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Abstract. This research aims to accomplish two primary goals: (1) To compare workflows in the
design department between conventional design working procedures and collaborative processes
driven by ACC-supported approaches. Understanding the key distinctions and similarities between
these two approaches is crucial. (2) To suggest replacing the current workflow with one that
utilizes synchronization of the design process on the ACC platform. Five key semi-structured
interview questions were developed using qualitative research methods. These questions guided
the analysis of content from in-depth interviews with twelve professionals. They included four
architects, four engineers, two draftsmen/BIM modelers, and two quantity surveyors (QSs). QDA
Miner Lite was selected as the research software to facilitate data analysis. This research identified
key differences between conventional design processes and those using Autodesk Construction
Cloud (ACC), particularly in data workflow. Cloud-BIM, like ACC-supported approaches, utilizes
a centralized, administrator-managed process for data transmission, minimizing inconsistencies.
This streamlined approach from ACC saves time and improves collaborative design efficiency. In
addition, ACC workflows also offer a significant advantage in monitoring and synchronization.
They incorporate automated clash detection and 3D model review. Combining A/E Drawings is
another area where ACC excels. Conventional design processes typically require complete DWGs
upfront, which can easily lead to inconsistencies. In contrast, ACC utilizes an automatic 3D
inspection system, enhancing clarity and ensuring initial accuracy. Additionally, ACC generates
complete DWGs as the final deliverable. Finally, the research recommends using ACC-
Synchronized Design to minimize human error. To achieve this, it suggests establishing two key
measures: (1) A data management team to handle data reception, transmission, and centralized
storage. (2) An expert-led design review committee to conduct a comprehensive assessment of the
design to ensure its constructability.

Introduction

When project requirements are clearly understood in architectural and engineering (A/E) design,
a collaborative process involving various teams is triggered. These teams primarily consist of
architects, structural engineers, building systems engineers, quantity surveyors, and BIM modelers
(formerly draftsmen). Within this process, a workflow emerges, a structured representation of
tasks, activities, and steps needed to complete a specific process or achieve a particular goal. This
workflow outlines the sequential order of tasks, the conditions for their execution, and the
interactions among different components or participants in the process. A General Workflow
Management System (GWMS) architecture fosters interoperability across applications and
platforms. This is achieved through integrated application coordination, system enhancements, and

: ‘ ”‘{;Content from this work may be used under the terms of the Creative Commons Attribution 3.0 license. Any further distribution of
this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI. Published under license by Materials
Research Forum LLC.

1109


prsdlpro
Rectangle


Civil and Environmental Engineering for Resilient, Smart and Sustainable Solutions Materials Research Forum LLC
Materials Research Proceedings 48 (2025) 1109-1120 https://doi.org/10.21741/9781644903414-119

