fabrication models, then feedback erection sequencing. Technologies like

Trimble’s FieldLink or Autodesk’s BIM 360 for field connect on the construction side allow
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markups to flow from the site back to design, creating a live feedback loop. This blurs

the line between engineering and construction teams, requiring real-time updates.

Multi-project coordination is emerging. In large developments with multiple buildings or
phases, a common data environment can allow structural engineers across projects to
collaborate (e.g., sharing typical details and standards). This marks a new frontier, indi-

cating how collaboration is scaling beyond single structures.

2.5 Challenges and Limitations of Current Tools

Despite these advancements, substantial challenges persist in live collaboration for
structural engineering. These challenges span technical, organisational, and interopera-

bility domains.

Technical limitations: Real-time collaboration tools require robust infrastructure. Large
BIM models (often hundreds of megabytes to gigabytes) can be slow to load and update
over the internet, especially in regions with limited bandwidth. Even with cloud platforms,
latency can disrupt the sense of “real-time” — for example, rapid concurrent edits by mul-
tiple users may conflict with each other. Software must also handle concurrent changes:
if two engineers edit the same beam simultaneously, the system must either merge the
edits or prompt a resolution. Current tools support basic locking and change-tracking,

but conflicts still cause delays.

Hardware is another issue. Immersive environments (VR/AR) require high-end graphics
workstations or headsets, which not all firms can afford. Smaller screens still constrain
mobile collaboration (e.g., using a tablet or smartphone), although they offer conven-
ience. Additionally, the user interfaces for these tools can be complex: designers must
learn new ways to navigate and manipulate models. Leicht, Messner and Anumba (2009)
noted that while technologies like interactive whiteboards and VR exist, their value de-
pends on careful planning of how teams will use them. In practice, many teams default

to simpler methods (screen sharing, video calls) because of these usability hurdles.

Interoperability issues: Perhaps the most persistent challenge is the lack of interoper-
ability between tools. As Habte and Guyo (2021) report, “Interoperability among BIM
software is still a challenge”. There are difficulties in importing IFC Data from one BIM
software to another (Zhang, Beetz and Weise, 2015). The Industry Foundation Classes
(IFC) standard was created to facilitate data exchange across applications; however,
implementations often vary and can result in the loss of information. In their case study,
the authors found that standard IFC export/import could not carry all structural analysis

data, so they had to develop custom plugins to link Revit with analysis programs (Habte
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and Guyo, 2021). Generally, many tools offer some level of data exchange functionality,
but not all are equipped to handle the extensive transfer of structural analysis and design
data (Habte and Guyo, 2021). This often results in a “data island”, where the BIM con-
tains geometry and some properties, but critical analysis results or parametric linkages
are lost or separate (Habte and Guyo, 2021). Consequently, firms spend considerable
effort on interoperability: writing scripts, using third-party middleware, or manually re-
entering data. Until truly seamless integration exists, this fragmentation remains a barrier
to fully “live” collaboration because not all data can be edited or seen simultaneously in

the main model.

Standards and file issues: Even within a given software, collaboration can be tricky.
BIM applications usually have their own native formats (e.g. Revit, Tekla, ArchiCAD).
Cloud platforms have added version control, but when multiple users work locally, merg-
ing changes still requires discipline. Model work-sharing (Revit Worksharing or Tekla
Model Sharing) alleviates some issues but imposes restrictions (such as requiring a host
model). Moreover, different organisations may employ various tools. For example, one
firm uses Tekla Structures, while another uses Revit. Although IFC provides a bridge,

mismatches in modelling approaches can lead to geometry discrepancies.

Organisational and process hurdles: Technology aside, human factors limit collabo-
ration. Many structural engineering teams foster a culture of siloed work; adopting con-
current, open collaboration requires trust and new workflows. Early adopters report ob-
stacles such as “lack of BIM and cross-discipline education” among engineers and “ab-
sence of information, guidelines and standards on BIM implementation” (Habte and
Guyo, 2021). If staff are not trained, they may resist new tools or use them inefficiently.
Client demand is also a factor. Sometimes owners or architects do not require or facilitate
live collaboration, preferring traditional deliverables, which discourages engineers from
investing in the infrastructure. Changes in project delivery (e.g. integrated contracts) can
help, but overall, projects still employ design-bid-build models that do not incentivise

early and continuous collaboration.

Security and contractual issues: Another challenge is related to data security and in-
tellectual property. In a live collaboration environment, multiple parties have access to
the central model. This raises questions about who “owns” the model elements at any
time, how liabilities are managed (if two parties make conflicting design decisions simul-
taneously), and how changes are logged and approved. While these are more legal/con-
tractual than technical issues, they impact tool adoption. For example, some firms insist
on copy-based coordination (sending snapshots) rather than true live sharing to retain

control over their own files.
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In summary, while the tools for live collaboration have matured, their full benefits have
not yet been realised on all projects. Limitations in software interoperability, data integ-
rity, and human processes mean that many teams still rely on hybrid approaches (e.g.,
regular syncing instead of truly simultaneous editing). Addressing these challenges is an
active area of industry development. Perhaps Tekla Live Collaboration will be the break-

through.

2.6 Summary and Implications for Future Practice

Over the past decade and a half, collaboration in structural engineering has evolved from
one-directional file exchanges to increasingly synchronous, model-based workflows. Key
advancements include the widespread adoption of BIM, the rise of cloud-based common
data environments, and the experimental use of immersive virtual collaboration tools.
Today’s structural teams can coordinate through shared 3D models, real-time co-editing
platforms, and even VR/AR environments that enable distant colleagues to interact as if
they are co-located. Research has demonstrated the value of these methods: they im-
prove communication, reduce errors (through early clash detection), and help cross-dis-

ciplinary teams converge on integrated solutions (Habte and Guyo, 2021).

However, the current state is still transitional. Many projects use a mix of traditional and
live approaches. For example, a firm might schedule periodic coordination meetings (vir-
tual or in-person) around a shared BIM, interspersed with off-line work in individual CAD
tools. Tools like interactive workspaces and immersive VR, while promising, are not yet
commonplace outside research labs and large innovation centres. Most practitioners rely
on more conventional platforms (BIM 360, Revit Worksharing, Trimble Connect, etc.)
augmented by video conferencing. In that sense, live collaboration is available but not

ubiquitous.

Looking forward, the implications for practice are multifold. First, standards and interop-
erability must improve. Continued development of open data standards (e.g., IFC, BCF
for issue tracking) and stronger Application Programming Interfaces (APIs) will facilitate
seamless integration between applications. We may see more “single platform” solutions
that bundle analysis and modelling (or even full lifecycle data) to reduce data islands.
Second, organisational culture will need to adapt. Engineering firms should invest in
training and reshaping processes to reward collaborative behaviours. Integrated project
delivery and design-build contracting, which emphasise shared goals, will encourage the
use of live collaboration tools. Third, emerging technologies such as Artificial Intelligence
(Al) and digital twins may become integral to the collaboration ecosystem. For instance,

machine learning could help automate clash resolution or optimise design decisions in
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real-time. Digital twins (live models of existing structures) could allow structural engi-

neers to collaborate on renovation and monitoring in much the same manner.

