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Arastirma Makalesi

An Examination of housing designs to address
post-earthquake shelter needs

Deprem sonrasi barinma ihtiyacini karsilamaya yonelik konut
tasarimlarinin incelenmesi

Aylin Aras™ (2, Zeynep Seymen?

'Bursa Technical University, Department of Architecture, Bursa, Tirkiye
*Architect, Istanbul, Tirkiye

Abstract: Examining the economic and socio-cultural impacts of earthquakes, which are natural disasters with hu-
man-induced effects, in the post-earthquake period is crucial in emphasizing the societal effects of earthquakes
and the importance of constructing earthquake-resistant buildings. In the scope of the study, the construction stag-
es and designs of temporary housing projects aimed at meeting the basic need for shelter after an earthquake
have been examined and evaluated. The first stage of the study involved conducting a literature review to examine
earthquake-related definitions, the causes of disasters, and preventive measures. In the subsequent stage, the re-
search consisted of examples previously examined by experts that did not overlook the socio-cultural dimension of
earthquakes. Two countries located in earthquake-prone zones, Turkiye and Japan, were selected as examples and
studied. One of the examples evaluated the potential of an existing structure to meet the needs of its users after
an earthquake, while the other example encompassed container settlements established after an earthquake. In
addition to being fast and practical, temporary housing design should prepare the ground for permanent housing
after an earthquake. It should accurately address the needs by making the right site selection, be user-oriented, and
offer different plan solutions to different users, enabling them to return to their pre-earthquake lives as quickly as
possible. Because post-disaster community health also suffers significant damages, and when a sense of belonging
is not established in the post-earthquake living areas, psychological and sociological problems can arise. This can
negatively impact the transition from temporary housing to permanent housing, affecting the speed of the recovery
process. Within the scope of the study, an evaluation was conducted by examining examples of post-earthquake
housing needs and assessing their potential to meet user requirements.

Keywords: Earthquake, Temporary shelter, Housing, Reconstruction, Process management.

Ozet: insan kaynakl etkileri olan dogal afetlerden depremlerin, deprem sonrasi dénemde ekonomik ve so-
syo-kulturel etkilerinin incelenmesi, depremlerin toplumsal etkilerinin ve depreme dayanikli yapilarin insa edilm-
esinin 6neminin vurgulanmasi acgisindan blytk 6nem tasimaktadir. Calisma kapsaminda, deprem sonrasi temel
barinma ihtiyacini karsilamaya yonelik gecici konut projelerinin yapim asamalari ve tasarimlari incelenmis ve deger-
lendirilmistir. Calismanin ilk asamasinda literatlr taramasi yapilarak depreme iliskin tanimlar, afetlerin nedenleri
ve Onleyici tedbirler incelenmistir. Sonraki asamada ise, daha 6nce uzmanlar tarafindan incelenmis ve depremin
sosyo-kulturel boyutunu goz ardi etmeyen ornekler degerlendirilmistir. Deprem kusaginda yer alan iki tlke, Trki-
ye ve Japonya 6rnek olarak secilmis ve incelenmistir. Orneklerden biri mevcut bir yapinin deprem sonrasinda Kul-
lanicilarinin ihtiyaclarini karsilama potansiyelini degerlendirirken, diger 6rnek deprem sonrasinda kurulan konteyner
yerlesimlerini kapsamaktadir. Gegici konut tasarimi hizli ve pratik olmasinin yani sira deprem sonrasi kalici konut-
lara zemin hazirlamalidir. Dogru yer secimi yaparak ihtiyaclari dogru bir sekilde karsilamali, kullanici odakli olmali ve
farkl kullanicilara farkli plan ¢ozdmleri sunarak onlarin deprem 6ncesi yasamlarina mumkun olan en kisa sUrede
donmelerini saglamalidir. Cinku afet sonrasi toplum sagligi da énemli zararlar goérmekte, deprem sonrasi yasam
alanlarinda aidiyet duygusu olusmadiginda psikolojik ve sosyolojik sorunlar ortaya ¢ikabilmektedir. Bu durum gegici
konutlardan kalici konutlara gecisi olumsuz etkileyerek iyilesme surecinin hizini disurebilmektedir. Calisma kap-
saminda deprem sonrasi konut ihtiyaclarina yonelik drnekler incelenerek kullanici gereksinimlerini karsilama potan-
siyelleri degerlendirilmistir.

Anahtar kelimeler: Deprem, Gecici barinma, Konut, Yeniden yapilanma, SUreg yonetimi.
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An Examination of housing designs to address post-earthquake shelter needs

| 1. Introduction

An earthquake is an event that occurs when energy gen-
erated by the fracture of the Earth’s crust due to tectonic
or volcanic movements causes the environment and the
Earth to shake in the form of seismic waves (Disaster and
Emergency Management Authority Report, AD: 18 Feb-
ruary 2023).

To minimize the damage caused by earthquakes, it is im-
portant to conduct ground surveys in the region before-
hand, use appropriate materials in building construction,
and raise public awareness. Although these measures
cannot prevent earthquakes, they play a crucial role in
mitigating their effects and consequences (Uzuner and
Akincitiirk, 2020).

Conducting a ground survey in the region where the
building is to be constructed can provide valuable in-
formation on the suitability of the area for building, the
appropriate materials to be used, and the correct ground
design. Construction on structurally unsuitable grounds
can be prevented by carrying out a correct ground survey
in accordance with the rules. To reduce the occurrence of
earthquakes, it is essential to use high-quality materials,
columns that are suitable for the load they will carry, and
appropriate foundation designs. Decisions must also be
made in accordance with regulations.

Raising public awareness is crucial in mitigating the
destructive effects of earthquakes. Individuals who are
knowledgeable about earthquakes are better equipped to
take appropriate action during and after an earthquake,
thereby reducing the loss of life and property damage. It
is important to take these precautions to avoid the sig-
nificant material and moral losses that can result from
earthquakes (Yilmaz, 2012).

Shelter is a fundamental human need and right, as stat-
ed in Article 25.1 of the Universal Declaration of Hu-
man Rights. In cases where individuals are deprived of
this right due to uncontrollable events, such as natural
disasters, their country of citizenship is obligated to pro-
vide for this need and right. According to the Universal
Declaration of Human Rights (AD: 12 February 2023),
individuals who are deprived of their right to shelter due
to natural disasters, such as earthquakes, should be pro-
vided for by the authorities. It is important to note that
earthquakes are natural events beyond human control.

Article 32 of the Regulation on Emergency Aid Organi-
sation and Planning Principles Regarding Disasters stipu-
lates that the ‘Directorate of Public Works and Settlement’,
‘Directorate of National Education, Youth and Sports)
‘Provincial Directorate of Rural Services, ‘DSI local organ-
isation’, “TCK local organisation’, ‘Municipality’, ‘Special
Provincial Administration’ and ‘Red Crescent’ are respon-
sible for providing shelter to survivors in Tirkiye, where
earthquakes are frequently experienced (Regulation on
Emergency Aid Organisation and Planning Principles for

Disasters, AD: 18 February 2023). These solutions provide
temporary tents and prefabricated housing units made
from various materials for short and long-term use. The
post-earthquake temporary construction process can last
up to two years in some cases. When constructing per-
manent settlements in earthquake-prone regions, it is im-
portant to consider the structural characteristics of the
area. Settlements should be built away from fault lines and
earthquake zones, taking into account ground surveys,
morphology, climate, hydrography, and infrastructure
features (Ozdemir, 2004). For instance, following the 2003
earthquake in Bam, Iran, the government implemented
an ‘earthquake risk reduction strategy’. This is achieved
through the use of advanced technology, compliance with
regulations, increased security of public buildings and in-
frastructure, public awareness campaigns, and the estab-
lishment of a competent earthquake response team (Ash-
tiany and Hosseini, 2007). The strategy aims to minimise
losses after a possible earthquake by creating national se-
curity awareness.

The study provides information on the causes of earth-
quakes and the necessary precautions to be taken before-
hand. Additionally, it analyses the post-earthquake re-
covery and reconstruction process from a socio-cultural
perspective by comparing two examples from Turkey and
Japan. The examples prioritise improving society by recon-
structing regions to their former state. Alexander (2014)
emphasises the importance of bringing the parts together.

The study focuses on two of the most seismically active
countries in the world, Turkey and Japan, as samples
(Yilmaz, 2021). One example evaluates the potential of
an existing building to meet the needs of its users after
an earthquake, while the other discusses container set-
tlements established after the earthquake. The selected
example in Turkey focuses on evaluating the potential
of Kahramanmarasg Elbistan Nursing Home to meet the
needs of its users after an earthquake. The designs of
Onagawa Temporary Container Housing in Japan were
evaluated based on user needs in the given example.

2. Material and Method

This study examines the construction stages and designs
of temporary houses built to meet the need for shelter
after an earthquake, using national and international ex-
amples. Firstly, a literature review was conducted on the
effects of earthquakes and the need for post-earthquake
shelter. This text discusses the criteria for constructing
living spaces for earthquake victims. The criteria include
site selection, shelter unit and shelter centre as explained
in Disaster And Emergency Management Authority’s Di-
rective on the Establishment, Management and Operation
of Temporary Shelter Centres. Additionally, the criteria
related to ecology, technology, cost, building physics, spa-
tial organisation, sociology and aesthetics as explained by
various authors are also considered. Based on these crite-
ria, the examples are analysed in terms of individual, pub-
lic, architectural elements, and urban context.
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In the second stage, the samples were selected and eval-
uated. Two sample buildings were chosen from Turkey
and Japan, two of the most seismically active countries
(Yilmaz, 2021). The selected example is the Kahraman-
maras-Elbistan Prefabricated Nursing Home Complex,
which is proposed as a new living space for people who
have no relatives in the event of a devastating earthquake.
This is a pilot study. The selected example is the Kahra-
manmaras-Elbistan Prefabricated Nursing Home Com-
plex, which is proposed as a new living space for people
who have no relatives in the event of a devastating earth-
quake. The Onagawa Temporary Container Dwellings
were chosen as an example because they are multi-sto-
reyed, created by overlapping the units, unlike previously
built containers (URL-1, AD: 24 May 2023).

Figure 1. Proposal for 60-person Kahramanmaras Elbistan Nursing
Home for the elderly (Akyildiz et al., 2018)

Figure 2. Onagawa Container Temporary Housing (URL-1; AD: 24 May
2023)
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2.1. Scope of The Study

The study examines the post-earthquake reconstruction
process through two examples. It covers the scientific
explanation of earthquakes, precautions that authori-
ties and individuals should take before earthquakes, and
the importance of creating social awareness over a wide
time period. The examination is done in the context of
individual, social, architectural, and urban environment
elements.

2.2.Sample Selection

This section analyses the post-earthquake process
through two examples from Turkey and Japan. The El-
bistan Nursing Home in Kahramanmaras, Turkey, was
selected as a pilot example to evaluate its potential to
meet the needs of users left behind in the event of an
earthquake. The evaluation was conducted from an indi-
vidual perspective, taking into account its psychological
and sociological dimensions (URL-2, AD: 13 September
2023). The scenario created was analyzed from both ar-
chitectural and urban contexts, and recommendations
were made regarding the plan layout. They provided
suggestions at the plan level. This example aims to re-
store the mental and physical health of disadvantaged
elderly members of society by considering their wishes
and needs. It addresses the social, psychological, and eco-
nomic effects of the earthquake (Akyildiz et al., 2018).

The Onagawa Temporary Container Complex is a series
of multi-storey containers designed by Shigeru Ban after
the 2011 Onagawa earthquake disaster. It includes units
such as a community centre, market area, and workshop
to meet the social and shelter needs of the users. This ex-
ample is unique compared to other container examples
in Japan. The source (URL-3, AD: 21 May 2023) provides
further information.

3. Findings

3.1. Post-earthquake Processes

Earthquakes occur in the world, leaving deep wounds in
the society, sometimes destroying the whole city, some-
times destroying other cities around it. In addition, the
living space of many living things is destroyed. Earth-
quakes destroy places, structures, equipments and areas
in the city, while destroying a society together. Therefore,
the society has psychological and social destruction as
well as economic and historical destruction. Restoring
the destruction area to its former state as soon as possible
will be possible with the improvement of the society. Be-
cause, the sooner the society affected by the earthquake
can return to its former state, the built environment will
recover with it and begin to regain its former state.

Sociologist Enrico Quarantelli analysed the post-earth-
quake process under 4 headings:

1. Emergency Shelter: It is the type of shelter that covers
the first 24 hours after the earthquake occurs. It is real-
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ised in such ways as taking shelter in a public building,
taking shelter in the house of someone familiar, taking
shelter in a tent, etc. The aim of the disaster officials
during this period is to reach the people trapped under
the rubble in a short time, to help those who need first
aid, to deliver emergency shelter, water, clothes, food,
first aid material to the people in need. At this stage, the
shelter system that can be provided by the officials will be
in the form of emergency shelter. In developed countries,
these shelter systems are public buildings such as hos-
pitals, sports grounds, schools, while in undeveloped or
underdeveloped countries, these emergency shelters are
usually tents or less developed systems since these struc-
tures are also damaged.

2. Temporary Shelter: It follows days and weeks after the
earthquake. During this period, people whose houses were
destroyed meet their accommodation needs in tents, with
relatives or friends, in their own cars, in public buildings,
rental houses, hotels or hostels. Due to the climate in
which the earthquake occurred, epidemics, hypothermia,
security problems, etc., people will not be able to stay in
such areas for a long time. Therefore, it would be better to
move from tents to areas that are more secure, away from
the unfavourable climatic conditions outside, where priva-
cy can be ensured and where people can stay for a longer
period of time. Authorities should provide these accom-
modation units quickly and practically. In addition to the
need for shelter, officials should provide food, clean water,
first aid supplies and undertake the necessary assistance
for the elderly, children, special individuals and animals in
need of help as soon as possible.

3. Temporary Settlement: In cases where the conditions
are not favourable to move to a regular permanent settle-
ment, it is the process lasting from a few months to a few
years in which shelter is provided by providing tents, pre-
fabricated, container etc. systems. In conditions where
there are not enough rental housing, hotels, public build-
ings in the region or when the existing economy cannot
provide enough facilities to accommodate the people in
these places, the process of moving to permanent settle-
ment is prolonged and users are placed in prefabricated
containers that offer fast and practical solutions. A com-
plex is designed where not only shelter, but also common
spaces for socialisation and areas where needs can be
met, and people affected by the earthquake are placed
there. Therefore, this phase is also called “semi-perma-
nent settlement area”.