user/third-party developer utilities [1]. Workflow management centers on information processes
through a system based on coordination ameng users of networked computers.This system was
known at the time as “Computer-Supported Coeperative Work (CSCW) [2, 3].” Consequently,
workflow originally defined as a series of operations on information objects like forms or stored
images, relies on user routing and providing information for automated actions within that routing.
This forms the core organizational structure [2].The need for workflow systems arises from this
definition. In work operations, especially in the construction industry, each team's roles,
responsibilities, task scope, and timeline are clearly defined. Additionally, formalized review and
verification processes ensure the accuracy of drawings and component lists before finalizing
submissions for the subsequent construction phase. A conventional design methodology is used in
the workflow. Every team has its work stream, and collaborative design evaluations occasionally
call for internal meetings. Data preparation for design tasks, such as the occasional compilation of
integrated drawings, is required for these meetings. Errors in the construction drawing process can
affect the latter phases of construction if there are no internal meetings or effective coordination
management in place. In addition, the global Coronavirus Disease 2019 {COVID-19) epidemic
occurred between 2020 and 2022, which had a significant effect on the overall construction
industry. Lockdown procedures and restrictions on physical presence at work sites were major
causes of temporary work stoppages and irregular disruptions [4]. It can be mentioned that office-
based design teams are particularly affected by this limitation. Interruptions in the design division's
construction drawing production process prevent them from following the usual workflow during
construction coordination. To address this challenge, a shift to remote work is necessary.
Leveraging human-centered work process data [18] can further optimize remote collaboration and
workflow design for design teams. However, since some construction data remains at the office ,
certain tasks cannot be completed. As a result, for the design division's work process to continue
without interruption and to be completed on time, as well as the increasing complexity of projects
and the large workload, some projects cannot be done by individual or single division, so it is
necessary to collaborate with other teams in the design section. Beach et al. [22] mentioned that
the Architecture, Engineering & Construction (AEC) sector is a highly fragmented, data-intensive,
project-based industry, involving some very different professions and organizations. In the
relevant work collaboration, the architecture, engineering, and construction (AEC) industry [23].
The emergence of Cloud-BIM, which integrates cioud computing technology with Building
Information Modeling (BIM), has opened up key research areas aimed at improving various
aspects of the construction industry [19, 20, 21, 24]. It aims to improve efficiency, effectiveness,
and quality management during different phases of construction projects by offering robust
databases, interoperability, and active BIM systems supported by the Intemet of Things (IoT) [24].
And it can be mentioned that Cloud-BIM is considered the second generation of BIM development
[21]. Nevertheless, the design process portion will be addressed in this section. Additionally, BIM
and IoT integration research is still in its infancy. Therefore, it is necessary to understand the
current situation of integrating BIM and IoT devices [24], and especially in Thailand where the
application is still limited and in the development stage, as well as acceptance for professional use.
Cloud solutions, recognized for their flexibility and essentiality, are increasingly adopted to
support the rise of hybrid work models following the COVID-19 pandemic [4].The rise of hybrid
work models, prompted by the COVID-19 pandemic, has significantly impacted how the
construction design works and communicates. As mentioned, Hybrid work and/or workplace can
connect teams, data, and workflows, as well as provide insights to help organizations deliver
projects faster, save time, and increase profits [5]. To ensure that several A/E designers or teams
can work together efficiently on a project without interfering with each other's work,
synchronization of the design process is essential. Here are some essential elements of
coordinating the design process, which are influenced by the hybrid work style and the COVID-
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19 pandemic. Particularly, the term synchronization of the design process refers to the coordination
and alignment of different aspects of the design process to ensure a smooth and efficient workflow
[25,26]. When working on collaborative design projects with numerous designers sharing files and
assets, synchronizing the design process is essential. It guarantees that everyone is using the most
recent versions, that modifications are appropriately tracked and integrated, and that the iterative
process preserves the overall integrity of the design [25,26]. This is concerning a state-of-the-art
software platform called Autodesk Construction Cloud is set to transform the construction sector.
This cloud-based solution attempts to increase collaboration, expedite project management, and
boost overall efficiency in construction projects with its extensive feature set. Construction project
management may be revolutionized with Autodesk Construction Cloud's real-time data analysis,
enhanced collaboration features, and Building Information Modeling (BIM) functionality
[10].Additionally, there is an alternative to using Autodesk BIM Collaborate Pro: collaborating on
the Autodesk Construction Cloud (ACC) platform. The application of the Autodesk Construction
Cloud (ACC) platform, particularly the workflow with a synchronized design process, is rarely the
subject of academic research, especially in Thailand. Despite this, few studies have attempted to
summarize the research literature on Cloud-BIM to date. Therefore, conducting a pilot study in
this field is of great interest to the research team.

