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The project’s primary objective was to develop a 
solution aimed at reducing the suffering caused by 
earthquakes, particularly among vulnerable commu-
nities. Grounded in personal experience and an un-
derstanding of the consequences of seismic activity, 
the project sought to bridge the gap in affordable and 
accessible seismic-resistant measures.
Through a research approach encompassing diffe-
rent methods, a foundation for further exploration 
and design development was achieved. I delved 
into the historical context of earthquakes in Zagreb, 
touching upon the region’s susceptibility to seismic 
events. After this I conducted interviews with people 
from Zagreb that have experienced stronger earth-
quakes. This background information formed a base 
for the next phases of the project.

From this research came the solution ‘Embrace,’ 
a wearable communication device for use during 
earthquakes. Embrace offers an alternative way of 
communication during seismic events, enabling indi-
viduals in affected areas to exchange vital informa-
tion about their well-being and location, even when 
traditional communication infrastructure is compro-
mised. This smart bracelet employs LoRa technolo-
gy, capable of transmitting data over long distances 
with minimal energy consumption.
Embrace’s communication scheme involves a net-
work of base devices strategically placed every 10 
kilometers, facilitating satellite communication bet-
ween bracelets. This approach minimizes the brace-
let’s energy requirements and size, making it a practi-
cal and cost-effective solution.

In essence, Embrace focuses on disaster prepa-
redness and response, particularly for vulnerable 
communities. Its affordability, friendly design, and 
comprehensive functionality combine to solve the 
problem of inability to communicate with others du-
ring earthquakes, and in such a way allows for de-
crease of stress and anxiety, as well as allowing for 
faster intervention in case of emergency help nee-
ded. By enhancing communication and connectivity, 
Embrace empowers individuals to seek help and of-
fer support, ultimately contributing to safer and more 
resilient communities during seismic events.

Summary



The motivation behind this project 
springs from a personal experience 
and a keen observation of the detri-
mental consequences of earthquakes 
on people›s lives. Three years ago, I 
personally experienced an earthqua-
ke in Croatia, which brought to light 
the devastating impact and long-last-
ing effects on communities. It became 
evident that there is a significant gap in 
the market when it comes to affordable 
solutions for individuals who cannot 
afford the current seismic-resistant 
measures available.

Witnessing firsthand the destruction 
caused by earthquakes and the sub-
sequent challenges faced by those 
with limited resources, an idea began 
to take shape. The desire to address 
this pressing issue and provide viable 
solutions for people in similar circums-
tances became a driving force for this 
project. Seismic activity is a natural 
phenomenon that poses a substantial 
threat to human lives and infrastruc-
ture, with devastating consequences, 
particularly for vulnerable communi-
ties. The impacts of earthquakes are 
exacerbated for these groups, often 
lacking the resources and infrastruc-
ture necessary to withstand or recover 
from such disasters.

In the pursuit of safeguarding the well-
being of these marginalized popula-
tions, this graduation design project 
takes on the challenge of developing a 
feasible and affordable solution to re-
duce the human suffering caused by 
seismic activity. The project aims to 
address the critical need to empower 
vulnerable communities with innova-
tive solutions that enhance their re-

Foreword
silience in the face of seismic events. 
Vulnerable groups, which can include 
low-income households, marginalized 
populations, and underserved regi-
ons, face heightened risks due to in-
adequate housing, limited access to 
resources, and restricted access to 
information and support systems. My 
goal is to bridge these disparities by 
creating a practical and accessible so-
lution tailored to their specific needs.

This project aims to provide immedia-
te relief during seismic events as well 
as establish a sustainable foundation 
for recovery and, in such a way, reduce 
human suffering. I will explore techno-
logies, materials, and strategies, aiming 
for the proposed solution to be both af-
fordable and ecologically responsible. 
I aspire to contribute to a more equi-
table and secure future for vulnerable 
communities, where the devastating 
impacts of seismic activity are mitiga-
ted, and human suffering is reduced. 

My commitment is rooted in the belief 
that every individual and community, 
regardless of their socio-economic 
status, deserves the opportunity to 
thrive in an environment that prioritizes 
safety, security, and well-being.
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Introduction
•	        Earthquakes in Zagreb

•	        Buildings of Zagreb 

•	        Research Question

This chapter sets the stage for the 
project journey by delving into its foun-
dational elements. It opens with a fol-
low up to the description of the moti-
vation behind the project, driven by an 
awareness of the challenges posed 
by seismic activity and a commitment 
to mitigating its impact. The histori-
cal context of Zagreb’s earthquakes 
provides a backdrop, highlighting the 
region’s vulnerability to these natural 
phenomena. As the chapter advances, 
it also focuses on the state of Zagreb’s 
buildings, highlighting existing struc-
tural landscape. 

WIth this beginning of research, the 
chapter formulates the central re-
search question, setting the tone for 
how this exploration will follow. In doing 
so, it establishes the direction for the 
report, starting the quest for innovative 
solutions to seismic challenges.
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Moreover, in 2020, on March 22, a sig-
nificant earthquake with a magnitude of 
5.5 on the Richter scale struck Zagreb, 
shaking the capital city of Croatia. The 
epicenter was located near the town of 
Markusevec, just north of Zagreb, and 
the tremors caused widespread dam-
age to buildings and infrastructure, in-
cluding historic structures in the city 
center. 

The earthquake resulted in the collapse 
of rooftops, chimneys, and facades, 
posing a significant threat to public 
safety. Fortunately, there weren’t many 
casualties, but many residents were 
left temporarily homeless, with some 
seeking refuge in emergency shelters. 
This seismic event served as a stark 
reminder of the earthquake risk in the 
region and prompted discussions on 
the need for better preparedness and 
building resilience. It also highlighted 
the importance of continuous monitor-
ing and early warning systems to miti-
gate the impact of future earthquakes 
in Zagreb and its surrounding areas.

In Zagreb’s history, two significant 
earthquakes stand out as pivotal mo-
ments, each leaving its distinct mark 
on the capital of Croatia.

The earthquake of 1880, which oc-
curred on November 9th, was a pow-
erful seismic event estimated to be 
around magnitude 6.3. It had a devas-
tating impact, resulting in significant 
damage to the city’s infrastructure 
and architecture, especially the older, 
historic buildings that were not engi-
neered to withstand seismic forces. 
This earthquake led to the collapse of 
numerous buildings and caused con-
siderable human suffering, with casual-
ties and injuries reported. The destruc-
tion was a catalyst for the subsequent 
reconstruction of Zagreb with a greater 
focus on earthquake-resistant building 
techniques. This seismic event remains 
a part of the city’s collective memory 
and serves as a reminder of the im-
portance of earthquake preparedness 
and resilient urban planning in a region 
prone to seismic activity.

Figure 2. - Epicenter of 2020. earthquake in Zagreb

Figure 3. - A collapsed wall and 
a ruined building in the city 

centre of Zagreb

Figure 1. - Damage to the local church after the 1880. earthquake in Zagreb

Later that same year, Zagreb experi-
enced another earthquake, this time 
with its epicenter near the town of 
Petrinja. This earthquake registered a 
magnitude of 6.4 on the Richter scale, 
making it a powerful and shallow seis-
mic event. It caused extensive dam-
age to buildings and infrastructure in 
Zagreb, despite modern construction 
standards helping to mitigate the de-
struction to some extent. The event 
highlighted the ongoing vulnerability 
of older, historic buildings in the city 
center, with roofs, walls, and several 
important cultural and historical sites 
suffering damage. This earthquake un-
derscored the need for enhanced seis-
mic resilience.

Zagreb’s susceptibility to seismic ac-
tivity can be attributed to its geological 
features, primarily the presence of sev-
eral fault lines under and near the city. 
The Medvednica Fault, situated to the 
northwest of Zagreb, has historically 
caused seismic activity, affecting near-
by areas. Additionally, the nearby Sava 
Fault System, part of a larger tectonic 
boundary in the region, plays a role in 
the seismic activity experienced in Za-
greb. The interactions between these 
fault systems can lead to increased 
seismic potential in the Zagreb area. 
Understanding the geology and the 
fault systems in and around Zagreb is 
crucial for earthquake preparedness 
and risk mitigation. The ongoing mon-
itoring and research of the fault sys-
tems remain essential for improving 
the city’s resilience to earthquakes.

Earthquakes in Zagreb
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Architecture

Zagreb, the capital of Croatia, has a diverse architectural 
landscape that reflects its rich history and culture. The 
city’s buildings encompass a wide range of styles, each 

contributing to its unique character.
 

In the city center, you’ll find historic masonry buildings 
with substantial walls, often measuring around 60 to 70 
centimeters in thickness. These structures typically fea-
ture wooden constructions and incorporate a mixture 
of materials, including small stones that serve as sound 
insulation, bulrush, and plaster. Many of these buildings 
date back to the 19th century, showcasing intricate ar-

chitectural details that add to the city’s charm.
The architectural landscape evolved over time, influ-
enced by factors such as the 1880 earthquake. Before 
this seismic event, buildings often featured weak con-
crete construction, but afterward, the city shifted to re-
inforced concrete structures, following contemporary 

construction practices.

Today, Zagreb’s building types vary, encompassing 
reinforced masonry, reinforced concrete houses and 
buildings, and even prefabricated wooden houses, all 
designed in compliance with modern building codes 

and standards.

Buildings of Zagreb

However, the majority of buildings in the city center 
are characterized by masonry structures with sub-
stantial walls, wooden construction on top, and a mix 
of materials, including small stones and plaster. 

Prior to 1968, Zagreb largely relied on buildings with 
relatively weak concrete structures, which had limita-
tions in terms of seismic resilience. Post-1968, there 
has been a shift towards reinforced concrete con-
structions, in compliance with contemporary seismic 
safety standards, such as the Eurocode.
The problem of old and weak buildings still remains. 
This is accompanied by residents inability to proper-
ly take care of the buildings due to very steep main-
tenance prices. It’s important to acknowledge that 
these are the most at-risk areas, susceptible to struc-
tural damage and collapse during seismic events. 

These historical structures, typical of the city’s core, 
may lack the seismic retrofitting required to withstand 
the potential seismic threats, highlighting the need 
for focused efforts in enhancing the earthquake resil-
ience of these buildings.

Figure 5. - Post 1968. buildings 
of Zagreb

Figure 4. - Historic buildings in 
the city centre, Jelacic Square
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Figure 6. -  an example of an old historic city centre building, 
Miroslav Krleza insitute

Figure 7. - an old cit centre building, 
City Assembly

Figure 8. - a side wall of an old building in the city 
centre, incorrectly fixed after the earthquake

Figure 9. - an old building in the city centre, left 
with many damages after the earthquake

Figure 10. - an example of post 1968. buildings Figure 11. -  an example of post 1968. buildings

Figure 12. -  private masonry house, without 
reinforcement

Figure 13. - private masonry house with little to 
no reinforcement

Figure 14. -  damages in the Clinical hospital of Zagreb 
after the earthquake

Figure 15. -  damages in a private home after 
the earthquake

Figure 16. -  damages to an 
impropperly built building in ZG

Figure 17. - damages to a 
hospital

Figure 18. -  damaged outer walls of historic build-
ings, fallen on nearby cars in the city centre

Figure 19. - damages to a hospital in Zagreb Figure 20. - damages to an office, after the Zagreb 
earthquake

Figure 21. - damaged roofs due to old chimneys falling through Figure 22. -  old chimney fallen on the street of Za-
greb city centre
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Interview with a building 
engineer from Zagreb

In a quest to gain deeper insights into 
the seismic vulnerabilities of buildings 
in Zagreb, I conducted an interview with 
a seasoned building engineer and ex-
pert from the city. With a wealth of ex-
perience in designing houses for seis-
mically active areas, inspecting existing 
structures, and estimating damage, 
this expert provided a unique perspec-
tive on the complex challenges faced 
by Zagreb’s architectural landscape.

The interview shed light on the multi-
faceted reasons behind the structur-
al damage experienced by buildings 
in the city center. While the age of the 
buildings and the use of subpar con-
struction materials played a significant 
role, the expert emphasized additional 
contributing factors. One critical issue 
was the lack of proper care for these 
historic structures, allowing moisture to 
infiltrate basements and damage walls 
over time.

Improper renovations also surfaced 
as a key concern. These renovations, 
although well-intentioned, often led to 
the creation of soft floors, particularly 
on the ground level. The consequence 
of such modifications, the expert point-
ed out, could be detrimental, as they 
sometimes resulted in floor rotation. 
This rotation, he explained, could oc-
cur when the underlying structural grid 
(raster) was irregular, undermining the 
building’s stability and seismic resil-
ience.

“Zagreb was very lucky that the 2020. earth-
quake with the epicentre beneath the city was 
not stronget than 5.5 in intensity. If that had 
been the case, the whole city center would’ve 
been leveled with the ground.” 
- ir. I. Kutija

The interview with this expert provid-
ed invaluable insights into the intricate 
web of challenges contributing to the 
seismic vulnerabilities of Zagreb’s his-
toric buildings. The knowledge gained 
through this conversation will serve 
as a valuable resource for the ongoing 
research and design efforts aimed at 
enhancing the earthquake resilience of 
Zagrebs inhabitants.

Regular construction 
check ups

Regular raster Good insulation

Old and improper build Bad interventions No upkeep 
- poorly insulated basements 

and foundations

Properties 
most buildings 
lack

Properties 
most buildings 
have

Figure 23. -  Building properties 
in Zagreb
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Research question

The main research question emerged 
from an observation of the living con-
ditions and challenges faced by many 
residents in Zagreb, whose homes and 
lives are influenced by the seismic ac-
tivity of the area. The research aims to 
offer a glimmer of hope and a potential 
path towards a safer, more secure fu-
ture for the residents of Zagreb.

The main research question served as 
the starting point for the development 
of more specific sub-questions (for 
full sub-question list, see Appendix). These 
sub-questions helped tackle specif-
ic problems,  and guided the research 
towards concrete and actionable find-
ings. They included inquiries into the 
root causes of building collapse during 
seismic events, the primary causes of 
injury and loss of life, the factors con-
tributing to human suffering in the af-
termath of earthquakes, and the cur-
rent state of available solutions. These 
questions allowed for a structured start 
of the research, and a look into multi-
faceted challenges posed by seismic 
vulnerability, ultimately aiding in the 
formulation of effective strategies and 
designs to enhance the resilience and 
well-being of Zagreb’s residents.

Figure 24. - Old building in the city centre of Zagreb after the 
2020. earthquake, photo by Josip Regovic

How can a cost-effective and aesthetically 
acceptable solution be designed to minimize 
the human suffering experienced by 
individuals living in 19th century buildings in 
seismically active Zagreb?

Figure 25. - A mother and a daughter homeless after the 
2020. earthquake in Zagreb, photo by Zeljko Lukunic
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Background

02
•	        Approach

•	        Interviews

This chapter serves as a first step into 
the research process. Here, it’s delved 
into the chosen approach that under-
pins further investigation, offering in-
sight into the methods employed to 
gather essential data and insights. It 
places a particular emphasis on inter-
views, a primary source of firsthand in-
formation, which forms the basis of my 
research throughout the project.

This exploration of background infor-
mation is an essential step before the 
subsequent phases of the concept 
development, guiding towards a deep-
er understanding of the seismic chal-
lenges that are aimed to be addressed.
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Methods

In the course of my project, I employed a multi-faceted research approach that 
integrated literature research, interviews with relevant user groups, cause-ef-
fect analysis, and the Inside Out Design method. Each of these methods served 
distinct and valuable purposes in the development and design process. These 
methods allowed to identify pain points in peoples experiences, as well as draw 
out relevant requirements which allowed for the development of concepts.