In conclusion, the present status of live collaboration in structural engineering is one of
rapid progress, albeit with partial adoption. Model-based tools and cloud workspaces
have laid the groundwork, and practitioners now have the option of synchronously shar-
ing structural models across distances. At the same time, work remains to standardise
data exchange, reduce technical barriers, and refine workflows. As technologies con-
verge and industries align around collaborative workflows, the vision of engineering
teams “working in the same model” in real-time, once a research dream, is steadily be-

coming a reality (Habte and Guyo, 2021).
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3. DEVELOPMENT OF TEST BENCH

This chapter outlines the experimental methodology for testing live collaboration soft-
ware in structural engineering. It begins with an introduction to the new Tekla Live Col-
laboration feature, followed by a detailed explanation of the testing procedure, including
the research approach, experimental setup and data collection process. Lastly, it pre-
sents the evaluation framework used to assess Tekla Live Collaboration’s capabilities
and efficiency, highlighting the quantitative and qualitative measures applied to deter-

mine performance.

3.1 Tekla Live Collaboration

In terms of live collaboration, Trimble Tekla is a leader in providing high-quality technol-
ogies that enhance collaboration among various stakeholders in construction projects.
While Trimble Connect acts as a platform for sharing files, drawings, and models among
project participants, the robust Tekla Model Sharing enables collaborative modelling, re-
ducing miscommunication and conflicts, thereby increasing modelling efficiency and the
quality of the final model delivery. The recently published Tekla Live Collaboration fea-

ture offers users a more dynamic experience that surpasses Tekla Model Sharing.

The Live Collaboration feature in Tekla Structures allows users to collaborate on 3D
models in real-time without needing to export or share any files (Real-time collaboration
with Live Collaboration for Tekla Structures (Preview) | Tekla User Assistance, 2025).
Furthermore, this feature brings the project team together to review work done in Tekla
Structures and Trimble Connect. As part of the review process, Tekla Structures users
can share their models in real-time with other Tekla Structures and Trimble Connect us-
ers and observe the modifications and navigation of other collaborators in their Tekla
Structures model. Trimble Connect users can also share models stored in the Trimble
Connect project (Real-time collaboration with Live Collaboration for Tekla Structures
(Preview) | Tekla User Assistance, 2025).

The most effective way to collaborate on solving issues in the structural model is to share
the native Tekla models among designers. However, when collaboration involves two or
more companies, sharing the full native Tekla models often raises concerns about Intel-
lectual Property Rights (IPR). Using Tekla Model Sharing allows others to access the

entire model, including all components and customised Tekla details. Many companies
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have their own in-house developed components to enhance the efficiency of their mod-
elling and design processes. In some cases, even Grasshopper scripts are integrated
into models to enhance workflow optimisation. Therefore, sharing models that include
customised details during collaboration poses a significant risk to the companies. Con-
sequently, despite the advantages and technical robustness of Tekla Model Sharing, it
is often not utilised in multi-company collaborations due to the potential exposure of sen-

sitive proprietary content.

According to Tekla’s official documentation, even though the model changes are visible
to all collaborators during a live collaboration session, users can only edit their own mod-
els. In other words, you can see other users' model objects overlaid with your model
objects in Tekla Structures, but you cannot edit them or convert them to native Tekla
Structures objects (Real-time collaboration with Live Collaboration for Tekla Structures
(Preview) | Tekla User Assistance, 2025). This setup allows companies to collaborate
effectively without compromising model ownership or intellectual property. For example,
one company may be responsible for designing the concrete structure of a large project,
whilst another focuses on designing the steel structure. With Tekla Live Collaboration,
they can work together on the connection design between concrete and steel structures
without sharing their native Tekla models. This makes Tekla Live Collaboration a highly
effective solution for enabling secure, real-time collaboration between different project

stakeholders.

3.2 Research Approach

This study's primary research approach involves constructing a dedicated test bench to
evaluate the Tekla Live Collaboration feature in the context of a realistic structural engi-
neering challenge. In engineering and software development, a test bench is a con-
trolled, isolated environment where a new system or feature can be tested under realistic

conditions to verify its behaviour (Smith, 2024).

For this study, the test bench was designed to simulate a realistic structural engineering
workflow, allowing for a safe and systematic evaluation of Tekla’s new Live Collaboration
feature. By reproducing the tasks, data inputs, and interaction patterns typical of a live
project, the setup enables observation of how effectively the tool promotes real-time col-
laboration, how users interact with its features, and how it performs under practical work-
load scenarios. In summary, the test bench provides a repeatable framework for as-
sessing functionality, user interaction, and performance under conditions that mimic a

live engineering project.



19

Simulation test benches recreate real-world operating conditions through software-
driven simulation, making them indispensable for validating software applications (Smith,
2024). These environments integrate both hardware and software components to exe-
cute comprehensive test sequences. The principal advantage of a well-designed test
bench is its capability to verify that a product performs as intended under specified con-
ditions (Smith, 2024).

Designing an effective simulation test bench begins with a thorough analysis of the sys-
tem under test, identifying critical parameters, operational modes, and boundary condi-
tions that must be emulated (Smith, 2024). Once the requirements are defined, appro-
priate tools and equipment are selected to fulfil the testing objectives. This structured

approach ensures that every aspect of the target system is exercised.

3.3 Experimental Scenario and Models Used

The specific engineering task selected for the test bench involved designing a connection
between a concrete and a steel structure. Such multi-material connections are prevalent
in applications such as bridge supports, building floors with embedded plates, and hybrid

structural frames, all of which necessitate precise coordination across disciplines.

As a reference, this study utilised the public data model files published by Nordic Sus-
tainable Construction. Specifically, the test bench is based on an office building designed
with a concrete structure in accordance with the Finnish Construction Act and national
building codes. In the architectural model of this building (Figure 4), a canopy structure
surrounds the building’s ground floor, providing a realistic scenario for evaluating a multi-

material connection design.

Canopy Structure

Figure 4: Architectural model of the office building (Nordic Sustainable Con-
struction, 2024)
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Referring to the structural model of the office building (Figure 5), the canopy itself was
not included in the files provided. Therefore, in this study, the steel framework of the
canopy was designed first (See Figure 6 below). The exact connection between the can-

opy’s steel beam and the exterior wall of the building remains to be determined.

Figure 5: Initial structural model of the office building (Nordic Sustainable
Construction, 2024)

Figure 6: Structural model, including the steel structure of the canopy (Nordic
Sustainable Construction, 2024)
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During the Live Collaboration session, collaborators need to discuss and select the ap-
propriate connection type and design the connection between the canopy’s steel beam
and the concrete wall. Below (Figure 7) is an example of a suitable connection for this

scenario.

Figure 7: Sample connection

3.4 Setting up of Test Bench

To evaluate Tekla Live Collaboration, the test bench was built using Tekla Structures

2024 and Trimble Connect. The core components of the test bench included:

o Tekla Model Setups: Two separate Tekla Structures projects were prepared,
one containing the detailed concrete structural model (Figure 8) and the other the
steel structural model (Figure 9). Each model represents one side of the connec-

tion challenge.

