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ABSTRACT: This case study aims to contribute to the adoption of Industrialized Construction (IC) principles
into teaching. The paper presents the work done in a Master of Architecture studio conducted remotely. A
pedagogical approach to introduce Design for Manufacturing and Assembly (DfMA) and Digital Twin concepts
is presented. An analysis is conducted to evaluate the effectiveness in integrating IC principles into the design
studio. The analysis framework uses the DfMA guidelines developed by the American Institute of Architects
(AlA), the Royal Institute of British Architects’ RIBA Plan of Work 2020, and the British Ministry of Housing’s
Modern Methods of Construction. The case study uses three phases in the design process, pre-design,
design, and post-design, in its evaluation. The analysis results show that certain components of DfMA can
successfully be integrated into a design studio framework. Although the structure of AIA and RIBA guidelines
is followed, the order of the design process can vary according to the workflow designed by the students in
the pre-design phase. The case study demonstrates a pervasive sense of social and ecological responsibility
associated with the adoption of IC techniques in the design studio. There is an opportunity to expand the
potential of IC practices by thinking beyond the design methodology. Findings suggest modularity as a social
connector, which in turn, serves as a component towards a more cohesive built environment.
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INTRODUCTION

This paper presents a case study where a design studio explores two concepts of Industrialized Construction
(IC): Design for Manufacturing and Assembly (DfMA) and the Digital Twin (DT). The case study involves a
design studio conducted as a two-semester course conducted remotely during the 2020-2021 academic year.
This was at a critical moment during the world pandemic when there was uncertainty as to the near future of
the architecture professional landscape.

Industrialized Construction (IC) describes changes in the Architecture, Engineering, and Construction (AEC)
industry driven by the automation and connectivity of industrial and manufacturing practices. There are various
components to Industrialized construction, including DfMA for offsite construction and building delivery
optimization, and DT for analysis, monitoring, and decision-making. DfMA combines techniques of Design for
Manufacturing and Design for Assembly that have been utilized in other industries and applies them to the
modularization and offsite production of building components. DfMA techniques focus on reducing the cost
and time in the production of building components and are currently integrated into the building production
process for residential construction and other parts of the industry where buildings can be easily modularized
and mass-produced. Digital Twin refers to the data connection or monitoring of a physical building system
using an intelligent virtual representation. DT leverages the technological advances in cloud-enabled tools
and platforms for storing, sharing, and management of building information throughout the building lifecycle.
It is a modeling strategy that enables project stakeholders to create a digital version of the real system to
evaluate scenarios and collect data to make decisions.

CASE STUDY: STUDIO 812

The challenge of introducing IC concepts in the architecture design studio is centered on how to present this
paradigm shift to novice designers, with varying levels of understanding of building assembly techniques and
processes, and proficiency in computational design and Building Information Modeling (BIM). Eight projects
were developed in an architecture design studio during the academic year from Fall 2020 to Spring 2021. The
eight projects were designed by students studying in their last year of the Master of Architecture program.
Having completed all requirements for the accredited professional degree, the design studios at that level of
the program focus on special topics, in this case introducing students to industrialized construction concepts.
The initial brief worked as a dynamic document providing an outline for the project. The class was conducted
with a design research approach, where students reviewed precedents to become familiar with the state of
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the art, developed a research proposal in which research questions are identified, and developed a design
solution as a speculative project.

Research Proposal

In the first task of the studio, students were given lectures to introduce theoretical concepts and design
computing workshops to level their technical skills. Students conducted precedent research to further
familiarize themselves with the concepts of DFMA and DT. As part of the research students, students selected
one or more architectural design precedents, “reverse engineer” the building systems, and develop a proposal
for the building program for their project, and a preliminary prototype.

Design and Modeling

The second task of the project extends from the fall to the spring semesters and involves two design iterations.
In the first iteration students focus on the modeling by selecting to emphasize a focus on the DfMA as a smart
kit of parts, or DT as a tool for environmental analysis. In the second iteration, students are asked to reflect
on the bigger challenges of social and environmental justice and use this lens to revise and develop their
projects. This aspect was influenced by complementary lectures related to the current global challenges and
issues, such as climate change and health.