Approach I started with conducting extensive 
literature Research, to gain a compre-
hensive understanding of the existing 
knowledge, best practices, and prior 
solutions related to my project. This 
method allowed me to build a solid 
foundation, drawing from the wealth 
of knowledge in relevant fields. By re-
viewing academic studies, reports, and 
articles, I ensured that my project was 
informed by the latest insights in the 
subject matter.
The direct engagement with relevant 
user groups was crucial in gather-
ing first hand insights and feedback. 
By conducting interviews, I was able 
to empathize with the unique needs, 
preferences, and pain points of the 
end-users. This approach not only pro-
vided a qualitative perspective but also 
established a human-centered design 
framework, ensuring that the final solu-
tion is tailored to the real-life experi-

ences and challenges of the intended 
users.
Cause-effect analysis helped me dis-
sect complex problems and under-
stand the interplay of variables within 
the context of my project. By identify-
ing root causes and potential conse-
quences, I was able to make informed 
decisions and develop targeted solu-
tions. This method acted as a diagnos-
tic tool, enabling a more precise under-
standing of the problem’s underlying 
dynamics.
After choosing a concept, I used inside 
out design in order to put function of 
the product first, and design the aes-
thetics from the function, which in a 
way already helped me determine oth-
er design aspects, like the shape and 
materials needed to create a lasting 
product.

Figure 26. - Methods - Timeline overview
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Interviews
People from Zagreb

The interviews conducted with a di-
verse set of participants offered in-
valuable insights into how people with 
varying types of housing experienced 
and coped with the seismic events, 
shedding light on the nuances of their 
individual circumstances and respons-
es. These interviews encompassed a 
spectrum of living conditions, including 
two residents in concrete reinforced 
buildings on the sixth floor, two on the 
second floor, and two individuals living 
in the historical 19th-century buildings 
within the city center. Additionally, the 
perspective of two 7-year-old children 
was included, offering a unique and un-
filtered viewpoint.

Through these interviews, an under-
standing of earthquake preparedness, 
resilience, and responses emerged. 
Residents in concrete reinforced build-
ings on higher floors discussed their 
experiences with swaying structures 
and the need for secure furniture. 
Those on lower floors emphasized 
concerns about rapid evacuation and 
accessibility. In contrast, inhabitants 
of the 19th-century buildings in the 
city center shared their stories of en-
during structural vulnerabilities and the 
emotional attachment to their historic 
homes.

The inclusion of young participants 
brought a unique viewpoint to the 
research, highlighting the need for 
age-appropriate earthquake education 
and awareness. Their experiences and 
perceptions added a layer of under-
standing to the overall findings.

These interviews not only provided a 
comprehensive view of the challeng-
es and adaptive strategies associated 
with various housing types but also un-
derscored the importance of tailoring 
earthquake preparedness and mitiga-
tion efforts to suit the diverse needs 
of the community. The insights gained 
from these interviews will serve as a 
cornerstone for further research and 
design exploration, ultimately contrib-
uting to the development of more ef-
fective and sensitive solutions for seis-
mic resilience in Zagreb’s unique urban 
context.

The interviews were done in person 
with individuals, and in order to best 
capture the answers I used a recorder 
as well as writing down the answers. 
This flexible approach of capturing the 
responses allowed me to have a more 
fluid conversation with the participants 
and note any extra information that 
they wanted to reveal about their expe-
riences. 

Old historic building 
in city center

unreinforced masonry
first floor
2 people

Old historic building 
in city center

unreinforced masonry
third floor
2 people

New building in the 
suburbs

reinforced concrete
sixth floor
 3 people

New building in the 
suburbs

reinforced concrete
third floor
 2 people

Figure 27. - Interviewees, overview of groups
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•	 Cracks in the walls, they needed to be renovated; reinforced with another 
row of beams on the floor and ceiling; the gable walls of the upper floor 
were renovated with lightweight material; weak points - foundations, old 
materials, thick noise that cracks and falls; renovated everything, they want 
to strengthen the building; possible wall cracking in a strong earthquake

•	 The biggest problem is the chimneys and side walls, the chimneys are too 
heavy and big, not attached properly, they fall either inside the building or 
on the road, there are holes in the roof

•	 I don’t know exactly, I haven’t seen the earthquake study, I know that a fault 
line passes in front of the house

•	 not sure, I am assuming it could be the buildings hallway (the staircase)
•	 I don’t know

Are you aware of weaknesses of your home?

How much did you know about 
earthquakes before you experienced one?

•	 I know the bare minimum about earth-
quakes

•	 I know a little bit about earthquakes 
now, not too much, more about the 
Croatian area

•	 I know roughly about earthquakes, why 
they occur, what they are, etc., basic 

things, I know about the consequenc-
es

•	 I know enough about earthquakes, how 
they manifest, and what is the likeliness for 

them in Croatia, and at which areas, definite-
ly learned more after I’ve experienced it

•	 I didn’t know anything about earthquakes 
before

•	 Before the earthquake I knew what I saw on 
the news, didn’t think about it, it was always 
somewhere further away, the last I heard about 

the earthquake in Italy, a lot of damage and 
injuries, in our area, I had no knowledge about 
earthquakes before, that’s all

•	 Before the earthquake l didn’t have much 
knowledge, it always felt like something that 
happened in other places, not in my country

•	 I knew big earthquakes could have cata-
strophic consequences

•	I live in the center, old buildings, wooden beams, stone and 
shade in between, second floor

•	 Type of building - modern construction, reinforced concrete, on 
the third (last) floor

•	 Type of building - modern construction, reinforced concrete, on 
the sixth floor, a bigger building, it has a wide base

How much do you know about earthquakes?

What kind of building/house are you living in?

•	 Very badly psychologically affected by the earthquake, fear, restlessness, 
it is difficult to return to normal life; a lot of moving, a feeling of helpless-
ness

•	 Quite shaken mentally, never experienced anything like that before; very 
mentally disturbed, it took a long time for him to relax

•	 Constantly waiting for a new blow, when a truck or bus passes by and a 
vibration is felt, everyone waits and watches to see if there will be an earth-
quake; fear of the building collapsing, fear for the family

•	 A lot of stress, mostly fear for my children and family, stress if we all weren’t 
in the same place, not knowing how to contact them...Very mentally dis-
turbed, it took a long time for him to relax; waiting for a new earthquake

•	 Some stress, although I think it didn’t impact me as much as it did my fam-
ily, mostly I cared that everyone was safe; the earthquake didn’t impact me 
long term

•	 A lot of stress, mostly fear for my family, I cannot move as fast as them, and 
I fear of being a burden or holding them back and putting them in danger, I 
fear for my grandchild

How did the 2020. earthquake affect you?

•	 Great fear, shock, the greatest fear for the child, a feeling of helplessness, 
fear of letting the child go to the bathroom alone, fear of letting the child 
sleep alone in the room

•	 Fear and panic, helplessness, rush of adrenaline to gather everyone to-
gether

How did you feel during the earthquake?
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•	 Shock and confusion, especially as it happened while we were still sleep-
ing, then fear and instinct to gather everyone and leave as soon as possi-
ble

•	 Really scared, I was with my mom, and there was a lot of noise

•	 Adrenaline, protection, get out of there, not caring about the property
•	 Panic, fear, the house scattered, broken windows, broken pictures, the in-

stinct to survive, get out of the building as soon as possible
•	 Panic, fear, the house had cracks, everyone was very scared, wanting to 

get out
•	 It was scary, wanted to leave, didn’t know what was happening

How did you feel after the earthquake?

•	 No, in the end thankfully everyone was okay, but a lot of stress
•	 Yes, one member of the family stepped on some glass from broken deco-

ration

Did you, or anyone in your household, get injured?

•	 Insecure, scared, inability to sleep, powerless to solve problems - at night 
they slept with spoons and pots next to their beds, lamps

•	 Insecure, fear of repetition or a stronger earthquake, the question of what 
if, how the house will handle it

•	 Constant fear for the family
•	 The earthquake did bring a lot of stress, but I felt secure in our home be-

cause I had trust in the building
•	 I don’t care so much for me but more for my daughter and grandchild
•	 I was scared, I don’t like to be alone in rooms, I also feel scared for my 

mom, and I feel sad because she gets sad

How did you feel living in your home after the 
earthquake?

•	 Went under the doorway
•	 Stood next to the load bearing wall
•	 No

Did you practice any protection methods during the 
earthquake?

•	 Life after has changed, different thinking, greater caution, everything I buy 
I see that it is adapted for an earthquake, where I go I see what kind of real 
estate is, life in fear, big change

•	 Experiencing an earthquake, awareness, learning about an earthquake
•	 More stress and thinking about everything that we put in the home
•	 More stress for loved ones

Did your life (in any way, physical or mental/emotional) 
change after experiencing the earthquake?

•	 No sleep, horrible, fear all over again
•	 Fear for loved ones, conctantly waiting for a bigger impact
•	 Additional stress, panic, fear
•	 They are really scary, and always make me feel sick (nauseous)

How did the aftershocks affect you?

•	 Renovation of the building - the entire building invested, in a loan of 
€250,000 - on the staircase, attic, basement, roof; the ceiling had to be 
restored, a network of chains holding the bricks (ceiling) was placed hori-
zontally, injection technique; only I did the strengthening of the floors

•	 Securing pictures to the wall, as well as fixing furniture to the wall
•	 Basic renovation
•	 I didn’t adapt the home, there wasn’t any significant damage
•	 I moved heavy objects to lower heights

How did you adapt your home for seismic acitvity?
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“For weeks we slept with 
cooking pots and spoons 
next to our beds, fearing 
the worst...”
- Female, 26, living in an old 
  building in the city centre

The findings from the interviews con-
ducted with a diverse group of partic-
ipants in Zagreb following the 
earthquake were consistent in 
highlighting the significant and 
lasting impact of the seismic 
event on their lives. The overar-
ching theme that emerged was 
a pervasive sense of stress and 
anxiety experienced by all partic-
ipants, both immediately after the 
earthquake and in the ensuing 
months. The uncertainty stem-
ming from the continuous after-
shocks and the looming threat of 
a potentially stronger earthquake 
weighed heavily on their minds.

Notably, the highest levels of 
stress were expressed by individ-
uals residing in the old buildings within 
the city center. They grappled with the 
acute awareness that their homes were 
structurally unsafe, which led many to 
make the difficult decision to tempo-
rarily or permanently vacate their dwell-
ings. This upheaval in their lives further 
compounded the emotional strain.

A prevalent source of stress was the 
feeling of helplessness, as 
participants expressed their 
inability to adequately pro-
tect their loved ones, par-
ticularly parents with young 
children. The earthquake 
served as a harsh teacher, 
illuminating the gaps in their 
knowledge about seismic 
risks and the lack of pre-
paredness, prompting a 
desire to learn more about 
earthquake safety.

Residents of old buildings in particular 
faced a financial burden. The seismic 
vulnerabilities of their homes neces-
sitated costly interventions to secure 
them. Often, the entire building com-
munity had to take on substantial loans 
to finance essential renovations. These 
interventions included measures like 
removing or securing chimneys, re-
inforcing staircases, and fortifying 
weight-bearing walls, highlighting the 
considerable financial toll exacted by 
the earthquake.

In sum, the interviews unveiled feelings  
of stress, uncertainty, and resilience 
within Zagreb’s earthquake-affected 
population. These findings will be used  
for further research and guide the de-
sign efforts aimed at mitigating the hu-
man suffering associated with seismic 
events in this historic and seismically 
active city.

The interviews aimed to explore the 
factors contributing to issues and suf-
fering during and after earthquakes. 
Participants were questioned about 
their general earthquake knowledge, 
living conditions, and their emotions 
during and after the 2020 earthquake. 
The responses often highlighted feel-
ings of anxiety, helplessness, fear, and 
particular concern for loved ones. Par-
ticipants expressed their distress in 
feeling unable to assist those in need, 
such as their children, or not having 
information about the safety of family 
and friends. These emotional respons-
es were frequently linked to residing in 
older or structurally unreliable build-
ings, resulting in uncertainty about the 
buildings’ resilience to stronger seis-
mic events. 

Some participants reported experi-
encing post-traumatic stress disor-
der (PTSD) symptoms and heightened 
stress triggered by vibrations, even 
from sources like buses or trams. No-
tably, participants residing in buildings 
known to be seismically safe reported 
lower stress and fear levels compared 
to those in older, more vulnerable 
structures.

However, it’s essential to acknowledge 
potential limitations in the interview 
process. My personal earthquake ex-
perience and potential biases could 
have influenced the framing of ques-
tions and interpretation of responses. 
While this familiarity might have facili-
tated more targeted inquiries, it could 
also have led to overlooking certain 
aspects that a less-biased interviewer 
might have considered. This dual per-
spective could be seen as both an ad-
vantage and a limitation.                      

To address potential research-
er bias, future research might 
benefit from having a separate 
interviewer who can maintain 
objectivity.

Another aspect to consider is 
the sample size and represen-
tativeness of the interviewees. 
The limited number of partic-
ipants may not fully capture 
the diversity of earthquake-af-
fected populations in Zagreb. 
Future research recommen-
dations include conducting 
interviews with a broader and 
more diverse selection of par-
ticipants to obtain a more comprehen-
sive understanding of earthquake-re-
lated experiences and perspectives.
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Analysis

03
•	        Scenarios

•	        Pain points

This analysis delves deeper into the 
experiences of individuals affected by 
earthquakes. The exploration will be 
guided by creating different scenarios, 
crafted from insightful interviews with 
target groups in Zagreb.

The presented scenarios will paint 
vivid and insightful pictures of earth-
quake-related situations, illuminating 
the complex  and versatile interactions 
and challenges that arise during such 
events.

Ultimately, the objective is to identi-
fy  the pain points that emerge from 
this analysis. These pain points  will 
help define requirements that will be 
used to guide the  future research to 
develop solutions that address the 
real-world needs of those affected by 
earthquakes. 
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Scenarios
Representing challenges

To better understand the potential chal-
lenges and vulnerabilities faced by resi-
dents of Zagreb during seismic events, 
I created graphic scenarios depicting 
three different intensities of earth-
quakes: 5.5, 6.0, and 6.5 (the strongest 
earthquake that can happen in Zagreb, Dr. 
Marijan Herak, 2013.) on the Richter scale. 
These scenarios served as powerful 
tools for highlighting the specific prob-
lems that might unfold in each seismic 
event, laying the groundwork for further 
analysis and concept design.

In the scenario representing an inten-
sity of 5.5, the focus was on demon-
strating the initial impacts and imme-
diate responses required. It illustrated 
the potential for structural damage, 
particularly in older buildings, and the 
need for swift evacuation protocols. 
The challenges presented included en-
suring the safety of residents and ad-
dressing issues like fallen debris and 
disrupted utilities.

The 6.0 intensity scenario delved into a 
more powerful earthquake, emphasiz-
ing the amplification of structural dam-
age and a heightened level of stress 
among the affected population. This 
scenario highlighted the importance of 
preparedness and emphasized the po-
tential for building collapses, demand-
ing effective emergency response and 
rescue operations.

The most intense scenario at 6.5 un-
derlined the severe consequences 
of a major seismic event. It portrayed 
extensive structural damage, potential 

loss of life, and the profound psycho-
logical impact on residents. This sce-
nario illuminated the urgency of both 
short-term relief efforts and long-term 
seismic resilience measures.

By creating these graphic scenarios, 
I aimed to provide a visual represen-
tation of the challenges and vulnera-
bilities that arise at different seismic 
intensities, thereby laying the founda-
tion for tailored concept designs to 
address these issues. These scenarios 
offer a comprehensive understand-
ing of the evolving challenges during 
earthquakes, helping to inform the de-
velopment of effective solutions and 
strategies to minimize human suffering 
in seismically active Zagreb.