Research background

The National Institute of Building Sciences (NIBS, 2007) defines Building Information Modeling
(BIM) as the creation of an electronic model that represents the construction of a building. It refers
to the “virtual representation of the physical and functional characteristics of a facility throughout
its lifecycle, serving as a shared information repository for collaboration [6, 7].” The primary
purpose of BIM is to provide a visualization that aids in engineering analysis, resolution of design
conflicts, verification, budget estimation, and other related aspects. The generated model serves as
a pivotal data source for information management as well as for developing the Building Life
Cycle of the project. The term "Virtual Building” is a popular name that is synonymous with the
concept of Building Information Modeling (BIM), as defined by Chuck Eastman (1970) [8]. This
term refers to an electronic model that simulates a building's attributes and functions. It serves as
a central information repository, restructuring various stages throughout a construction project's
lifecycle. Succar (2009) provides a comprehensive compilation of the meanings and related
terminology concerning Building Information Modeling (BIM), as described in Figure 1 [9]. This
compilation encompasses various terms used in research and the construction industry that are
associated with BIM, which constitutes an extensive knowledge domain within the Architecture,
Engineering, Construction, and Operations (AECO) sector. To enable a systematic examination of
the diverse facets within BIM, it becomes essential to precisely define its constituent knowledge
elements and establish the ever-expanding parameters [9]. A digital procedure called building
information modeling (BIM) is used to create and manage 3D models of buildings that are rich in
data. Throughout a project's lifecycle, it enables cooperation, increased productivity, and
decreased waste (Autodesk 2016, NIBS 2010). According to NIBS (2010), BIM is becoming more
popular worldwide, especially in Europe and Singapore [6, 9. 15].
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Figure 1 Some common connotations of multiple BIM terms [9].

As previously mentioned, the ACC platform is made for effectively managing construction
projects. It acts as a hub for project teams to communicate quickly and securely, ensuring on-time
and cost-effective project delivery. With the support of cloud-based technology, decision-making
and efficiency may be improved since it provides real-time insights into project progress, including
costs and schedules [10]. Therefore, this study focuses on exploring collaborative workflows
within the design division on state-of-the-art ACC, to compare cloud-based BIM workflows [16]
versus traditional workflows that are still typical for the design process. That will be taken into
consideration to determine the advantages and disadvantages so that it can be used to make
decisions about using ACC within the organization. According to ACC, Autodesk Construction
Cloud is developed from BIM360 [10, 11]. ACC Unified Platform comes with 5 Cloud Software
Products (Autodesk Docs, Autodesk BIM Collaberate, Autodesk BIM Collaborate PRO, Autodesk
Build, and Autodesk Takeoff) that can fully collaborate on design and construction work on the
cloud. This allows teams to work together on the design and construction of the ACC Platform
more efficiently [10]. It provides actionable insights and predictions [10,16]. When additional
settings are required, the data connection window can easily link project data and data repositories
to the Common Data Environment (CDE), a single scurce of up-to-date information [10]. It is
clearer that ACC can improve work items with a simple, easy-to-use interface and use design data
from a single data source, the CDE. Teams can collaborate on design workflows and data, as well
as carry out various operations efficiently in the ACC platform [10]. Project teams need to work
together to access important documents and data from a single source, the CDE, to prevent data
leaks and miscommunication. That can be mentioned that ACC was designed and developed with
an understanding of the workflow of each relevant party te enable full cloud-based design and
construction collaboration. This includes the design, planning, construction, and operation stages
[10]. This research will focus on the important moments of collaboration within the design
division. Aligned with this, it can be stated that the movement of data among participants engaged
in BIM constitutes essential and discernible parameters for gauging BIM maturity, in the terms
described by the degree to which an enterprise has embraced BIM and incorporated it into their
operations. In essence, it is a means of gauging an organization's level of BIM competency [9].
These BIM data flows encompass a diverse range, encompassing the transmission of structured
and computable data (e.g., databases), semi-structured data (e.g., spreadsheets), and non-structured
or non-computable data (e.g., images) between distinct computer systems [9, 11, 12]. This data
transfer could manifest as file-based exchanges or through data synchronization involving servers
and client devices [13,16]. Consequently, BIM data flows encompass not only the exchange of
semantically enriched entities essentially the core constituents of BIM Models, but also the
interchange of information within documents [9, 13]. In correlation with this, it is important to
highlight the interlinkage with BIM maturity, encompassing the constituents of Technology,
Process, And Policy (TPP) [9], which are further categorized into three progressive stages: BIM
Stage 1: Object-Based Modeling, this phase centers on the creation of models structured around
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individual objects. BIM Stage 2:Model-Based Collaboration, as the progress to this stage, the
emphasis is shifting toward collaborative endeavors, made possible by shared models that
centralize data and analysis. Then BIM Stage 3: Network-Based Integration [9,16], in the
advanced stage, integration expands beyond models to encompass networked collaborations. The
inherent connection between BIM data flows and project lifecycle phases extends to the ACC
Unified Platform. This study examines the design department's collaboration process on ACC by
comparing BIM workflows on the platform, leveraging existing research.

