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Appropriate design standardisation should be reconsidered to manage time and budget
limitations in post-disaster responses. This paper aims to find ways to integrate technology
to manage post-disaster reconstruction more efficiently by conducting a design experiment
where we customise, optimise, build, evaluate, improve, record, and monitor an emergency
shelter prototype. The context of this research is the temporary phase of shelter types. The
research question the authors seek to answer is how Augmented Reality can be utilised to
develop an emergency shelter that can be assembled and reused. To answer this question,
this paper presents and tests a parametric modelling workflow for the design of flexible,
customised modular shelters, including the disassembly of a Shekili-inspired emergency
shelter using a Microsoft HoloLens 2 headset and the re-assembly of an AR-assisted
parametric model, which was developed based on the experience gathered from the
previous research. The workflow was then tested in an empirical study with twelve
participants. Our findings illustrate that adapting Shekili-inspired DfD principles enables
modular, rapid, and flexible shelter solutions with AR technologies, allowing quick
customization during emergencies and future expansions.

Keywords: Emergency shelters, Post-disaster reconstruction, Parametric design, Shekili-
inspired structure.

interactions. The introduced platform can

As concerns about disasters rise, the assembly
and disassembly systems of emergency relief
shelters have become increasingly important to
discuss (Kim et al., 2011). Rapid digital application
prototyping can be considered in emergencies,
which might improve the speed of building
emergency  shelters.  Appropriate  design
standardisation should be reconsidered to
manage time and budget limitations in a disaster
(Jinuntuya and Theppipit, 2007). However, flexible
parametric interfaces enhance choice options,
facilitate cost optimisation, and provide
monitoring  services  for  client-designer

potentially possess these features, such as 1)
interactivity in the parameter change, 2) all
possibilities, 3) surface customisation, 4) user-
friendly graphics, and 5) freedom of choice for
end-users (e Gazel et al, Vahdati and
Tedjosaputro, 2024a). This paper addresses these
five categories, and the research looks at how to
develop an emergency shelter that can be
assembled and reused by utilising augmented
reality.

In post-disaster emergency relief, speed and
safety with standard and prefabricated solutions
are the priority of construction. Post-disaster
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reconstruction may include some constraints in
terms of funding, material, time, expertise, and
site accessibility (Yeung and Harkins, 2011). This
study addresses time, flexibility, and modularity in
emergency shelter design.

Moreover, Shekili houses allow no nail and no
glue timber laying structure, adapted with some
Design for Disassembly (DfD) principles that can
be speedy for emergency construction (Nazidizaji
et al, 2014, Salavatian and Malekjahan, 2019,
Vahdati et al, 2024b). These houses allow
modularity and flexibility in construction
techniques and spatial layout (Khoshsima et al.,
2011, Vahdati and Tedjosaputro, 2024b) (Figure
1). Simultaneously, the need for modular and
flexible emergency structures enables us to bring
Shekili designs into practice.

i "'? Y,

A Shekili-inspired shelter (Figure 2) is designed by
the researchers in this paper, and the initial aim is
to test it for disassembly with users. Then, a re-
assembly workflow for the custom design will be
developed. This paper uses a visual AR-assisted

interface  to interrelate parameters and
geometries for a Shekili-inspired shelter,
revealing the parametric nature of the design. The
finding of this paper is a translation of this set of
parameters to a set of custom design constraints
with an AR visual interface, considering its pros
and cons through the disassembly and
reassembly process.
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METHODOLOGY

The methodology in this paper is an experimental
workflow tested in a workshop with twelve
students. The tools employed in this experiment
are HoloLens 2 as an AR headset tool and
Fologram for Rhino and Grasshopper files. The
workflow process for the paper is as follows
(Figure 3):

Phase 01) Analysis and data collection about the
Shekili  houses, AR-assisted interface, and
emergency shelters.

Phase 02) A Shekili-inspired shelter is designed
by the researchers, considering the layers for the
foundation, body, and roof in Rhino.