4. Permanent Settlement: It is the process of settling the
earthquake victims in their own reconstructed, rein-
forced houses or new buildings (Quarantelli, 2000).

3.2. The Role of the Architect in Earthquake

Before the earthquake, architects should use qualified
materials, use columns suitable for the load to be carried,
make appropriate foundation designs, and make deci-
sions in accordance with the regulations while perform-
ing their profession as described in the introduction. In

addition, courses such as “earthquake awareness” should
be taught compulsorily in universities in order to create
awareness and consciousness about earthquakes. In the
process after the earthquake, architects, in cooperation
with the government, can take on roles such as building
damage assessment, site selection in the reconstruction
process, planning stages, material selection and usage
rates, cost and practical solutions in the process of cre-
ating design ideas and providing training to earthquake
victims (Idemen and Sener, 2023).

3.3. Post-earthquake Temporary Construction Process,
Issues to Be Considered in Site Selection

There are some site selection criteria for temporary con-
struction centres after the earthquake. According to Di-
saster and Emergency Management Authority and some
authors, these criteria are explained as follows:

a) According to the Directive on the Establishment,
Management and Operation of Temporary Accom-
modation Centres published by Disaster and Emer-
gency Management Authority in 2015, the criteria
for site selection are as follows (URL-4, AD: 17 Sep-
tember 2023):

+ The temporary settlement is sheltered against ex-
ternal dangers and easy to access to control points,

« Availability of temporary settlement, electricity,
water and sewerage networks,

« Planning the location of the temporary settlement
according to the capacity and service scale of the
centre for the establishment of facilities such as
schools, kindergartens, markets, places of wor-
ship, health centres, psycho-social support service
centres, sports facilities, laundry, drinking wa-
ter waste water treatment facilities, playgrounds,
course areas,

+ The temporary settlement should allow for the
settlement of new units in line with population
growth (it should be flexible),

+ A ground survey should be carried out in the tem-
porary settlement,

+ When selecting the area to be established in the
temporary settlement, it is necessary to select ar-
eas that are not suitable for agriculture and to have
a slope of 2% to 6% at least 3 metres higher than the
rainwater basin, which is expected to accumulate
during the rainy season,

« Attention should be paid to the prevailing wind
direction.

b) According to Ozdemir:

+ The ground of the settlement area should not allow
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liquefaction, should not be permeable and cracked
(ground property).

+ The slope of the ground should be maximum 4%
against possible disasters such as floods, landslides
and erosion (morphological feature).

« Site selection should be made in accordance with
the climatic characteristics of the region and the
prevailing wind direction (climatic feature).

+ The soil should be suitable for excavation for easy
installation of tents and prefabricated systems. At
the same time, it should be permeable in order to
drain rainwater (soil property) (Ozdemir, 2004).

¢) According to Akgiin et al:

» Temporary settlement centres should be away
from external threats, easily controlled by the gov-
ernment and easily accessible to settlements.

+ Ground survey should be done.

» Damage to the environment during settlement
should be minimal.

«+ Access to clean water should be easy.

« The selected locations should be state land and an
agricultural area should not be selected as much
as possible.

» Under all circumstances, there should be a road
that can be accessed. If there is not, a suitable road
design should be made.

« There should be no stagnant water, swamps, volca-
noes that may cause epidemics in the vicinity.

+ Market, school, kindergarten, health structure,
worship areas, sports facility, social support cen-
tres, children’s playgrounds etc. Structures should
also be included in this facility.

+ Planning should be made to allow for a possible
population increase (Akgiin et al.,6 2018).

3.4. Design Objectives and Criteria of Post-Earthquake
Temporary Housing Units

The purpose of designing temporary housing units af-
ter an earthquake is to provide shelter for the affected
individuals until permanent housing is ready. However,
this process may take several months or several years
depending on the destructive effect of the earthquake.
Therefore, while designing these housing units to provide
shelter, other social and psychological needs of the users
should also be considered and additional units should be
designed to meet these needs. At the same time, it is also
important that these temporary units can be easily dis-
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mantled and stored so that they can be reused when nec-
essary after the permanent housing units are designed
(Arslan, 2009). Therefore, many criteria were determined
while designing these units. According to the Directive
on the Establishment, Management and Operation of
Temporary Accommodation Centres published by Di-
saster and Emergency Management Authority in 2015,
the criteria are divided into two categories except for the
site selection criteria (URL-4, 17 September 2023):

1. Criteria for the shelter centre

» There is a distance of at least 8 metres between the
entrance door of the containers and tents in the tem-
porary settlement.

+ The width of the main roads in the temporary settle-
ment is at least 15 metres and the width of the side
roads is at least 10 metres.

+ The main streets of the neighbourhoods in the tem-
porary settlement may be paved with asphalt or cob-
blestone.

+ Neighbourhoods are established from the appropri-
ate number of containers and tents to be determined
in the temporary settlement, and it is essential to ac-
commodate a single family in containers and tents
other than collective tents.

.

Dining halls, dormitories and similar common areas
in the temporary settlement can be built in prefabri-
cated structures.

+ Semi-closed areas are created for garbage containers
in the temporary settlement.

« Containers and tents in the temporary settlement
are set up under the supervision of an urban planner.

+ A guard post is set up at the entrance of the tempo-
rary settlement for security control. X-ray doors and
a sufficient number of body search detectors are pro-
vided at this guard post for the purpose of controlling
the entrances and exits to and from the centre.

2. Criteria for the units

« For tents or containers, the covered area per person
should be 3.5-4.5 m?,

+ The height of the containers from the ground should
be 30 cm,

« Use of materials suitable for climatic conditions,

+ Tent or container, electricity can be delivered to all
units,

» Containers and tents should be made of fire-resistant
materials (Disaster and Emergency Management,
2015).
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In addition to Disaster and Emergency Management’s di-
rective, there are some other criteria that should be con-
sidered when making settlements in order to ensure that
the users who are aimed within the scope of this study
regain their individual and social selves. The opinions of
different authors on this subject are compiled below.

1. According to Forouzandeh et al:

+ Providing comfort and well-being,
+ Providing mental support,

+ To provide multiple functions to the spaces as much
as possible,

+ Paying attention to local and environmental factors,
+ To make sure that it is sustainable,

+ Designing the units according to the number of us-
ers,

» Easy access,
+ Providing places suitable for various cultures,

+ Providing recreational and socialising areas (Forou-
zandeh et al., 2008).

2. According to Sener and Altun:

a) Criteria related to ecology,

+ Ground layout and environmental impact
b) Technology related criteria,

« Structural performance

« Storage

-

Assembly
« Resistance to destruction

c) Cost related criteria,

d) Criteria related to building physics,
« Indoor climate comfort

+ Indoor air quality

-

Heat, light, sound and waterproofing
« Fire insulation
+ Floor insulation

e) Criteria related to spatial organisation,

+ User-friendly design
« Flexibility
f) Criteria related to sociology,
+ Visual communication
« Security
+ Psychological effects after disaster

g)Criteria related to aesthetics (Sener and Altun, 2009).

3. According to Avlar:

« Suitable for geographical region and climate con-
ditions,

+ Being healthy and hygienic,

+ Made of qualified and durable products

» Can be protected from various external influences
+ Environmentally friendly,

+ Renewable and sustainable,

+ To meet the personal, social and community needs
of earthquake victims,

« Providing spaces shaped according to the number
of different users,

» Ensuring privacy,
+ Providing visual and auditory comfort,
« Security,

« Fast and easy transport, installation, dismantling
and storage (Avlar et al., 2023).

While designing shelter units, attention should also be
paid to the design of these units. Especially after disasters
with large-scale destruction, the temporary sheltering
process can be prolonged. Therefore, these units should
include common areas (market area, square, children’s
playgrounds, etc.) that provide environments where indi-
viduals can be together when we consider public health.
In this way, individuals will get out of the negative con-
ditions they are in more easily with the social support
of being together. At the same time, schools, workshops
and courses should be opened in order to ensure that in-
dividuals can continue their education from where they
left off in order to ensure that they return to the routines
of the society outside of the places that allow these natu-
ral gatherings, and individuals should be able to continue
their lives in a healthy way from where they left off (Vural
Arslan & Giilay, 2023).
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Earthquakes affect individuals psychologically and so-
ciologically as well as economically. In the aftermath of
an earthquake, remedies are generally sought only for the
economic dimension of the earthquake, ignoring this sit-
uation. In the continuation of this situation, although in-
stant solutions are produced, deep traces may remain in
the psychological health of the society. Individuals who
fulfill their wants and needs according to certain rou-
tines before the earthquake become completely unable to
meet these habits, wants and needs after the earthquake.
As a result, people may first start to fight a psychological
war individually, and then, if a solution is not produced,
a social collapse may begin to occur. Rebuilding societies
with strong ties to the past after a disaster can be more
challenging than rebuilding from scratch. Therefore, the
priority in the post-earthquake reconstruction process is
to be fast and practical, but it is important to examine the
community in that region and determine their culture,
routines, wants and needs.

There are practices where institutions/organizations/
volunteers meet with the people in the region in the
post-disaster construction process. After a flood disaster
in India, shelters were designed to be used temporarily
by individuals. Before the design of this shelter, an in-
terview was held with the people living here and their
wishes were determined. Following the design process, it
is evident that the needs of individuals have been met in
accordance with their wishes. As a result, they can more
easily overcome the negative psychological effects of the
flood disaster by being together. It has been concluded
that individuals who are together feel safe and at home
(Dev & Das, 2020). This research shows that the way in
which the basic needs of individuals are met, the involve-
ment of the individual in the design process, and the con-
sideration of their wishes and needs play a major role in
post-disaster reconstruction.

A study was conducted on the reconstruction of build-
ings in Indonesia after a tsunami. People were inter-
viewed for this research. According to the interview, it
was concluded that the reconstructed buildings did not
have the same atmosphere as the buildings they lived
in before the tsunami, that their food was tastier even
with the dirty coal residues in the old kitchens, and that
they had difficulty living in them because they were
not designed in special sizes for individuals. Residents
of this region expressed their dissatisfaction with their
lives in the new buildings after the tsunami. This shows
that when reconstruction is carried out, specific designs
should be made for the location and user group, taking
into account the socio-cultural structure (Rahmayati,
2016a; Rahmayati, 2016b).

Since the reconstruction process may be prolonged due
to adverse conditions, needs will increase, differentiate
and change day by day. In many cultures, people tend to
live together after disasters such as earthquakes, etc., ei-
ther out of necessity or because of the negative situation
experienced. In order to respond to this, the units to be
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built should be able to be combined, separated, added on
top of each other, disassembled and reassembled, stored
and reused when needed. This change and transforma-
tion process will both provide flexibility to the design by
providing different solutions for different user profiles
and respond to the needs in an easy way ( Efe & Dostog-
lu, 2022; Avlar et all., 2023). New construction generally
needs to be fast and practical. Therefore, the use of ma-
terials produced on site or existing materials will give
faster results. This has been found to be positive in terms
of sustainability and it will be more difficult to bring ma-
terials from elsewhere as transportation will be a prob-
lem due to the earthquake. However, fully prefabricated
fabricated containers are usually repetitive units trapped
in a mold. They are therefore inflexible and respond to
the need to a certain extent. However, semi-prefabricated
products, such as those brought in pieces and assembled
in the earthquake zone;

+ Provide flexibility because they can be combined in
desired shapes and move easily,

+ Less costly,

+ The fact that it merges in that region creates a posi-
tive socio-cultural impact by enabling individuals to
participate in the design (Abulnour, 2014).

In connection with the strategy of developing new func-
tional solutions, it is known that producing flexible solu-
tions is an effective method in residential use. In this
process, flexible space production and construction tech-
niques are thought to facilitate the development of spatial
solutions and spatial transformations depending on the
socio-cultural structures of the building and its users.

3.5. Kahramanmaras-Elbistan Prefabricated Nursing
Home Complex

Surrounded by water on 3 sides and connected to land
on one side, Tiirkiye is an earthquake zone with a loca-
tion that includes three major fault lines. Therefore, many
major earthquakes have been experienced from past to
present (Isci, 2008). One of these three major fault lines
is the Eastern Anatolian Fault Line, which passes through
the province of Kahramanmaras. In this section, Akyildiz
et al. report “A Case Study on Meeting the Temporary
Accommodation Needs of Elderly Disaster Victims: Kah-
ramanmaras-Elbistan The Elbistan Nursing Home in the
region was chosen as a pilot home to analyze the Kahra-
manmarags-Elbistan Prefabricated Nursing Home Com-
plex, which was designed in preparation for a potential
earthquake in Kahramanmaras (Akyildiz et al., 2018).

Earthquake creates many material and moral negative
effects on all groups of the society. According to the
researches conducted after the major earthquakes that
occurred worldwide in the past (for example, in Japan,
China and Italy), the groups most affected by the earth-
quake are the elderly, children and special individuals.
Because these groups in the society are individuals who
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cannot easily adapt to the changes in their environment.
In 2004 Canada 13th Earthquake Conference, a rank-
ing was made according to people’s ability to adapt to a
possible earthquake. The elderly are at the top of the list,
followed by individuals with special needs, those who are
financially disadvantaged, and those who lack sufficient
knowledge (Akyildiz et al., 2018).

In his book Developmental Psychology written by Onur
in 1995, in his chapter on the elderly, he discussed the
psychology of the elderly after the earthquake. Onur men-
tioned that after a possible earthquake, the elderly, who
are disadvantaged individuals of the society, receive psy-
chological blows, cannot easily adapt to change and have
problems in returning to their daily lives. According to
some scientific researches and statistics conducted after
the earthquake, some groups of elderly individuals under
different conditions were examined and then their capaci-
ty to adapt to the environment was measured. As a result,
it was concluded that the mental and physical health of the
elderly who tried to maintain their old habits and started
to live in the old buildings repaired or reconstructed in
the area where they lived before the earthquake was better
than the elderly who tried to live in a completely different
environment by gaining new and different habits (Onur,
1995, p.124). These statistics and researches show that; in
order to prevent an increase in losses after a possible earth-
quake and for elderly individuals to continue their lives in
a healthy way, they should continue their routines in living
conditions similar to their pre-earthquake lives. Within
the scope of this example, it is aimed to ensure that elderly
individuals can return to their lives with minimal damage
after a possible earthquake. For this reason, it is aimed to
ensure that elderly individuals are away from the fear and
loneliness psychology caused by the earthquake by design-
ing spaces where they can be together. In this section, site
selection, design objectives, design criteria, conclusions
and recommendations for the nursing home complex are
presented.