Research method

Considering that this issue was relatively new in Thailand at the time of the research and still
has a narrow range of applications, the researchers opted for a qualitative approach. The
researchers developed the semi-structured questions. After gathering information from
some informants, the researchers collected and double-checked the information to make sure it
was correct. This led to a more extensive content analysis [14,17]. With each informant playing a
distinct role, the content analysis procedure was carried out using QDA Miner Lite software to
look through the data that emerged from the important communications from key informants who
were actively participating in the ACC platform for all 5 cloud products [10].

It was composed of (1) Autodesk Docs: It allows users to work from a single source, connecting
data, workflows, and teams from design to construction. Users are classified as the owner's
department, the design department, the construction department, and the group of project
consultants, respectively. (2) Autodesk BIM Collaborate: This solution enables departmental
collaboration and model linkage by allowing teams to manage workflows and models from a single
location. The design and construction departments are the users. (3) Autodesk BIM Collaborate
Pro: A sophisticated feature for collaboration that lets users enhance design quality, automate
model coordination, and co-author designs. It works with some Autodesk design programs, such
as Revit and Civil 3D. Users are both of the design and construction departments. (4) Autodesk
Build: A comprehensive field and project management software that offers engineers and
designers on the job site an integrated toolset for effective cooperation. The main users are the
owner's department, construction department, and group of project consultants. Lastly, (5)
Autodesk Takeoff: Accurate 2D takeoff and automatic quantity takeoff from 3D models are
provided. Users are the construction department [10]. In this research, the qualifications of key
informants must work directly and indirectly within the design department by (1) being personnel
who have used the ACC platform, especially in the areas of Autodesk Docs, Autodesk BIM
Collaborate, and Autodesk. BIM Collaborate Pro for more than 1 construction project (2) A
qualitative research protocol involving in-depth interviews and content analysis [14,17], a total of
twelve professionals from four categories were interviewed: 4 architects, 4 engineers, 2 draftsmen
or BIM modelers, and 2 quantity surveyors (QSs), respectively. That focuses on the range of
responses obtained by gathering information directly from individuals who have worked in both
conventional design working procedures and collaborative processes driven by ACC-supported
approaches. The practice of recognizing the needs of project owners is given special attention in
this research method. till the construction drawing delivery process is completed. It is only
applicable to a portion of the project delivery procedure as Design-Bid-Build (DBB), particularly
the initial design phase. Proceed to produce research tools, including key questions for semi-
structured interviews, along with the study of related documents and academic research topics.
That is mentioned in the research background. After that, construct a thorough list of five crucial
interview questions that are specific to each of the four personnel groups and their particular
working environments.
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e Question for finding out general information of the twelve informants. To understand the
backgrounds of the twelve informants in gender classification, education level, current job
role, professional experience, and experience with Cloud-BIM projects (including the
specific ACC platforms used and the duration of their involvement).

e Questions concerning procedures and methods for the workflow of information between
groups engage in the design process. This study focuses on the evolution of workflow
between key personnel throughout the design process by comparing conventional design
procedures with the new protocols, particularly ACC platforms.

¢ Questions about work monitoring and synchronization among the four personnel groups
(architects/engineers, draftsmen/BIM modelers, and quantity surveyors) in both ACC
platforms and conventional design processes. This aims to compare the roles and
responsibilities of those involved in monitoring and synchronization, as well as the
methods and tools employed for these tasks.

e Questions that are comparatively specific to the process and issues of combining
architectural and engineering drawings between the four groups of personnel during work
in the ACC platforms and conventional design processes. In addition, the semi-epen-ended
questions furthermore inquire at issues and their resolutions that arise in their workflow
throughout the design process.

¢ Questions about conducting a comparative analysis of the four personnel groups from the
previous Coronavirus Disease 2019 (COVID-19) pandemic, in addition to open-ended
semi-structured questions with overlapping topics regarding the coordination process,
internal meetings, and adapting remate work practices.