FRAMEWORK FOR INDUSTRIALIZED CONSTRUCTION ANALYSIS

To evaluate the effectiveness of integrating industrialized construction principles in the design studio, two sets
of documentations were used: the DfMA guidelines developed by the American Institute of Architects, AlA,
and the Plan of Work guidelines offered by The Royal Institute of British Architects, RIBA. The Plan of Work
recommends a complementary manuscript called MMC: Modern Methods of Construction developed by the
British Ministry of Housing, Communities & Local Government Group. For the purposes of this study, it was
considered that MMC forms part of RIBA’s guidelines.

Both AIA and RIBA guidelines are organized into three design phases: named pre-design, design, and post-
design. Each phase is integrated by subphases to shift from traditional-design practices to industrialized-
design practices. The guidelines agree that the pre-design phase can serve as a formal preparation in which
the design team and the owner work together on a project's brief. The importance of making the brief, relies
on settling a strategy toward the usage of an industrialized construction method in the project. Details
regarding the budget of the project, local permitting requirements, construction codes, manufacturer
characteristics and initial design considerations must be established. When the pre-design phase is completed,
the design phase is ready to put the brief into practice. Although AIA and RIBA differ in the quantity of
subphases within each phase, the number depends on the coordination of all the parties involved in the
manufacture and design processes. AIA suggests a design freeze subphase to accelerate the coordination
and delivery of the project on-site. RIBA suggests that the conceptual design settling, assures that coordination.
Once all the concerned parties have accomplished their coordination objectives and outcomes, the post-
design phase can be started. This last phase includes the delivery, assembly and installation of the project or
project’'s components on-site.

Pre-design phase

The aims of the pre-design phase are: to establish the aims of the project itself, to settle the requirements of
the client and to define the role of the design team in the project. The outcome of this phase is a strategic brief
that includes the planning scheme to be developed in the design and post-design phases. This brief must
serve as an agreement between the client and the design team of the project, and it is also an engagement
plan with the industrialized construction methodology. In addition, the brief includes a workflow map as a
guideline toward the design and post-design phases.

Design phase

The aim of the design phase is to evolve from the initial brief to the technical design, as well as coordinating
the design under a ‘manufacturer thinking.” According to AIA and RIBA, the design phase can consider the
following general scenarios: designing for off-site pre-manufacturing, designing for near-site pre-
manufacturing, and/or designing for a site-based process improvement. AlA and RIBA agree that the design
phase is the longest phase of the IC methodology because it involves an integrated process compound by
multiple design decisions. These decisions can be organized in different categories, AIA suggest two
categories: the volumetric construction design and the non-volumetric construction design. While RIBA,
suggests reviewing the MMC definition framework and its seven categories for manufacturing and assembly
practices. The seven categories are: 3D primary structural systems, 2D primary structural systems, non-
systemized primary structure, additive manufacturing, non-structural assemblies and sub-assemblies,
improvements of traditional building products, and on site-process improvement.
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Post-design phase

The post-design phase refers to the handover of the project. Thus, it requires the preparation and delivery of
the project or the project's components on site. These include transportation, staging and assembly strategies.
And also, a post-assembly vision of the performance of the project. RIBA suggests including post occupancy
evaluation tactics, as well as providing formats and tools for keeping track of the building’s performance
regarding its operations and maintenance.

COMPARATIVE ANALYSIS

The 3 design phases are considered in the comparative analysis. The outcome of the 3 phases developed by
each project is retrieved in the Studio 812 documentation available online1. The results of the analysis can be
classified in the following topics: site as design scenario (Figure 1), general design considerations and
categories for design decisions (Figure 2), and subphases used in the design phase (Figure 3). This topic
classification is obtained from comparing the modular approaches described in AIA and RIBA guidelines (refer
to Figure 0 located in the appendix).