Figure 8: Shared concrete structural model (Nordic Sustainable Construc-
tion, 2024)
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Figure 9: Shared steel structural model

Trimble Connect Project: Both structural models (concrete and steel) were
linked to a single Trimble Connect project, created specifically for this study, as
required by the Live Collaboration feature (Real-time collaboration with Live Col-
laboration for Tekla Structures (Preview) | Tekla User Assistance, 2025). Further-
more, the IFC version of the architectural model was uploaded to the same pro-
ject. This cloud-based project acted as the central platform for real-time commu-

nication of model data.

User invitations: All test participants, including Tekla Structures 2024 users and
Trimble Connect web-viewer users, were invited to join the Trimble Connect pro-

ject and participate in the live collaboration session.

Workstations: Three workstations were set up for the study, each equipped with
Tekla Structures 2024 and web access to Trimble Connect. The Live Collabora-
tion feature was enabled in Tekla Structures 2024, and the corresponding exten-
sion was activated in Trimble Connect’s 3D Viewer. To ensure clear communica-
tion during collaboration, speaker devices were connected to all workstations,
and participants joined a Microsoft Teams meeting. Microsoft Whiteboard was

also utilised to share hand-drawn sketches while finalising the connection type.

Users: The test bench supports multiple concurrent instances. For example, one
user operates Tekla Structures while another uses the Trimble Connect web
viewer, with both connected to the same Trimble Connect project. As stated in
the Tekla documentation: “Collaborators using Tekla Structures or Trimble Con-

nect for Browser can then join the same session,” and “participants can join the
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same session multiple times, from different applications, devices, or using differ-
ent instances of the same application” (Real-time collaboration with Live Collab-

oration for Tekla Structures (Preview) | Tekla User Assistance, 2025).

e Live Collaboration Session: A collaboration session was initiated in Tekla
Structures, with each user required to click “Share” to publish their model to the
shared session. Tekla’s documentation notes that this allows users to “collabo-
rate in real time between 3D models without exporting or sharing any files” (Real-
time collaboration with Live Collaboration for Tekla Structures (Preview) | Tekla
User Assistance, 2025).In practice, this means that the two models appear as
overlays in each user's 3D view. Participants can view each other’s camera
movements and live model changes while retaining edit access only to their re-

spective models.

By configuring the test bench in this manner, the evaluation successfully replicates a
real-world design scenario. The software environment (two linked Tekla projects), hard-
ware setup (workstations), and model data (discipline-specific structures) are all carefully
controlled and documented. This ensures that the observed outcomes can be directly
attributed to the functionality and performance of the Tekla Live Collaboration feature

rather than to external or uncontrolled factors.

3.5 Methods of Data Collection

To evaluate user experience and compare workflows, three structured surveys were ad-

ministered:

e Survey 1 (pre-experiment): Comprised of open-ended and Likert-scale ques-

tions.
e Survey 2 (post-experiment): Divided into,
o Part 1: Exclusively Likert-scale questions, and
o Part 2: Exclusively open-ended questions.

By combining quantitative ratings (via the Likert scale in Survey 2 Part 1) with qualitative
feedback (from Survey 1 and Survey 2 Part 2), both measurable user attitudes and
richer, descriptive insights can be captured. The Likert responses allow the study to
quantify agreement levels across key workflow criteria, while thematic analysis of all

open-ended replies reveals participants’ detailed experiences and suggestions.
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3.5.1 Survey 1 — Baseline Practices

The pre-session questionnaire aims to gather information about participants’ de-
mographics and expectations. A total of 11 questions (see Appendix A) were adminis-
tered immediately before the experiment commenced, and this survey collected data on
each participant’s current collaboration habits and awareness of tools. This established
a baseline profile of how each engineer typically coordinates design information and their

familiarity with live collaboration concepts.

3.5.2 Survey 2 — Live Collaboration Experience

The post-session questions aim to capture the usability, satisfaction, and perceived im-
pact of the collaboration feature. Administered immediately after the experiment, this
survey gathered feedback on the Tekla Live Collaboration session. It included questions
regarding usability, communication quality, efficiency, and overall satisfaction. Both Lik-
ert-scale items and open-ended questions were utilised, allowing participants to rate

statements on a scale of 1 to 5 and provide comments on any difficulties or suggestions.

Part 1: System Usability Scale (SUS)

This part of the survey employs the standard ten-item SUS questionnaire to obtain a
reliable usability score. The System Usability Scale (SUS) is a widely used, standardised
questionnaire designed to assess the usability of a system, product, or feature. Intro-
duced by John Brooke in 1986, SUS provides a quantitative measurement of user expe-
rience (UX) through 10 items that users rate on a 5-point Likert scale, allowing research-

ers to gauge the overall usability of a system efficiently (Soegaard, 2024).

SUS has become a staple in usability testing because of its simplicity, reliability, and
effectiveness (Stawinska, 2024) across various industries, from software development
to more specialised fields such as Building Information Modelling (BIM). By employing
SUS, evaluators can gather meaningful insights into how intuitive, efficient, and user-

friendly a system is. Figure 10 illustrates the evolution of SUS throughout the years.

Digital Cross- Global Integration
Revolution Standardization Industry Adobtion with UX
and Beyond Applicability P Practices

Figure 10: Evolution of SUS (Soegaard, 2024)

Applying SUS to Tekla Live Collaboration offers several benefits:
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Quantifiable Usability Score: SUS provides a numeric score, making compari-

sons easier between different updates or modifications of the feature.

User-Centered Evaluation: Helps in understanding users' experiences with the

collaboration interface.

Identifies Weaknesses: Highlights areas where users face challenges, allowing

for improvements.

Decision Support: The numerical score from an SUS evaluation supports data-
driven decision-making, enabling stakeholders to prioritise usability improve-

ments that can enhance real-time collaboration for engineers and designers.

To properly evaluate the usability of Tekla Live Collaboration using SUS, the following

steps should be undertaken:

Step 1: Define the Evaluation Scope

The aspects of Tekla Live Collaboration that will be measured were outlined at

the beginning: collaboration efficiency and workflow integration.
Step 2: Administer the SUS Questionnaire

The standardised SUS questionnaire was distributed to the test participants im-
mediately after the session concluded. Each statement is rated on a scale from
1 (“Strongly Disagree”) to 5 (“Strongly Agree”), ensuring that a broad range of

user experiences is represented. Refer to Annex B for the questions.
Step 3: Collect and Analyze User Responses

Once responses have been collected, the SUS score is determined for each par-

ticipant by adhering to the steps outlined below (Soegaard, 2024):
1. Adjust responses:

o For odd-numbered statements (positive ones), subtract 1 from

the score.

o For even-numbered statements (negative ones), subtract the

score from 5.
2. Sum all adjusted scores.

3. Multiply by 2.5 to obtain a final (normalized) SUS score ranging from O
to 100.
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e Step 4: Interpret the Results

Understanding the context of the user base is essential for interpreting the re-
sults. A score above 68 typically denotes acceptable usability, while a score
above 85 indicates excellent usability. Scores below 50 may suggest critical us-
ability issues that necessitate immediate attention (Soegaard, 2024; Stawinska,
2024).

This scoring not only identifies strengths in the collaboration feature but also highlights
areas that need refinement, ultimately paving the way for a more efficient collaborative

environment within Tekla Structures.