Then, the researchers will review the preliminary qualitative interview subjects to ensure
accuracy and completeness. In the meanwhile, the twelve informants have been categorized and
classified. To create the answering guidelines for each of the aforementioned personnel groups,
start with the first question about general information and include responses to additional questions
from questions 25, respectively. Lastly, QDA Miner Lite, an existing program designed for
qualitative data analysis, will be utilized to conduct content analysis on the in-depth interview data
gathered from twelve key informants representing four personnel groups focusing on their roles,
duties, and collaborative practices within their workflow. The process will adhere to the
recommendations of Smith and Sparkes (2009) and Bengtsson (2016) and involve tasks such as
collecting data, organizing and coding data, creating notes, annotations, and memos, linking data,
generating ideas, and writing reports. Particularly the section emphasizing the value of
categorization and synthesis provides an organized method for qualitative content analysis [14,17].

Results

General information of the twelve informants

Validating Informant Group Data Classification

Twelve informants from four categories were interviewed, as indicated by the results of Question
1's interview: four architects, four engineers, two draftsmen or BIM modelers, and two quantity
surveyors (QSs), in that order. Of the twelve individuals, approximately 85% (10 individuals) have
a bachelor's degree or higher. This includes four architects, four engineers, two draftsmen/BIM
modelers, and two QSs, all with more than nine years of professional experience. Additionally,
approximately 85% (10 individuals) of the twelve have worked on three or more Cloud-BIM
projects. Due to the short duration (less than a year) of each Cloud-BIM project, 75% (9 out of 12)
informants were able to provide in-depth responses to all issue-related questions categorized by
the four informant groups. The answers to these questions will be presented and described later.
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The concerning procedures and methods for the workflow of information between groups
engage in the design process

The analysis’s findings are shown below.

The design process seriously relies on information exchange between groups. Essentially, it
involves receiving data from outside sources and then communicating it internally. The architect
acts as the primary point of contact, collecting project requirements directly from the owner. This
includes recording and drafting designs, followed by uploading the information into the
organization's system. Once in-depth interviews were conducted, this initial information flow was
confirmed through interviews. In terms of obtaining and distributing external information, there is
no inherent difference between conventional design procedures and the ACC-supported
approaches as considered in Figure 2. For the remaining steps from the start, receiving and sending
internal information, access to information, departmental performance review, and proceeding
before submitting the drawing, respectively, there are differences between conventional design
procedures and the ACC-supported approaches. The conventional design procedures were found
to have redundant steps and details, such as the organization's commanding hierarchy, approval
from the department commander, and supervisor-coordinated retrieval requiring verification
before approval as shown in Figure 2. One might state that all conventional design processes seem
ineffective and tedious, and can lead to misunderstandings. This component has been verified from
the design process's upstream side as well. Draftsmen and QSs are among those who receive work-
related information, along with architects and engineers. However, the ACC-supported approaches
(via the ACC platform) differ from conventional design procedures in numerous ways. Architects
act as custodians of central information, and participants are granted direct access to information
through the Cloud-BIM system. This approach offers substantial benefits, particularly in the area
of automated clash detection, which leads to more accurate results and helps reduce constructibility
issues from drawings. Additionally, the need for a final design review meeting before drawing
submission is eliminated, as design issues are synchronized in real-time, as confirmed by the
twelve informants.

Issues of monitoring and synchronizing work among the four groups of personnel in the
design process

The analysis identified the following issues.

Through in-depth interviews conducted in Section 4.2, the researchers identified two information
sources: external (architects, receiving requirements directly from project owners) and internal
(design department). In conventional workflow, all four engineers agreed on using 2D drawing
overlays for clash detection. Three architects and one engineer also mentioned printing final
drawings for internal review, while draftsmen and QSs emphasized printing only construction
clashes for consultation with the Architecture and Engineering (A/E) team. In contrast, ACC
Platform workflow utilizes automated clash detection and 3D model review for a comprehensive
evaluation, favored by 6 out of 8 A/E team associates and all four draftsmen and QSs, as depicted
in Figure 2.

This section analyzes a specific process for combining architectural and engineering
drawings in ACC platforms, highlighting the challenges faced by the four personnel groups
involved

The analysis findings are presented below.