Figure 28. - 5.5 earthquake intensity scenario

5 a.m. - family peacefully sleeping 
in their apartment of an old build-
ing on the 2nd floor

5 a.m. - the shaking starts, abrupt-
ly waking the family up

5:01 a.m. - the shaking intensifies, 
fear kicks in, smaller furniture 
starts oveturning, debris is falling

5:01 a.m. - shaking is stronger and stronger, 
parents need to get to their child in the other 
room; cracks are visible, debris is falling, 
furniture and pictures are falling, glass is 
cracking

5:01 a.m. - on the way to the childs 
room mother steps on the glass 
from the fallen frames

5:02 a.m. - the child is awake and 
scared, doesnt know what’s happen-
ing, parents come to get the child

5:02 a.m. - shaking continues, cracks are 
forming, debris is falling, beams are de-
taching, broken glass is on the floor; family 
stands below a doorway near a weight-bear-
ing  wall

5:03 a.m. - shaking stops, the family is 
in shock, quickly inspecting the con-
dition of their apartment and assess-
ing  the quickest route to leave

5:05 a.m. - family is carefully leaving 
their apartment, assessing the condi-
tion of the staircase, and trying to step 
around the debris

5:10 a.m. - family has left the building 
and is standing farther away from it, in 
case of aftershocks; they  are in shock 
about what they went through, as well 
as seeing the condition of their build-
ing from the outside

5:07 a.m. - father is trying to call the 
rest of the family, but the call is not 
going through; feeling of helplesness 
and anxiety deepens

5:09 a.m. - family is desperate and 
stressed as they don’t know if the rest 
of their family and friends are alive and 
well
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Figure 29. - 6.0 earthquake intensity scenario

5 a.m. - family peacefully sleeping in 
their apartment of an old building on 
the 2nd floor

5 a.m. - the shaking starts, abruptly 
waking the family up

5:01 a.m. - the shaking intensifies, 
fear kicks in, smaller furniture starts 
oveturning, debris is falling

5:01 a.m. - shaking is stronger and 
stronger, parents need to get to their 
child in the other room; cracks are 
visible, debris is falling, furniture and 
pictures are falling, glass is cracking

5:01 a.m. - child is scared and 
alone, cannot leave the room as 
the doors are blocked by fallen 
materials

5:02 a.m. - parents cannot reach the 
child due to fallen materials and strong 
shaking

5:02 a.m. - shaking continues, cracks 
are forming, debris is falling, beams 
are detaching, broken glass is on the 
floor; during this shaking the father gets 
injured by falling material

5:03 a.m. - shaking stops, the family is 
slowly getting over the fallen furniture 
and materials and assesing the best 
way to leave the property

5:05 a.m. - family is carefully 
leaving their apartment, assessing 
the condition of the staircase, and 
trying to step around the debris

6:00 a.m. - the father is getting urgent 
help for his leg injury, the family knows 
they were lucky nobody got hurt in a 
greater way

7:10 a.m. - family is reunited in front of the build-
ing and is standing farther away from it, in case of 
aftershocks; they  are in shock about what they went 
through, as well as seeing the condition of their build-
ing from the outside

Figure 30. - 6.5 earthquake intensity scenario

5 a.m. - family peacefully sleeping in 
their apartment of an old building on 
the 2nd floor

5 a.m. - the shaking starts, abruptly 
waking the family up

5:01 a.m. - the shaking intensifies, 
fear kicks in, smaller furniture starts 
oveturning, debris is falling

5:01 a.m. - shaking is stronger and 
stronger, parents need to get to their 
child in the other room; cracks are 
visible, debris is falling, furniture and 
pictures are falling, glass is cracking

5:01 a.m. - the child is awake and in fear, 
confused and unsure of what is hap-
pening; he tries to get out of bed and 
leave the room but cannot do it due to 
walls collapsing and too strong shaking

5:02 a.m. - parents cannot get to their 
child, the shaking is too strong and 
building is starting to collapse

5:02 a.m. - shaking continues, stronger 
and stronger, the family is getting 
injured, collapse is inevitable

5:03 a.m. - shaking doesn’t stop, walls 
and ceilings collapsed and are injuring 
and crushing the family

5:05 a.m. - building is in ruins, family 
members cannot be seen or heard; 
child is stuck under ruins, mother is not 
concious, and the father is bleeding 
to death

7:10 a.m. - rescue team and neighbours 
are trying to find the survivours and help 
get them out of the ruins; this step could 
last anywhere from hours to days

5:10 p.m. - after hours of searching, 
the child is found under the ruins, it is 
mostly unharmed

5:20 p.m. - the child is rescued and 
being transported to get emergency 
examination

6:30 p.m. - after they have been saved, the child and the 
mother reunite, greiving the loss of the father, who uncon-
cious bled out under the ruins

6:30 a.m. - fmily is trying to call the rest 
of the family, but the calls are not going 
through; feeling of helplesness and 
anxiety deepens

6:40 a.m. - family is desperate and 
stressed as they don’t know if the rest of 
their family and friends are alive and well
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Pain points
Areas to address

In my pursuit of designing effective solutions to minimize human suffering during 
earthquakes, the research has revealed a range of present pain points that indi-
viduals in seismically active areas often grapple with. These pain points serve as 
factors to address during the conceptualization phase, as they point out the core 
challenges faced by communities and individuals. The pain points will serve to 
better define requirements, which are a much needed step before conceptualiza-
tion. 

Expensive 
solutions

Difficulties
sleeping

Lack of knowledge
about earthquakes

and protection 
methods

Inability
to protect
loved ones

Helplessness

Stress 
& anxiety

PTSD Injuries Loss of life

Scenarios - conclusion

The scenarios presented are based on interviews with individuals from Zagreb who 
had experienced earthquakes, as well as expert insights on earthquake intensity 
and building damage potential. These scenarios serve as tools to simulate real-life 
earthquake situations, pointing out some of the challenges and difficulties that indi-
viduals face during seismic events.
The scenarios have pinpointed several critical issues that demand attention and 
resolution. These challenges have been synthesized into a set of Pain Points, rep-
resenting the core areas requiring intervention and improvement. Here I’ve sum-
marised the pinpoints, which will help define requirements for further design pro-
cess.

Figure 31. - overview of pain points



3332

Helplessness Due to Lack of Knowl-
edge: Many people feel helpless in the 
face of earthquakes due to a lack of 
awareness about earthquake safety 
measures and a dearth of knowledge 
about how to protect themselves and 
their loved ones.

Injuries from Falling Furniture and 
Structural Failures: Injuries often 
occur when furniture topples over or 
walls and roofs collapse during seis-
mic events, posing a significant risk to 
personal safety.

Risk of Death and Crushing Injuries: 
The risk of death or serious injuries 
from being crushed, trapped under 
debris, or suffering structural collaps-
es looms large during earthquakes.

Lack of Evacuation Plans and Safety 
Measures: Communities often lack 
well-defined evacuation plans and 
the correct safety measures to guide 
residents during seismic events.

Affordability of Solutions: Many in-
dividuals and families face barriers to 
accessing affordable solutions to for-
tify their homes against earthquakes, 
compounding their vulnerability.

Scarcity of Solutions on Micro and 
Macro Levels: The absence of prac-
tical solutions that cater to both indi-
vidual households and communities 
perpetuates the burden of stress 
and insecurity during and after earth-
quakes. 

Long-lasting Anxiety and Stress: 
Even long after a significant earth-
quake event, the lingering anxiety and 
stress experienced by individuals can 
have a profound and lasting impact on 
their well-being.

Feeling Unsafe in One’s Own Home: 
The unsettling feeling of insecurity 
within one’s own home due to the 
looming threat of earthquakes is a 
constant source of distress.

As the phase of conceptualization 
starts, these pain points will be a base 
for creating requirements, informing 
the design and development of solu-
tions that aim to alleviate the profound 
suffering experienced by individuals 
living in seismically active areas. My 
ultimate goal is to create problem 
solving, affordable, and accessible 
measures that empower communities 
and individuals to navigate seismic 
events with greater safety and peace 
of mind.

Pain points
Figure 32. - A son and a mother hours after the 2020. 
earthquake in Zagreb, photo by Damjan Tadic
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Concept exploration

04
•	        Requirements

•	        Conceptualization

•	        Evaluation

In order to start conceptualizing, a 
structured approach is needed, aimed 
at defining precise requirements de-
rived from the insights gathered in pre-
vious chapters. These requirements 
will serve as the guidelines to devise 
relevant solutions for the diverse chal-
lenges that arise during earthquakes.

The approach will be to focus on the 
creation and evaluation of a range of 
concepts tailored to address various 
earthquake-related issues. These con-
cepts will be evaluated through The 
Harris profile, through which it’s aimed 
to identify the concept that aligns most 
closely with the defined requirements 
and holds the potential to make a sub-
stantial impact.

The selected concept will serve as the 
core of the future design process. As 
the design process moves forward,  
focus will shift towards refining and 
expanding upon this chosen solution, 
paving the way for a tangible and effec-
tive response to the unique challenges 
presented by seismic events. 
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Requirements
The previously identified pain points served as a base in defining the requirements 
for further designing. These requirements will help steer the conceptualization 
process, as well as evaluate the concept choices. In the graphic bellow, a list of 
requirements is shown. All of the bellow mentioned requirements have been eval-
uated (for full evaluation of requirements, see Appendix)  in order to get ranked by their 
importance, and in such a way a hierarchy of demands and wishes was created.  

Figure 33. - Project requirements

How can a cost-effective and aes-
thetically acceptable solution be 
designed to minimize the human 
suffering experienced by individu-
als living in 19th century buildings 
in seismically active Zagreb?

Research question

In order to better understand the listed 
requirements, it is usefull to revisit the 
Research Question and focus on the 
most importans aspects mentioned 
in it.  The requirements are formed 
based on the information gained from 
interviews, which resulted in scenarios, 
from which Pain Points were made. All 
of these combined, together with re-
search question, serve as a ground for 
defining these requirements.
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Figure 34. - Project requirements and their relevance from left to right, 
top to bottom, divided into demands and wishes

Demands

Wishes
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Conceptualization
Concept 1 - Embrace

The ‘Embrace’ concept, a solution de-
signed to address the profound sense 
of helplessness experienced by indi-
viduals during and after earthquakes, a 
scenario all too familiar to those living 
in seismically active regions. One of 
the most distressing aspects of such 
events is the uncertainty surrounding 
the safety and well-being of loved ones 
when communication lines are disrupt-
ed.

‘Embrace’ offers a wearable lifeline, tak-
ing the form of a bracelet that can be 
comfortably worn at all times. It’s a sim-
ple yet incredibly powerful tool, allowing 

individuals to establish immediate con-
tact with their loved ones, even in the 
most chaotic of circumstances. With a 
few swift gestures, users can transmit 
crucial information: their location, sta-
tus (whether they are well, injured, or 
trapped), and even their heartbeat – a 
subtle yet vital indicator of their overall 
condition.

This innovative product not only pro-
vides much-needed reassurance 
during the chaos of an earthquake but 
also serves as an invaluable resource 
for search and rescue efforts. ‘Embrace’ 
can aid in locating individuals who may 

be trapped or injured, accelerating the 
response time of first responders and 
potentially saving lives.

The ‘Embrace’ concept exemplifies the 
fusion of technology and empathy, of-
fering a solution that not only reduces 
stress during seismic events but also 
contributes to the safety and well-be-
ing of individuals and their communi-
ties. By providing a direct line of com-
munication and valuable health data, 
this wearable offers a sense of control 
and connection during times of crisis, 
ultimately transforming the experience 
of earthquakes for those who wear it.

Figure 35. - Smart watch functionalities - heart rate sen-
sor, temperature sensor, movement sensor...

Figure 36. - AIS For Bluewater Sailing Yachts

Figure 37. - Embrace sketch
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Concept 2 - QuakePlan

The second concept, ‘QuakePlan,’ is 
an app designed to empower individu-
als with a proactive approach to earth-
quake preparedness. This innovative 
tool offers a comprehensive and per-
sonalized solution, making it easier for 
users to safeguard their homes and 
loved ones in the event of a seismic 
event.

At the heart of ‘QuakePlan’ is its 
home-scanning feature. Users can 
scan their homes, taking into account 
the layout, existing furniture, and its 
placement throughout the space. The 
app uses this data to generate a per-
sonalized home plan tailored to the us-

er’s specific circumstances. This plan 
goes beyond generic advice by pro-
viding actionable, customized recom-
mendations that enhance earthquake 
preparedness.

One of the standout features of ‘Quake-
Plan’ is its ability to create personalized 
evacuation plans. By analyzing the 
scanned data, the app can suggest 
optimal escape routes and point out 
potential obstacles that could hinder 
safe egress during an earthquake. For 
example, it may recommend moving a 
coffee table to ensure unobstructed 
exit paths or advise against placing art-
works with glass coverings in passage-

ways to prevent injury during tremors.

Additionally, ‘QuakePlan’ has the poten-
tial to serve as a post-earthquake as-
sessment tool. Users can employ the 
app to estimate the damage to their 
homes, providing valuable insights not 
only for personal use but also to ease 
the workload of building engineers                         
tasked with assessing numerous prop-
erties after a seismic event.

In essence, ‘QuakePlan’ empowers in-
dividuals to take proactive measures 
to protect their homes and loved ones. 
By offering personalized guidance and 
practical solutions, this app transforms 

earthquake preparedness into a tangi-
ble and accessible process, enhancing 
safety and resilience in the face of seis-
mic events.

Figure 38. - Interior design app

Figure 39. - Evacuation plan

Figure 40.  - Scanning of the home through the app
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Concept 3 - The Seismic Shield 
furniture line

The third concept focuses on furniture 
design that places seismic safety at its 
core: the SeismicShield Furniture Line. 
In regions prone to earthquakes, en-
suring the safety and well-being of res-
idents is of main importance, and this 
innovative furniture line is engineered 
to serve as more than just décor—it’s a 
lifeline during seismic events.

The SeismicShield Furniture Line 
should incorporate a range of adap-
tations that make it primarily earth-
quake-resistant. One design interven-
tion  is the design of a wider and more 
stable base, ensuring that items like ta-

bles and cabinets won’t tip over during 
tremors, reducing the risk of injury. But 
what sets this furniture line apart is its 
transformative potential to provide rap-
id protection in the face of building col-
lapse.

Imagine a dining table that can be 
quickly converted into a sturdy shelter, 
complete with impact-resistant mate-
rials, offering a safe haven in the event 
of structural failure. Or a wardrobe that 
can serve as a protective cocoon, pro-
viding a secure space for individuals 
to seek refuge during an earthquake. 
Even a chair with a slide-out protection 

lid, instantly accessible when needed 
most. The SeismicShield Furniture Line 
empowers users to harness everyday 
objects as swift and reliable tools for 
personal safety.

This concept not only redefines the 
role of furniture but also exemplifies the 
fusion of design and seismic resilience. 
It’s an embodiment of the philosophy 
that functional and aesthetically pleas-
ing pieces can also be lifesaving assets 
during times of crisis. With the Seis-
micShield Furniture Line, homeowners 
in seismically active areas can enjoy 
the peace of mind that their furniture 
isn’t just an addition to their decor—it’s 
a protector of their well-being.

Figure 41. - modular furniture

Figure 42. - tungsten 
plates for reinforcement

Figure 43. - Seismic shield 
sketch 1

Figure 44. - Seismic shield sketch 2

Figure 45. - wardrobe redesign with 
wider base
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Concept 4 - 
QuakeNet

The fourth, the Modular Construction 
Product, addresses the overall rein-
forcement of a home. In seismically 
active regions, the need for enhanced 
structural protection is critical. This 
rough concept envisions a range of 
modular products designed for instal-
lation by individuals or with expert as-
sistance, aimed at fortifying homes to 
prevent property collapse and, by ex-
tension, mitigate the risk of fatalities 
and severe injuries during earthquakes.

The core idea behind this concept is to 
provide an accessible and adaptable 
solution that empowers homeowners 
to reinforce the structural integrity of 
their properties. These modular com-
ponents could encompass various 
protective features, such as additional 
bracing, reinforcement of load-bearing 
elements, or even flexible components 
that absorb seismic forces.

While this concept is promising, it is 
important to acknowledge that it is at 
an early stage of development and ne-
cessitates extensive research and re-
finement. It requires rigorous testing, 
structural engineering considerations, 
and practical feasibility assessments 
to ensure its effectiveness in earth-
quake mitigation.

As of now, the Modular Construction 
Product concept represents a compel-
ling vision for enhancing seismic resil-
ience in homes. However, it is essential 
to recognize that its full realization de-
mands additional time, resources, and 
research efforts to reach a stage of vi-
ability for design and implementation in 
seismically active areas.

Figure 46. - X construction

Figure 47. - X construction for 
strenghtening of the building

Figure 48. - QuakeNet concept 
sketch
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Evaluation
In the evaluation process of the four distinct concepts—’Embrace,’ ‘QuakePlan,’ 
‘Seismic Shield,’ and ‘QuakeNet’—I relied on the Harris Profile method for a 
comprehensive assessment. This method enabled me to gauge how well each 
concept aligned with the established requirements, ultimately identifying the 
concept with the most potential for effectively addressing earthquake-related 
challenges.