Integrating the System Usability Scale (SUS) into the evaluation process of Tekla Live
Collaboration offers a rigorous, data-driven method for assessing user satisfaction and
experience. By adopting a systematic approach that includes defining evaluation objec-
tives, collecting user feedback, and calculating and interpreting the SUS score, the ca-
pabilities of Tekla Live Collaboration in addressing structural engineering challenges can
be identified. Such iterative evaluations facilitate continuous improvement and foster the
development of a collaborative environment that is both robust and intuitively accessible

to all users.

Part 2: Open-ended questions

In addition to the SUS, combining quantitative results with qualitative feedback, such as
user feedback, can deepen the understanding of user behaviour in the test case. This
mixed-method approach provides a comprehensive view of both measurable usability
and the nuanced user experience of the Tekla Live Collaboration feature. Consequently,
the post-session survey, part 2, is distributed after the completion of the experimental
session to capture overall impressions and collaboration-specific feedback. Refer to An-

nex C for the questions.

3.5.3 Observations of user interactions during the session

In addition to administering the surveys, the experimental sessions were recorded using
Microsoft Teams. Participants' behaviour and experiences regarding specific instances
were carefully observed and documented throughout the sessions. These observations
not only support their survey responses but also reinforce the overall findings of the test

bench.



27

3.6 Experimental Testing

The experiments involved industry experts from VTT, Ramboll, and A-Insindorit. A pilot
session was initially conducted with engineers from VTT to validate the test bench con-
figuration and overall design scenario. Once the setup was confirmed to meet expecta-
tions, two additional experimental sessions were held, each involving two experts from
A-Insinddrit and Ramboll, respectively. All collaboration sessions were recorded, and the
participants' survey responses were collected for subsequent analysis. In the test bench

scenario:

e Roles: One expert (Structural Engineer A) was responsible for the concrete
model, while the other expert (Structural Engineer B) managed the steel model.
Both participants possessed extensive experience in their respective fields. The
researcher (Engineer C) acted as the architect, reviewing and coordinating the

design modifications made by the experts.

o Initial Setup: Prior to the session, Engineer A loaded the concrete model into
Tekla Structures, while Engineer B loaded the steel model. Each model was al-
ready linked to the shared Trimble Connect project. Engineer C opened the ar-

chitectural IFC model in Trimble Connect’'s 3D viewer.

o Live Collaboration Session: Engineer A initiated the live collaboration session
in Tekla Structures from his workstation. Engineer B then joined the same ses-
sion in Tekla Structures, while Engineer C joined via the Trimble Connect web
viewer. Each clicked “Share” to broadcast their current model into the collabora-
tive view. Consequently, Engineer B’s screen displayed the overlaid concrete and
architectural models; Engineer A’s screen showed the overlaid steel and archi-
tectural models; and Engineer C’s view combined both the concrete and steel
models with the architectural model (see Figure 11 of how engineers engaged

during a live collaboration session).

o Collaborative Task: The aim was to finalise the geometry and detailing of the
concrete wall-steel beam connection. For instance, Engineer B added a steel
bracket or bolted plate on the steel side, whilst Engineer A positioned embedded
plates on the concrete side. As each person modified their model, the changes
appeared live for all session participants. Both structural engineers could pan and

zoom into the connection area, effectively collaborating in a shared virtual space.

e Coordination: Throughout the task, verbal communication and on-screen cues
were utilised to coordinate the design. If Engineer B adjusted a steel plate in the

steel model, Engineer A immediately saw the updated location and could modify
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the embedded anchor plate accordingly. This real-time feedback loop eliminated
the usual delay in exporting and sending updated CAD files.
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Figure 11: Engineers during the live collaboration session
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In this way, the test bench replicated a realistic engineering design review where two
specialists work together in a shared model environment. No native model files (such as
.tekla files) were exchanged between users; the Live Collaboration feature over the cloud
handled all model data information transfer. This setup enabled the assessment of
whether the Tekla Live Collaboration feature truly enhances structural engineering work-

flows.
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4. CASE: USE OF TEKLA LIVE COLLABORATION
TO SOLVE PROBLEMS IN STRUCTURAL EN-
GINEERING MODELS

This chapter examines whether Tekla Live Collaboration provides tangible benefits in
addressing structural engineering challenges. By employing both quantitative SUS
scores and qualitative insights from participant surveys and recorded experiment ses-
sions, the impact of live collaboration is evaluated in terms of usability, efficiency, and
the feasibility of industry adoption. The method for assessing the quality of an IT tool for
live collaboration in structural engineering, described in Chapter 3, forms the basis for

this case study.

4.1 Introduction to the session

Each experimental session commenced with an introduction to the study's background
and objectives. Given that the participants had not previously utilised Tekla Live Collab-
oration, a concise yet thorough overview of this new feature was presented at the start.
This introduction addressed the functionality of Live Collaboration, including its real-time

model-sharing capabilities and its integration with Trimble Connect.

Subsequently, a brief presentation outlined the specific structural challenge to be ad-
dressed during the session. This context-setting exercise ensured that participants un-
derstood the purpose of the experiment and facilitated alignment between the research

team and the participants, fostering a collaborative environment.

Following the introductory segment, participants answered open-ended questions in-
tended to capture their experiences with design coordination, communication methods,
software tools, opinions on BIM-based coordination, and familiarity with Tekla Structures
and cloud collaboration platforms. These responses provided valuable insights into the
participants' backgrounds and informed the subsequent analysis. As the participants
wished to remain anonymous, they will be referred to as Engineer 1 and so forth. Table

1 summarises the demographic information of the participants.

Table 1: Participants’ demographic information

Participant Role Experience (years)

Engineer 1 Structural designer 8
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Engineer 2 Structural designer 5
Engineer 3 Structural designer 6
Engineer 4 Structural designer 4

The expertise areas, current collaboration habits and awareness of the tools of the par-

ticipants are summarised in Table 2.

Table 2: Survey 1 feedback

Question Response

Expertise ¢ Residential construction
e School buildings
¢ Industrial sites

e Steel structures

Experience in design Everyone has been involved in some kind of design coordi-

coordination nation work in their career.

The current method of e During planning meetings, major strategic issues are dis-
coordination cussed, and any agreed-upon matters are documented via

email.

e Minor, urgent issues are addressed through phone calls or

Microsoft Teams meetings.

¢ Additionally, in some projects, presenting a model during a
Teams meeting and annotating it in real time has proven
to be an effective method for engaging both clients and on-

site teams.

Tools used Any medium that can convey your perspective may be used,
such as,
e AutoCAD drawings
e Tekla files and IFC files
e Screenshots (May be edited using Microsoft Paint or
Photos)

e Presentations via Teams and Zoom
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Opinion on BIM-based ¢ The construction industry is known for its conservative na-
design coordination ture and resistance to change, which makes it somewhat
practices sceptical about how individuals with limited computer ex-
perience will adapt to new technologies. However, they be-
lieve this system holds great promise and could offer sig-
nificant relief if every project team member becomes ac-

tively involved.

e There are ample opportunities for improvement, provided
that all parties are willing to learn the necessary software

and develop new operating methods.

¢ Ultimately, the system will continue to improve, especially
as real-time collaboration features become more inte-

grated.