3.5.1. Site Selection Criteria for Kahramanmaras-
Elbistan Prefabricated Nursing Home Complex

In the implemented projects, site selection is made in
line with the criteria decided by Disaster and Emergen-
cy Management Authority. Kahramanmaras Nursing
Home example is an unimplemented study. Therefore, in
this example, only the design issue is considered and it
is stated that the necessary site selection (if it is desired
to be implemented) should be decided by Disaster and
Emergency Management Authority. Although the exact
location for this pilot study has not been determined,
there are general and basic criteria stated by various au-
thors. These are:

» Accessibility,
« Suitable size,

+ Proximity to the homes of affected users,

« Infrastructure conditions,

» Land drainage,

.

Soil permeability,

.

Physical layout and environmental configuration,

.

Prevailing wind direction,

.

Cultural heritage issues,

.

Proximity to road networks,

.

Suitable distance from polluting industries,

.

Culture, tradition and composition of population
groups,

» Vegetation,

.

Security and protection,

+« Communication service,

.

Proximity to assistance services,
+ Convenient distance for easy water supply,
+ Convenient distance to medical centres,

+ Appropriate distance to hazardous areas (Bologna,
2006; Soltani et al., 2015).

3.5.2. Design Objectives and Design Criteria of
Kahramanmaras-Elbistan Prefabricated Nursing Home
Complex

Prefabricated system was chosen as the construction sys-
tem in the nursing home complex. Because, apart from
the known features of the prefabricated system (modu-
larity, easy installation, low cost, short construction pe-
riod, utilisation of wastes, etc.), the fact that the prefab-
ricated system is generally single-storey and local plays a
positive role in the adaptation process of elderly individ-
uals. At the same time, since accessibility is an important
issue for these individuals, the prefabricated system can
easily provide this (Amani and Niyazi, 2018).

While designing the prefabricated modules, the primary
aim is not to isolate the users from the social environ-
ment of the existing 60-person nursing home in Elbistan.
Because many of the elderly people who were relocated to
other provinces after the Marmara and Van earthquakes
had difficulties in adapting to their environment. There-
fore, the priority is to keep the routines as similar as pos-
sible and to avoid trying to place them in an unfamiliar
environment (Akyildiz et al.,, 2018).

The units to be built should respond to the routines of the
elderly and ensure that their needs are easily accessible.
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Since the primary goal is to help them overcome the psy-
chological negativities brought about by the earthquake,
to continue their lives as before, and to return to the so-
cial life they are used to, it is important that the spaces
can be adapted to their previous state. This can be easily
achieved thanks to the flexibility and openness to change
and transformation provided by the prefabricated system
(Akyildiz et al., 2018). Considering the user comfort and
sense of belonging mentioned in the criteria, shelter de-
sign to create a friendly and familiar environment will
also facilitate the healing process of users through settle-
ment (Dev and Das, 2020).

Nursing homes usually have single rooms. However,
since this complex was designed after an earthquake, it
was designed for two people in order to prevent the el-
derly from feeling lonely due to psychological problems
that may occur. There are three main spaces in the mod-
ule: living area, WC-bathroom and windbreak. The liv-
ing modules are accessed through a common windbreak
serving 4 elderly people and two separate rooms are ac-
cessed through separate doors. The rooms are designed
to allow wheelchair access in accordance with the acces-
sibility regulations. There is a kitchen sink, mini bench
and refrigerator, wardrobe, desk, chair and TV in the
room to meet daily needs. Thus, elderly individuals can
easily meet their daily needs without leaving their living
spaces (Akyildiz et al., 2018).
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Figure 3. Prefabricated House Plan (Akyildiz et al., 2018)

Except for the living modules for elderly people, other ad-
ministrative, social and technical modules were designed
based on the m’s of the pre-existing Elbistan Nursing
Home. These modules are,

+ 8 module administrative staff room

+ 4 module cafeteria

« 10 module staff room

« 4 module social area

Uluslararasi Muhendislik, Tasarim ve Teknoloji Dergisi / International Journal of Engineering, Design and Technology, 2024 6(1) n l I

+ 6 module technical volume
+ 8 module hobby areas
+ 32 module is a living space (Akyildiz et al., 2018).

Living modules consist of 2 rooms for 2 persons (Figure
3). It contains basic living spaces for a possible post-earth-
quake settlement. The dimensions and m? of the modules
are designed in accordance with the “accessibility regu-
lation” for elderly use. According to this regulation, the
important items for the Nursing Home Complex are as
follows:

+ Entrance doors should be made of lightweight ma-
terials so that elderly people do not have difficulty
pushing.

+ Toilets should be dimensioned to allow wheelchair
maneuvering (Q=at least 150 cm) and should have
grab bars.

+ The corridor and transition areas should be 120 cm
clear for wheelchair maneuvering (Republic of Tiir-
kiye Ministry of Family and Social Services Accessi-
bility guide, AD: 20 May2023).

Figure 4. Kahramanmaras-Elbistan Prefabricated Nursing Home Com-
plex (Akyildiz et al., 2018)

Apart from the living modules, the living and adminis-
trative units of the institution staff are also located near
these living spaces. In addition, spaces that contribute to
socialisation such as dining hall and hobby rooms are also
located in this complex. An inner courtyard was created
while placing the modules. This enabled individual to be
together and intertwined with nature. The presence of
these spaces in this nursing home complex helps to im-
prove the psychology of the user by enabling elderly indi-
viduals to continue their routines from where they left off.

3.6. Onagawa Temporary Containerised Housing
In Japan, which consists of 4 islands surrounded by the
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ocean and where most of the active volcanoes in the
world are located, approximately 1500 earthquakes oc-
cur annually. When these earthquakes occur on or under
the ocean shore, they generate giant waves called tsuna-
mis (URL-3, AD: 21 May 2023). One of these earthquakes
was the earthquake that occurred on 11 March 2011 in
Onagawa town of Miyagi Prefecture, Japan. This region
was severely damaged after the tsunami generated by
the earthquake. Although many emergency shelters were
provided immediately after the earthquake, the shelters
provided were not sufficient because the town of Onawa-
ga was completely flooded. Therefore, architect Shigeru
Ban designed a different temporary housing complex
for the users whose houses were damaged by the earth-
quake. The reason for this difference is that it is the first
multi-storey temporary container complex designed in
Japan (URL-1. AD: 24 May 2023).

In this section, the progress of the temporary housing
process, site selection decisions, design objectives, de-
sign criteria, conclusions and recommendations will be
discussed.

3.6.1. Site Selection Criteria for Onagawa Temporary
Container Houses

Immediately after the earthquake, the authorities pro-
vided containers, which are emergency shelters, to
the region. These ready-made containers require a flat
ground. However, since the town was flooded and there
was no solid, flat land of sufficient size, the containers
provided were not enough for the earthquake victims.
Therefore, a different solution was needed. Architect
Shigeru Ban proposed a complex where the containers
are stacked on top of each other for 3 floors (Figure 5). In
this way, he thought that it would require less space on
the ground and rise upwards to provide living space for
a larger number of users. As a result of these decisions,
the containers were stacked 3 storeys on top of each other
and positioned on an intact flat area of Onagawa (Figure
6). Processes such as site selection and container supply
are carried out by the governor’s office. However, since
approximately 189 families were left homeless in Onaga-
wa after the earthquake, these processes were managed
together with the governorship and the mayor in order to
accelerate the process (URL-1, AD: 24 May 2023).

3.6.2. Design Objectives and Design Criteria of Onagawa
Temporary Container Houses

After the earthquake, many people became homeless due
to the fact that the standard containers provided by the
government could not meet the needs of the users and
there were not enough of them, which revealed the need
for a new temporary shelter complex. Since many people
were left on the streets, the installation of this complex
should be fast and practical. Therefore, ready-made con-
tainers were brought to the region. Thus, the construc-
tion period will be shortened and the cost will be low.
As mentioned in the previous sections, these containers
need to serve a large number of people and there is no
space on the ground (flat land) to accommodate the num-

Figure 5. Onagawa Temporary Container Housing Complex (URL-1,
AD: 24 May 2023)

Figure 6. Onagawa Temporary Container Complex Positioned on Flat
Land (URL-1, AD: 24 May 2023)

ber of users. Therefore, Shigeru Ban designed a 3-storey
complex by overlapping the containers. Thus, the open
spaces formed between the containers will provide light
to the living units on the one hand and social areas on the
other (URL-5, 24 May 2023).

While time, space and budget are normally the main
considerations in the design of temporary housing, Ban’s
priority has been to ensure that the design meets the
needs and desires of the users. For this reason, he did
not consider all users in the same category, but went for
different plan solutions to serve different family types.
Plans of 19.8 m* were designed for singles or couples, 29.7
m? for families of 4 people and 39.6 m® for families with
more than 4 people. Ban realised that there was a storage
space problem in the emergency shelters provided by the
government. Therefore, in the containers he designed, he
aimed to eliminate this clutter and make people feel like
they are at home rather than staying as guests in a tem-
porary place by installing many wall-mounted cabinets
and shelves as a precaution against a possible earthquake.
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Figure 7. Delivery of Ready Containers to the Region (URL-6, AD: 24
May 2023)

Another issue that Ban cares about is to ensure that the
users affected by the earthquake come together and heal
the wounds of the earthquake and to ensure that the us-
ers can continue their lives from where they left off as
quickly as possible psychologically. For this reason, he
designed a community centre-workshop, market, market
area that will enable people to meet among the contain-
ers and meet all kinds of needs (education, clothing, food,
etc.) such as market-school located in remote parts of the
city. As mentioned in the example of Kahramanmaras
Nursing Home, the more people start to live together and
socialise, the easier they will be able to return to their old
lives. Thus, the wounds of the earthquake can be healed
together (URL-6, AD: 24 May 2023).

4. Discussion and Conclusions

The aim was to redesign the living spaces of Elbistan
Nursing Home users in Kahramanmaras in prepara-
tion for a possible earthquake scenario. The province
has a fault that has not produced an earthquake for
500 years, making it highly susceptible to earthquakes.
A major earthquake is expected (URL-8, AD: 20 May
2023). While designing, the main priority is to restore
the physical and mental health of elderly individuals
after an earthquake with minimal damage and to mit-
igate its effects. Therefore, the design aims to maintain
the comforts and routines of the previous nursing home
for the elderly as much as possible without altering them
(Akyildiz et al.,, 2018).

The study found that not only functionality but also user
emotions and habits were given importance, which is a
positive outcome. In designs created after sudden events
such as earthquakes, the priority has traditionally been
to quickly meet the necessary functions. Unfortunate-
ly, the psychological dimension of earthquakes is often
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Figure 8. Social Space (community centre, market area, workshop)
Complex Providing Parking (URL-1, AD: 24 May 2023)

overlooked. However, this study found that prioritising
the psychological dimension of earthquakes had a posi-
tive impact on evaluations.

It is considered positive that the needs of individuals who
are unable to leave their homes due to certain restric-
tions, such as being bedridden or elderly, can be met in
a single area. This can be achieved by separating the ar-
eas of movement such as eating, drinking, working, and
dressing from the areas of immobility such as lying and
sleeping within the same living space. The toilets should
also be located in these living modules. This approach
ensures a logical and efficient use of space for those with
restricted mobility. A complex with living modules has
been designed to meet the needs of elderly people with-
out requiring them to leave the module. This design al-
lows for staff and elderly people to be together, and for
all users to gather in common social areas. The aim is
to provide an environment where elderly individuals can
continue their lives, apply their old habits, and avoid the
fear of death and loneliness caused by earthquakes.

The site plan intended to create an inner courtyard, but
the social and hobby areas were located far from the liv-
ing units. Figure 10 shows that the inner courtyard can
be expanded to accommodate social and hobby areas in
a semi-open and spacious manner. By relocating the liv-
ing units to face the inner courtyard and maintaining the
position of the administrative and personnel units, it is
possible to create spaces that promote togetherness and
avoid turning away from the inner courtyard.

The Onagawa Temporary Container Housing example
demonstrates that an architectural approach that prior-
itizes aesthetics can be achieved with low cost and few
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materials. Government-provided shelters are often fo-
cused on process and cost rather than user needs and
desires, which fails to adequately support disaster survi-
vors. Ban has designed a low-cost, user-oriented solution
that maximizes capacity and allows for socialization. He
offers various plan solutions tailored to different users.
The fact that private spaces such as the bedroom and
master bathroom are hidden in the plan solutions was
positively received. While urgent solutions are necessary;,
it is important to note that the architect has prioritized
privacy concerns. This highlights the importance of con-
sidering all relevant factors during the design process.
Additionally, the inclusion of socialization areas in the
complex should be carefully considered, as function-ori-
ented solutions are typically developed during emergen-
cies such as earthquakes. Additionally, the inclusion of
socialization areas in the complex should be carefully
considered, as function-oriented solutions are typical-
ly developed during emergencies such as earthquakes.
However, it is important that individuals are able to re-
sume their previous routines and lifestyles as soon as
possible after an earthquake. This is because earthquakes
can have a psychological impact on society, which can
affect overall health. In the case of Onagawa, the consid-
eration of psychological factors and the design of social
spaces to improve the well-being of the community were
viewed positively. In the case of Onagawa, the consid-
eration of psychological factors and the design of social
spaces to improve the well-being of the community were
viewed positively. Although it was originally designed as
a temporary solution, this example has served as a basis
for permanent neighbourhoods due to its resemblance
to modern communities, fulfilment of basic and social
needs, and consideration of user requests (URL-9, AD:
22 May 2023).

5. Recommendations

Although earthquakes are natural disasters, their de-
structiveness is largely determined by the quality of
buildings. Therefore, during the construction of build-
ings, it is important to conduct a thorough ground survey
and select suitable land that is appropriate for the climate
of the region. Additionally, making the right structural
decisions is crucial. In addition to structural consider-
ations, losses during earthquakes can also be exacerbated
by human factors. For instance, in a building with resi-
dential units on the upper level and commercial units on
the lower level, even if all regulations are followed in the
residential area, the commercial units may cause damage
to the load-bearing elements for their own benefit. It is
essential to implement control measures to avoid such
issues.

Although it is not possible to prevent earthquakes, tak-
ing precautions beforehand can mitigate their effects and
prepare for the post-earthquake process. Following these
precautions, the issue of shelter for users will arise after
the earthquake and debris removal. Processes to address
this problem begin after the earthquake. It is important
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Table 1. Comparison of Kahramanmaras Elbistan Nursing Home

Complex and Onagawa Temporary Container Complex.