Figure 49. - Concepts evaluation 
through Harris Profile

The first step involved ranking the requirements based on their importance and 
relevance, assigning weightage to prioritize them accordingly. This allowed for 
a clear understanding of which criteria were most significant in addressing the 
core issues related to earthquake preparedness and safety. It was then evaluat-
ed how each of the four concepts met these prioritized requirements. The as-
sessment considered the strengths and weaknesses of each concept in relation 
to the specified criteria.
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After evaluating all four concepts using 
the Harris profile, Embrace and Quake-
Plan emerged as the most compatible 
with the relevant requirements. The fi-
nal decision to proceed with Embrace 
was influenced by a combination of 
personal preference and the desire to 
develop specific skills throughout the 
project, as well as the concept scoring 
high through the evaluation with Harris 
profiles. Embrace offered challenges 
aligned, with the field of Industrial De-
sign Engineering and addressed the 
key issues identified in the project.

Therefore, I chose to continue the de-
sign process with the concept of Em-
brace, in hopes to tackle the issue of 
inadequate communication options 
during and after earthquakes, all while 
honing my engineering skills.
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Design exploration

05
•	        Key factors

•	        Types of communication

•	        Communication scheme

•	        Components - inside out design

•	        Shape exploration

In this chapter, I stated the key factors 
that the design of Embrace has to ad-
dress, furthermore an exploration of 
various communication technologies 
will be presented, each evaluated im-
partially to discern their respective ad-
vantages and drawbacks. The chosen 
communication type and its intricately 
designed communication scheme will 
be important topics in this examination.

Within this chapter, a detailed definition 
of the essential components required 
for ‘Embrace’ can be found, laying the 
foundation for an inside-out design 
methodology. Subsequently, the ex-
ploration will extend to the design of 
shape, where sketching will be em-
ployed to find a harmonious balance 
between aesthetics and functionality.
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Key factors
What makes Embrace

As I start with design exploration, 
several key factors demand  con-

sideration. The main function of 
the bracelet lies in its communi-
cation capabilities. Long-range 
communication is imperative, 
enabling users to transmit 
data over considerable dis-
tances, even in remote or di-
saster-stricken areas. 

Low bandwidth commu-
nication suffices for the 
purpose, as it enables 
essential data exchange 
without significant data 
volume. Cost-effective-
ness is a crucial factor, 
ensuring affordability for 
a broad user base. Last-
ly, the communication 
option must exhibit low 
risk of damage or inter-
ruption during earth-
quakes, guaranteeing 
reliable functionality 
when it matters most.

The selection of shape 
and materials for the 

bracelet is as well to be 
considered. Materials that 

are durable, resistant to en-
vironmental stressors, as well 

as skin friendly should be pri-
oritised.

Ergonomic considerations are import-
ant to the bracelet’s usability and com-
fort. Addressing sizing options to cater 
to a diverse user base, needs to be 
considered. Additionally, the bracelet 
should offer adjustability to accommo-
date various wrist sizes. 

The choice of edges is another aspect 
to consider; the option of stainless 
steel rims or bendable wire dressed 
in silicone provides flexibility and user 
preference. Filleted edges enhance 
wearer comfort, ensuring that the 
bracelet can be worn without causing 
discomfort.

Color selection plays a role in the 
bracelet’s aesthetics and visibility. It 
is essential to choose colours that 
resonate with users and enable 
seamless integration during ev-
eryday activities. Color customi-
sation options may also be con-
sidered to cater to individual 
preferences.
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Types of communication

Embrace aims to adress the issue of 
conventional means of communica-
tion failing due to damages to cellular 
towers and widespread power outages. 
This device enables people in earth-
quake-affected areas to exchange vital 
information about their well-being and 
whereabouts, even when traditional 
cell phone communication proves im-
possible. In times of crisis, Embrace 
offers a means of reconnecting loved 
ones and providing a sense of reassur-

ance in the face of adversity.

In the quest to determine the most 
suitable communication technology for 
this wearable device, relevant research 
was conducted to weigh the quality of 
various communication methods spe-
cifically for the situation of earthquakes. 
The selection process considered the 
unique circumstances surrounding 
earthquake scenarios, such as po-
tential cellular tower damages, power 
outages, the necessity for long-range 
transmission, and the likelihood of not 
everyone having immediate access to 

a smartphone.

Cellular 
communication

Bluetooth

WiFi

Radiosignals

Satellite 
communication

Range Bandwith Cost Earthquake
influence

Medium/long 
range

High bandwith Low cost
affordable 

solution

High
- power outages, 

overwhelmed net-
work, damaged 

towers

Short range Low bandwith Low cost
affordable 

solution

Low

Short/medium 
range

High bandwith Low cost
affordable 

solution

High

Long range Low bandwith Low cost
affordable 

solution

Low

Long range Low & high
bandwith

High cost
- less affordable

Low

Figure 50. - Communications advan-
tages and disadvantages table
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Radiosignals Satellite 
communication

In the context of earthquake scenarios, where maintaining communication is of 
utmost importance, the research led to the conclusion that a combination of 
technologies would be the most effective approach. Leveraging LoRa technol-
ogy for long-range, low-power communication within a localized area, while con-
necting through base devices with satellite communication capabilities, emerged 
as a robust solution. This hybrid approach ensures that individuals can exchange 
vital information even when cellular networks are disrupted, power is scarce, or 
smartphones are not immediately accessible, addressing the specific challenges 
posed by earthquakes and disaster scenarios effectively.

LoRa

LoRa, short for Long Range, is a wireless 
communication technology designed 
specifically to address the unique chal-
lenges of long-range, low-power com-
munication in Internet of Things (IoT) 
applications (Semtech, 2012). It offers sev-
eral distinctive features and advantag-
es that make it a suitable choice for a 
wide range of IoT use cases.
One of the key features of LoRa tech-
nology is its exceptional long-range 
connectivity. It allows devices to com-
municate over distances that can ex-
tend up to several kilometers in urban 
environments and even further in ru-
ral areas. This long-range capability is 
particularly valuable for applications 
that require connectivity over expan-
sive geographic areas.
Another significant advantage of LoRa 
is its low power consumption. LoRa 
devices are highly energy-efficient, 
consuming minimal power during data 
transmission. This efficiency is critical 
for battery-operated devices or those 
deployed in remote locations, as it ex-
tends the lifespan of batteries and re-

duces the need for frequent mainte-
nance. Additionally, LoRa signals exhib-
it robust signal penetration capabilities, 
allowing them to traverse obstacles 
like walls and buildings. This makes it 
suitable for both indoor and outdoor 
applications, including smart buildings 
and smart agriculture.
LoRa networks are highly scalable and 
can support a vast number of devices 
simultaneously, making them well-suit-
ed for large-scale IoT deployments 
where thousands or even millions of 
devices need to connect and commu-
nicate.
Security is another key aspect of LoRa 
technology. It incorporates encryption 
and security features to protect data 
during transmission, ensuring the con-
fidentiality and integrity of the informa-
tion exchanged between devices.
From a cost perspective, LoRa infra-
structure is cost-effective to deploy 
and maintain. LoRa gateways, which 
serve as access points for devices, can 
cover large areas, reducing the overall 
infrastructure cost.

Figure 51. - LoRa - bandwith / range
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Communication scheme
How & why

The communication scheme of the 
bracelet leverages LoRa (Long-Range) 
technology to facilitate efficient and 
long-distance data exchange. LoRa 
technology is specifically tailored for 
long-range, low-power communica-
tion, making it an ideal choice for this 
IoT-based wearable device.
The key features of LoRa technolo-
gy include its ability to operate in unli-
censed radio frequency bands, its low 
power consumption, and its capacity 
to penetrate obstacles. These attri-
butes collectively make it well-suited 
for applications demanding extended 
wireless coverage and minimal energy 
consumption. 

Each bracelet in the system utilizes 
LoRa technology to communicate with 
a base device. Notably, these brace-
lets have a communication range of 
up to 10 kilometers, ensuring they can 
establish connections even over con-
siderable distances. To optimize cov-
erage, base devices are strategically 
placed at intervals of approximately 10 
kilometers. As bracelets come within 
the range of a base device, they auto-
matically establish a connection.

The handy aspect of this communi-
cation scheme lies in the use of these 
base devices for satellite commu-
nication. Instead of equipping each 
bracelet with satellite communication 
technology, which would significantly 
increase energy consumption and de-
vice size, this approach streamlines the 
process. Base devices, located within 
10-kilometer intervals, communicate 

with each other through satellites. This 
interconnected network of base de-
vices effectively extends the range and 

capabilities of each bracelet.

Here’s how it works: when a bracelet 
needs to exchange information with 
another bracelet, the data is first trans-
mitted to the nearest base device within 
its range. This base device, equipped 
with satellite communication capabi-
lities, relays the information to other 
base devices as needed, using satellite 
links. In turn, these base devices trans-
mit the data to the targeted bracelet(s). 
This system eliminates the need for 
individual bracelets to possess satel-
lite communication hardware, reducing 
both their energy requirements and 

physical size.

In summary, the communication 
scheme capitalizes on LoRa techno-
logy’s long-range capabilities to esta-
blish connections between bracelets 
and strategically placed base devices. 
These base devices then harness sa-
tellite communication to relay infor-
mation between bracelets, eliminating 
the need for satellite hardware in the 
bracelets themselves. This approa-
ch ensures efficient and reliable com-
munication while minimizing energy 
consumption and device size, making 
the bracelet an ideal solution for va-
rious applications, including emergen-

cy and disaster scenarios.

Figure 52. - Communications scheme 
for Embrace
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Components
Inside out design

The beginning of the design exploration for Embrace started by carefully defining 
the essential components that would shape the functionality of the bracelet. The 
primary objective was to ensure that the device not only facilitated communica-
tion but also offered a range of vital features catering to the unique challenges 
presented by earthquake scenarios.

LED screen

battery

LED button

heart rate sensor

temperature sensor
motion sensor

vibration motor

LoRa module

microprocessor

GPS module

Microcprocessor: The microprocessor serves as the 
brain of the device, orchestrating various functions, 
processing data, and managing communication.

LoRa Transceiver Module: At the heart of 
our communication system lies the LoRa 
transceiver module, which enables long-
range, low-power communication, ensur-
ing that individuals can stay connected 
even in remote or disaster-affected 
areas.

GPS Module: Accurate location track-
ing is paramount in emergency situ-
ations. The GPS module provides re-
al-time location data, aiding in rescue 
efforts and helping individuals pinpoint 
their positions.

Rechargeable Battery: To ensure 
prolonged operation without access 
to electricity, the device is equipped 
with a rechargeable battery that offers 
extended power endurance.

Vibration Motor: The vibration motor 
provides discreet alerts and notifications 
to users, ensuring that critical messages 
are conveyed without drawing unnecessary 
attention.

Accelerometer: The accelerometer detects sud-
den movements and impacts, a crucial feature 

for earthquake detection and safety alerts.

Temperature Sensor: Monitoring tem-
perature variations is vital in assessing 

potential hazards and providing relevant 
information to users.

Heart Rate Sensor: This sensor offers 
health monitoring capabilities, en-

abling users to track their well-being 
during and after earthquake events.

LED Display: The LED display offers 
a visual interface, allowing users to re-
ceive information and updates direct-

ly from the device.

Feedback Button: A dedicated button 
empowers users to send feedback or 

request assistance, enhancing their ability 
to communicate their needs effectively.

The system of communication through the bracelet is designed to be both com-
prehensive and resilient. As previously mentioned, the bracelet is capable of con-
necting to strategically placed base devices, each with satellite communication 
capabilities, to relay messages and data over longer distances. This intercon-
nected network of base devices effectively extends the range and capabilities 
of the bracelet, ensuring efficient and reliable communication even in remote or 
disaster-affected areas.

Figure 53. - Embrace components 
overview
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Components interaction

In its default state, the ‘Embrace’ de-
vice remains in sleep mode to con-
serve energy until an external signal 
prompts its activation. This energy-ef-
ficient approach ensures that the de-
vice remains operational for extended 
periods without frequent recharging.

Every two minutes, for a brief one-sec-
ond interval, specific components 
within the device briefly awaken from 
sleep mode. These components in-
clude the microcontroller, LoRa trans-
ceiver module, and GPS module. Their 
purpose during this short interval is to 
check for incoming signals or notifica-
tions from the Base Device.

The Base Device serves as a central 
control unit that can send signals to 
‘Embrace’ bracelets in the event of an 
earthquake or other emergencies. If 
the Base Device detects seismic ac-
tivity or receives relevant information, 
it triggers a wake-up signal to ‘Em-
brace’ bracelets within its communica-
tion range.

Upon receiving the wake-up signal, all 
components within the ‘Embrace’ de-
vice become active. The microcontrol-
ler processes the incoming data and 
coordinates the device’s response. 
The LoRa transceiver module facili-
tates communication with the Base 
Device, enabling the exchange of criti-
cal information.

Simultaneously, the GPS module pro-
vides accurate location data, ensuring 
that the device can pinpoint the wear-
er’s position. This location information 
is vital for both the wearer’s safety and 
for coordinating relief efforts during a 
seismic event.

The rechargeable battery powers the 
device during its active state, ensuring 
that it remains operational even when 
external power sources are disrupted, 
such as during an earthquake.

Additional sensors within the device, 
such as accelerometers, temperature 
sensors, and heart rate sensors, con-
tribute to the device’s functionality. 
These sensors can provide valuable 
data related to the wearer’s well-being, 
environmental conditions, and physi-
cal activity.

In summary, the ‘Embrace’ device op-
erates efficiently by conserving energy 
in sleep mode and periodically check-
ing for wake-up signals from the Base 
Device. In the event of an earthquake 
or other emergencies, all components 
activate to facilitate communication, 
location tracking, and data collection 
to enhance the wearer’s safety and 
well-being.
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Shape exploration
Fleshing it out

The design process of Embrace went 
beyond the selection of essential com-
ponents. It included exploration of 
shape and form, driven by a desire to 
create a wearable that seamlessly in-
tegrates technology into daily life. This 
shape exploration was guided by sev-
eral key principles:

1. Component Integration: At the core 
of the design challenge was the need 
to accommodate a range of critical 
components, from sensors and trans-
ceivers to batteries and displays. The 
initial sketches considered the space 
required to house these components 
efficiently, ensuring optimal functional-
ity without compromising on aesthet-
ics.

2. Ergonomics and Comfort: Recog-
nizing that wearability is paramount for 
a device meant for everyday use, the 
shape exploration prioritized ergonom-
ics and comfort. The bracelet’s con-
tours were crafted to ensure a comfort-
able fit on the wearer’s wrist, allowing 
for unhindered movement and ease of 
use.

3. Minimalistic Aesthetic: To set the 
bracelet apart from conventional wrist-
watches and to align with a modern, 
minimalist design, the shape explora-
tion tried to steer clear of traditional 
watch-like forms. Instead, it aimed to 
create a sleek and unobtrusive profile 
that seamlessly blends with the wear-
er’s attire and personal style.

Before starting the shape exploration through sketches and further development, 
I decided to create a Moodboard in order to better identify which aesthetic traits 
Embrace needs to have so it would appear as a minimalistic and non obtrusive 
wearable. I’ve gathered images and details of product that embody minimalistic 
design through their shape, colour choices, design of edges, and color and ma-
terial combinations. This Moodboard will serve to better align the design of Em-
brace, with core traits it needs to have.

Figure 54. - shape, aestetic, CMF 
moodboard
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Sketching

The result of this shape exploration is 
a range of sketches and design con-
cepts that considered components 
integration, ergonomics, and aesthetic 
values. The concept sought to achieve 
a delicate balance between form and 
function, envisioning a wearable device 
that harmoniously integrated technol-
ogy into the wearer’s daily routine. 

Throughout the sketches different 
forms were explored, all the while 
keeping in mind the sace that needs 
to be there for the components. Some 
shapes ended up being avoided either 
because of their likeness to a watch, 
too little space for components left, or 
too much space (being too bulky). 

This exploration resulted in focusing on 
three shapes from which the final one 
should be chosen. These shapes (see 
following page) were chosen based on 
all of the values previously mentioned.