Used cloud-based col- Tekla Model sharing and Trimble connect
laboration features in
BIM

Familiarity with cloud- Very good
based collaboration

platforms

In the background of the pre-session survey, participants shared their current coordina-
tion practices. Engineers from one company described their typical workflow as conven-
tional, involving design meetings, emails, and Teams calls, often annotating snapshots
of models manually or using the Teams platform. They expressed that BIM-enabled co-
ordination could enhance their process, but only if all participants consistently adopted
the same methods and procedures. In one response, Engineer 2 noted that integrated

digital workflows have the potential “if everyone is willing to develop the way of working.”

4.2 Experimental Setup

The study comprised two formal experimental sessions (plus an initial pilot) in which
small teams of structural engineers collaboratively designed a canopy-beam—-wall con-
nection using Tekla Live Collaboration in Tekla Structures. In each session, one partici-

pant acted as the steel designer and another as the concrete designer. The researcher
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who acted as the architect shared the architectural IFC model via Trimble Connect for
context. Each session lasted 60 minutes, during which the team jointly positioned and
adjusted their elements to complete the connection design. The sessions were recorded,

and the survey data was collected immediately afterwards.

All four engineers (two from A-Insinoorit and two from Ramboll) completed a post-ses-
sion questionnaire, which included the System Usability Scale (SUS) and open-ended
questions regarding their experience (Feedback from the pilot was excluded from the
analysis). This experimental setup facilitated a mixed-method evaluation of Tekla Live
Collaboration, merging quantitative SUS scores with rich qualitative feedback and ob-

servational notes.

4.3 System Usability Scale (SUS) Results

The System Usability Scale (SUS) provides a standardised evaluation of user experi-
ence. Participants rated the usability of Tekla Live Collaboration, and the results were
converted to a scale of 0—100. Table 3 shows the SUS scores from the four participants:
67.5, 55, 55, and 60 (out of 100). The mean SUS score was 59.4, which falls below the
industry benchmark of 68, represents average usability (Stawinska, 2024). In other
words, the usability of Tekla Live Collaboration was rated “below average” in this early
Preview version by these users. “A SUS score above 68 is considered above average”

in usability (Stawinska, 2024), so our scores indicate that there is room for improvement.

Table 3: System Usability Scale results

Participant SUS score
Engineer 1 67.5
Engineer 2 55
Engineer 3 55
Engineer 4 60

Mean 59.4

The range of scores (from 55 to 67.5) suggests some variability: one participant (67.5)
found the tool moderately acceptable, while the others found it less so. By SUS interpre-
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tation standards, scores in the mid-50s to mid-60s typically correspond to “OK” to “mar-

ginal” usability (Stawinska, 2024). This quantitative result aligns with the qualitative feed-

back (in the following subchapter) that users encountered modelling difficulties and miss-

ing features. Nonetheless, the scores also indicate that no user found the experience

entirely unusable, as all scores are above 50 (scores below 50 are considered unac-
ceptable) (Stawinska, 2024).

4.4 Participant Feedback and Observations

4.4.1 Open-ended Survey Responses

After each session, participants responded to open-ended questions regarding their ex-

perience. An analysis of these responses revealed several consistent themes:

Model accuracy and updates: Participants reported that changes made by one
designer appeared promptly in the other’s view, and model accuracy was good.
For example, one engineer noted that “Engineer 2’s changes appeared immedi-
ately,” Engineer 1, while another said, “Changes appeared reasonably quickly
and accuracy was good,” Engineer 3. This suggests that the core functionality of
live synchronisation was working as intended. These observations mirror Tekla’s
documentation, which states that collaborators see each other’'s modifications in
real time (Real-time collaboration with Live Collaboration for Tekla Structures
(Preview) | Tekla User Assistance, 2025).

Visibility: Some engineers encountered visibility limitations: for instance, Engi-
neer 2 mentioned the lack of separate wireframe view settings when using refer-
ence models during the live collaboration session, which made it harder to see
through complex assemblies. When the wireframe view was applied to the refer-
ence architectural model, the same settings were automatically applied to the
shared model in Tekla Live Collaboration. There was no option for using the

wireframe view separately.

Navigation Challenges: The engineers mentioned that following the camera
movements by the other user sometimes caused confusion about what to focus
on. For instance, Engineer 3 created a clip plane to highlight the location where
the connection would be designed. However, the shared view via the ‘follow cam-
era’ tool did not share the clip plane, making it harder to gauge exactly where the
other person was referring. Engineer 1 commented that when following someone

else's view, it would be good to also see the other person's cursor (mouse posi-
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tion) in some way when they say, "Here this, etc." These navigation issues im-
peded smooth collaboration, as participants had to continually adjust their own

views to match or account for the other’s actions.

Component and modelling limitations: A common criticism was that Tekla Live
Collaboration imposes certain model-editing restrictions. By design, each user
can only edit the objects in their local model; other users’ objects appear as an
overlay but cannot be modified (Real-time collaboration with Live Collaboration
for Tekla Structures (Preview) | Tekla User Assistance, 2025). The inability to
convert other users’ objects into native elements also meant missing component
functionality: Tekla components (predefined assemblies) could not be used be-
tween elements of shared models. In practice, participants manually modelled a
bolt connection rather than use a connection component because components
placed by one user did not behave as expected in the other's model. This re-
quired additional manual work and limited the leverage of Tekla’s library compo-
nents. Object ownership thus created friction: participants had to communicate
each change explicitly and often wait for the other to perform edits that affected

both disciplines.

Task visualisation and communication: Many participants found that being
able to see each other’s work in the model improved communication. One ex-
plained that the tool made it easy to illustrate issues, even if they still relied on
talking (e.g., via Teams) to decide on actions. In practice, participants often used
standard communication channels (Teams calls or chats) alongside Live Collab-
oration. For instance, several reported, “We did not use any built-in communica-
tion tools (in Tekla)” — Engineer 1,2, instead speaking directly. When asked if Live
Collaboration improved communication, responses were mixed: one user said
“yes and no” — it made demonstration easy but did not fully replace verbal coor-
dination. Another likened the experience to screen sharing in Teams, saying that
the time saved was “in the same way as using Teams and screen sharing”, En-

gineer 3.