Phase 03) The AR-assisted design with HoloLens
2 and Fologram for Grasshopper has taken place
for disassembly and re-assembly by the users.
Phase 04) The disassembly of a Shekili-inspired
shelter takes place for the foundation, body, and
roof using HoloLens 2. The re-assembly process
with parametric values takes place based on
understanding the structure in the disassembly
process, and the wusers synchronise the
parameters step by step. These phases are
practised with the users.

Phase 05) The evaluation process was based on
the wuser's feedback and the researcher's
observation.

Figure 1
Shekili Houses,
Guilan, Iran

Figure 2
Shekili-inspired
shelter design



Figure 3
Methodology
workflow diagram

Time is recorded during the experiment. The
camera records the observation, and pictures and
videos are captured through the HololLens 2
headset. The user's movement with the headset is
tracked in a Rhino file on the laptop.
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VERIFICATION

The verification in this paper focuses on Phase 04.
The other phases have been tested in previous
studies. The verification occurs during a workshop
with 12 students operating in two groups. It starts
with an introductory lecture and an introduction
to HoloLens 2. This task involved disassembling
the shelter and reassembling the existing
elements in HoloLens 2 using some sliders for
parameters and interactivity (move/rotate/scale).
Also, different display modes were played for
them. The visualization and interactivity in
Fologram enabled participants to
move/scale/rotate elements easily in HoloLens 2;
the same process takes place for reassembly. Two
participants could be considered for each
category. Each two-person team has 10 minutes

‘ Foundation, Body, and Roof F

wessensans

for disassembly and 10 minutes for reassembly
with their custom design. The interlocks are not
exact in this part; the other layers will be off when
the participants do the task for one category.
Ultimately, the participants filled out a
questionnaire regarding their AR experience.

The process is as follows: First, the users
connected to the Fologram link of the Rhino file
with the assembled Shekili-inspired shelter to
synchronize elements for the foundation, body,
and roof and disassemble them (Figure 4).
Second, relying on the previous understanding of
the disassembly of Shekili-inspired shelters, the
participants try to connect to the Fologram link of
the Rhino file with the prepared parameters in
Grasshopper to synchronize elements (in this
step, each category of the elements for the
foundation, body, and roof is synchronized by the
researcher  separately). The  synchronized
parameter lets us remotely control the
Grasshopper definition using the mixed reality
user interface (Ul). The value of the defined
length, width, height, curve divider, and sequence
sliders is sent back to the Grasshopper, which
then causes the Grasshopper to re-compute our
definition, and the geometry is sent back to the
HoloLens 2. Buttons and toggles are the other
supported parameter types that can be
synchronised with the Ul in Fologram.

Third, there is a list of names for the elements
in the foundation, body, and roof; two main
categories of curves in even and odd rows are
defined according to the directions that can be
repeated on the z-axis for the floors and roof (this
can give modularity and design freedom at the
same time). In the future, two main categories
could be discussed in further detail: a) Flat roof
and b) Sloped roof. The “Divide curve” command
splits the curves into the desired segments for the
component positions and shows us exactly where
to place each component at a time. The “list item”
can provide the sequence of each element
synchronized in the HoloLens 2. The participants
can see this sequence slider (which item is being
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picked) for the disassembly/reassembly part, and
then evaluate it in the questionnaire to
understand the structure better or not.

The workshop evaluated each of the
components in the Fologram for Grasshopper
plugin in depth for the user interface in terms of
material (colour, texture), interactions (move,
rotate, scale), display mode (Rendered, shaded,
wireframe, occluded, rendered wireframe, etc.),
live transformation in the Z-axis for the assembly
and disassembly of a shekili-inspired shelter
design alternatives with the flexibility in the width,
length and height of the elements in foundation,
body, and the roof. In this context, the student’s
role in this paper was closer to that of a solution
explorer than a solution developer.