Figure 55. - sketch shape exploration



7170

When it came to defining the visual 
identity of ‘Embrace’, various sketch 
directions were explored, each striving 
to encapsulate a distinctive and mini-
malistic aesthetic. These sketches rep-
resented different approaches, all with 
their unique potential. 

Among the three sketch directions 
considered, the second option stood 
out as the better choice. This direction 
exuded a sense of minimalism that res-
onated with the core design philosophy 
of ‘Embrace.’ It struck a delicate balance 
by providing ample space to house the 
essential components while offering 
opportunities for bracelet expansion. 
This expandability was an important 

Narrowed choices

factor in ensuring that ‘Embrace’ could 
comfortably accommodate wrists of 
varying sizes, making it a versatile and 
inclusive wearable.

Ultimately, the second sketch direction 
is promising with its minimalist aes-
thetic but also shape that manages 
to house components, and the need 
for ‘Embrace’ to be a comfortable and 
adaptable solution for users of different 
ages. It was a choice that combined 
form and function, aligning with the vi-
sion of the smart bracelet.
In further chapters, details (such as 
sizes, materials, and components dis-
tribution) of this chosen shape will be 
looked into, and better explained as to 
why this shape was chosen.

Figure 56. - shape choices
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Design embodiment

06
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This chapter delves deeper into the 
Embrace, exploring the details that 
bring this device to life. It is looked into 
the selection of materials, aiming for 
the synergy of comfort, durability, and 
functionality that underpins the brace-
let’s design. Ergonomics will take cen-
ter stage as we see how the bracelet 
adapts to users of different ages and 
sizes, ensuring an optimal fit in every 
scenario.

But the bracelet is more than just a col-
lection of materials and components; 
it’s primary purpose lies in its function. 
New scenarios will be shown, where 
the product’s capabilities are outlined, 
demonstrating its vital role in enhanc-
ing safety and communication during 
earthquakes.

Furthermore, the production plan that 
transforms the concept into a tangible 
reality will be looked at. A look into ini-
tial prototypes (models) will be shown, 
as well as an overview of needed steps 
inside of the Business plan. In the em-
bodiment of Embrace, it’s explained 
how details have been considered to 
empower users and ensure their safety 
in the face of adversity.
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Details
Shape

The selected design for the Embrace 
bracelet emphasizes a minimalist ap-
proach, aiming for a sleek and unob-
trusive appearance. Its distinct feature 
consists of a narrow opening strategi-
cally situated on one side of the brace-
let, serving the dual purpose of enhanc-
ing aesthetics while ensuring optimal 
sizing flexibility. This design choice 
was made to accommodate a broader 
range of wrist sizes comfortably, align-
ing with the functional requirements of 
the device.

The bracelet’s design further inte-
grates a pragmatic arrangement of in-
ternal components within its form. One 
side of the bracelet is dedicated to user 
interaction and feedback provision, 
featuring a tactile button for user input. 
In contrast, the opposite side houses 
essential components such as the LED 
screen and the battery. This arrange-
ment is intended to enable the display 
of notifications and maintain the de-
vice’s power source, promoting effi-
cient information exchange between 
the wearer and the device.

During the initial definition of the brace-
let’s shape, several key considerations 
were addressed to ensure functionality 
and comfort. Sizing parameters need-
ed to be defined to accommodate a 
wide spectrum of wrist sizes, ranging 
from smaller to larger dimensions. 

Adjustability was also an important fac-
tor, recognizing that wearers often fall 
between standard sizes. Additionally, 
the choice of material was guided by 
specific traits such as durability, com-
fort, and suitability for prolonged wear, 
further contributing to the overall de-
sign’s success.

Figure 57. - components inside of 
outer shell

Figure 58. - components overview in 
the shape - render
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Ergonomics

Embrace is designed in four different 
sizes, each catering to different age 
groups and varying wrist circumferenc-
es. The sizing strategy is based on per-
centile measurements (for percentiles, 
see Appendix), encompassing a range 
from the 5th to the 95th percentile, with 
particular attention given to the 50th 
percentile, representing the median 
wrist size.

For children as young as 6 years old, 
Embrace offers a dedicated size to 
provide an adequate fit (11,5 cm cir-
cumference). Adolescents also have a 
specific size designed to accommo-
date their unique wrist circumferences 
(13,5 cm circumference).

Embrace provides two adult sizes (15,5 
cm and 17,5 cm circumference), with 
a primary focus on the 50th percen-
tile, aligning with the median wrist size. 

11,5 cm 13,5 cm 15,5 cm 17,5 cm

However, all of these sizes are aug-
mented by adjustability, allowing for a 
more flexible fit and accommodating a 
broader range of wrist sizes beyond the 
median. The sizing approach is found-
ed on empirical data, ensuring that the 
bracelet can be worn by individuals of 
varying body types. 

Embrace shape features rounded fillets 
applied to all edges. This design ap-
proach aims to prioritize user comfort 
and user-friendliness while eliminating 
any sharp or uncomfortable edges. 
The incorporation of these fillets en-
hances the overall wearability and er-
gonomic quality of the bracelet, aiming 
for a smooth and pleasant experience 
for the wearer.

Figure 59. - sizes overview
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Adjustability

A key feature that enhances the brace-
let’s adaptability is the inclusion of an 
adjustable gap. This strategically de-
signed gap allows wearers to easily re-
size the bracelet, ensuring a snug and 
comfortable fit tailored to their individ-
ual preferences.

The bracelet’s primary construction 
material is a blend of soft and hard sil-
icone. 

Silicone is chosen for its wearer-friend-
ly properties, including waterproofing, 
resistance to temperature extremes, 
and exceptional comfort. This choice 
ensures that the bracelet provides a 
pleasant and skin-friendly experience 
for its users.

Integral to the bracelet’s design are its 
edges, which are an essential part of 
the structure. Users have the option 
to select visible stainless steel rims, 
available in both gold and silver finish-
es. These rims not only enhance the 
bracelet’s structural integrity but also 
provide expandability and the ability to 
return to its primary shape and size. 

Alternatively, hidden edges made from 
bendable wire dressed in silicone offer 
seamless integration while preserv-
ing flexibility. To further enhance wear-
er comfort, all edges of the bracelet 
are thoughtfully fileted. This attention 
to detail eliminates sharp angles and 
rough edges, Aiming for a comfortable 
and irritation-free fit.

hard silicone sides

soft silicone back

Figure 60. - edges cross section

Figure 61. - adjustability of Embrace - 
bend and expanded bracelet
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Materials

The bracelet’s primary material is sil-
icone, comprising a combination of 
soft and hard silicone components. 
This choice was driven by the need for 
adjustability, ensuring that the brace-
let accommodates various wrist sizes 
comfortably and securely.

Silicone offers several practical advan-
tages for the bracelet:

Biocompatibility: Silicone is biocom-
patible, making it suitable for prolonged 
skin contact without causing irritation 
or discomfort.

Durability: Silicone is resistant to mois-
ture, temperature extremes, and en-
vironmental stressors, enhancing the 
bracelet’s durability and functionality in 
challenging conditions.

Adjustability: The use of both soft and 
hard silicone elements allows for flexi-
bility and adaptability, ensuring a com-
fortable fit for a diverse user base.

Color Options: The bracelets are avail-
able in skin tones, providing users with 
a discreet and unobtrusive option.

The material selection aligns with the 
bracelet’s aim to provide a practical, 
user-friendly, and reliable solution for 
seismic events.

Figure 62. - Embrace render - skin 
tones
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Rims to match the 
wearers jewelry

Skin tones blending in 
seamlessly

Figure 63. - Embrace render - skin 
tones 2

Figure 64. - Embrace render - edges
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Product use
Setting up Embrace

Setting up your ‘Embrace’ bracelet is 
a straightforward process facilitated 
through a user-friendly app designed 
for your convenience. Here’s a step-
by-step guide on how to get started:
Unboxing and Charging: When you re-
ceive your ‘Embrace’ bracelet, begin 
by unboxing it and plugging it into the 
charger provided. As soon as it’s con-
nected to the charger, the bracelet will 
power on.

1. Pairing with the App: Once your 
‘Embrace’ bracelet is pow-
ered on, you can easily pair 
it with the dedicated ‘Em-
brace’ app. During the ini-
tial setup, you’ll be prompt-
ed to enter the unique 
code that came with your 
bracelet. This code serves 
as the key to connect your 
bracelet to the app.

2. Personalize Your Code: 
After successful pairing, 
you have the option to per-
sonalize your code within 
the app. This customiza-
tion feature allows you to 
rename your code, making 
it more recognizable and 
memorable for you.

3. Adding Contacts: With 
your ‘Embrace’ brace-
let connected to the app, 
you can start building your 
contacts list. Simply input 
the unique codes of other 
‘Embrace’ wearers whom 

you’d like to connect with. You can or-
ganize your contacts by priority, ensur-
ing that the most important ones are 
readily accessible in times of need. Pri-
ority settings help determine the order 
in which contacts will be displayed in 
the event of an earthquake.

4. Explore ‘Embrace’ Features: The 
‘Embrace’ app provides a comprehen-
sive explanation of how the bracelet 
works, offering insights into its capabil-
ities and functionality. This information 

ensures that you fully understand how 
to use ‘Embrace’ to its fullest potential.

5. Connect with a Community: The 
app also features a chat functionality 
where you can engage with other ‘Em-
brace’ users. This community forum 
allows you to ask questions, share ex-
periences, and exchange valuable in-
sights related to earthquake prepared-
ness and safety.

Setting up your ‘Embrace’ bracelet 
through the app not only ensures a 
seamless connection but also empow-
ers you with the tools and knowledge 
needed to stay safe and connected 
during seismic events. It’s a user-cen-
tric experience designed to enhance 
your peace of mind and safety.

1.

2. 3. 4. & 5.

Figure 65. - Embrace set up and app use
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Product use
Bracelet options

The functionality Embrace extends be-
yond its minimalist design, with a pur-
poseful integration of features aimed 
at ensuring the safety and well-being 
of its wearer. As an earthquake occurs, 
the bracelet is woken up from sleep 
mode by the signals from the Base De-
vice (which recieves signals from the 
Seismic network), and starts gathering 
the wearer’s feedback and showing the 
received contacts information. 
Positioned discreetly on one side of 
the bracelet is a button, strategically 
designed to provide a simple yet effec-
tive means of communication in times 
of distress.
This multifunctional button offers three 
distinct modes, each represented by a 
different colored light:

Green Light: This signifies that the 
wearer is in a safe environment, un-
harmed and not trapped. It serves as a 
beacon of reassurance, indicating that 
the individual is out of immediate dan-
ger.

Orange Light: An orange light signals 
that the wearer is okay but may be 
trapped or stuck in a particular location. 
It serves as a crucial alert to notify con-
tacts that assistance may be required.

Red Light: The red light is a critical sig-
nal that the wearer is both injured and 
trapped. It signifies a more urgent need 
for assistance and medical attention.

Upon activation, each mode holds the 
corresponding light for 10 seconds, al-
lowing the user to select the appropri-
ate response in their specific situation. 
This intuitive interface empowers the 
wearer to convey vital information with 
just a simple press of the button.

In parallel, the bracelet automatically 
gathers and transmits essential data 
to the wearer’s designated contacts. 
This information includes real-time lo-
cation data, ensuring that the individu-
al’s whereabouts are known even in the 
most challenging circumstances. Addi-
tionally, the bracelet relays the wearer’s 
heartbeat rate, body temperature, and 
movement data, providing a compre-
hensive overview of their well-being.

On the other side of the bracelet lies 
a discreet LED screen, where feed-
back from contacts is displayed. This 
screen is designed to automatically 
scroll through the information provided 
by contacts, ensuring that the wearer 
can read and respond to messages in 
a clear and organized manner.

Figure 66. - Embrace use of button

Figure 67. - Embrace reception of feedback
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Charging of Embrace

‘Embrace’ is designed with energy effi-
ciency in mind, ensuring that the brace-
let remains functional and reliable with 
minimal power consumption. Key com-
ponents within the bracelet, including 
the LoRa module, microprocessor, and 
GPS module, employ a sleep cycle. 
These components wake up for a brief 
one-second period every two minutes 
to check for signals from the seismic 
network. If no signals are detected, 
they return to a low-power sleep mode.

This energy-efficient approach al-
lows ‘Embrace’ to operate on a single 
charge for approximately three months, 
providing long-lasting functionality and 
peace of mind. It also reserves enough 
battery life to keep the bracelet in Ac-
tive mode for six hours during this pe-
riod, ensuring you remain connected 
when it matters most.
To keep the user informed about the 
bracelet’s battery status, the ‘Embrace’ 
app provides a visual representation of 
the battery percentage. Additionally, 
the bracelet features a vibration mo-

tor that delivers a gentle ‘buzz’ when 
it’s time to recharge, ensuring that the 
wearer is never caught off guard and 
can continue relying on ‘Embrace’ for 
safety and communication needs.

Figure 68. - Battery life calculation

Figure 69. - Embrace charging



9190

Product in context
Scenarios

Building upon the insights from pre-
vious scenarios, new scenarios have 
been developed to showcase the prac-
tical application of ‘Embrace’ during 
seismic events. These scenarios aim 
to illustrate how the bracelet can be 
effectively utilized to address key chal-
lenges and pain points identified earlier. 
The integration of ‘Embrace’ into these 
scenarios demonstrates its potential to 
reduce suffering and enhance safety 
during earthquakes.

The scenarios incorporate various as-
pects of ‘Embrace,’ including its com-
munication capabilities, user feedback 
mechanisms, and real-time data shar-
ing. By depicting realistic situations 
and user interactions with the bracelet, 
these scenarios provide a clear under-
standing of how ‘Embrace’ can empow-
er individuals and facilitate communi-
cation during seismic events.

These scenarios serve as a tool for 
evaluating the effectiveness of ‘Em-
brace’ in mitigating the challenges 
posed by earthquakes and highlight 
its role in enhancing resilience and 
well-being during such events.