Kahramanmaras  Onagawa
Features nu rlzslizlgtr?g me TCe;EEc):iLaer 1},
.................................................................. complex Complex
site unclear plain
implementation - +
temporariness/permanence persistent temporal
capacity 64 person+ staff 189 unit
construction time unclear 14 weeks
building system prefabricated  prefabricated
number of floors 1 3
different plan analysis - +
common use areas + -
social house-dwelling + +
additional units to the dwelling + +
pedestrian way + +
parking space/surface street +
user psychology taken into account + +

to consider this problem from various perspectives, not
just economic. As demonstrated in the case studies of
Kahramanmaras-Elbistan Nursing Home and Onagawa
Temporary Housing Complex, itis important to approach
earthquake design from a sociological and psychological
perspective. The design should consider the needs of the
users and aim to create spaces that facilitate a return to
their previous routines and promote adaptation. As cor-
rect and effective temporary housing design is crucial for
the success of permanent housing, it should be both fast
and practical, while also meeting the needs of different
users by offering various plan solutions. The ultimate
goal is to enable people to return to their pre-earthquake
lives as soon as possible. Disasters such as earthquakes
can have a severe impact on public health, and the heal-
ing process can be hindered when people do not feel a
sense of belonging in their temporary living spaces. This
negatively affects the recovery process and slows down
the transition from temporary to permanent housing.

Designers and authorities should take into consideration
the socio-cultural needs of the users as well as the tech-
nical criteria for construction and physical requirements
in the post-disaster reconstruction process. These crite-
ria are

+ Belonging (providing spatial requirements to reflect
the pre-disaster cultural background),

o Accessibility (providing spatial requirements that
can respond to different user characteristics before
and after the disaster),

+ Flexibility (Providing spatial adjustments after mov-
ing to permanent housing or as a result of changing
needs)
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+ Designing spaces with different functions (providing
spatial requirements that will help ensure the conti-
nuity of users’ living standards)

+ Social communication and interaction (providing
spatial requirements that will enable users to reach
pre-disaster living standards),

+ Spatial comfort and user requirements (providing
spatial requirements that can ensure the achieve-
ment of pre-disaster space standards) in the form of
a basic need.
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Hill48 akma kriteri kullanarak aliiminyum
alasimlarinin anizotropik davranislarinin
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Modeling and optimization of the anisotropic behavior of aluminum alloys

by using the Hill48 yield criterion
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successful results in determining the model parameters.

1. Giris

Hill48 akma kriteri, malzemelerin plastik davranislari-
nin modellenmesinde yaygin olarak kullanilan bir kriter-
dir. Rodney Hill tarafindan 1948 yilinda gelistirilen kri-
ter, ozellikle anizotropik (farkli yonlere farkli 6zellikler
gosteren) malzemeler icin gerilme durumlarinda akma
(kalict sekil degisikligi, plastik deformasyon) baslangici-
ni tahmin etmek icin kullanilmaktadir (Hill, 1948). Ozel-
likle sac metal levhalarin sekillendirilmesi gibi islemler-
de kullaniminin kolay olmas1 ve kapsamli test verilerine
ihtiya¢ duymamasi nedeniyle 6nemli bir rol oynamakta-
dir (Abspoel ve ark., 2017; Pijlman, 2001). Sac malzeme
ozellikleri cogunlukla anizotropik davranis sergilemekte
ve izotropik malzemeler (yone gére mekanik 6zellikleri

Ozet: Bu calismada, Hill48 akma kriteri kullanilarak aliiminyum alasimi Al7075'in anizotropik davranisi modellen-
mistir. Hill48 akma kriteri, malzemelerin plastik deformasyon baslangicini tahmin etmek icin gelistirilmis bir matem-
atiksel modeldir. Anizotropik malzemelerin sonlu elemanlar analizlerinde parametre sayisinin az olmasi nedeniyle
glnimuzde de yaygin olarak kullanilmaktadir. Al7075 alasiminin deneysel verilerinden elde edilen mekanik 6zel-
likler (anizotropi katsayilari ve akma gerilmesi degerleri) kullanilarak model katsayilari hesaplanmistir. Model par-
ametreleri olan F, G, H ve N katsayilari, anizotropi ve gerilme oranlarina bagli olarak iki farkli sekilde belirlenmistir.
Ayrica, optimizasyon teknigi ile bu katsayilarin daha hassas belirlenmesi saglanmis ve hata miktari %2 olarak tespit
edilmistir. Bu calisma, Hill48 kriterinin mihendislik uygulamalarindaki etkinligini vurgulamakta ve optimizasyonun
parametre belirlemedeki 6Gnemini ortaya koymaktadir. Sonug olarak, optimizasyon tekniginin model parametreler-
inin belirlenmesinde daha basarili sonuglar verdigi gosterilmistir.

Anahtar Kelimeler: Hill48 akma kriteri, model parametreleri, optimizasyon teknikleri

Abstract: In this study, the anisotropic behavior of aluminum alloy AA7075 was modeled using the Hill48 yield cri-
terion. The Hill48 yield criterion is a mathematical model developed to predict the onset of plastic deformation of
materials. It is still widely used today in finite element analyzes of anisotropic materials due to the small number of
parameters. Model coefficients were calculated using the mechanical properties (anisotropy coefficients and yield
stress values) obtained from the experimental data of AA7075 alloy. Model parameters F, G, H and N coefficients
were determined in two different ways depending on anisotropy and stress rates. In addition, with the optimization
technique, these coefficients were determined more precisely and the error amount was determined as 2%. This
study emphasizes the effectiveness of the Hill48 criterion in engineering applications and reveals the importance of
optimization in parameter determination. As a result, it has been shown that the optimization technique gives more

Keywords: Hill48 yield criterion, model parameters, optimization techniques

degismeyen) icin gelistirilmis von Mises denklemi bu ko-
nuda yetersiz kalmaktadir. Anizotropik malzemeler icin
daha karmasik bir yapiya sahip olan akma kriteri, sonlu
elemanlar yontemi simiilasyon dogrulugunu etkileyen
onemli bir faktordiir (Yan ve ark., 2015; Ozturk ve ark.,
2014). Anizotropik malzemelerin sekillendirilmesinde
Hill48 akma kriterinin kullanim: ve modelin gelistiril-
mesi, mithendislik uygulamalarinda biiyiikk 6nem tasi-
maktadir (Park ve ark., 2017; Zhang ve Liu, 2017).

Deneysel veriler kullanilarak malzemenin sekillendiri-
lebilme kabiliyetini belirlemek i¢in malzemenin farkli
acilarda mekanik 6zelliklerini incelemek gereklidir. Bu
da her bir ac1 degeri icin ayr1 ayr1 deneyler yapilmasini
zorunlu kilmaktadir (Zhang ve ark., 2013). Bu siireg, ol-

‘Iletisim Yazari / Corresponding author. Eposta/Email : suleymankilic@gmail.com

Gelis / Received: 05.06.2024, Revizyon / Revised: 19.06.2024
Kabul/ Accepted: 26.06.2024

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.
v NC

Burdur ‘:'
Mehmet Akif Ersoy o LA,
University Press SR

https://dergipark.org.tr/ijedt


https://orcid.org/0000-0002-1681-9403

Stleyman Kilig

e

dukc¢a zahmetli ve maliyetli olup, laboratuvar ortamin-
da ciddi zaman ve kaynak gerektirmektedir (Jeong ve
ark., 2024). Ozellikle, genis bir ac1 yelpazesinde testle-
rin tekrarlanmasi, arastirmacilar i¢in buyik bir is ytki
olusturmaktadir. Bu nedenle, mithendislik alanlarinda,
malzemenin akma davranisini 6ngorebilmek icin teo-
rik akma kriterleri gelistirilmistir (Hosford, 1985). Bu
kriterler kullanilarak, deneysel verilerden elde edilen
sonuglar dogrultusunda malzemenin sekillendirilebilme
kabiliyeti tahmin edilebilmektedir. Akma kriterlerinin
kullanilmasi, deneysel calismalarin getirdigi zorluklari
ve maliyetleri azaltarak, daha hizli ve etkili sonuglar elde
edilmesini saglamaktadir.

Havacilik, otomotiv, beyaz esya ve savunma sanayile-
rinde sac metal sekillendirme uygulamalari oldukca
yaygindir. Bu gibi sektorlerde kullanilan sac metallerin
sekillendirilmesi esnasinda, malzemenin akma davra-
nisinin dogru bir sekilde tahmin edilmesi biiyiitk 6nem
arz etmektedir. Bu baglamda, model katsayilarinin dogru
belirlenmesi, mithendislik tasarimlarinin giivenilirligini
ve performansini artirmaktadir (Banabic, 2010; Bana-
bic, 1997). Abaqus, AutoForm, Ls-Dyna, Pam Stamp gibi
sonlu elemanlar analiz programlarinda Hill48 kriteri
kullanilabilmektedir. Model katsayilarinin belirlenmesi,
Hill48 akma kriterinin dogru uygulanabilmesi i¢in kritik
bir adimdir. Bu katsayilar, malzemenin mekanik testle-
rinden elde edilen veriler kullanilarak hesaplanmaktadir.
Bu hesaplamalar genellikle karmasik ve zaman alicidir.
Bu nedenle, model katsayilarinin belirlenmesinde ¢esit-
li yaklasimlar onerilmektedir (Zhang ve Liu, 2017; Mu
ve ark., 2022; Yan ve ark., 2015). Abspoel ve arkadasla-
r1 (Abspoel ve ark., 2017), geleneksel Hill’48 modelinin,
cesitli gerilme durumlarini tam olarak tanimlamakta
yetersiz kaldigini ve daha gelismis bir modelin gerek-
tigini vurgulamislardir. An ve arkadaslar: (An ve ark,
2011), Hill48 akma fonksiyonunun plastik anizotropi
R-degerleri ile uyumlu olmadig1 belirlemislerdir. Hari-
haran ve arkadaslar1 (Hariharan ve ark., 2010), ticari bir
celik numunesi tizerinde sinirlayici kubbe yiiksekligi tes-
ti yapmiglar ve Hill48 akma kriterinin dizlem gerilme
modundaki tahminlerin deneysel verilerle uyusmadigi-
n1 gostermislerdir. Hosford yaptigi calismada (Hosford,
1985), Hill'in 1948 kriterinin akma mukavemetinin ag1y-
la ilgili degisiminin abartildigini ifade etmistir. Aksen ve
arkadaslar1 (Aksen ve ark., 2024), Hill48 akma kriterinin
yalnizca belirli yonlerdeki r degerlerini ve akma gerilme
oranlarini yakalayabildigini vurgulamislardir. Zhang ve
arkadaslar1 (ZhangDuan ve ark., 2024), soguk haddelen-
mis DCO04 derin ¢cekme celiginde Hill48 akma kriterini
incelemislerdir. Ayrica, klasik Hill48 modeline ek olarak,
anizotropik sertlesmeyi dikkate alan ve bagli olmayan
akis kurali (non-AFR) ile birlestirilmis bir model gelis-
tirmislerdir. Gelistirdikleri modeli deneysel derin ¢ekme
islemi ve sonlu elemanlar analizleri ile dogrulamislaridir.
Tomoyuki ve arkadaslar1 (Hakoyama ve ark.), Hill48 kri-
terinin kalinlik yoniindeki kayma anizotropisini dikkate
alarak deformasyon davranisini daha dogru bir sekilde
tahmin edebilmek icin ¢alisma yapmislardir. Plastik de-
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formasyon siireclerinde daha dogru tahminler sunan bir
model gelistirilmislerdir. Jeong ve arkadaslari (Jeong ve
ark., 2024), kriter parametrelerini belirlemek icin yapay
sinir ag1 tabanli bir sistem gelistirmislerdir. Ayni zaman-
da, sonlu elemanlar simiilasyonlar: kullanilarak bir veri
tabani olusturmuslar ve bu veri tabani kullanilarak yapay
sinir agin1 egitmislerdir. Gelistirdikleri yontem ile daha
hizli ve etkili bir sekilde malzeme parametrelerini belir-
lediklerini vurgulamislardir.

Bu ¢alismada, Hill48 akma kriteri icin model katsayila-
rinin belirlenmesinde daha verimli ve dogru yontemle-
rin tespit edilmesi amaglanmistir. Bu kapsamda, Al7075
alasiminin deneysel verilerinden elde edilen mekanik
ozellikler kullanilarak model katsayilari hesaplanmigtir.
Anizotropi ve gerilme oranlarina dayali olarak hesapla-
nan model katsayilari ile optimizasyon teknikleri kulla-
nilarak hesaplanan model katsayilar1 karsilastirilmigtir.
Optimizasyon yontemi ile hesaplanan katsayilar saye-
sinde sonuclar hassaslastirilmis ve hata orani dustril-
mistiir. Deneysel verilerle dogrulanan bu yontemlerin,
Hill48 akma kriteri i¢in model katsayilarinin belirlenme-
sinde etkin oldugu gosterilmistir.

| 2. Teorik Arka Plan

2.1. Hill48 Akma Kriteri
Hill48 kriteri (Hill, 1948), Esitlik 1’de ki gibi ifade edilen
genel akma fonksiyonu ile tanimlanmaktadur.

F(O'ij) = f(011, 022, 033,043, 013, 023) 1

Bu fonksiyon, malzemenin gerilme bilesenlerine bagh
olarak degisen bir akma yiizeyini tanimlamaktadir. Ani-
zotropik malzemeler i¢in bu fonksiyonun sekli, malze-
menin kristal yapisina ve yonelmis mikroyapisina baglh
olarak degismektedir. Hill48 akma fonksiyonu Esitlik
2.de verilmisgtir (Hill, 1948).

zf(aij) = F(0y, — 033)* + G(033 — 011)°
+ H(oy; —055)* + 2Loj; + 2Maf + 2Nof, = 2

Denklemde 0,4, 055, 033, 012, 023, 031 gerilme tensori-
nin bilesenlerini, F, G, H anizotropik model katsayila-
rint ve L, M ve N ise kayma gerilmesi katsayilarini ifade
etmektedir. Diizlem gerilme durumu altinda da gerekli
sadelestirmeler yapildiginda Esitlik 3.de ki ifade yazila-
bilmektedir (Hill, 1948).

o2, = (G + H)a, + (F + H)o3, — 2Hoy, 05, + 2Naf, 5

0Oqq> esdeger gerilme degerini ifade etmektedir. Eger bu
deger malzemenin akma gerilmesine esit veya biyiik
olursa, malzemede akmanin (plastik deformasyona ug-
ramasi) meydana geldigini ifade etmektedir.