For the purposes of the case study evaluation, it is considered that to accomplish the pre-design phase,
students should demonstrate engagement with a topic through research. Thus, each project considers a topic
definition, historical precedents of the selected topic, and the translation of those precedents into a
contemporary and industrialized context. The design phase is composed of an architectural proposal obtained
from the theoretical framework of DfMA, digital twin, and design for modularity. For evaluating the general
design considerations of the eight projects, the categories provided by AIA and RIBA’s Modern Methods of
Construction (MMC) were considered as complementary. For each guideline, the suggested categories are
different; AIA focuses on assembly strategies, whilst MMC refers to the components of the project. Finally, the
post-design phase is evaluated as a set of recommendations for manufacture, site preparation, and transport
staging.

Site as a Design Scenario

As it can be seen in Figure 1, six projects are influenced by a near-site design, while only two projects are
shaped by an off-site design. There are no projects considering a 100% site-based design. However, the eight
projects relied on traditional practices on site (to a certain extent) for specific moments in the construction of
the project itself. For example, some of the projects considered foundations built on-site, carpentry work on-
site, and colocation of building components on-site. This situation was part of the final discussions in the
classroom because it supports the idea that automation does not necessarily “erase” human labor from
construction practices. The discussion included the recognition of the possible design paths to study while
implementing an industrialized construction methodology. It is considered that this is an asset for preparing
professionals with deeper insights in IC.

Figure 1. Design scenario (site)
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Categories for design decisions
Each student selected the design topic to address in their project. Therefore, eight topics were developed
under an industrialized construction methodology: Project 1 focused on Tectonic Aggregations for DfMA
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Construction, Project 2 focused on Affordable Housing, Project 3 focused on Modular Systems with Bamboo,
Project 4 focused on Design for Automation, Project 5 focused on DfMA for Residential Construction, Project
6 focused on Vernacular Architecture and Carbon Emissions, Project 7 focused on Modular Adaptation for
Housing, and Project 8 focused on Harnessing the Wind in Buildings. The variety of topics addressed on each
project, confirms the versatile character that the methodology can provide in architectural projects. The
selected topics also demonstrate a strong sense of ecological, technological and social responsibility.

Figure 2 shows a proposal to categorize the projects into three categories, which are: 2D Structural Systems
(MMC) and Non-volumetric Construction (AlA), 3D Primary Structural Systems (MMC) and Volumetric
Construction (AlA), and Pre-manufacturing components (MMC) and Non-volumetric Construction (AIA). These
categories illustrate how AIA, RIBA, and MMC can contribute to classifying the implications of industrialized
construction in architectural design. The projects demonstrate the application of industrialized construction
practices. Pre fabrication, additive manufacturing, robotics, big data, and the internet of things, are evident
tools of architectural design in the student projects.

Figure 2. Categories for design decisions
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Subphases of Design

This section of the evaluation includes seven aspects of the design subphases retrieved from the AIA and
RIBA guidelines (refer to Figure 0 in the appendix to better visualize all subphases). The seven aspects are
the following: 1) Special design considerations (geometric design, parametric tools and/or collaborating with
the manufacturer), 2) Design for connections, 3) Design for modularization, 4) Design for assembly, 5) Usage
of BIM, 6) Settling a workflow and 7) Creation of a script. Figure 3 shows how these aspects are integrated.
All projects demonstrate special design considerations, design for assembly, and settling a workflow. The
usage of BIM and Digital Twin were more difficult to integrate in the design process due to the lack of
foundational knowledge in modeling and simulation. Designing for connections and modularization were also
challenging aspects to achieve simultaneously. Projects focusing on design connections did not develop
modularization strategies.
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Figure 3. Subphases of the design phase
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DISCUSSION

In this case study, all of the student projects successfully followed an industrialized construction process. The
use of the AIA and RIBA guidelines, and the pre-design, design and post-design phases provided insightful
evaluation of the case study’s integration of Industrialized Construction concepts. This study recognizes the
flexibility embedded in the AIA and RIBA guidelines. It was found that the order of the design process can
vary according to the workflow developed by the students during the pre-design phase. In addition, the eight
projects addressed a diverse range of topics that demonstrated the diverse character of industrialized
construction practices. It was observed that the majority of the student projects adopted a near-site design
scenario with hybrid design considerations. A situation that prompted class discussions regarding the
importance of decision making in the design process and architectural solutions.