Figure 70. - 6.0 earthquake intensity scenario 
with Embrace

5 a.m. - family peacefully sleeping in 
their apartment of an old building on 
the 2nd floor

5 a.m. - the shaking starts, abruptly 
waking the family up

5:01 a.m. - the shaking intensifies, 
fear kicks in, smaller furniture starts 
oveturning, debris is falling

5:01 a.m. - shaking is stronger and 
stronger, parents need to get to their 
child in the other room; cracks are 
visible, debris is falling, furniture and 
pictures are falling, glass is cracking

5:01 a.m. - child is scared and 
alone, cannot leave the room as 
the doors are blocked by fallen 
materials

5:02 a.m. - parents cannot reach the 
child due to fallen materials and strong 
shaking

5:02 a.m. - shaking continues, cracks 
are forming, debris is falling, beams 
are detaching, broken glass is on the 
floor; during this shaking the father gets 
injured by falling material

5:03 a.m. - shaking stops, the family is 
slowly getting over the fallen furniture 
and materials and assesing the best 
way to leave the property

5:05 a.m. - family is carefully 
leaving their apartment, assessing 
the condition of the staircase, and 
trying to step around the debris

6:00 a.m. - the father is getting urgent 
help for his leg injury, the family knows 
they were lucky nobody got hurt in a 
greater way

7:10 a.m. - family is reunited in front 
of the building and is standing farther 
away from it, in case of aftershocks; 
they  are in shock about what they went 
through, as well as seeing the condition 
of their building from the outside

6:30 a.m. - fmily is trying to call the rest 
of the family, but the calls are not going 
through; feeling of helplesness and 
anxiety deepens

6:40 a.m. - family cannot use their cell 
phones, but remembers they have 
Embrace. They quickly report their state 
and look for the state of their friends 
and family

6:50 a.m. - family reads through the 
state of their contacts (mostly family), 
and finds that most of them are safe and 
uninjured, while some are uninjured, but 
stuck at their location

6:55 a.m. - family feels instant relief 
knowing their loved ones are alive 
and well, they discuss how to help the 
friends that cannot leave their locations
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Figure 72. - 6.5 earthquake intensity scenario 
with Embrace

5 a.m. - family peacefully sleeping in 
their apartment of an old building on 
the 2nd floor

5 a.m. - the shaking starts, abruptly 
waking the family up

5:01 a.m. - the shaking intensifies, 
fear kicks in, smaller furniture starts 
oveturning, debris is falling

5:01 a.m. - shaking is stronger and 
stronger, parents need to get to their 
child in the other room; cracks are 
visible, debris is falling, furniture and 
pictures are falling, glass is cracking

5:01 a.m. - the child is awake and in fear, 
confused and unsure of what is hap-
pening; he tries to get out of bed and 
leave the room but cannot do it due to 
walls collapsing and too strong shaking

5:02 a.m. - parents cannot get to their 
child, the shaking is too strong and 
building is starting to collapse

5:02 a.m. - shaking continues, stronger 
and stronger, the family is getting 
injured, collapse is inevitable

5:03 a.m. - shaking doesn’t stop, walls 
and ceilings collapsed and are injuring 
and crushing the family

5:05 a.m. - building is in ruins, family 
members cannot be seen or heard; 
child is stuck under ruins, mother is not 
concious, and the father is bleeding 
to death

7:10 a.m. - rescue team and neighbours 
are trying to find the survivours and help 
get them out of the ruins; this step could 
last anywhere from hours to days

10:10 a.m. - the child used their Em-
brace device, and after only a few hours 
of searching, the chid is found under the 
ruins, it is mostly unharmed; Embrace 
allowed for a faster reaction and less 
search time

10:20 a.m. - the child is rescued and 
being transported to get emergency 
examination

11:30 p.m. - after they have been saved, the child and the 
mother reunite, greiving the loss of the father, who uncon-
cious bled out under the ruins

5 p.m. - a man decided to go to the city 
for a stroll and a cup of coffee

5 p.m. - suddenly he starts feeling mild odd 
shaking/vibration, he begins to be alert and 
suspects an earthquake is starting - he 
knows he is in the old city centre, therefore 
is in danger of falling structures

5:01 p.m. - the shaking starts intensifying 
and the city centre is chaotic. Brick and 
stone is falling everywhere, it is difficult to 
move due to the shaking. The man is trying 
to protect his head and vital organs

5:03 p.m. - the shaking finally stops; the 
man is in shock, and the first thing he wants 
to do is call his family and friends to make 
sure everyone is alright, the only problem 
is - the calls are not getting through, and 
there is no internet connection

5:03 p.m. - the man remembers he has his 
Embrace, and quickly checks the state of 
his contacts

5:03 p.m. - he then reports his state (he is 
uninjured and safe), as he knows his family 
will worry about him, especially knowing he 
is in the city centre

5:05 p.m. - he is in shock, but is grateful to 
know his family is alright; he is thinking of a 
way to get home

Figure 71. - 6.0 earthquake intensity scenario 
with Embrace
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Conclusion

The scenarios depicted with the inter-
vention of Embrace provide valuable 
insights into its potential impact during 
earthquake events. Three scenarios 
were explored, each reflecting different 
earthquake intensities and settings.

In the first scenario, with an intensi-
ty of 6.0 on the Richter scale, a family 
residing in a historic city center house 
experienced significant damage. With 
conventional phone lines down, they 
turned to Embrace for communication. 
This scenario demonstrated Embrace’s 
capability to alleviate anxiety and pro-
vide a means of contact, contributing 
to a sense of relief in such situations.

The second scenario, also with a 6.0 
intensity earthquake, portrayed an indi-
vidual strolling in the city center when 
the earthquake struck. Similar to the 
first scenario, Embrace offered a reli-
able communication channel for reach-
ing out to family members. This sce-
nario reinforced the device’s potential 
to address communication challenges 
amid urban seismic events.

The third scenario, involving a more se-
vere 7.0 intensity earthquake, depicted 
a family trapped in a city center house 
that eventually collapsed. Despite the 
dire circumstances, a child managed to 
use Embrace to send feedback about 
being trapped and injured, along with 
their location. This prompt communi-
cation significantly expedited the fam-
ily’s rescue compared to the previous 
scenario without Embrace.

In conclusion, these scenarios under-
score the potential of Embrace as a 
valuable tool for mitigating suffering 
during earthquake events particularly 
in situations where conventional com-
munication channels are disrupted or 
unavailable.

While they offer promising insights, fur-
ther real-world testing and validation 
would be necessary to fully assess the 
device’s impact and ensure its prac-
ticality and effectiveness in various 
earthquake-affected situations.
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Production

Process

1. Custom Flexible PCB Fabrication: The production journey commences with the 
fabrication of a custom flexible printed circuit board (PCB). This PCB serves as the 
foundation upon which the various electronic components will be mounted. The 
flexibility of this PCB is essential to ensure that the bracelet can conform to the 
wearer’s wrist while maintaining its functionality.

2. Component Mounting: With the flexible PCB in place, electronic components 
are expertly mounted onto it. These components include the microcontroller, an 
array of sensors (such as accelerometers, temperature sensors, and heart rate 
sensors), the LoRa transceiver module, GPS module, rechargeable battery, and 
other critical elements that enable the bracelet to fulfill its life-saving functions.

3. Connectivity: The remaining components, such as the LED screen and feed-
back button, are meticulously connected to the flexible PCB. These user interface 
elements play a vital role in ensuring seamless interaction between the wearer 
and the device.

Custom PCB 
printing

Component 
mounting

Screen, button and 
battery connection

Encapsulation Silicone injecting

4. Encapsulation: To safeguard the delicate electronics from the elements, includ-
ing moisture, dust, and mechanical stress, a protective encapsulation process is 
employed. The components are carefully arranged and encapsulated within a ro-
bust housing that shields them from external environmental factors and mechan-
ical shocks.

5. Silicone Injection: After encapsulation, a silicone injection process is employed 
to create a durable, water-resistant seal around the encapsulated electronics. This 
step ensures that the bracelet can withstand exposure to moisture and adverse 
conditions without compromising its functionality.

6. Testing and Quality Assurance: The finished bracelet then undergoes rigorous 
testing. This testing phase assesses not only the functionality of the device but 
also the material and structural durability. Various conditions and stress tests are 
conducted to ensure that the bracelet performs reliably in diverse real-world sce-
narios.

Figure 73. - Production graphic
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Model
Process

The process of creating a model for 
Embrace involved several steps to 
achieve the initial bracelet prototype. It 
began with the design of a mould in Fu-
sion 360, which would be used to inject 
silicone and create the bracelet using 
the desired material. Once the mould 
design was finalized, I had it 3D printed.

After 3D-printing mould, I relized that 
there were some imperfections that 
needed to be addressed. These im-
perfections were sanded to improve 
the quality of the mould, hoping for a 
better final result for the prototype.
The next step was the selection of the 
silicone material. PT Flex 85 liquid rub-
ber was chosen, this silicone materi-
al comes in two parts, A and B, which 
need to be mixed in a 50-50 ratio to 
activate it.

Before injecting the silicone, it was 
necessary to prepare the mould. I ap-
plied a release agent to the mould sur-
face to facilitate the easy extraction of 
the bracelet once it had hardened.
With the silicone mixture prepared and 
the mould ready, the injection process 
began. However, this process had its 
challenges. The silicone mixture had 
a relatively short hardening time, and 
its thickness made it difficult to inject 
into narrow areas within the mould. Af-
ter multiple attempts, I’ve managed to 
create a one-piece bracelet.
The initial model served as a mate-
rial and shape confirmation, but had 
some imperfections, notably air bub-

les trapped inside due to difficulties in 
removing them during the mixing pro-
cess. As a result, further model vari-
ations were explored to achieve the 
desired flexibility and structure for the 
Embrace bracelet. These variations in-
cluded one with 3D-printed sides and 
a bendable silicone back, as well as an-
other with a fully 3D-printed bracelet.

Figure 74. - 3D printed mould 

Figure 75. - PT Flex 85 liquid rubber, part A & B

Figure 76. - assembled mould
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Figure 77. - silicone bracelet, taken out of the mould

Figure 78. - 3D printed bracelet

Figure 80. - 3D printed bracelet on hand

Figure 79. - 3D printed bracelet sides connected with 
bendable silicone back
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Business plan
Embrace - Earthquake Com-
munication Bracelet

I. Executive Summary

Embrace is an earthquake communi-
cation bracelet designed to provide 
immediate assistance and enhance 
safety during seismic events. This busi-
ness plan outlines the strategy for the 
development and distribution of Em-
brace, including a subsidy model and 
a service system. The business plan 
begins with a description of what so-
cietal need is central to the Embrace’s 
design. It then elaborates on how the 
Embrace meets this need by explain-
ing the bracelets function and use. 
After answering the central questions 
about the product itself, a specific de-
scription of the market for Embrace will 
be given as well as  which target demo-
graphic is most likely to be receptive to 
the product.

After determining what the product is 
and who should buy it, consideration 
is given to the business model. The 
business model explains how subsi-
dies can be used to make purchasing 
an Embrace financially attractive to the 
target audience and how more income 
can be generated from the Embrace 
with the “Service System” after the 
sale. Subsequently, the marketing of 
the Embrace is addressed.

After explaining the revenue model and 
how to market the product, the result-
ing financial projections are discussed.
Finally, the challenges Embrace may 
have to overcome with regard to leg-

islation, market adoption and sustain-
ability are discussed.

II. Business Description

2.1 Vision and Mission
•	 Vision: To reduce human suffering 

caused by earthquakes, particularly 
among vulnerable populations.

•	 Mission: To develop, produce, and 
distribute affordable and effec-
tive Earthquake Communication  
Bracelets - Embrace

2.2 Product Description
Embrace is a wearable communication 
device that allows users to exchange 
vital information during earthquakes. 
It features long-range communication 
technology, a user-friendly interface, 
and an array of sensors for tracking 
the wearer’s condition. During every 
day life, when no earthquakes are oc-
curring, Embrace is in sleep mode and 
is worn either as a seamless skin tone 
bracelet, or as an aesthetic addition 
through adding golden/silver rims. It 
activates when an earthquake occurs, 
and allows for reception and transmis-
sion of information.

Process

The business plan for Embrace serves 
as a blueprint for the potential devel-
opment and launch of the Embrace 
wearable communication device. This 
plan outlines key strategies, steps, and 
considerations necessary to trans-
form Embrace from a concept into a 
fully operational solution designed to 
minimize human suffering during seis-
mic events. The objective of this plan 
focuses on practical execution, re-
source allocation, and business viabil-
ity to ensure the successful realization 
of Embrace’s mission.
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8.2 Social Impact
•	 Focus on providing disaster relief 

to vulnerable populations.
•	 Collaborate with NGOs and gov-

ernments to enhance community 
resilience.

III. Market Analysis

3.1 Target Market
•	 Communities in earthquake-prone 

regions
•	 Insurance companies interested in 

disaster preparedness
•	 Governments and NGOs focused 

on disaster relief efforts

IV. Business Model

4.1 Subsidy Model
•	 Establish partnerships with insur-

ance companies to offer Embrace 
as part of earthquake insurance 
packages.

•	 Subsidize the cost of Embrace 
through government initiatives and 
corporate social responsibility pro-
grams.

4.2 Service System
•	 Implement a “Return and Recycle” 

program where users can return 
Embrace when they no longer need 
it or when leaving earthquake-prone 
areas.

•	 Recycled devices can be refur-
bished and redistributed to new 
users or donated to communities in 
need.

V. Marketing Strategy

5.1 Branding
•	 Position Embrace as a reliable and 

accessible earthquake relief solu-
tion.

•	 Emphasize its affordability and 
ease of use.

5.2 Distribution
•	 Collaborate with insurance provid-

ers to integrate Embrace into their 
offerings.

•	 Establish partnerships with disas-

ter relief organizations for mass distri-
bution in vulnerable regions.

VI. Financial Projections

6.1 Revenue Streams
•	 Sales to individuals and organiza-

tions
•	 Subsidy and insurance partner-

ships
•	 Service system fees for device re-

turn and recycling

6.2 Expenses
•	 Research and development
•	 Manufacturing and production
•	 Marketing and distribution

6.3 Projected Profit
•	 Profit margins will depend on subsi-

dy and insurance agreements.
•	 Projected profitability within the 

first three years.

VII. Risk Management

7.1 Regulatory and Compliance Risks
•	 Ensure compliance with interna-

tional safety standards.
•	 Navigate regulatory challenges in 

different markets.

7.2 Market Adoption Risks
•	 Address potential resistance to 

adopting new technology.
•	 Invest in marketing and education 

efforts to promote Embrace.

VIII. Sustainability and Social Impact

8.1 Environmental Impact
•	 Use environmentally friendly mate-

rials and recycling practices.
•	 Promote sustainability in manufac-

turing and operations.

IX. Conclusion

The business plan for Embrace out-
lines a potential strategy for the devel-
opment and distribution of this earth-
quake communication bracelet. With 
a subsidy model, service system, and 
a strong focus on affordability and ac-
cessibility, Embrace aims to make an 
impact in reducing human suffering 
caused by earthquakes while promot-
ing sustainability and social responsi-
bility.

Figure 81. - business plan timeline
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Components

43 euros - estimate

Encapsulation

1 euro - estimate

Outer materials

5 euros - estimate

Estimate of 49 euros 
per bracelet

Price estimation
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Evaluation

07
•	        User acceptance testing

•	        Summary

•	        Reflection

In this section, the culmination of the 
design process is presented, showing 
the results of the questionnaire de-
signed to gauge user acceptance of 
‘Embrace.’ This invaluable feedback, 
collected through questioning different 
user groups, will show how this wear-
able resonates with potential users.

But this chapter goes beyond mere 
data presentation. It will show my per-
sonal reflection of the project, summa-
rizing the objective evaluation of the 
project, with my subjective thoughts 
on the whole process. The encoun-
tered challenges, and the envisioned 
solutions. It offers an opportunity to 
step back and appreciate the effort 
that brought ‘Embrace’ to fruition, while 
also providing valuable insights for the 
road ahead.
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User acceptance testing
Questionnaire

To gauge user reactions and test that 
the bracelet effectively met their needs 
and expectations, user acceptance 
testing was conducted. This involved 
engaging different user groups and 
gathering valuable feedback through 
a questionnaire. The biggest differ-
ence between the two chosen groups 
of participants is that one group has 
experienced a strong earthquake, and 
lives in earthquake prone areas, while 
the other group hasn’t and doesn’t live 
in an area affected by earthquakes.

The questionnaire served as a struc-
tured tool for assessing user accep-
tance. It included detailed explanations 
of how Embrace works, shedding light 
on its purpose and the features it en-
compasses. To provide users with a 
visual reference, renders of the brace-
let were incorporated, highlighting its 
functions. The questionnaire was de-
signed to elicit valuable insights on var-
ious aspects of Embrace, including its 
aesthetics, comfort, and usability. Us-
ers were encouraged to provide feed-
back on their initial impressions, the 
intuitiveness of the bracelet’s features, 
and its overall appeal, and the most im-
portant part was feedback on wheth-
er they think this product is important 
during situations such as earthquakes 
and would they be willing to wear it.

Group 1

participants living in Croatia

has experienced stronger erthquake
lives in earthquake prone area

18 participants

Group 2

participants from various countries

65% hasn’t experienced stronger erthquake
doesn’t live in earthquake prone area

14 participants

Figure 82. - acceptance testing groups
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“Elegant, seamless, and innovative.”

“If you didnt know the function, 
it could pass for jewelry.”

“Elegance and if its wearable with work clothes.” 

“The frequency of earthquakes where I live.”

“Comfort and ease of use.”

“The worry for my loved ones.”

“Ability to contact emergency services.”

“Time and date.”

“No.”

What are your initial impressions of the 
bracelet's design and appearance?

impression.

factors.

Are there any additional features or 
functions you would like to see in a 

device like this?

features.

How important do you think a 
communication device like this 
could be during an earthquake 

emergency?

importance.

Would you be willing to wear this 
bracelet during your daily activities, 
knowing it could help in earthquake 

emergencies?

use.

On a scale of 1 to 10, with 1 being 
not interested at all and 10 being 

extremely interested, how interest-
ed are you in using a bracelet like 

this?

interest.

Group 1
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How important do you think a 
communication device like this 
could be during an earthquake 

emergency?

importance.