Since the user with the AR headset moves
around the digital model, the interactivity with the
model becomes visible to the designer on the
computer. The interactivity is active for moving,
rotating, and scaling. After connecting, the model
aligns and sits precisely on the point defined for
the table marker. Two arrows on the right side of
the HoloLens 2 can be scrolled up and down to
check all layers and parameters.

FINDINGS

Approximately 83 % of participants rated high (4
and 5 ratings) the interface for design for the
disassembly. It was noted that the required time
to disassemble the Shekili-inspired structure is
five to ten minutes. Most of them tried to use an
air tap instead of a finger tap, which was more
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interactive. Participants rated the new experience
of DIY augmented reality (AR) disassembly
technology positively, particularly with the ability
to select and move elements around the structure
and using air taps and finger taps to interact with
digital components as the most chosen features.
One participant mentioned that the immersive
environment provided an extended space to try
new design methods. It was easier to explore
design and forward and backward processes than
to waste time and budget on the physical model,
building and deconstructing models each time.

Participants identified several challenges
related primarily to the technical aspects of the
AR headset. A common issue was the unreliability
of the Fologram application, with one participant
noting frequent disconnections from the
HoloLens 2, disrupting the experience. Others
found the adaptation process time-consuming,
highlighting a learning curve associated with the
technology. Several participants criticized the
limited screen size of the HoloLens 2, which they
felt hindered effective simulation of the full
structure. Additionally, four users found the air
tap gesture difficult to use accurately, particularly
when selecting or aiming at specific elements.
One participant emphasized the need for a more
intuitive interface, noting that the current system
was overly complex and required time to master..

It was also found that using an AR headset,
HoloLens 2, can replace physical modelling in the
design process. According to most participants,
mixed reality can be used as a design tool, making
the design process easier and more effective.

AR-assisted Shekili-inspired shelter:
Disassembly

The disassembly process was conducted for the
foundation, body, and roof components. The
participants were asked to disassemble one
element as a sample from each layer in two
groups of six. In each group, two participants
disassembled the roof, two disassembled the
body, and two disassembled the foundation. After

Figure 4
Disassembly
process of Shekili-
inspired shelter



Figure 5

Sketch diagrams
of the students
regarding their
understanding of
the structure

Figure 6
Disassembly of the
whole structure in
the first group (a)
and the second
group (b)

Figure 7
Disassembly of the
whole structure in
the second group
in the Rhino file

disassembly with AR, it is observed that it is better
to have a loop for dragging the elements in it as
storage to avoid unnecessary clutter in the digital
environment. This step aims to analyse the
understanding of the Shekili-inspired structure by
analysing recorded photos and videos of the
disassembly process in HoloLens 2. Then, the
participants were asked to provide a schematic
diagram of the disassembly process based on
their understanding of the number of layers of the
structure. The disassembly process diagrams
indicate that the participants clearly understand
the structure of the roof's diagonal beams,
perimeter beams, grid beams, and roof columns
(Figure 5).

The participants also reported that the colour and
material displayed on the HoloLens 2 headset
would help distinguish the elements from each
other (Figure 6).

Participants’ evaluations: Disassembly of the
prepared Shekili structure

The evaluation of the AR experience revealed a
generally positive perception among participants,
particularly in terms of environmental tracking,
with 66.7% rating it highly. While 58.3% gave high
ratings to user movement tracking and interface,
41.7% offered moderate ratings, indicating room
for improvement in these areas. HoloLens 2 was
considered user-friendly by 58.3% of participants.
The use of a QR code marker for spatial anchoring
received mixed responses, with ratings split

evenly between moderate and high satisfaction.
Participants engaged well with key disassembly
interactions—such as move, rotate, and scale—
where 58.3% rated the functionality highly. While
most participants were satisfied with the display
mode options, five provided moderate ratings,
and four recommended improving the visual
distinction of elements by altering material color
and texture. Notably, the process of establishing
a live link between Fologram and the Rhino model
was found to be straightforward by the majority,
supporting the integration of digital design tools
within the workflow (Figure 7).