2.2. Model Katsayilarinin Belirlenmesi

Hill48 akma kriterinde kullanilan katsayilar, malzeme-
nin mekanik testlerinden elde edilen veriler kullanilarak
hesaplanmaktadir. 3 numarali esitlikte yer alan G, H, F
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ve N katsayilar1 hem anizotropi hem de akma gerilmele-
rine bagli olarak ¢oziilebilmektedir. Esitlik 4.’te ki denk-
lemlerde deneysel olarak belirlenen anizotropi degerleri
(ry> Taz» o) kullanilarak katsayilar elde edilebilmektedir
(Hill, 1948).

F=__T0
Too(1+15)
= 1
T (1+n)
To
H =
(1+mn)
N = (ro +190) + (1 + 21,5)
2700(1 + 1) 4

Bu katsayilar i¢in gerilme bazli ¢éztimler icin Esitlik
5. de ki denklemler kullanilmaktadir (Yu ve ark., 2021;
Wang ve ark., 2013).

Fegcbr -1+
6=5[1- 2y + &
H=g 1+ -2y
V=3[ - Q] ;

Bazi malzemelerde Esitlik 6.da verilen denklem ¢6zii-
miinde iki olumsuz durum ortaya ¢ikabilmektedir.

(o‘_b)z 14y
Op 2

(@)2 — To0(1+70)

o 19 (1+790)

Bu iki denkleme gore 1;,, > 1, 03, > 0y, Ggg > 0, Teg > Ty
olmasi gereklidir. Bu sartin ihlal olmasi birinci ve ikinci
anormal davranislar olarak adlandirilmaktadir (Banabic,
2010).

Yukarida gortldigii gibi bu akma kriterinin model
tahminin yapilabilmesi i¢in hadde yoniine gore ii¢
yondeki (0°, 45°, 90°) deneylerin yapilmasi yeterlidir.
Bu kriterin en biyiik avantajlarindan birisi de budur
(Khalfallah ve ark., 2015).

3. Malzeme ve Yontem

Bu caligmada, Al7075 alagimi tizerinde Hill48 akma krite-
rinin model katsayilarinin belirlenmesi i¢in yazarin daha
once literatiirde yayinlanan ¢alismasindaki deneysel ve-
riler kullanilmistir. Bu kapsamda AA7075 alagimlarinin
mekanik 6zellikleri Tablo 1.'de verilmistir (Kilic, 2019).

Tablo 1. Al7075 alasiminin farkl yonlerdeki mekanik 6zellikleri.

Malzeme 7 Tys Too 0o (MPa) 945 (MPa) 990 (MPa)

AA7075 0,38 0,69 0,47 523,5 500,9 530,1

Model katsayilar1 (F, G, H ve N) Tablo 1.de ki deneysel
veriler kullanilarak Esitlik 4 ve 5.te verilen denklemler
yardimiyla anizotropiye ve gerilme oranina bagl olarak
hesaplanabilmektedir. Malzemelerin akma mukaveme-
ti ve anizotropilerinin agiyla degisimlerini bulmak i¢in
Esitlik 7’de verilen denklemlere gore ¢éziimlemenin ya-
pilmasi gerekmektedir.

0,, = Yycos?0
04, = Ypsin?@
09 = 0y = Ypsinf cos

ag = YB Fg
Fy
"o = o A do 1 .
doy,  doy,

Bu denklemlerdeki Yy: akma mukavemetinin aciyla
degisimini, 1 ise anizotropinin aciyla degisimini ifade
etmektedir.

Calisma kapsaminda model katsayilarinin belirlenmesi
icin ayrica optimizasyon algoritmasi kullanilmistir. Op-
timizasyon, mithendislik ve bilimsel arastirmalarda yay-
gin olarak kullanilan bir tekniktir. Ozellikle miihendis-
likte, malzemelerin mekanik ozelliklerinin belirlenmesi
ve modellenmesi icin optimizasyon teknikleri kritik bir
rol oynamaktadir. Bu ¢calismada, optimizasyon yontemi
olarak frmincon fonksiyonu kullanilmistir. fimincon, kisit-
lar altinda dogrusal olmayan minimizasyon problemleri-
ni ¢ozen bir fonksiyondur (Byrd ve ark., 2000). Bu fonk-
siyon, asagidaki genel formdaki problemleri ¢6zmek icin
kullanilmaktadir:

min £ (x) .
Kisitlar:

Ax < b

ApqX < b,y

Ib<x<ub 9

Burada: f(x): Amag¢ fonksiyonunu, Ax < b: Dogrusal
esitsizlik kisitlarini, Aggx < by Dogrusal esitlik kisit-
lariny, Ib < x < ub: Degiskenlerin alt ve tist sinirlarini
ifade etmektedir.

Optimizasyon problemi, deneysel veriler ile teorik he-
saplamalar arasindaki farkin minimize edilmesi seklin-
de tanimlanmistir. Hedef fonksiyon, deneysel ve teorik
degerler arasindaki hata olarak tanimlanmigtir (Esitlik
10). Optimizasyon isleminde tanimlanan hata miktari,
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deneysel veriler ile model arasinda en iyi uyumu sagla-
yacak katsayilarin bulunmasini saglamaktadir (Tang ve
Lou, 2019).

n n
Z Oropi — O, i Z Treoi — T, i
Hata = ( teo,i deney,t)z + ( teo,i deney,z)z 10
i=1 =1

Udeney,i rdeney,i

Burada: 0gepey,;: deneysel gerilme degerini, oy, ;: teorik
gerilme degerini, 7., ;: deneysel anizotropi degerini,
Tteo,i: teorik anizotropi degerini ifade etmektedir.

4. Sonuglar ve Tartisma

Calismada, Hill48 akma kriteri i¢cin model katsayilarinin
belirlenmesi amaciyla sayisal ve analitik yontemlerin et-
kinlikleri incelenmistir. Esitlik 4 ve 5te verilen denklem-
lere Tablo 1'de verilen deneysel degerler yazilarak Tablo
2.de ki katsayilar elde edilmistir.

Tablo 2. Model katsayilari.

Katsayi belirleme

AN F G H N

........... O Il eeeeeeeeeesseesseemeeessssseesseen sessesssesseesmessseseesseenenmeoose
Anizotropi 03991 07246 02754 15806
Gerilme 04882 05118 04882 1,6883

Optimizasyon 0,5400 0,3559 1,3559

Optimizasyon yonteminde hata miktar1 %2 olarak belir-
lenmis optimizasyon islemi 1 saniye icerisinde tamam-
lanmistir. Hata miktarinin disiiriilmesi optimizasyon
siirelerini artirmakta ve ¢oziim sureleri uzamaktadir.
Tablo 3.de optimizasyon islemi sonucu elde edilen de-
gerler ve deneysel degerlerle karsilastirilmasi verilmistir.
Gerilme degerleri hadde yoniine gore normalize edilmis
degerlerdir.

Tablo 3. Optimize edilen sonuglar.

Act Dengysel Hesaplanan De'neysel. Hes.aplana‘n
I Gerilme Gerilme Anizotropi  Anizotropi |
0° 1 0,9135 0,38 0,4225
45° 0,956 0,9884 0,47 0,4808
90° 1,012 1,0564 0,69 0,6590

Elde edilen grafiklerinin analizi hem sac metal sekillen-
dirme siireclerinde hem de sonlu elemanlar analizlerin-
de (FEA) 6nemli bir yere sahiptir. Bu grafiklerin yorum-
lanmasi, malzemenin mekanik davranisini anlamada ve
bu davranisin matematiksel modellerle ifade edilmesin-
de 6nemli bilgiler saglamaktadir.

Akma yiizeyinin sekli, malzemenin akma kriterlerini ve
gerilme durumlar: altindaki davranisini ifade etmekte-
dir. Akma yiizeyinin farkli sekilleri, malzemenin farkl
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gerilme yollarinda nasil akma (plastik deformasyon) gos-
terdigini belirlememizi saglamaktadir. Sekil 1.de farkli
yontemler sonucu elde edilen akma yiizeyleri verilmis-
tir. Kriterin, anizotropi ve gerilme oranli ¢éziimlerinin
farkli akma ytizeylerinin olusmasina sebep oldugu goriil-
mektedir. Gerilme oranli denklemlerin deneysel deger-
lere daha uyumlu oldugu, optimizasyon sonuglarinin ise
anizotropi oranli sonuglardan daha iyi oldugu gériilmek-
tedir.

15 T T T T T
—— Anizotopi oranlari
—— Gerelime oranlari
10— Optimizasyon _
O Deneysel ;
05} _
=
L
S 0,0} E
20,5 _
1,0} _
-1'5 1 | 1 1 1
-1,5 -1,0 -0,5 0,0 0,5 1,0 15

o,,/0,

Sekil 1. Akma yuizeyleri karsilastirmasi.

Akma mukavemeti, malzemenin plastisiteye girmeden
once dayanabilecegi maksimum gerilme miktarini tem-
sil etmektedir. Agiya bagl olarak akma mukavemetinin
degisiminin elde edilmesiyle malzemenin farkli yonler-
deki mukavemet ozellikleri belirlenmis olmaktadir. Bu
sayede, sac metal sekillendirme siireglerinde malzeme-
nin hangi yonlerde daha dayanikli oldugunu ve hangi
yonlerde daha kolay deforme olabilecegini belirlemekte-
dir. Boylelikle, sekillendirme islemlerinde malzemenin
optimal yonelimi ve kesme stratejileri belirlenmektedir.
Sonlu elemanlar analizlerinde ise gercege yakin simiilas-
yonlar yapilmasini saglamaktadur.

Sekil 2”de akma mukavemetinin agiyla degisim grafigi
verilmistir. Gerilme oranli denklemlerin deneysel veri-
lerle uyumlu oldugu goriilmektedir. Bu uyum, gerilme
oranli denklemlerin anizotropik malzemelerin geril-
me-altindaki davranisini daha dogru bir sekilde temsil
etmesiyle agiklanabilir. Anizotropi oranli denklemlerin
ise 0° ve 45° acgilarinda iyi fakat 90° agisinda ¢ok hatali
sonuglar verdigi gorilmektedir. Bu durum, anizotropi
oranli denklemlerin belirli yonlerde malzemenin gercek
davranigini tam olarak yansitamamasiyla acgiklanabilir.
Optimizasyon yonteminin ise biitiin agilarda bir hata
miktarina sahip oldugu gériilmektedir. Ancak genel ola-
rak en diistik hata oranini saglamaktadir. Bu yontemin
her a¢1 icin belirli bir hata miktarina sahip olmasinin
nedeni, optimizasyon algoritmasinin tiim yonlerde en iyi
uyumu saglamaya calisirken, bazi agilarda kiigiik hatalar
yapmasindan kaynaklanmaktadir.
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Sekil 2. Akma gerilmesi oraninin aclyla degisimi.

Anizotropi katsayisi, malzemenin farkli yonlerdeki me-
kanik 6zelliklerinin degisimini ifade etmektedir. A¢iya
bagli olarak anizotropinin degisimi, malzemenin i¢ yapi-
sal yonelimlerinin mekanik davranis tizerindeki etkisini
ortaya koymaktadir. Anizotropi grafikleri, malzemenin
farkli yonlerde nasil davranacagini ve deformasyon sira-
sinda hangi yonlerde daha fazla dirence sahip olacagini
belirlemektedir. Sekil 3.’de anizotropinin agiyla degisim
grafigi verilmistir. Burada diger durumlarin aksine geril-
me bazli denklemler ¢ok yiiksek oranda hatali tahminler
yaptig1 gorillmektedir. Bu hatalarin nedeni, gerilme bazli
denklemlerin anizotropik malzemelerin belirli acilarda-
ki karmasik i¢ yapisal ve kristal yonelim 6zelliklerini ye-
terince temsil edememesinden kaynaklanmaktadir. Bu
nedenle, gerilme bazli denklemler belirli agilarda ytiksek
oranda hatali tahminler yapmaktadir. Anizotropi oranl
denklemlerin 0° ve 90° i¢in iyi tahmin yaptig1 fakat 45°
icin hatali tahmin yaptig1 goriilmektedir. Optimizasyon
yontemi ise en az hatayla tahmin yapan model olmustur.

2,0
—— Anizotropi oranlari
18T — Gerilme oranlari
16 | —— Optimizasyon
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Sekil 3. Anizotropinin agiyla degisimi.

Literatiirde de bulgularimizi destekleyen calismalar
bulunmaktadir (Yu ve ark., 2021). Klasik Hill48 akma
kriterinin sonuglarin hata oraninin yiiksek oldugu ve
gelistirilmesi gerektigi (ZhangDuan ve ark., 2024), dort
parametrenin kalibre edilmesi gerektigi gosterilmistir
(Zhangli ve ark., 2024). Hill48 kriterinin, akma geril-
mesindeki yone bagli degisimi ve diizlemsel anizotropiyi
ayni anda dogru bir sekilde tahmin etmekte zorlanmakta
ve daha fazla parametre eklenerek giincellenmesi gerek-
tiginden bahsedilmistir (Jeong ve ark., 2024). Bu konuda
Lian ve arkadaslar: tarafindan (Lian ve ark., 2018) yapi-
lan calismada da model parametreleri gerilme oranli ve
anizotropi oranli genisletilerek plastisite modeli olarak
Onerilmistir. Shahid’de yaptig1 ¢alismada parametreleri
optimizasyonla kalibre etmis ve hata oranini azaltmigtir
(Shahid ve Gukhool, 2020). Optimizasyon sonuglari, de-
neysel ve teorik degerler arasindaki hatayr minimize ede-
rek, malzemenin mekanik davranisinin daha dogru bir
sekilde modellenmesini saglamaktadir. Hata oranlarinin
distrilmesiyle ¢oziim siiresi artacak fakat daha yakin
sonuglar elde edilebilecektir.

5. Sonuglar

Hill48 akma kriteri, sac metal sekillendirme ve sonlu ele-
manlar analizlerinde az parametre ile tahmin yapabil-
mesi nedeniyle yaygin olarak kullanilmaktadir. Kriterin
model parametrelerinin belirlenmesinde literatiirde bir-
¢ok yontem bulunmaktadir. Bu ¢calismada, Hill48 akma
kriteri kullanilarak Al7075 alasiminin anizotropik dav-
ranislar: modellenmis ve optimizasyon yontemi kullani-
larak katsayilar elde edilip karsilagtirilmistir.