Would you be willing to wear this 
bracelet during your daily activities, 
knowing it could help in earthquake 

emergencies?

use.

On a scale of 1 to 10, with 1 being 
not interested at all and 10 being 

extremely interested, how interest-
ed are you in using a bracelet like 

this?

interest.

What are your initial impressions of the 
bracelet's design and appearance?

impression.

factors.

Are there any additional features or 
functions you would like to see in a 

device like this?

features.

“Very stylish for something meant for emergencies, in a good way. 
Because you do not want people to refrain from wearing because they 
are ugly.”

“I like the skin tone variations and the fact that it is not very noticeable. 
I would definitely wear it.”

“The bracelets seem to have a neutral impact on your look, with the 
possibility to accentuate it’s appearance with the rims if so desired by 
the user. The bracelet seems like it would be comfortable to wear.”

“The overall looks and idea of the bracelet. If I would live in an area 
where earthquakes happen often, I would wear it.”

“If it measures additional data such as a fitness tracker it would be 
even better. I have never lived in an earthquake sensitive area so may-
be that is why I would like additional features..”

“... i would prefer this functionalities added to the smart watch I use 
every day, seamlessly, not specifically to a device just for this.”

“Also; I would buy it for €50 but not for €200 because of the “bad 
things (dangerous situations from earthquakes) only happen to other 
people” train of thought..”

“I think this functions could be added to an existing smart watch.”

“Perhaps link it to other natural disasters such as storms, wildfires en 
flooding too”

“A way to personalize it to differentiate it from the other members of 
my family or household that would be wearing the exact same band.”

Group 2
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Discussion

The user acceptance testing conduct-
ed for Embrace offers valuable insights 
into its potential adoption and percep-
tion among different user groups. While 
the Croatian group, with prior earth-
quake experiences, expressed a strong 
sense of importance and willingness to 
wear the bracelet, the various partic-
ipants group, including those without 
earthquake experiences, also displayed 
significant interest and willingness.

These findings indicate that the pur-
pose and potential of Embrace can be 
recognized by a wide range of users, 
irrespective of their earthquake ex-

posure. The positive initial 
impressions of its design, 
described as stylish, com-
fortable, and neutral in ap-
pearance, bode well for its 
acceptance as a daily wear-
able device.

Factors influencing the de-
cision to wear the bracelet 
included aesthetic consid-
erations, earthquake fre-
quency in the user’s area, 
additional features, and 
price sensitivity. The prefer-

ence for integrat-
ing functionalities 
into existing smart-
watches suggests 
an opportunity for 
product diversifica-
tion and customiza-
tion.

In conclusion, the 
user acceptance 
testing demon-
strates strong po-
tential for Embrace 

as a communication device during 
earthquake emergencies. Its elegant 
design and user-friendly features, 
combined with positive user attitudes, 
position it as a promising solution to 
reduce human suffering caused by 
earthquakes. Further development ef-
forts should focus on addressing user 
feedback and preferences to enhance 
Embrace’s appeal and usability.

“Very stylish for something 
meant for emergencies, in a 
good way. Because you do not 
want people to refrain from 
wearing because they are ugly.”
- Participant X, Group 2

The insights gotten from the testing 
point to the potential adoption of the 
device and its perceived value among 
different user groups. However, it is es-
sential to consider the implications of 
these findings, acknowledge potential 
limitations, and outline recommenda-
tions for future user acceptance test-
ing.

Implications:

Positive Reception: The strong interest 
and willingness to wear Embrace, even 
among participants without earthquake 
experiences, indicate that the device 
has broad appeal. Its design, which was 
praised for its style and comfort, con-
tributes to its positive reception.

Cross-Functional Integration: Partici-
pants expressed a preference for inte-
grating Embrace’s functionalities into 
existing smartwatches. This suggests 
an opportunity for cross-functional 
collaboration with established wear-
able technology brands to offer inte-
grated solutions.

Additional Features: Some partici-
pants mentioned the desire for addi-
tional features, such as tracking other 
natural disasters like storms, wildfires, 
and flooding. This feedback highlights 
potential directions for product expan-
sion and differentiation.

Price Sensitivity: Price sensitivity was a 
recurring theme, with participants indi-
cating that they would be more inclined 
to purchase Embrace at a lower price 
point. This insight should inform pricing 
strategies to maximize accessibility.

Limitations:

Limited Sample Size: The 
sample size for the user ac-
ceptance testing, particularly 
among participants with earth-
quake experiences, was rela-
tively small. This limitation may 
impact the representativeness 
of the findings and generaliz-
ability to larger populations.

Biased researcher: The ques-
tions were conducted by a re-
searcher who had personally 
designed the bracelet. This 
bias could have influenced the framing 
of questions and interpretation of re-
sponses, potentially introducing a con-
firmation bias.

Geographic Scope: The testing  fo-
cused on participants from only a few 
geographic locations - Croatia, Neth-
erlands, Mexico. Different regions may 
have unique perspectives and require-
ments related to earthquake prepared-
ness.

In conclusion, the user acceptance 
testing offers promising insights into 
Embrace’s potential as an earthquake 
communication device. However, rec-
ognizing the limitations and conduct-
ing further comprehensive testing with 
diverse participants would be essential 
for refining the product and maximizing 
its impact on reducing human suffering 
during earthquake emergencies.
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Summary
Throughout the course of this proj-
ect, the central focus was to address 
the research question: “How can a 
cost-effective solution be designed 
to minimize suffering of individuals liv-
ing in seismically active Zagreb?” This 
endeavor involved a methodical and 
approach, evolving through several 
phases.

The project commenced with compre-
hensive initial research, delving into the 
seismic activity in Zagreb, the prevalent 
building types, and the lived experienc-
es of those affected by earthquakes. 
This foundational knowledge laid the 
groundwork for the subsequent stages.

Interviews with Zagreb residents who 
had firsthand experiences with earth-
quakes provided invaluable insights 
into the emotional and practical chal-
lenges faced during seismic events. 
Coupled with scenario analysis, these 
interviews unveiled pain points and ar-
eas in need of intervention.

The defining of specific requirements 
followed, driven by the results from in-
terviews and scenario analysis. These 
requirements allowed for a choice of 
design direction, Embrace - a commu-
nication focused bracelet for earth-
quake emergencies. 

The design phase encompassed ex-
ploration, from the choice of commu-
nication technology to the bracelet’s 
shape, material, and ergonomics. This 
design exploration was essential in 
creating a wearable communication 
device that met the identified require-
ments.

The embodiment of the design brought 
forth Embrace, a cost-effective wear-
able communication device designed 
to mitigate human suffering during 
seismic events. Embrace addresses 
the emotional and practical challeng-
es faced by individuals living in earth-
quake-prone regions by providing a 
means of communication and reassur-
ance during crises.

Notably, Embrace is designed with a 
minimalistic bracelet shape that prior-
itizes user interaction and feedback. 
It incorporates a button for user input 
and an LED screen for notifications, en-
suring effective information exchange 
during seismic events.

User acceptance testing involving two 
distinct participant groups further vali-
dated Embrace’s potential impact. The 
feedback received from those with and 
without earthquake experience high-
lighted the device’s appeal, design, and 
significance in disaster resilience.

In conclusion, Embrace emerges as a 
tangible solution born from a system-
atic approach, supported by research, 
user insights, and a steadfast drive to 
improving the lives of individuals resid-
ing in seismically active regions, such 
as Zagreb. 
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Reflection
Personal insights

When starting this project, I was met 
with a degree of uncertainty regarding 
its eventual trajectory. The research 
exploration initially delved deeply into 
earthquake-related subjects, encom-
passing seismic knowledge, building 
types, and their responses to earth-
quakes. This phase was important in 
gaining insights into structural vulnera-
bilities and the challenges faced by in-
dividuals during seismic events. While 
this initial focus served to identify weak 
points in homes and enhance my un-
derstanding of earthquake-induced is-
sues, it became apparent that the proj-
ect would ultimately take a different 
direction, addressing 
earthquake-induced 
suffering through 
means other 
than interior 
interven-
tions.

Re-
f lect-

ing on the 
project research, I 

recognize the value of ex-
tending the research scope 

to encompass a broader range of 
emergency solutions, especially since 
the project later focused on the devel-
opment of Embrace, a wearable com-
munication device tailored to alleviate 

earthquake-related suffering, which 
was a very different approach than fo-
cusing on an interior design, or a struc-
tural solution.

Regarding project planning and time 
management, I am content with my ap-
proach. Conducting inter-
views early in the 
r e s e a r c h 
phase 

 proved 
a d v a n -

tageous, of-
fering critical 

insights into the ex-
periences and needs 

of earthquake-affected 
individuals. However, I also 

believe that additional inter-
views or questionnaires at 

various stages, including the 
design phase, might have enabled 

a more iterative and user-centered de-
velopment process.
One area where I would have liked to 
dedicate more time but found to be 
somewhat outside the project’s scope 
since the project started without a 
concept, was the testing of Embrace’s 
functionality, especially its real-world 
performance. However, this limitation 
was inherent to the project’s evolution, 
transitioning from general earthquake 
research to comprehensive concept 

development. I found the guidance 
and feedback provided by my Chair 
and Mentor very useful, as it helped 
me form and answer the needed ques-
tions, especially in moments where I 
was doubting my direction or how to 
decide on next steps. Their insights 
and suggestions were invaluable, en-
suring alignment with the project’s 
goals and objectives. Our cooperation 
proceeded smoothly, characterised by 
open communication, regular updates, 
as well as easy reachability whenever I 

needed additional information or 
feedback.

In conclusion, this project 
has been a journey of 

growth and explora-
tion, encompass-

ing extensive 
r e s e a r c h , 

concept 
d e -

v e -
lopment , 
and the creation of Embrace, 
a device aimed at minimizing earth-
quake-induced suffering in Zagreb. 
While certain areas could have been 
further refined or explored, I am happy 
with the progress made and the out-
comes achieved during this project.
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Future research

08
•	        Testing & recommendations In the final chapter of this report, the 

focus shifts towards recommenda-
tions for future research and testing 
regarding Embrace. These recommen-
dations stem from the insights gained 
throughout the development and eval-
uation process of the project. 

By identifying areas that warrant fur-
ther exploration and refinement, this 
chapter aims to provide valuable guid-
ance for future endeavors related to 
Embrace.
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Next steps

Future research and design develop-
ment for the Embrace project offer 
several directions to refine the device’s 
functionality, usability, and versatility. 
These recommendations are based on 
a the research done throughout this 
project, and the results gotten from the 
finished design.

User Acceptance Testing Expansion: 
Building on the initial user acceptance 
testing, further research should involve 
a more extensive and diverse partici-
pant pool. This expansion will provide a 
more robust assessment of Embrace’s 
appeal across various demographics 
and geographic regions.

Real-World Performance Testing: To 
evaluate the practical effectiveness of 
Embrace in challenging scenarios, re-
al-world performance testing should 
be conducted. This includes assessing 
the device’s ability to maintain LoRa 
communication through barriers like 
thick concrete, which is crucial for cas-
es involving collapsed buildings and 
trapped individuals.

Shape Optimization: Further testing 
and exploration of the bracelet’s shape 
and form factor could be useful. Itera-
tive design improvements should be 
guided by user feedback and prefer-
ences.

Material Research: Conduct research 
to determine the optimal softness and 
hardness of the silicone material used 
in the bracelet’s construction. Material 
properties like durability, comfort, and 

Testing & recommendations

suitability for long-term wear should be 
assessed thoroughly.

Integrated Functionality: Investigation 
of feasibility of integrating Embrace’s 
earthquake communication function-
alities into existing smartwatches or 
wearable devices. This approach can 
offer users seamless access to essen-
tial emergency features without the 
need for an additional device.

Expanded Emergency Interventions: 
Expanding the scope of Embrace’s 
emergency intervention capabilities 
beyond earthquakes. Considering ad-
ditional variations designed to address 
various natural disasters such as flood-
ing, storms, wildfires, and other weath-
er-related emergencies could address 
wider group of users.

Cost-Effective Solutions: Exploring 
cost-effective manufacturing process-
es and sourcing options to ensure 
that Embrace remains accessible to a 
broader range of users, especially in 
earthquake-prone regions with varying 
socio-economic backgrounds.

Global Reach: Expand research to in-
clude international markets with dif-
ferent seismic risks and disaster pre-
paredness needs. Understanding the 
unique requirements of diverse regions 
will help tailor Embrace’s features to 
address a broader spectrum of chal-
lenges.

Comprehensive Feedback Loop: 
Maintain an open and ongoing feed-

back loop with users, emergency re-
sponders, and experts in disaster man-
agement. Continuously incorporate 
their insights into the design and func-
tionality of Embrace.

Regulatory Compliance: Ensure that 
Embrace complies with relevant safe-
ty and regulatory standards, both na-
tionally and internationally, to facilitate 
widespread adoption and distribution.

In conclusion, future research and de-
sign development for Embrace should 
prioritize extensive user testing, re-
al-world performance evaluations, and 
iterative design improvements. By ad-
dressing the recommendations out-
lined above, the Embrace project can 
continue to evolve as a reliable and ef-
fective tool for reducing human suffer-
ing during a wide range of emergency 
situations, ultimately making a signif-
icant impact on global disaster resil-
ience efforts.
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Earthquakes

An earthquake, referred to colloquially 
as a quake, tremor, or temblor, occurs 
when the Earth’s surface experiences 
shaking due to the sudden release of 
energy within the Earth’s lithosphere, 
leading to the generation of seismic 
waves. 

Earthquakes exhibit a wide range of 
intensities, from imperceptible ones 
that go unnoticed, to powerful ones 
capable of launching objects and indi-
viduals into the air, causing significant 
damage to critical infrastructure, and 
leaving entire cities in ruins. The seis-
mic behavior of a region encompasses 
the frequency, type, and magnitude 
of earthquakes that occur within a 
specified timeframe. Meanwhile, the 
seismicity at a specific geographical 
point on Earth represents the average 
rate of energy release through seis-
mic events per unit volume. The term 
“tremor” is also employed to describe 
non-earthquake-related seismic vibra-
tions.

On the Earth’s surface, earthquakes 
manifest as ground shaking, displace-
ment, or disruptions. In instances 
where a substantial earthquake’s epi-
center is situated beneath the ocean, 
it can displace the seafloor enough to 
generate a tsunami. Additionally, earth-
quakes have the potential to instigate 
landslides.
In a broader context, the term “earth

quake” encompasses any seismic 
event, regardless of its origin, be it nat-
ural or human-induced, that generates 

seismic waves.

While most earthquakes are the result 
of geological fault ruptures, they can 

also be triggered by phenomena such 
as volcanic activity, landslides, explo-
sions in mines, and nuclear tests. The 

point at which an earthquake initially 
ruptures is known as the hypocenter 

or focus, with the epicenter being the 
point on the Earth’s surface directly 

above the hypocenter.

Figure 83. - Earthquake Vector Graphic

Seizmic Waves

Seismic waves encompass a diverse 
range of wave types, each with its 
own set of distinctive characteristics. 
Primary waves, commonly referred to 
as P-waves, are the swiftest seismic 
waves, and they have the ability to 

Figure 84. - Types of Seismic Waves

traverse through both solid and liquid 
materials. This unique property makes 
them the first to arrive at a seismic re-
cording station during an earthquake. 
Secondary waves, or S-waves, follow 
P-waves and, in contrast, they can only 
travel through solid substances. The 
motion of S-waves is responsible for 
more pronounced shaking and is often 
felt as a distinct jolt during an earth-
quake.

In addition to P and S-waves, surface 
waves play a significant role in earth-
quake dynamics. There are two prima-
ry types of surface waves: Love waves 
and Rayleigh waves. Love waves move 
in a horizontal, side-to-side motion and 

are responsible for causing a signifi-
cant amount of ground shaking. On the 
other hand, Rayleigh waves move in 
both horizontal and vertical directions, 
creating a rolling motion that can result 
in substantial damage to buildings and 
structures. These surface waves, al-
though slower than P and S-waves, of-
ten induce the most noticeable ground 
movement and are a critical factor in 
earthquake destruction.