According to specific conventional design procedures, the following order of responses was found.
(1) The drawing must be completed before continuous processes can start. It was in response to
questions from 2 of the 4 engineers and unanimous among the 4 draftsmen and QSs.(2) The
designer must first check the drawings. They answered questions from two of the four architects
and engineers, as well as one draftsman. (3) The occurrence of personal mistakes causes
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redundancy and waste of time. This was in response to questions from both the architect and 2 of
the 4 engineers, including 1 QS. (4) Repeated printing of drawings for inspection causes wastage
in the use of resources. Responses were from 2 architects and 1 draftsman. (5) An out-of-date 2D
perspective makes it difficult to understand. One draftsman specifically mentioned this. Based on
a particular ACC-supported approaches, the following order of responses was found. (1) An
automated checking system with 3D for easy understanding, which answered questions from all 4
engineers, 2 out of 4 architects, 2 draftsmen or BIM modelers, while the 2 QSs did not express an
opinion. (2) It provides convenience, high accuracy, and efficiency, which was the opinion of 2
out of 4 engineers, 1 out of 4 architects, and all 4 draftsmen or BIM modelers and QSs agreed
unanimously. (3) BIM Modelers need to have expertise, which was answered by 2 out of 4
architects and 1 draftsman or BIM modeler. (4) Problems with Cloud-BIM users still lacking
knowledge of the system are still found, which was answered by one each from the A/E side. (5)
Drawings for all work categories must be completed, which was only answered by 1 architect, as
illustrated in Figure 2.

Obtaining and distributing {Conventlonal Design {ACC-supported approach/via Same Conventional Design Procedures
information from outside | Procedures) 4 ACC platfarm) Architezts get working
{By architect) eat 5 directly from T »  Overlapping 2D architectural, structural, and
directly from clients. clients MEP drawings facilitate a comprehensive
- building design approach,
- »  Print final drawings for internal review.
Recelving and sending internal || {Conventional Design | | (ACC-supported approach/via | | Difterent »  Print conflict construction dlashes for
information Procedures) Based on ﬂlu ACC piattorm) Architects are work cansultation with A/E Team.
{architects, engineers, corporate organization's custodians of central Yy
draftmens, G5.) whichisaiso | ()
accessible to participants via Response by groups of
the cloud. =
ACE P
@ Design ACC platform A
e Procedures} {ACC-supported approachfvia " Different s ;::‘2]": Automated Clash
(Al porties) Department commander | | ACC platform) L1 work ection.
P approval and supervisor Participants access eloud pNprocesses ¢ Inspecting the 3D model
are required for Information via Cy
information retrieval. controlled permissions.
4.3 Issues of itoring and synchronizing work
Departmental performance N among the four groups of personnel
P - {Conventional Design {ACC-supparted approach/via * Different
(All partles) Procedures) ACC platform) M1 work
Verify model, then submit to ACC system: Assess Elash \
supervisor for approval. Detection acthvity types Q,
(1) Automatic 3D ]
e s R P inspection enhances clarky §
Proceed before submitting the Protaduris) ACC platfarm] Different . 8 | 4
drawing. N | Automated design verified and wark g £
Conduct final design review ¥ . 3 a
ribr to/drawliig Submisslon ready for immediaie [yProcesses 2 {2) Convenient, accurate, 5
i £ and efficient inspections -]
5 : £
2 : £3
4.2 The concerning procedures and methods for the workflow of information g {3)BIM modeling expertise B g
between groups engage in the design process. =) Is essential 23 =2
a2 o g
% | 2%
c o0
; " {4) Cloud-BIM wsess lack g
Synchronizing conventional design process evaluations % adequete system &
knowledge. g
{1) Complete (3) Personal errors L] £
drawings | | d@::ﬁt || leadtareworkand | | " D\-::::‘:I‘nmms {5) Clerity suffers in 20 I =
required delays a
{5} Complete drawings &

required’

4.4 The specific process for combining A/E drawings between the four groups of personnel

Figure 2. Evaluation of conventional design workflows against ACC platform
implementation.

This section analyzes key findings from in-depth interviews regarding the impact of the
COVID-19 pandemic on coordination processes, internal meetings, and remote work
practices

The analysis findings are presented below.