Participants’  evaluations:  Design  for
Disassembly (DfD) principles relevant to the
existing digital Shekili structure

Out of twelve participants, ten suggested that
"Minimising the number of different types of
materials" can be applied to the DfD principles for
the Shekili structure. They believed this principle
should also be applied to the digital structure
using various textures and materials. More than
80% of the participants felt that using modular
design (dimensionally and functionally) applies to
the structure provided, with layers to be
disassembled. Two participants found the
principle to be unclear and needed further
clarification. However, all participants agreed they
could easily separate the structure from the
cladding, internal walls, and services (parallel
disassembly) without any external assistance,
even when using HoloLens 2. This indicates that
they could distinguish clearly between the
different elements and layers. The participants
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stated that they had access to all parts of the
building and all components (“ease of access”
principle) during the disassembly process with the
HoloLens 2, as they could move around the model
and see the digital model from different views of
the foundation, body, and roof. They had realistic
access tolerances for manoeuvring during
disassembly using AR. Ten participants believed
that the minimum number of fasteners or
connectors (not complex or difficult to
understand) was provided through the digital
design for the Shekili structure.

In terms of disassembly sequence, parallel
disassembly rather than sequential disassembly is
another factor that should be considered as the
DfD principle during the AR disassembly with
Shekili structures; the participants found the AR
environments were easy to test with the forward
and backwards disassembly, and it can be
considered like a game for them. From the
researchers’ observation, it seems better if there
could be a structural notification regarding non-
sequential disassembly from the roof to the
foundation, so that in this way, the learning
process will be more straightforward, and even in
real-time deconstruction or disassembly the right
way of the parallel disassembly can be suggested
and applied.

During the disassembly process with
participants, the researcher recorded the
disassembly sequence for each section of the
roof, body, and foundation with two participants
in a group of six. Participants agreed that
establishing permanent disassembly points,
which outline the procedures as instructions,
makes the  disassembly  process more
manageable. These points serve as guides within
the AR environment.

Most  participants  reported that the
connections were designed to be easily attached
and removed, one of the DfD principles. Two
participants believe that it is tricky and will take
more effort to attach with interlocking
connections, but it would be easier to remove and
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disassemble. Three participants reported that the
roof elements of the structure could be rectified
in the future to simplify the construction with
more details, and sometimes, some elements
clash with the roof structure. One participant
believed the elements in the body structure could
be changed, and one mentioned the small
components in the foundation that could be
designed clearly and better.

Considering Brand'’s diagram for the building
layers (Brand, 1995, Vahdati et al., 2024a) , eight
participants noted that they found the scope of
the investigation from “outside-in” more
straightforward, as they could investigate the
whole structure from outside to inside more
clearly and realistically using AR. Also, two
participants believe that the outside-in scope has
more space to put the detached object, and when
deconstructing it, the elements are easier to
understand and comprehend. However, four
participants found the inside-out scope more
straightforward for disassembly.

A parametric system can serve as a supportive
tool for decision-making in humanitarian design.
Parameters can be modified according to the
scenarios (Daher et al., 2015). However, flexibility
and mobility in modifying the shelter can be
achieved through component reassembly (Kim et
al, 2011, Bothara et al., 2024). 83% of participants
rated the design for reassembling the digital
model using HoloLens 2 with Grasshopper
parameters as either a 4 or a 5 (out of 5 ratings),

Figure 8
Reassembly of the
whole structure
using parameters



Figure 9
Reassembly of the
whole structure
using parameters
considering
modularity in the
foundation, body,
and roof

which can be considered positively accepted
(Figure 8). Most of them mentioned that it took
five to ten minutes to reassemble their desired
structure for the reassembly process. Three
participants noted that they found it quick and
easy to learn how to use the system with just a
brief introduction. They found it to be even more
straightforward than the disassembly process of
the Shekili structure, as they adjusted the
parameters defined in Grasshopper while using
HoloLens 2. Two participants mentioned that it
took longer than ten minutes to use AR to
reassemble by changing the parameters (using
Grasshopper), and sometimes they couldn't see
which element was changing due to the lag from
the parameters to the digital model visible in
HoloLens 2.