Understanding the behavior of these 
various seismic wave types is funda-
mental to seismic research, earth-
quake monitoring, and ensuring pre-
paredness for the potential impact of 
seismic events.

About earthquakes
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How do we measure 
earthquakes?

Measurement 

Earthquakes are measured using a 
variety of scientific instruments and 
scales to quantify their intensity and 

magnitude. The primary tools for 
earthquake measurement include 

seismometers, seismographs, and 
various magnitude scales.

Seismometers are sensitive instru-
ments that detect ground motion 

caused by seismic waves. When an 
earthquake occurs, these devices 

record the ground’s movements, such 
as the shaking, rolling, and swaying, in 
multiple directions. This data is crucial 

for understanding the earthquake’s 
characteristics.

Seismographs are instruments that 
graphically display the information 

recorded by seismometers. They pro-
duce seismograms, which are visual 

representations of the ground motion 
over time. Seismologists analyze these 

seismograms to determine the earth-
quake’s location, depth, and the ampli-

tude of seismic waves.

Two common scales are used to 
measure the magnitude of an earth-

quake. The Richter scale, developed by 
Charles F. Richter in 1935, quantifies 

an earthquake’s magnitude based on 
the amplitude of seismic waves. The 

moment magnitude scale, or “Mw,” has 
largely replaced the Richter scale as 

it provides a more accurate measure-

ment for larger earthquakes. Moment 
magnitude considers several factors, 
including the fault length, slip, and 
rigidity of rocks involved.

The intensity of an earthquake, on the 
other hand, is measured using the 
Modified Mercalli Intensity (MMI) scale, 
which evaluates the effects of an 
earthquake on people, buildings, and 
the Earth’s surface. 

Figure 85. - Richter Scale

Strong intensity

When a powerful earthquake strikes, 
it sets in motion a chain of significant 
and far-reaching effects that impact 
the environment and society. The 
initial and most immediate result is the 
intense ground shaking, which can last 
for varying durations depending on the 
earthquake’s magnitude. This shaking, 
in turn, leads to structural damage, 
compromising the integrity of build-
ings and bridges. Unreinforced ma-

sonry structures are especially 
vulnerable, and they may suffer 
partial or complete collapse. 
Even modern, well-engineered 
buildings can experience vary-
ing degrees of damage, empha-
sizing the extensive reach of the 
earthquake’s impact.

In hilly or mountainous regions, 
the earthquake-induced shak-
ing can trigger landslides due to 
the abrupt release of stress on 
rock and soil. These landslides 
can obstruct roads, damage 
essential infrastructure, and 
pose substantial threats to local 
communities. Additionally, the 
seismic event is frequently fol-
lowed by aftershocks, which are 
smaller but still impactful seis-
mic events that can continue for 
days, weeks, or even months. 
These aftershocks further 
stress already weakened struc-
tures and complicate the efforts 

of rescue and recovery teams. In some 
cases, strong earthquakes can mani-

fest as visible surface ruptures, where 
the ground is displaced along a fault 

line, with these ruptures often several 
meters wide. Should the earthquake’s 

epicenter be situated beneath the 
ocean, it can displace the seafloor, 

giving rise to tsunamis. These massive, 
destructive waves inundate coastal 

areas, resulting in widespread damage 
and loss of life.

The consequences extend beyond 
the immediate physical impact. Strong 
earthquakes frequently disrupt essen-
tial services such as water, electricity, 
and transportation, further complicat-

ing rescue and recovery efforts and 
affecting the well-being of affected 

communities. This disruption of ser-
vices can lead to humanitarian crises, 

with displaced populations, injuries, 
and loss of life necessitating urgent 

humanitarian interventions.

Moreover, strong earthquakes often 
result in significant economic reper-
cussions. The cost of rebuilding in-
frastructure and addressing the ex-

tensive damages can strain local and 
national economies. Recovery efforts 
can extend over many years, involving 

the meticulous process of rebuilding 
homes, reconstructing damaged infra-

structure, and the gradual restoration 
of normalcy.
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Seismic waves
P waves, or Primary waves, are the 
fastest seismic waves and can travel 
through both solid and liquid materi-
als. P waves are characterized by their 
compressional motion, where particles 
move in the same direction as the 
wave’s propagation, causing alternat-
ing compression and expansion of the 
material. This compressional motion 
allows P waves to travel through the 
Earth’s interior, and typically be the 
first to be detected in an earthquake 
event.

S waves, or Secondary waves, are 
one of the two main types of seismic 
waves produced during an earthquake. 
Unlike P waves, S waves can only 
travel through solid materials, making 
them slower than P waves. S waves are 
characterized by their shearing motion, 
where particles move perpendicular 
to the wave’s direction of propaga-
tion, causing a side-to-side or shaking 
motion. These waves are responsible 
for the more pronounced shaking and 
are typically detected after the faster P 
waves.

Love waves are a type of surface seis-
mic wave, also known as L-waves. They 
are slower than P and S waves, and 
they travel along the Earth’s surface. 
Love waves cause the ground to move 
in a side-to-side, or horizontal, motion, 
making them responsible for the strong 
shaking and swaying experienced 
during an earthquake. These waves are 
especially damaging to buildings and 
structures, as they create significant 
ground movement.

Rayleigh waves are a type of surface 
seismic wave produced during an 
earthquake. They are characterized by 
an elliptical, rolling motion, with particles 
moving in both vertical and horizontal 
directions. These waves travel along 
the Earth’s surface and are slower 
than P and S waves. Rayleigh waves 
are responsible for causing the most 
significant ground movement and can 
induce strong shaking and damage 
to buildings and structures during an 
earthquake.
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Sub-questions

The sub-questions within this research 
framework were important in pinpoint-
ing specific areas that needed explora-
tion and analysis. One of the key areas 
addressed was the structural vulnera-
bilities inherent in 19th-century build-
ings in Zagreb. These structures, often 
characterized by their historical signifi-
cance, were researched to understand 
their weaknesses and susceptibilities 
to seismic activity.
Another aspect discovered by the 
sub-questions was the human experi-
ence during earthquakes. These inqui-
ries led to the examination of factors 
contributing to human suffering, en-
compassing emotional, physical, and 
psychological aspects. They prompted 
a deep dive into the feelings of anxiety, 
fear, and helplessness that individuals 
might encounter during such events. 
This understanding was important for 
developing effective solutions that 
address not only structural concerns 
but also the well-being of the people 
residing in these buildings.

Furthermore, the I explored existing 
solutions and financial considerations. 
Looking into the cost-effectiveness 
of potential interventions, with a goal 
that any proposed solution would be 
both feasible and sustainable within 
the given constraints. The balance 
between functionality and aesthetics 
was also an important area of focus, as 
the solution should not only enhanced 
safety but also seamlessly integrated 
with the lives of people.  

Overall, the sub-questions provided a 
structured and comprehensive frame-
work for the research, ensuring that 
it remained focused on addressing 
the multifaceted challenges posed by 
seismic activity in 19th-century build-
ings in Zagreb. They guided the re-
search towards achieving a holistic un-
derstanding of the problem, identifying 
practical considerations, and facilitat-
ing well-informed decision-making.
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Types of buildings
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Contributing factors

While shaking caused by earthquakes 
is a big reason for damage and col-
lapse of properties, there are multiple 
factors influencing the final outcome, 
besides the shaking itself. 
These factors include liquefaction of 
soil, foundation failure, structural weak-
nesses in the building, and the failure 
of soft floors. 

Liquefaction of Soil: Liquefaction oc-
curs when water-saturated soil tempo-
rarily loses its strength and stiffness 
during an earthquake. This is particu-
larly problematic in areas with loose, 
waterlogged soils. As seismic waves 
pass through, the soil can behave like 
a liquid, causing a loss of support for 
building foundations. Buildings may 
sink or tilt, leading to structural dam-
age or collapse.

Foundation Failure: The foundation of 
a building is critical for distributing the 
structural loads and maintaining stabil-
ity. During an earthquake, the ground 
shaking can cause excessive settle-
ment, tilting, or shifting of the founda-
tion. If the foundation fails to withstand 
these dynamic forces, it can result in 
structural damage or collapse of the 
building.

Structural Weakness: Many older 
buildings were constructed without 
the seismic design and reinforcement 
measures necessary to withstand 

strong earthquakes. Insufficiently reinforced masonry, 
unreinforced concrete, and inadequate structural connec-
tions can lead to building failure. When the building’s struc-
tural elements cannot dissipate the seismic energy effec-
tively, it can lead to collapse.

Failure of Soft Floors: Soft or weak-story buildings often have 
ground-floor columns that are less robust than upper floors. 
These soft-story buildings are susceptible to severe dam-
age or collapse during an earthquake. The building’s upper 
stories may lean or pancake onto the ground floor, causing a 
catastrophic failure.

Inadequate Building Codes: In some cases, building codes 
and construction standards may not have been updated or 
enforced to meet seismic safety requirements. Buildings 
constructed without adherence to these codes may 
lack the necessary reinforcement to withstand earth-
quake forces, making them more prone to collapse.

Why do buildings
collapse?
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Personas

Creating personas from the interviews 
conducted was an impotant step in 
the research process, as it allowed for 
a more profound understanding of the 
diverse user groups affected by the 
seismic vulnerabilities of buildings in 
Zagreb. Through these insightful inter-
views, a tapestry of narratives, expe-
riences, and unique needs emerged, 
highlighting the complexity of the 
issue. In response, personas were 
crafted to represent these relevant 
user groups, each persona embodying 
the characteristics, aspirations, and 
challenges of specific segments of the 
population.

These personas serve as indispens-
able tools for the forthcoming design 
exploration. They provide a human 
face to the research findings, making 
the design process more relatable and 
empathetic. By personifying the users, 
it is easier to envision the day-to-day 
realities, fears, and aspirations of those 
residing in these vulnerable structures. 

This, in turn, aids in the creation of 
solutions that are not only technical-
ly sound but also responsive to the 
emotional and practical needs of these 
individuals.

The personas act as a compass, guid-
ing the design process towards solu-
tions that are tailored to the unique 
circumstances of each group, whether 
it’s elderly residents seeking com-
fort and safety, families yearning for a 
secure environment for their children, 

or children dealing with stress and 
uncertainity. By utilizing these perso-
nas, the design exploration becomes 
a human-centered endeavor, one that 
strives to minimize human suffering 
and enhance the quality of life for the 
residents of 19th-century buildings in 
seismically active Zagreb.

Figure 10. - Created 
personas
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Earthquake injuries
Earthquakes can result in various types 
of injuries, some of which are directly 
caused by the seismic activity itself, 
while others are related to the after-
math and secondary effects of earth-
quakes. Here are some possible earth-
quake and earthquake-related injuries:

Traumatic Injuries:
Cuts, abrasions, and lacerations from 
flying debris, shattered glass, or build-
ing materials.
Fractures and broken bones due to 
building collapses, falling objects, or 
people being thrown to the ground.
Head injuries, including concussions 
and traumatic brain injuries, from falling 
objects or structural damage.
Crush injuries occur when individuals 
are trapped under collapsed buildings 
or heavy debris, leading to muscle and 
tissue damage.

Soft Tissue Injuries:
Contusions (bruises) from impact with 
objects or surfaces during the earth-
quake.
Sprains and strains due to sudden 
movements or falls during the shaking.
Dislocations of joints, often from trying 
to escape or protect oneself during the 
quake.

Respiratory Issues:
Inhalation of dust, smoke, or toxic 
fumes can lead to respiratory prob-
lems, including irritation, coughing, and 
exacerbation of pre-existing conditions 
like asthma.

Psychological Trauma:
Earthquake survivors may experience 
anxiety, post-traumatic stress disor-
der (PTSD), and other psychological 

distress, which can manifest in various 
ways, including panic attacks, insomnia, 
and depression.

Burns:
Fires caused by ruptured gas lines, 
electrical malfunctions, or other sourc-
es can result in burn injuries.
Scalds from hot liquids and steam, 
often related to damaged infrastructure 
like water heaters.

Electrocution:
Live electrical wires may become 
exposed or damaged during an earth-
quake, posing a risk of electrocution to 
individuals who come into contact with 
them.

Falls:
People may fall from heights, such as 
stairs, balconies, or ladders, while at-
tempting to evacuate or seek shelter.

Drowning:
Flooding or tsunamis triggered by un-
dersea earthquakes can lead to drown-
ing and water-related injuries.

Disease Outbreaks:
Earthquake-damaged infrastructure, 
including water supply and sanitation 
systems, can contribute to the spread 
of waterborne diseases like cholera 
or vector-borne diseases like mosqui-
to-borne illnesses (e.g., malaria, den-
gue).

Structural Injuries:
Individuals inside poorly constructed or 
unstable buildings are at higher risk of 
being injured during a quake, as these 
structures are more likely to collapse or 
suffer structural failures.

Hypothermia and Heat-Related 
Illnesses:
Depending on the environmental con-
ditions following an earthquake, people 
can be exposed to extreme tempera-
tures, leading to hypothermia (if it’s 
cold) or heat-related illnesses (if it’s hot).
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Existing design solutions
Object of every day use, a chair in this 
case, is designed in such a way to offer 
basic protection in case of an earth-
quake. The design takes into account 
most common injuries, that often cause 
death, in the area of the head and back, 
and aims to prevent them.

Design of doors which indicate when is 
the time to leave the property. 
In this design the focus is on prevent-
ing people from staying indoors during 
more intense shaking, and in such a 
way prevent injuries or death.

Design dedicated to provide a safe 
place (‘shelter’) for people that find 
themselves outside during an earth-
quake. This designs aims to protect 
people against any objects which might 
fall on them. It is a modular design, 
which considers space around it.

This concept design provides tempo-
rary protection against falling debris/
stones/materials. It is designed for pub-
lic spaces, therefore can be colllapsed 
and in such a way use less space, when 
not used for protection.

Design of an every day object that 
turns into emergency protection for 
students - Triangle of life method.

Collapsable door design that protects 
from being crushed or injured from 
materials falling - Triangle of life method.
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Interviews
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Interview with expert, building engineer - ir. Ivan Kutija
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Cause-effect analysis
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Requirements evaluation
The evaluation of requirements in this 
project was a process designed to 
establish a hierarchy of importance 
among the identified criteria. To ac-
complish this, each requirement was 
systematically compared to one an-
other, employing a method that as-
signed points based on their relative 
significance. The initial step in this 
evaluation process involved listing and 
defining the requirements that were 
deemed essential for the project’s 
success. These requirements were 
drawn from a synthesis of research 
findings, user needs, and practical 
constraints. Each requirement was 
then ranked and weighed against the 
others, considering their potential 
impact on the overall effectiveness of 
the proposed solution.

Comparative analysis was the core 
methodology employed to evaluate 
the requirements. Each requirement 
was paired with another, and the ques-
tion of which one held greater impor-
tance was posed. 
The points assigned during these 
comparisons were then summed, and 
the more points a requirement re-
ceived, the higher it ranked in terms of 
importance.
The final outcome of this evaluation 
process was a hierarchy of require-
ments, ranging from the most to least 
important. This hierarchical structure 
provided a clear framework for deci-
sion-making, ensuring that the proj-
ect’s focus remained aligned with the 
most essential criteria.
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Scope & Product Vision
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Components overview
Turn me around
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Ergonomics
In the design of Embrace, consider-

ations were made regarding ergonom-
ics and wrist circumference sizes. The 

design primarily focused on the 50th 
percentile of wrist sizes, representing 

the median or average wrist circum-
ference. However, to ensure inclusivity 

and accommodate a wide range of 
potential users, Embrace’s sizing ap-

proach took into account a spectrum 
from the 5th to the 95th percentile of 

wrist sizes. This approach aims to pro-
vide a comfortable and secure fit for a 
broad user demographic, making Em-
brace a wearable solution accessible 

to a diverse population. For specific 
percentiles, please refer to the accom-

panying graphic.

Percentiles used as a reference for adult sizes - 
1988 anthropometric survey of U.S. army personnel

Percentiles used as a reference for 
childrens and adolescent sizes
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Power consumption
calculations
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Group 1

Questionnaire results
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Group 2
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Project brief
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“Communication is the bridge that connects 
hearts, minds, and souls, transcending boundaries 

and fostering understanding.”