Deneysel verilerden elde edilen anizotropi katsayilar1 ve
akma gerilmesi degerleri kullanilarak model parametrele-
ri hesaplanmistir. Anizotropi oranlarina gore hesaplanan
F, G, H ve N katsayilar1 sirastyla 0,3991, 0,7246, 0,2754 ve
1,5806, gerilme oranlarina gore ise 0,4882, 0,5118, 0,4882
ve 1,6883 olarak belirlenmistir. Optimizasyon teknigi
(Fmincon), model katsayilarinin daha hassas belirlenme-
sini saglamis ve hata miktar1 %2 olarak tespit edilmistir.
Bu yontem, deneysel veriler ile teorik hesaplamalar arasin-
daki farki minimize ederek, daha dogru model parametre-
lerinin elde edilmesini saglamistir.

Calismanin sonucunda, model parametrelerinin dogru
belirlenmesi icin optimizasyon yonteminin 6nemli ol-
dugu gorulmistiir. Gerilme oranli denklemlerin akma
yuzeyi ve akma gerilmesi orani icin deneysel degerlere
daha uyumlu oldugu tespit edilmistir. Optimizasyon
yonteminin her ac1 i¢in bir hata miktarina sahip oldugu
ve anizotropi tahmininde en az hatayla sonug verdigi be-
lirlenmistir.
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Ozet: Gozlenebilirlik, bir sistemin ic durumlarinin, ciktilarina bakilarak tahmin edilme derecesini ifade eder. Bir sis-
temin gdzlenebilir olmasi, o sistemin tUm i¢ durumlarinin disaridan alinan élgtimlerle tam olarak belirlenebilmesini
saglar. Uygulama, altyapi ve ag gozlenebilirligi, kontrol teorisi ve otomatik kontrol sistemleri tasariminda kritik bir
rol oynar. Bu 6zellik, sistemin kontrol edilip edilemeyecegini belirler. Bu calismada, tim teknoloji katmanlarinin
performansini olumsuz etkileyen olaylari ve standart disi durumlari anlamak ve eyleme doénusturdlebilir akill
bildiriler saglamak icin uygulama, altyapi ve ag gibi sistemlerin gozlenebilirlik verilerini tek bir platform araciligly-
la toplayan, anlik gbzlenmesini, iliskilendirilmesini, standartlastirilmasini ve analiz edilmesini saglayan bir platform
gelistirilmistir. Bu sayede, kullanilan birden fazla alternatif ve sadece kismi islev goren platformlar yerine, tek bir
platform ile tim gozlenebilirlik ihtiyaclar karsilanmis ve butdnlesik bir gdzlenebilirlik deneyimi sunulmustur. Plat-
form kapsaminda, cesitli sistemlerden ilgili telemetri (log, metrik, iz, olay) verilerini alan, kaydedip saklayan, gor-
sellestirip raporlanmasini saglayan, belli durumlarda alarm Ureten, akilli alarm yontemleri ile destekleyen, bir so-
runun temel nedenini belirlemek ve ¢c6zmek amaciyla kullanilan bir yaklasim olan kok neden analizi ile sorunlarin
kok nedenlerini kolayca bulmayi saglayan araclar, web servisleri, kullanici araytzleri ve makine 6grenme modelleri
gelistirilmistir. Bu platform, kullanicilarina buttnlesik bir gézlenebilirlik ¢c6zUmU sunmaktadir. Ayrica, gelistirilen
platform ile gdzlenebilirlik platformu kullanici sayisinin %30 arttigl gdzlenmistir.

Anahtar Kelimeler: Gozlenebilirlik, Entegre Platform, Acik Kaynak Teknolojileri, Kok Neden Analizi

Abstract: Observability refers to the degree to which the internal states of a system can be predicted by looking at
its outputs. The observability of a system ensures that all internal states of that system can be precisely determined
by external measurements. Application, infrastructure and network observability plays a critical role in control the-
ory and automatic control systems design. This feature determines whether the system can be controlled or not.
In this study, a platform has been developed that collects observability data of systems such as applications, infra-
structure and networks through a single platform and enables instant observation, association, standardization and
analysis in order to understand events and non-standard situations that negatively affect the performance of all
technology layers and to provide actionable smart notifications. In this way, instead of using multiple alternatives
and only partially functional platforms, all observability needs are met with a single platform and an integrated ob-
servability experience is offered. Within the scope of the platform, it is an approach that receives relevant telemetry
(log, metric, trace, event) data from various systems, records and stores it, visualizes and reports it, generates alarms
in certain situations, supports it with smart alarm methods, and is used to determine and solve the root cause of a
problem. Tools, web services, user interfaces and machine learning models have been developed to easily find the
root causes of problems through cause analysis. This platform offers its users an integrated observability solution.
Additionally, it has been observed that the number of observability platform users increased by 30% with the devel-
oped platform.

Keywords: Observability, Integrated Platform, Open Source Technologies, Root Cause Analysis

1. GII'I§ ve ¢cozmek icin hayati 6neme sahiptir. Uygulama gozlene-
Gozlenebilirlik, karmagik sistemlerin i¢ durumlarini dig bilirligi, yazilim uygulamalarinin performansini ve dav-
gozlemler yoluyla anlama yetenegidir. Bu kavram, sis- ranigini izlemeyi kapsamaktadir. Bu siireg, uygulama-
temlerin performansini izlemek, sorunlar: tespit etmek nin performansini, hata oranlarini, kullanici davranis-
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larini ve diger 6nemli metrikleri izlemeyi icermektedir.
Uygulama icinde gerceklesen iglemleri ve etkilesimleri
anlamak icin cesitli metriklerin, loglarin ve izlerin top-
lanmasini ve analiz edilmesini saglamaktadir. Bu sa-
yede, kullanici deneyimi iyilestirilmekte ve uygulama
kesinti siireleri azaltilmaktadir. Altyap: gozlenebilirli-
gi, uygulamalarin ¢alistig fiziksel ve sanal kaynaklarin
performansini ve durumunu izlemeyi kapsamaktadir.
Bu ozellik, sunucular, veritabanlari, konteynerler, sanal
makineler ve bulut hizmetleri gibi bilesenleri icermek-
tedir. Sunucularin ¢aligma verimliligini ve performans
sorunlarini tespit etmek icin Merkezi islem Birimi (MIB)
kullanimyi, bellek kullanimyi, disk Giris/Cikis (G/C) ve ag
trafigi gibi metrikler izlenmektedir. Ag gozlenebilirligi,
ag trafigini ve ag bilesenlerinin performansini izlemeyi
kapsamaktadir. Bu kavram, ag gecitleri, yonlendiriciler,
anahtarlar, giivenlik duvarlar: ve yiik dengeleyiciler gibi
ag cihazlarinin izlenmesini icermektedir.

Altyapilarin yonetimi ve performansinin saglanmasi, ope-
rasyonel verimlilik ve miisteri memnuniyeti agisindan
kritik bir 6neme sahiptir. Gozlenebilirlik amaciyla kulla-
nilan gesitli lisansli ve agik kaynak trtinler ile ¢éziimler,
birbirinden bagimsiz ve daginik bir yapida bulunmaktadir
ve yiiksek lisans maliyetleri ve uygulama isgiicii gerektir-
mektedir. Bu yapi, ugtan uca biittinsel bir gozlenebilirlik
saglamaktan uzak olup, sorunlarin kok nedenlerine inmek
ve hizli aksiyon almak konusunda 6nemli zorluklara sebep
olmaktadir. Olasi bir sorun meydana geldiginde, birden
fazla sisteme giris yapmak ve her bir sistemdeki verileri
analiz etmek gerekmektedir. Bazi durumlarda, biitiinsel-
lik ve iligkilendirme eksikligi nedeniyle sorunlar: tespit
etmek ve ¢oziim iiretmek neredeyse imkansiz hale gel-
mektedir. Bu durum, hem zaman kaybina hem de ytiksek
maliyetlere yol acarak operasyonel verimliligi diisiirmek-
te, miisteri deneyimi tizerinde olumsuz etkiler yaratmakta
ve rekabet giiciinii zayiflatmaktadir.

Bu ¢alismada, ugtan uca uygulama seviyesinden fizik-
sel donanim seviyesine kadar olan siiregler biitiinlesik
bir sekilde yonetilebilen ve ilgili kullanicilar tarafindan
Ozellestirilmis panellerle izlenebilen ve yapay zeka des-
tekli akilli mekanizmalar iceren, problemler i¢in uyari
sistemleri olusturabilen ve problemlerin kok ve etki ana-
lizini yapabilen bir uygulama, altyapi ve ag gozlenebilir-
lik platformu gelistirilmesi amaglanmistir.

Calisma ilgili literatiir, platformun detaylari, ¢calismanin
sonuglar1 ve sonug boliim olarak organize edilmistir.

2. Literatiir incelemesi

Princz ve ark. (2024), ¢esitli makine 6grenimi modellerini
kullanarak ikili zaman serisi verilerinde anomali tespiti
icin bir analiz sunmustur. Calisma kapsaminda veri seti-
nin 6n iglenmesi, verilerin normallestirilmesi ve farkli mo-
dellerin anomali tespit performansinin degerlendirilmesi
yapilmistir. Degerlendirme Olgiitleri olarak dogruluk,
tespit orani ve F1 puani kullanilmistir. Sonuglar ele alin-
diginda, performans ve hesaplama verimliligi arasindaki
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takaslar vurgulanmis ve gercek zamanli uygulamalarda
daha fazla arastirma potansiyeline deginilmistir.

O’Leary (2023), zaman serisi verileri icin 6zellikle tah-
min ve anomali tespiti alanlarinda otomatik makine 6g-
renimi yazilimlarina genel bir bakis sunmustur. 28 farkl
olciit ele alinarak islevsellik, kod olgunlugu ve topluluk
destegi degerlendirilmistir. Zaman serisi verilerinin ana-
lizi, tahminlerin yapilmasi, anomali tespiti ve veri kesfi
alanlarinda bir¢ok arastirma ve uygulama imkani sun-
dugu belirtilmistir.

Blanco (2023), modern dagitilmis sistemlerde gozlene-
bilirligin 6nemi ve OpenTelemetry standartlarinin tele-
metriyi sinyaller ve hizmetler arasinda iliskilendirerek
dagitilmis sistemleri anlamak i¢in biitiinsel bir yaklagim
sagladigini vurgulayan bir ¢alisma yapmuistir. Bireysel
sinyallerin (izler, sinyaller ve giinliikler) belirli kullanim
durumlar: i¢in sahip olduklar: 6zellikler agiklanmis ve
bu sinyallerin baglam olmadan izole bir sekilde kullanil-
diginda yararliliklarinin azaldigi belirtilmistir. Gozlene-
bilirligin gercek degerinin, mihendislik ekiplerinin tiim
sinyallerden yararlanarak hizmetlerini buna gore enstrii-
manlastirmalari ve hata ayiklama is akislarinda telemetri
baglamini kullanmalar1 durumunda ortaya ¢ikacag ifa-
de edilmistir.

Pintilie ve ark. (2022), ¢cok degiskenli zaman serilerinde
(MTS) anormallik tespiti (AD) icin diftizyon modelle-
rinden yararlanma tizerine ¢alismalar yurtatmistiir. Bu
calismalarda iki diftizyon tabanli model test edilmis ve
birkag sinirsel temel ¢izgiyle karsilastirilmistir. Test edi-
len diftizyon tabanli modellerin, sentetik veri kiimele-
rinde temel cizgilere kiyasla daha iistiin bir performans
sergiledigi gozlenmistir. Bu sonuglar, difiizyon tabanl
yontemlerin ¢cok degiskenli zaman serilerinde anormal-
lik tespiti i¢in potansiyelini ortaya koymustur.

Dilib Kumar Sharma ve ark. (2022), mevcut akilli otomas-
yona iligkin bilimsel girdilerin sistematize edilmesi ve bun-
larin performans yonetimi zorluklarina temel katkilarinin
aydinlatilmasi amaciyla bir ¢alisma yapmustir. Uluslararasi
isletme (International Business - IB), genel yonetim (Gene-
ral Management - GM), bilgi yonetimi (Information Ma-
nagement - IM) dergilerinde ve performans yonetimi (Per-
formance Management - PM) ortamlarinda yapay zeka,
robotik ve diger teknolojik konularda arastirmalar yapila-
rak 45 yayin incelenmistir. Sonuglar, akilli otomasyon tek-
nolojilerinin personel yonetimi ve sirket performansinin
iyilestirilmesi icin yeni bir strateji ve cesitli performans
yonetimi firsatlar: sagladigini, ayrica teknolojik ve etik so-
runlarin ortaya ¢ikarildigini gostermektedir.

Alimohammadi ve Nancy Chen (2022), zaman serisi
verilerinin borsa, teshis, meteoroloji, petrol ve gaz en-
dustrisi gibi bir¢ok disiplinde toplanip analiz edildigi-
ni belirtmistir. Zaman serilerinde aykir1 deger tespiti
icin istatistiksel, regresyon tabanli ve makine 6grenimi
tabanli kategorilere ait toplam 17 teknik, petrol ve gaz
iretimi veri analizine uygulanmistir. Bu yontemlerden
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15’inin tiretim verisi analizinde ilk kez kullanildig belir-
tilmistir. Tekniklerin performanslarinin belirlenebilmesi
icin Dogruluk, Kesinlik, Geri Cagirma ve F1 Puani gibi
Olciitler kullanilmistir.

Bahri ve ark. (2022), denetimsiz anormallik tespiti icin
onerilen otomatik yontemler ve stratejiler vurgulanarak
Otomatik Makine Ogrenimi (OML) alaninda arastirma-
lar yapmustir. Caligmada, makine 6grenimi algoritmala-
rinin kullaniminin daha erisilebilir hale getirilmesi ama-
ctyla OMULnin kullanilmasi 6nerilmistir.

Manchanda (2021), kurumsal bilgi sistemlerindeki per-
formans sorunlarinin, egilimlerinin ve sistem arizalari-
nin izlenmesi, tahmin edilmesi ve 6nerilmesi icin makine
6grenimi algoritmalarini kullanan bir sistem sunmustur.
Bu sistemde, uygulamalarin dagitilmis erisimi ve kontro-
lit ile kuruluslarin farkli uygulamalarin genel durumunu
korumalarina yardimci olunmustur.