The participants declared that playing with
the parameters, seeing the transformation in the
digital model, and simultaneously simulating
different configurations was their favourite part.
They also mentioned how to tap and pinch the
digital elements, resize (scale) the elements, scroll
up and down, and use sliders for the parameters,
which are other aspects of their favour. One
participant mentioned that he could change the
structure to one he preferred; this would be useful
for a tutor who wanted to teach students the
structure of a building with separate components
using AR. The other participant mentioned that
she liked how she could imagine the whole
structure on a real scale, changing parameters in
HoloLens 2 (Figure 9).

When asked about the least favourite part of
the experiment, three participants noted that
changing the dimensions did not appear in the
curves immediately, playing with parameters, and
there was a direct lag in transformation that
slowed down the speed of the experiment. This
may have happened because of the number of
curve divides they chose, so with fewer segments
and the number of curve dividers, the
transformation in the digital model will have more
potential visibility. The other two participants
mentioned that it took quite a long time to do and
that it was tricky for them to use AR and
parameters simultaneously. One participant
declared that naming to differentiate the
elements was confusing for her, and it was better
if colours or tags appeared on the elements,
obviously after changing the parameters. Two
participants mentioned needing more time to
understand and learn the mechanism for the
scrolls and sliders. Three participants find the re-
assembly process fun and easy to operate.

AR-assisted Shekili-inspired shelter:
Re-sassembly

The reassembly process was carried out for the
foundation, body, and roof components of the
structure. Participants, organized into two groups
of six, were instructed to reconstruct the assembly
using parametric guidelines generated in
Grasshopper. The HoloLens 2 augmented reality
headset performed the task, enabling participants
to engage with the digital model in a spatially
immersive environment.

Participants’ evaluations: AR-assisted re-
assembly with parameters

The evaluation results indicate a generally
positive user experience with the AR setup. Most
participants rated environment tracking (space
recognition) highly, suggesting effective spatial
recognition within the AR interface. While two
participants rated user movement tracking and
interface as moderate, the majority gave high
scores, reflecting  satisfactory interaction
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performance. HoloLens 2 was widely regarded as
user-friendly, further supporting its suitability for
such tasks. Although a few participants expressed
moderate satisfaction with the QR code marker
used for anchoring the model, the majority found
it effective. Similarly, the sequence slider
integrated through Fologram parameters was
well received, with only minor reservations,
indicating its utility in guiding the reassembly

process.
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Participants engaged with interactive features
such as “move,” “rotate,” and “scale,” primarily as
a means of exploring parameter manipulation
rather than structural assembly. The display
mode, predominantly set to shaded and
rendered, was generally well received, with only
three  participants  expressing  moderate
dissatisfaction. A transformation parameter along
the Z-axis—designed to simulate additional floors
or repeated vertical components—was positively
received, highlighting the system’s flexibility for
vertical modularity. However, two participants
suggested improvements in material colour and
texture to enhance visual differentiation between
elements. Overall, the creation of a live link
between Fologram and the Rhino model was
reported to be intuitive and easily managed by
most users, supporting seamless integration
between digital design and AR interaction (Figure
10).

Participants' evaluations: Emergency shelter
design principles in the Re-assembly
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Most participants found rapidity relevant to the
shelter design. They also found flexibility and
adaptability for future expansion in their shelter
design as highly pertinent to their reassembly
using parameters. The architectural quality
extracted from their design is a significant factor
that should be considered, too. The upgrade
potential in this experiment takes place through
the X, Y, and Z axes, and this is how it is defined
with length, width, and height in parameters with
the Grasshopper, and the participants consider
them as a relevant factor in continuity in these
three directions and continuous and spacious in
dimensions. This is where modularity (scale in
dimensions X, Y, and Z) is defined, too.