Work efficiency and timesaving: Participants had varied views on efficiency.
Two engineers (1 and 4) expressed scepticism about significant time savings.
Engineer 1 commented that using Live Collaboration was “modelling is slower”,
so any time benefits were small. He does not plan to use it routinely for concrete
design. Engineer 4 likewise said he would “certainly not daily” use it in his usual
steel-detailing work. In contrast, one (Engineer 3) felt Live Collaboration could

save time in the same way as shared screen tools. Another engineer (Engineer
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2) suggested that it might be helpful in distributed teams, but noted that if collab-
orators are co-located, existing methods suffice. In summary, participants did not
observe significant immediate productivity gains; they viewed Live Collaboration
as roughly equivalent to having a joint screen session with the model, rather than

a clear-cut efficiency booster.

o Preferred workflow and reuse: All four expressed that they would not adopt
Live Collaboration for daily work in its current state. Engineers 1 and 2 explicitly
stated they would continue using their usual processes (meetings with model
shapshots or annotations) unless specific conditions were applied. Engineers 3
and 4 were also hesitant, citing the tool's immaturity. For instance, Engineer 3
remarked that based on this experience, “| rarely do work of this kind”, implying
limited use cases in her routine. Participants noted it might be more useful in
specialised projects where team members are remote. In particular, some engi-
neers mentioned that on a complex project, Tekla Live Collaboration modelling
could help coordinate across disciplines (a “long-term potential” insight provided
after the session). This suggests that Live Collaboration may offer the most sig-
nificant benefit when the alternative is remote coordination by other means (e.g.

sharing IFCs or sequential model integration).

o Usability issues and suggestions: Several limitations of the current implemen-
tation were noted as impediments. Commonly mentioned were missing tools for
live use: there is no built-in clash detection in the live session, so participants had
to rely on visual inspection to avoid overlaps. One participant remarked, “It would
be great if the software could alert us when parts intersect,” emphasising that
automatic clash checking would streamline their work. Similarly, participants
found snapping limitations: when Engineer 2 attempted to snap to the middle of
the beam, snap points did not appear, making it difficult to snap to the required
point. Participants also missed a session-wide status indicator; for instance, there
was no easy way to see if the other had finished a subtask or was idle. Engineer
3 cautioned that “seeing incomplete information can be harmful”. They suggested
features like task checklists, live highlights of recent changes, or simple coloured
highlights to track progress. These missing functions were seen as necessary

enhancements to make live collaboration practical for engineering work.

4.4.2 Observations from Session Recordings
In addition to survey feedback, the live sessions were recorded and reviewed for further

analysis. Key observations include:
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Lack of shared cursor and clip planes: Participants frequently used clip planes
to see the interior of the model (especially to check how the beam intersected the
wall). It was observed that without a visible shared pointer or clip planes, one
person had to direct the other’s view verbally. For example, a user might say
“rotate left” or “zoom out” for their partner. Because there was no facility to share
clipping planes, complex assemblies could be hard to examine together. This
indicates that shared visual aids (like a collaborative viewpoint or pointer) were

missing.

Snapping and alignment difficulties: Participants sometimes had trouble pre-
cisely placing new elements. In some cases, the cursor would not automatically
snap onto the edges or points of existing objects in the collaborator's model. It
was observed that users struggled to align pieces, frequently zooming in and
manually adjusting coordinates. This added extra time and frustration when trying

to ensure connections fit correctly.

Shared model handling: The architectural IFC model (provided by the re-
searcher) was easy for users to load and view. Participants reported no difficulties
in switching to this model as context. They appreciated having the reference ge-
ometry for alignment. In other words, sharing the reference model appeared triv-

ial for users.

Interaction limitations: Participants quickly realised they could not pick or check
the elements created by the other user. For example, when the steel designer
placed a beam, the concrete designer could see it but could not select individually
or snap to it except at shared “snap points”. This limitation necessitated worka-
rounds: the team would verbally agree on exact positions, or one user would
confirm a measurement. These limitations match Tekla’s design: “You can see
other users’ model objects as an overlay, but you cannot edit them.” (Real-time
collaboration with Live Collaboration for Tekla Structures (Preview) | Tekla User
Assistance, 2025). Users explicitly mentioned that they wanted to be able to copy
or reuse each other’s elements (such as beams or footings), which are not cur-

rently supported.

Collision checking: No automatic clash detection was available in live collabo-
ration mode. In practice, participants took turns checking for interferences by eye.
One user discreetly inserted a short beam to create the appearance of a clash
and then removed it, merely to demonstrate the issue. When they noticed a po-

tential conflict, they discussed it verbally (via the Teams call) and then made a
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coordinated adjustment. In a conventional workflow, Tekla’s clash check man-
ager or other tools might identify these; in Live Collaboration, this process was

manual.

Profile and Material Information: When selecting each other’s elements, par-
ticipants often investigate properties. However, because the other user’s objects
were overlays in Tekla Live Collaboration, the information was limited. For exam-
ple, the concrete modeller clicked on the steel beam but could not view the infor-
mation about its section or material; instead, he had to ask the steel modeller
about those details verbally. Conversely, the steel modeller had to prompt the
other for the concrete wall’s thickness. The lack of embedded, visible metadata

for each other’s elements slowed down some interactions.

Design efficiency: The inability to use built-in Tekla components between
shared model elements slightly reduced modelling efficiency. During real-time
editing, there were instances where one modeller assumed that another had
completed a task when, in fact, it was still in progress. This was particularly prob-
lematic for tasks requiring a specific sequence. For example, positioning an em-
bedded plate in a concrete wall while accounting for the steel plate from a beam.
If one modeller placed the embedded plate based on an unfinished beam position
and the other modeller later adjusted the beam, it could result in unnecessary
rework. This issue underscores the importance of sharing status information in

Tekla Live Collaboration to prevent misunderstandings and inefficiencies.

Discussion: Benefits and Challenges of Live Collaboration

4.5.1 Potential Benefits

The experimental data indicate several potential advantages of live collaborative model-

ling for structural engineering:

Real-time shared context: By viewing each other's models updating in real-
time, participants developed a shared understanding of the design state. This
immediate synchronisation, without file handoffs or import/export steps, stream-
lines the workflow. As one participant noted, the changes “appeared immediately”
in the partner’s view, making it easy to follow along. This aligns with Tekla’s prom-
ise that collaborators can “share their model modifications live” (Real-time collab-
oration with Live Collaboration for Tekla Structures (Preview) | Tekla User Assis-
tance, 2025). In principle, this can reduce misunderstandings and delays that oc-

cur when models are shared asynchronously. Prior research on multidisciplinary
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design emphasises that integrated work can yield “more complete designs and
fewer errors” (‘Tech-Clarity | The State of Collaborative Design in AEC, e-book’,

2023); Tekla Live Collaboration is a concrete tool towards that end.

Improved communication: Seeing the actual model geometry assisted engi-
neers in communicating more precisely. For instance, one concrete designer
could directly indicate on the model how much to offset a footing relative to the
steel column. Although users still communicated via Teams, the model itself be-
came the “talking point”. This hands-on form of communication may be more ef-
ficient than describing changes abstractly. In the surveys, users stated that Live
Collaboration helped them to clearly illustrate problems (even if they also relied
on verbal confirmation). In general, BIM-based coordination is expected to im-
prove communication over traditional methods (such as emailed drawings)
(‘“Tech-Clarity | The State of Collaborative Design in AEC, e-book’, 2023). Indeed,
Graphisoft’s report notes that common AEC coordination (email, printed 2D draw-
ings, etc.) is “inefficient and error-prone” (‘Tech-Clarity | The State of Collabora-
tive Design in AEC, e-book’, 2023), whereas digital collaboration (such as this

Tekla Live Collaboration) promises better integration.

Rapid Design lteration: Participants were able to compare and model alterna-
tive solutions quickly within the shared environment. This allowed them to assess
different design approaches and select the most suitable one more effectively

than through traditional file-based coordination.

Time savings (in some cases): Participants themselves made analogies to
screen sharing, implying that Live Collaboration could save time compared to
doing file exports and separate review meetings. One participant explicitly stated
that it could save time in a similar way to using Teams with screen sharing. Alt-
hough the modest SUS and missing features tempered this benefit, it is plausible
that in practice, especially on large projects, the reduction in file management
and faster issue resolution could translate to tangible time savings. For example,
rather than waiting hours or days for an updated IFC model, partners see
changes immediately. The reported scepticism about time savings (e.g. “model-
ling is slower”) likely reflects the novelty of the tool for users; as systems mature,

the overhead of the interface may decrease.