Hashemnia ve ark. (2021), yenilenebilir enerji sektoriinde,
tek bir bilesen arizasinin tiim agin performansini etkile-
yebilmesi nedeniyle, arizalarin tahmin edilmesi ve veri ile
zamana dayali bakimdan daha fazla kosula gecisi kolay-
lastirmak amaciyla yapay zeka tabanli makine 6grenimi
tekniklerinin kullanilmasini 6nermistir. Makine 6greni-
minin sektér uzmanligiyla birlikte belirli ariza modlar1
ve bilesenler icin ariza olasiligini nasil tahmin edebilecegi
agiklanmustir. Bilesen arizasinin meydana geldigi bir vaka
caligmasi ele alinarak belirli bir ariza modu gosterilmeye
caligitlmistir. Sorunun iki asamali bir teknik kullanilarak
coziilecegi aciklanmustir. {1k olarak, mevcut degeri veri-
lerek parametrenin gelecekteki olasilik dagilimi tahmin
edilmis, ikinci olarak ise tahmin edilen parametre degeri
verilerek ariza olasilig1 belirlenmistir. Bu sayede teknik bi-
lesenlerin arizalarinin 6nceden tahmin edilmesi ve Kalan
Kullanim Omrii'niin (KKO) belirlenmesi icin standartlas-
tirilmis bir yaklasima olanak saglanmuigtir.

Tang ve ark. (2021), uygulamalarin darbogazlarini tespit
etmek, calisma zamanindaki davraniglarini izlemek ve
olasi givenlik risklerini belirlemek amaciyla kullanilan
Uygulama Performans Yonetimi (UPY) kitapliklarini in-
celemistir. Android uygulamalar1 i¢cin UPY’ler tizerine
ilk sistematik calisma ytrttilmis ve Android uygulama-
larinda UPY’lerin kullanimini kesfetmek amaciyla APM-
Hunter adinda bir gerceve gelistirilmistir. APMHunter
kullanilarak, UPY’lerin kullanim kaliplar1 arastirilmis
ve olast kotiiye kullanimlarin kesfedilmesi i¢in 500.000
Android uygulamasi tizerinde genis 6lgekli deneysel bir
calisma gerceklestirilmistir. Bu deneysel ¢aligmalar so-
nucunda iki bulgu elde edilmistir. ilk bulgu, bazi UPY’le-
rin hala kullanimdan kaldirilmis izinler ve yaklasimlar
kullaniyor olmasi ve bunun da UPY’lerin beklendigi gibi
performans gostermemesine sebep olmasidir. Ikinci bul-
gu ise, UPY’lerin uygunsuz kullaniminin gizlilik sizin-
tilarina sebep olabilecegi yoniindedir. Bu bulgular goz
ontinde bulundurularak, ¢calismalarinda hem UPY satici-
larinin hem de gelistiricilerin UPY’leri titizlikle tasarla-

malar1 ve kullanmalar1 6nerilmistir.

Onodueze ve Josyula (2021), MIL-STD-1553 iletisim
trafigindeki normal, periyodik olmayan mesajlar1 taklit
eden saldirilarin tespiti i¢in kullanilan cesitli makine
Ogrenimi algoritmalarinin yeteneklerini degerlendirmis-
tir. Veri kiimesinde bulunan dengesizlikten dolay1 veri
kiimesinin dogru sekilde siniflandirilabilmesi amaciyla,
veri kiimesine uygulanan modellerin performansini de-
gerlendirmek i¢in uygun metrikler belirlenmistir. Belir-
lenen metrikler kullanilarak, tiretilen farkli makine 6g-
renimi modellerinin performanslari karsilastirilmistir.

Schulz ve ark. (2020), Yiiksek Performansh Bilgi Islem
(YPBI) sisteminin bilesenlerinin performansini karakte-
rize etmek ve sensor verilerine dayanarak anormallikleri
tanimlamak amaciyla denetimsiz bir makine 6grenme
teknigi olan Bayesian Gaussian karisim modelleri {ize-
rine ¢aligmalar yiritmistiir. Bu amag¢ dogrultusunda
algoritmik bir ¢erceve onerilmistir. Cerceve, Sayisal Ka-
dastro Veri Tabani izleme ve operasyonel veri analitigi
sistemi icinde uygulanmis ve bir {iretim YPBI sistemin-
den gelen veriler kullanilarak gerceklestirilen 6rnek ince-
lemeler sunulmustur.

Hagemann ve Katsarou (2020), bulut ol¢ciimlerindeki
anormalliklerin tespiti, donanim arizalari, performans
darbogazlari veya izinsiz girisler gibi sistem sorunlarinin
kismen otomatik bir sekilde tespit edilmesi i¢cin makine
ogreniminin kullanilmasini 6nermistir. Anormallik tes-
pitleri iki alanda degerlendirilmistir. {lk olarak, Yahoo!
tizerinde anormallik tespiti i¢in denetimsiz, yeniden yapi-
landirmaya dayali Temel Bilesen Analizi, Otomatik Kodla-
yic1 ve Uzun Kisa Vadeli Bellek (UKVB) — Otomatik Kod-
layict olmak tizere ii¢ farkli yontem degerlendirilmistir.
Daha sonra, se¢ilen modeller yogunluk temelli yaklasimla
karsilagtirilmis ve yeniden yapilandirma temelli yaklagim-
larin daha iyi performans gosterdigi agiklanmuigtir.

Emamjome ve ark. (2020), veri 6n islemesi i¢in siire¢ ma-
denciligi metodolojisinin gelistirilmesi ve veri analitigi
alaninda bilgi sistemleri teorisinin gelistirilmesi icin te-
mel olusturmustur. Olay gtinliigii veri kalitesi sorunlari-
nin temel nedenlerinin ortaya ¢ikarilmasi ve belirtileri-
nin diizeltilmesi amaglanmistur.

Qiu ve ark. (2019), zaman serisi temel performans goster-
geleri icin konviilasyon ve UKVB sinir aglari ile degisken
bir otomatik kodlayiciya dayanan denetimli derin 6g-
renme modellerine dayali yeni bir anormallik dedektorii
énermislerdir. Onerilen dedektériin performansi, Yaho-
onun anormallik tespiti i¢in diger ¢alismalarla karsilas-
tirlldiginda Albenchmark ve A2benchmark veri kiime-
lerinde dogrulugunun ve 0.901 asan F1 puaninin basarili
bir sekilde sergilendigi belirtilmistir.

Elsner ve ark. (2019), birden fazla APM sisteminden ge-
len verilere dayanarak, kurumsal bir uygulamadaki anor-
mallikleri tespit etmek i¢in yogunluk tabanli denetimsiz
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bir makine 6grenimi modeli gelistirmislerdir. Avrupali
bir otomotiv sirketiyle igbirligi i¢cinde yapilan ¢aligmada,
iki aylik canli uygulama verileri kullanilarak modelin
anormal sistem davranigini basarili bir sekilde tespit et-
tigi ve bu tespitin, aykir: deger tespit tekniginden daha
basarili oldugu ve temel nedenleri belirlemek icin bilgi
sagladig1 gosterilmistir.

Zhou ve ark. (2019), cevresel yapilandirmalar ve mikro-
servislerin es zamanli etkilesimleri ile ilgili mikroservis
arizalarindan kaynaklanan zorluklarin tstesinden gel-
mek icin sistem izleme gtinliiklerinin analizine dayali
olarak mikroservis uygulamalari i¢in gizli hata tahmini
ve hata yerellestirme yaklasimi 6nermislerdir. Yaritiilen
deneysel calismalar sonucunda, dnerilen yaklasimin gizli
hatalari, hatali mikroservisleri ve hata tiirlerini uygula-

0 $ {{ REGION }} - TRIBE -m\ -

ma i¢inde yiiksek dogrulukla tahmin edebildigi ve da-
gitilmis sistemler icin hata teshisi yaklasimindan daha
basarili performans gosterdigi agiklanmaisgtir.

3. Platformun Detaylar

Sistem mimarisi ve gelistirmeleri, Trendyol’'un hizmetle-
rini desteklemek ve bu hizmetlerin her katmandaki en-
tegrasyonunu saglamak i¢in biyiik veri toplama sistemi-
ni olusturmustur. Bu sistem, fiziksel cihaz katmanindan
baslayarak ag, sistem altyapisi, platform servisleri ve en
ucta bulunan Uygulama Programlama Arabirimi (UPA)
servislerine kadar olan iligkileri saglamak amaciyla veri-
lerin entegrasyonunu gerceklestirmektedir.

flk olarak, tiim telemetri verilerinin (metrikler, log
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Sekil 1. Loglarin alinmasi ve saklanmasi icin kullanilan mimari.
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Sekil 2. Loglarin alinmasi ve saklanmasi icin kullanilan mimari.
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kayitlari, izlenebilirlik, olaylar) ¢oklu ortamda toplanip
depolanmasi amaciyla veri kaynaklar: servisleri olustu-
rulmustur. Loglarin alinmasi ve saklanmasi i¢in kullani-
lan mimari, Sekil 1 ve Sekil 2’de gosterilmektedir.

Uygulama izlerinin alinmasi, saklanmasi ve okunmasi
icin kullanilan mimari Sekil 3 ve Sekil 4’te gosterilmektedir.

Uygulama, altyapi ve ag gelistirme platformu, ¢esitli bile-
senlerden olugsmaktadir. Bu bilesenler arasinda Uygulama
Performans izleme, Altyap: izleme, Ag Sistemleri Izleme,
Bulut Ortami ve Performans izleme, Platform Servis iz-
leme, Siirekli Profilleme, Gorsellestirme ve Raporlama
Kullanici Arayiizii, Alarm Olusturma ve Raporlama,
Akilli Anomali Tespiti, Kok ve Etki Analizi, Kullanici {z-
leme, Yapay Zeka izleme ile yazilim gelistirme kitleri ve
kiitiiphaneler bulunmaktadir. Modiillerin gelistirilmesi
ve gozlenebilirlik platformuna entegre edilmesi i¢in Java,
Go, .NET ve Node.js kullanilmistir. Ayrica, gozlenebilirlik
platformunun gelistirilmesi i¢in tiim telemetri verilerinin
toplanabilecegi acik kaynakli veri tabani servisleri, gorsel-
lestirme servisleri ve sistemlerin altyapida birbirleriyle en-
tegrasyonunu saglayacak yapilar kurulmustur.

Trocing S'torage_ Path

WRITE PATH

3.1. Uygulama Performans izleme

Uygulama performans izleme ekraninda telemetri veri-
leri (metrikler, loglar ve izler) toplanmakta, analiz edil-
mekte ve gosterilmektedir.

3.2. Altyap! izleme

Altyapi izleme ekraninda fiziksel cihazlardan baglayarak
telemetri verileri (metrikler ve loglar gibi) toplanmakta,
bu verilerin entegrasyonu saglanmakta, analizleri yapil-
makta ve ilgili ekranlarda gésterilmektedir. Altyapi Izle-
me Panosu Sekil 5'te gosterilmektedir.

3.3. Ag Sistemleri izleme

Ag sistemleri izleme ekranlarinin olusturulabilmesi i¢in
fiziksel cihazlardan baslayarak metrik ve log gibi tele-
metri verileri toplanmakta, bu verilerin entegrasyonu
saglanmakta, analizleri yapilmakta ve ilgili ekranlarda
gosterilmektedir.

3.4. Bulut Ortami ve Performans izleme

Bulut ortam1 ve performans izleme ekraninda altyapi ve
platform seviyesindeki servislerin telemetri verileri top-
lanmakta, analiz edilmekte ve gosterilmektedir.
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Sekil 3. Uygulama izinlerinin alinmasi, saklanmasi ve okunmasi icin kullanilan mimari
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Sekil 4. Uygulama izinlerinin alinmasi, saklanmasi ve okunmasi icin kullanilan mimari
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3.5. Platform Servis izleme

Platform servis izleme ekraninda, kullanilan farkli tekno-
loji ve servisler icin acik kaynak veya kurumsal telemetri
verileri toplanmakta, analiz edilmekte ve gosterilmekte-
dir. Servis Izleme Panosu Sekil 6'da gosterilmektedir.

3.6. Suirekli Profilleme

Stirekli profilleme ekraninda uygulama kodunun pro-
filinin ¢ikarilmasi hedeflenmis ve bu sayede kaynak ve
zaman agisindan en yogun olan kod bloklarinin tespit
edilerek hizli aksiyon alinmasi saglanmistir.

3.7. Gorsellestirme ve Raporlama Kullanici Arayiizii

Gorsellestirme ve Raporlama Kullanici Arayiizii ekranin-
da biiyiik verinin gorsellestirilmesi i¢in kullanici ve servis
bazli 6zellestirilebilen bir araytiz gelistirilmistir. Bu arayiiz
sayesinde her ekip, servis sagliklarini kontrol edebilmekte,
gecmis verileri tutabilmekte, 6zellestirilmis konfigiiras-
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~ Apps
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0.110.0 1.13.3

KubeStateMetrics Synx
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1.7
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K8s Version Cluster CPU Usage
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Sekil 5. Altyapi izleme Panosu
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Sekil 6. Servis izleme Panosu
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2.39.1

P8s Operator

0.60.1

Cluster Memory Usage

2.11%

yonlar yapabilmekte, 6zellestirilmis raporlar: ve grafikleri
goriintiileyebilmekte ve alarmlar olusturabilmektedir.

3.8. Alarm Olusturma ve Raporlama

Alarm Olusturma ve Raporlama ekraninda metrik verile-
rinde tanimlanan alarm seviyeleri izlenebilmekte ve kulla-
nicilar 6zellestirilmis alarmlar olusturulabilmektedir.

3.9. Akilli Anomali Tespiti

Anomali tespiti, bir sistem, veri seti veya siire¢ icinde bek-
lenen normal davranistan sapmalar belirlemek i¢in kul-
lanilan bir tekniktir. Potansiyel sorunlari erken asamada
belirlemesi ve ¢6zmesi sebebiyle kritik bir 6neme sahiptir.
Bu baglamda, akilli anomali tespiti ekraninda makine 6g-
renimi algoritmalari kullanilarak anomali tespit modelle-
ri gelistirilmistir. Bu modeller arasinda istatistik tabanli
Otoregresif Entegre Hareketli Ortalama ve Mevsimsel
Otoregresif Entegre Hareketli Ortalama gibi zaman serisi
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tahminleme algoritmalar1 bulunmaktadir. Ayrica, Tekrar-
layan Sinir Ag1 ve Gegitli Tekrarlayan Birim gibi derin 68-
renme modelleri de yer almaktadir. statistiksel Anomali
izleme Panosu, Sekil 7’de gosterilmektedir.