Most participants rated the parametric
mobility and the unpredictability and diversity of
cases as relevant to this experiment. More than
80% of participants noted that AR makes
customisation and design freedom easier. At the
same time, one participant mentioned that it is
not ordinarily relevant, and the other declared
that more clarification is required in this part. The
possibility of incremental and spontaneous
design refers back to incremental housing and
how shelters can be incrementally enlarged in
time while respecting the original vision and
principles. Incremental rules are crucial for
making the project viable by responding to family
evolution and better economic scenarios. Most
participants found this test relevant, while one
needed more clarification, and one found it
irrelevant.

In terms of sequence, participants assumed
that parallel re-assembly with parameters was
more relevant than sequential re-assembly since
they could have forward and backward
movements for their design, playing with sliders
for the parameters using HoloLens 2.

The participants wrote some ideas for making
the shelter more adaptable as they thought of
implementing their ideas in real-world scenarios:
having a prefabricated structure to be assembled
quickly with accessible and portable materials in

Figure 10
Re-assembly
process with
parameters in
Rhino and
Grasshopper



Figure 11
Diagram for the
"inside-out” and
"outside-in"
disassembly by
the participant

the pre-assumed context with easy-to-assemble
joints and connections and minimal time for the
construction is one way to think about the
flexibility and adjustability of the structure. Ten
participants found the scope of investigation
“outside-in" more straightforward, as it provides
a more realistic and visible view. All elements can
be seen easily in the whole structure, and the
entire building can be seen from the outside. The
scope from outside provides more space to move
without accidentally selecting other components.
Two participants chose the scope inside-out, as in
the unit core phase of emergency shelters, it is
better to start with the core and continue the
extension; this is a noticeable point that can be
considered in the design for reassembly of the
emergency shelter designs. Figure 11 illustrates a
student's sketch from her understanding of this
principle, and how she viewed the " inside-out "
process as an expandability in the shelter design.
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All participants declared that the disassembly
process of the Shekili structure in the previous
experiment helped them understand the layers of
the building better in the reassembly process. The
participants were asked about the challenges and
potential improvements in their AR design; one
participant found setting the dimensions more
time-consuming using AR. The other participant
believes using AR could give a better point of view
of design moving forward and backward, making
it easier to design and find problems during the
design.

DISCUSSION AND CONCLUSION

The experiment conducted in this study suggests
that density, functions, forms, and spaces can be
translated into design parameters that can then
be simulated using Augmented Reality (AR). The
study tests an interface that allows shelter users
to finalise a shelter design with minimum
assistance from a designer. The users can
subdivide, adapt, and customise with minimal
waste, cutting materials and labour, and
parameters can indicate the height and width of
each spatial function in the shelter.

Applying digital technologies such as AR in
post-disaster reconstruction might contribute to
easing the design and building processes that are
less daunting for laypersons. The custom AR
interface allows users to navigate the custom
shelter design, which can be helpful in quickly
previewing an emergency. The research question
the authors seek to answer is,” How can we
develop an emergency shelter which can be
assembled and reused by utilising Augmented
Reality?". To answer this question, the learning-
by-doing disassembly and re-assembly workshop
enables participants to define a design model for
Shekili-inspired shelters. Subsequently, this allows
them to control the geometry of the elements,
including spacing between them, enabling
custom designs that adhere to standard element
sizes and conventional practices. Any existing
Grasshopper definition with sliders, buttons,
toggles, and a value list can be synchronised
directly with Fologram and manipulated on the
AR display. It was found that adapting DfD
principles from Shekili-inspired shelters allows for
modularity, rapidity, flexibility, and adaptability in
emergencies and future expansion of the shelter.
Also, using AR technologies will enable users to
customise designs quickly in emergencies.

Future studies will focus on further
simplification,  standardization, and  mass
customization strategies that rely on technology's
ability, and residents can design a personalized
version of their unit by inputting their preferences
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into an interface. Further suggestions include
integrating building codes, which can be
simulated through the parameters.
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