Context for distributed teams: In scenarios where team members cannot meet
in person (such as international projects or remote work), Live Collaboration pro-

vides a shared environment. Several engineers noted that if they were in different
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locations, this tool would be far more valuable than their current practice. One
even contrasted it with co-located work: if everyone is in the same office, ad-hoc
discussions suffice, but for remote coordination, live model sharing could be a

force multiplier.

4.5.2 Key Challenges and Limitations

Despite the advantages, the study revealed essential challenges:

Lack of integrated features: Most notably, Live Collaboration in its current form
lacks built-in support for tasks like clash detection and multi-editing. Without an
automatic way to detect interferences, engineers had to rely on visual checks.
This is a disadvantage compared to other BIM workflows, where clash manage-
ment is a standard practice. Participants explicitly mentioned wanting features
like Tekla’s Clash Check integrated into the live session. Moreover, since collab-
orators cannot edit each other’s elements, any task that requires cross-model
editing must be handled by hand. For instance, one could not jointly insert a Tekla
component and have both models use it. This limitation means that Live Collab-
oration cannot yet replace all forms of model coordination; it mainly provides live

visibility rather than integrated modelling.

Lack of Status and Change Tracking: The tool lacks a status-sharing mecha-
nism and a revision history log. As a result, participants were occasionally unsure
about the completeness of the designs they received from their collaborators.
Engineer 3, for instance, reported having to redo the same work due to ambigui-

ties about the other participant’s progress.

Usability: The aforementioned missing features and other usability issues were
reflected in the SUS survey, with an average SUS score of 59.4, which is below
the standard benchmark of around 68 for acceptable usability. In other words, the
tool in its current form was judged only “okay” at best, confirming that many par-
ticipants found it cumbersome or immature. Improving the usability is critical be-

fore broader adoption.

Dependence on workflow discipline: Live Collaboration requires that all par-
ticipants adhere to a well-defined process. As Engineer 1 noted, the biggest chal-
lenge is aligning everyone on how to use the tool. If designers work on tasks
without coordination that require a specific sequence, issues can arise. In current
practice, these issues are identified in separate coordination meetings. With Live

Collaboration, teams must still agree in advance on which elements each will be
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responsible for handling. Some participants felt a brief pre-session planning
meeting would be necessary. Without such discipline, the risk is that collabora-

tors may repeat work or encroach on one another’s roles.

o Partial adoption and team inertia: The broader challenge of adopting any new
collaboration paradigm was also evident. As one engineer remarked, if the wider
project team (including BIM managers, clients, and other disciplines) is not pre-
pared to support real-time sharing, the value is limited. For example, if the model
handover procedures or contracts do not allow continuous access, the benefit is
curtailed. These organizational and contractual factors are well-known barriers to
multidisciplinary BIM integration (‘Tech-Clarity | The State of Collaborative De-
sign in AEC, e-book’, 2023). In this study, engineers acknowledged that privacy
or data-sharing agreements would need to be in place for live sharing to be fea-

sible, although none raised this as an immediate concern.

4.5.3 Synthesis and Implications

Bringing together the quantitative and qualitative data, the study concludes that Tekla
Live Collaboration demonstrates clear potential for structural design coordina-
tion, but it is not yet a turnkey solution. lts main benefits: real-time awareness and
reduced need for manual file exchange, align with long-recognized needs in AEC pro-
jects (‘Tech-Clarity | The State of Collaborative Design in AEC, e-book’, 2023). By in-
stantly sharing model changes, teams can avoid the latency and errors of asynchronous
handovers. This could ultimately lead to more complete designs and fewer omissions
(‘Tech-Clarity | The State of Collaborative Design in AEC, e-book’, 2023). In practice, the
participants did experience some of these benefits (especially improved situational

awareness and conceptual teamwork).

However, the challenges identified point to areas that need improvement before the full
benefits can be realised. The below-average usability scores and the engineers’ feed-
back indicate the current implementation requires refinement. In particular, adding fea-
tures for clash detection and enabling selective editing of shared geometry would signif-
icantly enhance the tool’'s utility. Participants’ suggestions, such as seeing where the
other user is pointing (cursor sharing) or snapping at each other’s objects, if imple-

mented, would help close the gap between concept and execution.

Table 4 summarises the key benefits and challenges noted in this study.
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Table 4: Summary of observed benefits and challenges of Tekla Live Collabo-
ration in this study

Benefits Challenges

e Real-time synchronization (no file ex- | e Moderate usability

change) e No built-in clash detection (collisions

e Enhanced communication  through managed manually)

shared visual context (seeing others’ ac- e Inability to edit/select others’ elements
tions) (Tekla-enforced restriction)
e Easier modelling of alternatives (rapid e Lack of status and change tracking
design iterations)
e The feature is still in development (some
o Potential for faster issue resolution instability)
e Supports remote co-design (especially

useful in large, complex projects)

Ultimately, the study data suggests that with further development and adoption, Live
Collaboration could improve the structural coordination process. For example, engineers
from one company currently coordinate primarily through annotated models and discus-
sions; they observed that on a multidisciplinary, large-scale project, being able to co-
model live could replace some of those meetings. This aligns with industry findings that
even partial adoption of collaborative modelling often yields efficiency gains and error
reduction (‘Tech-Clarity | The State of Collaborative Design in AEC, e-book’, 2023).

4.6 Conclusion

In summary, the experimental sessions provided rich insight into the potential of live
model collaboration in structural engineering. The approach demonstrated clear prom-
ise, as it allowed engineers to work simultaneously on linked models and kept them
aware of each other’s changes in real-time. Participants appreciated this novel capability
and believed it could eventually expedite coordination on large projects. However, the
current implementation’s shortcomings, as reflected in the below-average usability

scores and the feedback above, mean that its full potential has not yet been achieved.

These findings support the research question: live collaboration can benefit structural

design by enhancing communication and reducing coordination delays, but only if the
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software matures to address usability and functionality gaps. Future work (or future soft-
ware versions) should focus on integrating clash management, modification tracking,
and enabling richer interaction with shared objects. If these challenges are met, live col-
laboration may become a valuable complement to traditional BIM workflows in structural

engineering.
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5. CONCLUSIONS

This chapter synthesises the insights gathered from the literature review, test bench de-
velopment, experimental testing, and case study analyses. It reflects on the transforma-
tive potential of live collaboration technologies in structural engineering while recognising
both the achievements and the challenges faced in applying these tools in practice. The
conclusions are organised into several subchapters addressing key findings, contribu-

tions, recommendations for improvement, and areas for future inquiry.

5.1 Summary of Findings

The study sets out to explore the current landscape of live collaboration technologies
with a special focus on Tekla Live Collaboration, addressing three main research ques-

tions.

e The literature review established that the evolution of collaboration from tradi-
tional paper-based methods to asynchronous file exchanges and, ultimately, to
real-time, model-based workflows has profoundly reshaped how engineers com-

municate and solve design challenges.

e The experimental test bench and associated surveys (including System Usability
Scale measurements and open-ended feedback) demonstrated that Tekla Live
Collaboration could enhance real-time communication, early detection of con-

flicts, and decision-making efficiency within teams.