Although the majority of aspects in the design phase were adopted in the projects, the Digital Twin concept
was more difficult to integrate due to the lack of foundational knowledge in modeling and simulation. Also,
designing for connections and designing for modularization, were challenging aspects to achieve
simultaneously. Another limitation is the post-design phase because the topics include a management vision.
This suggests that additional lectures would have benefitted the studio, focusing on the characteristics of the
post-design phase albeit at a theoretical level. To compensate for this aspect, complementary lectures related
to the challenges of current global issues, such as climate change and health were given to the students. Thus,
the final deliveries demonstrate a strong sense of social and ecological responsibility.

There is an opportunity to expand the potential of IC practices by thinking beyond the design methodology.
Findings suggest modularity as a social connector, which in turn, serves as a component towards a more
cohesive built environment. This study evidences the challenges of encompassing the post-design aspects
into academic projects designed by students studying architecture. The present evaluation of the projects do
not consider any post occupancy evaluation analysis. Instead, it considers a visualization of the assembly or
delivery methods on-site only.

RECOMMENDATIONS FOR DESIGN PEDAGOGY

In this case study, students familiarize themselves with two Industrialized Construction concepts: Design for
Manufacturing and Assembly and the Digital Twin. The evaluation of the design research pedagogy shows
that it supports diversity of design explorations based on student interests. However, the analysis also points
to the need for strengthening the technical skills of the students, before presenting them with the challenge of
designing and modeling. The integration of IC concepts into a design studio was conducted in a senior design
studio, with students in the Master of Architecture. More support is needed to prepare architecture students
for Industrialized Construction practices.

Integrating IC in the Architecture studio sequence

Although the outcomes of this case-study show that the design studio remains central in design education as
the environment where knowledge is integrated and synthesized, the integration of other perspectives would
have enhanced the design research approach. For example the integration of Industrial design and
Engineering design expertise would have benefitted modularization strategies explored in the course. These
types of expertise can be integrated in a variety of ways, through lectures, external reviewers and guests, or

236



through co-teaching with other disciplines. We believe that a multidisciplinary design studio focused on IC
practices is critically important in the architecture studio sequence. Architecture programs can generate a
variety of interdisciplinary IC studios, based on the areas of focus and strength of each program.

Integration IC in the Building Technology sequence

IC is a fundamental transformation of how buildings are designed and produced. Therefore, a new curricular
paradigm is needed to integrate computational design literacy and understanding of building systems. In
general, students should be given more support in understanding and utilizing Building Information Modeling
(BIM) and building simulation. This can be done by reconsidering the computer aided design as separate from
the building technology in architectural design curricula. Once is indeed a tool for the other. For example
students learning about the use of 3D printing in architecture, should also be encouraged to consider the
carbon footprint implications as well as energy use. These issues could be examined with a Digital Twin. We
believe that an integrated approach to building technology is fundamental to Architecture Design Education.
The Building Technology sequence of means and methods could integrate labs where digital modeling tools
could be utilized for assignments and focusing on modeling, analysis, and decision-making.

CONCLUSIONS

This case study presented shows that it is possible to adopt an industrialized construction methodology in the
classroom. The methodology observed in this study can be applied to both in-person and digital courses.

By applying a design research pedagogy, students can make decisions about the focus of their work and
develop critical thinking about the integration of new technologies to impact larger questions at the intersection
of design, justice, and ecology. This approach to introducing IC concepts fostered diversity of projects in the
classroom. It can evolve from a pre-brief to the final delivery of the class. It also serves as the integral evidence
of the class by retrieving all the projects developed in the classroom.

The guidelines from AIA and RIBA provide a framework to guide the evaluation of learning outcomes. The
results of the analysis suggest that a new version of this course could be extended into the post-design phase
by evaluating impact on labor reduction, productivity improvements on-site, manufacture and site preparation,
and post-occupancy evaluation. The architectural projects developed under an innovative approach are a step
forward for preparing young architects to apply IC methods in the practical field.
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APPENDIX
Figure 0. Comparison of modular approaches described by AlA and RIBA guidelines.
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