Design work was temporarily suspended during the 2019 coronavirus pandemic. This suspension
was necessary because it was impossible to operate in accordance with standard operating
procedures (SOPs), particularly when the design department's production procedures were
interfered with. Consequently, the protocols for remote work needed to be altered.Projects using
conventional work systems are part of the design department's collaborative approaches. An
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analysis of projects using both conventional and ACC-supported approaches found that the ACC-
supported approaches, favored by 9 out of 12 participants across all informants, was the most
effective method for addressing remote work challenges. While email with online meetings was
the unanimous choice for both QSs and two architects, only 2 out of 4 engineers preferred a design
file sharing platform for coordination. These are key findings for remote work practices during the
COVID-19 pandemic. Based on these findings, this proposal recommends a workflow utilizing
the ACC system for construction design projects. This approach aims to implement a more
efficient and collaborative process. After studying and comparing both methods, the research
identified that the ACC-supported approaches offer enhanced data storage and accurate
verification capabilities. The ACC system incorporates software tools that significantly facilitate
design team operations, thereby reducing individual errors in the design department. Leveraging
these advantages, along with qualitative data from in-depth interviews, the research team has
developed a proposed workflow diagram (Figure 3). This workflow showcases the step-by-step
process for construction design projects, emphasizing the integration of ACC's strengths.

A data management team will be established to handle data reception, transmission, and
centralized storage. The data will be organized into distinct categories within a central repository.
Data exchange will be unidirectional, controlled by a single operator, with meticulous records kept
of all data received and transmitted throughout the project.

An expert-led design review committee will be established to conduct a comprehensive assessment
of the design. Chaired by an expert, this committee will consist of 3 to 5 members who will jointly

~evaluate all aspects of the design. The committee may include external members not involved in
the project to provide additional independent verification. This process will involve reevaluation
in case of doubts to ensure the constructibility of the design concept. The reviewed design will
then be forwarded to the data management team for further action. Designs deemed incomplete
will be returned to the responsible unit for necessary corrections before proceeding.

Project client/Project
owner

Draftmen/BIM modelers pert-led design

review committee \
. i
—— / i

I Draftmen/BIM
modelers
{Engineering draft)

Sending construction drawings
= to the next process

Figure 3 illustrates how the ACC-Synchronized Design replaces conventional procedures.

A Data Managemént Team

Owner's /

project
requirements

Conclusions

This study compares design workflows between conventional design process and Autodesk
Construction Cloud (ACC) platforms, finding a distinct collaborative workflow on the ACC
platform. Leveraging existing research in Computer-Supported Cooperative Work (CSCW)
[1,2,3], semi-structured interviews with twelve professionals (architects, engineers, BIM
modelers, quantity surveyors) were analyzed by QDA Miner Lite [14,17] revealing the benefits of
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ACC. Cloud-BIM, considered the second generation of BIM [19, 20, 21, 24], utilizes a centralized
process on the ACC platform. This minimizes inconsistencies and streamlines collaboration, as
confirmed by participants. These findings correspond with the research of Bagrodia (1989) and
Coudert et al. (2011), who offer insightful explanations of synchronization methods and their real-
world uses. By carefully choosing and implementing appropriate synchronization techniques,
developers can ensure optimal design, performance, and reliability in distributed systems.
Furthermore, ACC-supported approaches offer further advantages: (1) automated clash detection
and 3D model review for fewer errors, (2) efficient A/E Drawing combination with upfront 3D
inspection for better accuracy and final DWGs generation, and (3) facilitation of remote work
fulfilling hybrid needs [5, 11, 16]. To further minimize individual errors in the design department,
the study recommends a data management team and an expert-led design review committee. This
can be achieved, as highlighted by Schmailzl et al. (2023), by utilizing BIM-based planning
approaches to integrate human-centered design processes within the AEC industry. While this
study is partial to qualitative analysis, it serves as a pilot study specifically for the design process
in the Thai construction industry, where the ACC platform usage was stiil relatively underutilized
during data collection in the post-COVID-19 era. As the platform's adoption is expected to expand
in the near future, research in other contexts, not limited to the Design-Bid-Build (DBB) project
delivery procedure or just the design process, or employing quantitative statistical analysis, would
help build confidence and further validate the strengths of using Synchronization of Design
Process on Autodesk Construction Cloud.
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