¢ However, technical limitations, including the absence of automatic clash detec-
tion, navigation issues, and limited editing functionalities, were noted as barriers

that currently limit the tool’s full potential.

These findings confirm that while live collaboration represents a promising advancement,
optimisation and adaptation remain necessary for its broader application in structural

engineering.

5.2 Contributions and Implications

This thesis contributes to both academic and practical understanding in several ways.
First, it provides a detailed framework to evaluate live collaboration technologies, merg-

ing theoretical analysis with an empirical approach based on hands-on experiments. By
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developing a test bench that integrates real-world scenarios with Tekla Live Collabora-
tion, the study provides valuable insights into how such tools can be effectively deployed

in structural engineering projects.

Second, the work identifies key benefits, including reduced miscommunication and im-
proved real-time decision-making, which can streamline design workflows, lower costs,
and minimise delays. Ultimately, by highlighting the challenges and limitations encoun-
tered, the thesis sheds light on the broader implications for software developers, project
managers, and engineering teams, thereby fostering more informed decisions when

adopting new collaboration technologies in practice.

5.3 Recommendations for Enhancing Tekla Live Collaboration

Based on the experimental findings and participant feedback, several recommendations

emerge to enhance the effectiveness of Tekla Live Collaboration:

o Refine the User Interface: Simplify the interface design to make key functions
more intuitive. Reducing the learning curve will help new users to adapt quickly

and leverage the tool’s capabilities more effectively.

e Performance: Tekla Live Collaboration, in its current state (Preview version),
lacks built-in functionality for tasks such as clash detection and multi-editing. In-
tegrating these features would significantly enhance the tool’s usability and better

prepare it for widespread adoption.

e Communication Features: Embedding more intuitive communication tools such
as integrated chat, voice, annotation, and even augmented/virtual reality inter-
faces can foster richer, face-to-face-like collaboration even when teams are ge-

ographically dispersed.

o Establish Continuous Feedback Loops: Implement in-product feedback mech-
anisms that allow users to report issues and suggest enhancements. Regular
updates based on user insights will help maintain a cutting-edge collaboration

platform, ensuring it remains competitive and effective.

5.4 Future Research Directions

While this study lays the groundwork for a deeper understanding of live collaboration in

structural engineering, several avenues remain open for future investigation:
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e Longitudinal Field Studies: Extended research in real-life construction projects
could quantify the long-term benefits and cost savings associated with live col-
laboration. Such studies might also explore how these tools perform across pro-

jects of varying scales and complexities.

e Advanced Integration with Immersive Technologies: With early pilots already
investigating the use of AR and VR in collaborative settings, further research
should explore how these immersive technologies can be integrated with live col-

laboration platforms to enhance situational awareness and design review.

o Standardization and Interoperability Protocols: Given the heterogeneous
software ecosystem in structural engineering, investigating standardised data for-
mats and stronger interoperability protocols can help foster smoother integration

between disparate tools.

o User Adaptation and Training: Additional studies should also examine how
best to prepare engineering teams to adopt new collaboration technologies. This
includes understanding the human factors, change management strategies, and
training protocols that can facilitate transitioning from traditional methods to live,

model-based workflows.

5.5 Final Remarks

In conclusion, this thesis underscores the transformative potential of live collaboration
technologies in the realm of structural engineering. Tekla Live Collaboration, with its real-
time editing, integrated BIM environment, and facilitation of multidisciplinary teamwork,
emerges as a powerful tool to overcome traditional communication barriers and ineffi-
ciencies. Although challenges related to usability and technical integration persist, the
overall benefits highlight a promising path toward more intelligent and coordinated de-

sign practices.

However, technology alone cannot resolve all workflow challenges. Ongoing improve-
ments, coupled with dedicated user training and supportive project management prac-

tices, are essential to fully realise its potential.

As the construction industry continues to evolve, the integration of live collaboration tools
will likely become indispensable. This study not only provides empirical support for their
benefits but also sets the stage for future innovations. Advancing these technologies will
catalyse more resilient, efficient, and innovative structural engineering solutions, paving

the way for a smarter built environment.
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APPENDIX A: SURVEY 1

1) What is your current role within the company?

2) How many years of experience do you possess in building design?
3) What types of projects have you worked on?

4) Do you have any experience in other fields?

5) Have you participated in design coordination processes? If so, please briefly describe

your role and responsibilities.

6) How do you coordinate your design work (e.g.: meetings, emails, telephone conver-

sations)?
7) Which software, tools, and platforms have you utilised for design coordination?

8) What are your opinions on BIM-based design coordination? Do you believe it en-

hances the coordination process?
9) How many years have you worked with Tekla Structures?

10) Have you ever utilised any live or cloud-based collaboration features in BIM tools? If

so, please specify them (e.g., Tekla Model Sharing, Trimble Connect).

11) On a scale of 1 (Not at all) to 5 (Very much), how comfortable are you using cloud-

based collaboration platforms?
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APPENDIX B: SURVEY 2 — PART 1

(Please rate on a scale of 1 to 5: 1 — Strongly Disagree, 2 — Disagree, 3 — Neither Agree

nor Disagree, 4 — Agree, 5 — Strongly Agree)(Soegaard, 2024)

1. | think that | would like to use this feature fre-
quently.

2. | found the feature unnecessarily complex. | | | | | |

3. | thought the feature was easy to use. | | | | | |

4. | think that | would need the support of a technical
person to be able to use this feature.

5. | found that various functions in this feature were
well integrated.

6. | thought there was too much inconsistency in this
feature.

7. | would imagine that most people would learn to
use this feature very quickly.

8. | found the feature very cumbersome to use. | | | | | |

9. | felt very confident using the feature. | | | | | |

10. I needed to learn a lot of things before | could get
going with this feature.
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APPENDIX C: SURVEY 2 — PART 2

1) What is your overall impression of the Tekla Live Collaboration session?
2) How did real-time model synchronisation affect your work efficiency?

3) Do you believe that Tekla Live Collaboration can save you time when solving prob-

lems?

4) Was remote collaboration successful using Tekla Live Collaboration? Were there any

conflicts?
5) How would you rate the model's accuracy and real-time updates?
6) How are collisions detected and resolved?
7) How confident were you that conflicting edits were managed correctly?
8) What built-in communication tools did you use (e.g. BCF topics)?

9) Would the feature improve communication between you and your collaborator? Ex-

plain.
10) What did you like most and least about the collaboration process, and why?
11) Would you use Tekla Live Collaboration again in your daily work? Why or why not?
12) Do you think the project team will use this if it is implemented in the project?

13) What improvements or new features would you like to see so that you would use

this tool more often?

14) What do you think is the biggest challenge in real-time collaboration on structural

models (e.g. having to share information that you would like to keep private)?

15) Do you believe that Tekla Live Collaboration has the potential to promote a more
proactive design process compared to the traditional, reactive approach to structural

design coordination? How?

16) Do you see any concerns or challenges when using Tekla Live Collaboration to

solve structural design problems?