3.10. Kok ve Etki Analizi

Kok ve etki analizi ekraninda altyapidaki tiim katmanla-
rin verileri tek bir platformda degerlendirilerek daha et-
kin, biitiinciil ve hizli bir sekilde kok neden ve potansiyel
etki analizi yapilabilmesi saglanmistir.

3.11. Akilli Kok Neden Analizi

Alkilli kok neden analizi ekraninda ge¢mis veriler kullani-
larak kok nedenlerinin makine 6grenimi algoritmalariyla
modellemesi hedeflenmistir. Bu modeller sayesinde yeni
olusan veya potansiyel senaryolarin olasi kok nedenleri
akilli sistemlerle otomatik olarak tespit edilebilmektedir.

3.12. Kullanici izleme

Kullanicrizleme ekraninda uygulamanin islevselligi ve per-
formansinin son kullanici deneyimine etkisi izlenmekte,
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Sekil 8. Yapay izleme Panosu

04/03 16:00
Upper Bound

Upper Bound

Uygulama, altyapi ve ag g&zlenebilirlik platformunun gelistirilmesi

raporlanmakta ve bu deneyimi etkileyen sistemdeki prob-
lemler ilgili ekiplerle paylasilarak aksiyon alinmaktadir.

3.13. Yapay izleme

Yapay izleme ekraninda uygulama fonksiyonlarinin ya-
pay kullanicilar araciligiyla belirli araliklarla test edi-
lerek islevselligi ve performansi simile edilmekte ve
potansiyel sorunlarin 6nleyici olarak tespiti ve aksiyon
alinmasi saglanmaktadir. Yapay izleme Panosu Sekil 8'de
gosterilmektedir.

| 4. Calismanin Sonuglari
Gelistirilen platform ile,

+ Alternatif tedarik¢ilere 6denen lisans ticretleri %50
azaltilmistir.

+ Gozlenebilirlik platformu kullanici sayist %30 artiril-
mistir.
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+ Gozlenebilirlik projelerinin devreye alim eforu %60
azaltilmistir.

+ Problem bildirimlerinin ¢6ziim stireleri %20 hizlan-
muigtir.

+ Problem bildirim say1st %10 azalmistur.
+ Hatali problem bildirimleri %20 azalmistur.
« Kesinti siireleri %20 azaltilmistir.

+ Son kullanici problem bildirimlerinin ¢éztim stirele-
ri %10 hizlanmigtir.

+ Net Promosyoncu Puani (NPP), miisterilerin sada-
katini ve memnuniyetini 6l¢mek icin kullanilan bir
metriktir. [sletmelerin biiyiime ve gelisme stratejile-
rini sekillendirmede 6nemli bir yere sahiptir. Kulla-
nict memnuniyetini ve sadakatini 6lgmek amaciyla
kullanilan bir metrik olan NPP, %50 iyilestirilmistir.

5. Sonug¢

Uygulama, altyapt ve ag gozlenebilirligi yazilim uygu-
lamalari, bilgi teknolojileri altyapilarini ve aglarin per-
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formansini ve sagligini izleme ve analiz etme siirecidir.
Kullanicilara daha verimli bir gézlenebilirlik deneyimi
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Arastirma Makalesi

Mobil kontrollii deprem simiilatorii gelistirilmesi

Development of a mobile-controlled earthquake simulator

Utku Bayram' ©, Nazlican Kayhan'

, Ramazan Eyiip Giiltekin'

, Vildan Bayram'

Canakkale Onsekiz Mart Universitesi, Miihendislik Fakiiltesi, Bilgisayar Muhendisligi Bolimu, Canakkale, Turkiye.

Ozet: Deprem simiilatéri denilince akla, icerisinde esyalarin bulundugu gercek bir oturma odasi boyutunda, biiytik
ebatli, blyuk butceli, agir ve tasinmasi zor cihazlar gelmektedir. Daha kig¢Uk ¢apli ve mobil uygulama ile kontrol
edilebilecek deprem simulatoérlerinin Uretilebilmesi mUmkidn olmasina ragmen, bu olasilik hentiz degerlendiril-
memistir. Bu makalede, gerek buitceden gerekse kullanim amaci itibariyle piyasadaki deprem simulatoérlerine farkl
bir boyut getirebilecek bir deprem simulatori prototipi anlatiltmaktadir. GGmuUltu mobil sistem iceren ve 35cmx20cm
boyutunda tasarlanan simalatér, tasinabilir ve distik butcelidir. insaat Mihendisligi ve Mimarlik Fakultelerinde
tasarlanan yapi konstriksiyon maketlerinin test edilmesinde kullanilmasi planlanan prototip, depremin etkileri ile
iLlgili deneylerin daha uygun butceler ile gerceklesmesini mimkin kilacaktir. Onerilen bu prototip cihazi kullanacak
arastirmacilar, mobil uygulama ile sarsinti yond, siddeti ve zamanini ayarlayarak deprem deneyinde test edilecek
ornek bir yapidaki hasari 6lcebilecek ve bulgular Gzerinde gerekli hesaplamalari yaparak gercek, daha biyuk boyutlu
bir yapidaki hasari ve olasi hayat kayiplarini dnlemek icin gerekli iyilestirmeleri yapabileceklerdir.

Anahtar Kelimeler: Gomulu Sistemler, Deprem, Titresim Simulatord, Mobil Uygulama.

Abstract: Real-life earthquake simulators are commonly known as heavy, hard-to-mobilize, big-budget devices with
the size of a fully furnished living room. It is possible to construct earthquake simulators that are smaller in size and
can be controlled via mobile applications, but this possibility has not been explored yet. In this study, an earthquake
simulator prototype is proposed that presents a new dimension to the simulators on the market, both in terms of
budget and useability. The proposed earthquake simulator has a size of 35cmx20cm and contains an embedded
mobile system. It is portable and low-budget. The prototype will be used in the Faculty of Civil Engineering and Ar-
chitecture for testing mock-up structures against possible earthquakes, making it possible to determine the effects
of earthquakes at a reasonable budget. Those who will employ the proposed prototype will be able to control the
seismic vibration directions, their amplitudes, and timings. They will simulate these designed earthquakes on their
mock-up models, will assess the damages, and will be able to take preventative measures on the real-life structures

based on the damages present in the models.

1. Girisg

Deprem, diinyanin sekillenmesinde milyonlarca yildir
rol alan ve hala gorevine devam eden bir doga olayidur.
Kandilli Rasathanesinin tanimina gore deprem, yer ka-
bugunun gerilme etkisi sonuncu belirli bir derinlikte ki-
rilmasidir ve depremin biyiikliigii de kirilan bu ytizeyin
buytklugunii ve dolayisiyla ortaya ¢ikan enerjinin diize-
yini belirtmektedir. Buna ek olarak, hissedilen deprem
buytkluguni etkileyen iki faktor vardir: atim ve berklik
(rijidite), fakat genel olarak ytizey alaninin bilinmesi bii-
yuklik 6l¢iimiinde yeterlidir (URL-1, 2024).

Diinya’nin tiim bolgelerinde var olan deprem doga olayi,
gerceklestigi bolgede cesitli degisikliklere neden olmak-
tadir (Oluwafemi, J.O. ve ark., 2018). Himalayalarin her
yil 5mm yiikselmeye devam etmesi bu deverana en giizel
ornektir (Grandin, R. ve ark., 2012). Milyarlarca yildir
devam eden bu doga olayinin insanlar izerindeki etkile-

Keywords: Embedded Systems, Earthquake, Vibration Simulator, Mobile Application.

ri, insanlarin yerlesik hayata gegmeleri ve icinde yasadik-
lar1 yapilari insa etmeleri ile daha da artmistir. Ornegin
depremler nedeni ile kalintilar1 Canakkale ilinde bulu-
nan Truva kenti, yapilan kazilardan elde edilen bilgilere
gore en az sekiz defa deprem nedeniyle yikilmis ve do-
kuz defa eski kalintilarin iistiine yeniden insa edilmistir
(URL-2,2019),(Goztim, Y.U. ve ark., 2015). Bu sebeple,
gegen yillarda depremlerle sik karsilasilan bolgelerde ya-
pilar daha giiclii ve/veya tekniklerle insa edilmeye bas-
lanmustir. Ek olarak, teknolojinin de gelismesi ile depre-
mi 6nceden tahmin edebilmek ya da var olan depremi,
titresimler binalara ulasmadan 6nce tespit edebilmek ve
insanlara 6nlem alabilmeleri i¢in saniyeler de olsa zaman
taniyan sistemler gelistirilmistir (Mousavi, S.M. ve ark.,
2020). Fakat, iilkemizde son yillarda yasanan deprem
felaketleri ve kaybedilen hayatlar gostermektedir ki var
olan bu sistemler yeterli olmamaktadir.

Arastirma merkezleri ve tiniversiteler gerek zaman ka-
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Mobil kontrolli deprem similatérii gelistirilmesi

zanmak gerek disiik maliyet saglama acgisindan simiila-
tor kullanirlar. Bu simiilatorlerin gerceklikle olan farklar:
teknoloji gelistikce azalmaktadir. Hatta bazi durumlarda
simiilator kullanmak daha avantajli hale gelebilmektedir.
Ornegin sanal gerceklik gézliiklerinin yayginlasmasiyla
birlikte bir 6grenci artik kimya laboratuvarinda kimyasal-
lara maruz kalmadan, sanal gerceklik gozliigii icin hazir-
lanan program sayesinde sanal bir kimya deneyi yapabil-
mektedir. Bu sayede, yanlis kimyasallarin kullanilmasinin
doguracag: sonuglardan etkilenmeyecektir. Mevcut ¢alis-
ma da konu itibariyle bir simiilator tasarimidir.

Teknolojinin gelismesiyle birlikte yasayarak 6grenmek
yerine gercege yakin simiilatorler kullanarak, olusturula-
cak yapilarin dayanikliligi 6nceden test edilebilmektedir.
Ulkemizde ve diinya genelinde yasanacak yeni depremler-
de hayat kayiplarinin 6nlenmesi icin de en 6nemli meka-
nizmalar bu simiilatorlerdir. Literatiirde var olan deprem
simiilatorleri bilgisayar ortaminda yazilimlar araciligs ile
olasi zarar tespitlerine odaklanmaktadir (Richards-Din-
ger, K. ve ark., 2012; Tang, Ave ark., 2009). Alternatif ola-
rak fiziksel simiilatérler de 6nerilmistir (Sinha, P. ve ark.,
2009). Fakat bu fiziksel simiilatorler, boyut olarak ¢ok bii-
yik olmakta ve maliyet agisindan kolaylikla erisilmeleri
miimkiin degildir. Bu makalede ¢ok sayida hayat kurtara-
cak yeni bir deprem simiilatorii 6nerilmektedir.

Titresim masasi adi ile de bilinen deprem simiilasyonu,
bir mekanizma uzerine yerlestirilmis metal tabladan
olusmaktadir. Bu metal, mekanizmalar sayesinde ¢ok
eksenli olarak hareket edip tizerine insa edilecek olan ya-
piya deprem etkisi vermektedir. Bu mekanizmalar birbir-
lerinden bagimsiz olarak metal tablay: hareket ettirmek-
tedir. Hareketi meydana getiren mekanizma elektronik
kontrol kartlar1 ve gomiilii sistemler sayesinde deprem
verileri girilerek daha 6nce olmus bir depremi tekrardan
canlandirma veya farkli deprem verisi girilerek bu dep-
remin gerceklesmesini saglamaktadir (Demir, E., 2018).

Son yillarda sehir genelinde yapilan bina giiclendirme
calismalari sebebiyle bir¢cok cihazin yeri degistirilmistir.
Yeniden kurulum galigmalar: sirasinda deprem kayit ci-
hazlar1 bazi yerlerde mevcut kurulum prosediiriine uy-
gun sekilde, baz1 yerlerde dogrudan beton désemeye ve
bazi yerlerde ise kopiik kullanmadan sadece ahsap pla-
kalarla yere tespit edilmislerdir. Bir ¢alismada, mevcut
¢ farkli cihaz tespit diizeneginin elde edilen kayitlar
tizerinde olabilecek etkisini degerlendirmek amaciyla
sarsma masasi testleri yapilmis ve ti¢ farkli modelin fark-
11 sismik hareketler altindaki davranislar: degerlendiril-
mistir (Alcik, H. ve ark., 2014).

Literatiirde var olan c¢alismalar gozden gecirildiginde,
mobil uygulama ile ayarlanabilir zaman ve ayarlanabilir
frekansi olan; hatta titresim ivmesini ve kalan zamani
geri bildirebilen bir mobil uygulama kontrollii titresim
masasi Ornegi ile karsilagilmamistir. Bu makalede anla-
tilan proje, bu ihtiyaci1 gidermeye yoneliktir.

Onerilen deprem simiilatorii prototipi, boyut acisindan

ve maliyet acisindan biiyiik avantajlara sahiptir. Uretim
maliyeti kiigik bir proje biitcesi ile karsilanabilmekte,
ayrica kolaylikla tasinir olmasi sayesinde de farkli ortam
ve alanlarda kullanilabilmektedir. Insaat Miihendisligi
ve/veya Mimarlik Fakiiltelerinde tasarlanan yap1 kons-
tritksiyon maketlerinin test edilmesinde kullanilacak,
gomuli sistem iceren bu simiilatér sayesinde deprem
deneyleri daha uygun biitgeler ile gerceklesecektir. One-
rilen bu prototip cihazi kullanacak arastirmacilar, mobil
uygulama ile sarsint1 yonii, siddeti ve zamanini ayarla-
yarak deprem deneyinde test edilecek 6rnek bir yapidaki
hasar1 6l¢ebilecek ve bulgular tizerinde gerekli hesapla-
malar1 yaparak gercek, daha biiyiik boyutlu bir yapidaki
hasar1 ve olas1 hayat kayiplarini 6nlemek icin gerekli iyi-
lestirmeleri yapabileceklerdir.

2. Materyal ve Metod

Onerilen prototip ii¢c ana asamadan olusmaktadir. 1k
asama, deprem simiilatériiniin mekanik tasarimidir.
Mekanik tasarim tamamlandiktan sonra gelen asama,
elektronik donanimin tasarimidir. Elektronik tasarim ile
mekanik tasarim birlestikten sonra, elektronik sisteme
yazilim gémme asamasi gelmektedir. Tiim bu ti¢ asama
sonrasinda sistem hazirdir.

2.1. Mekanik Tasarim

Titresim teknolojisi genis bir yelpazede yer almaktadir.
Asenkron bir motorun miline takilan ve Sekil 1'deki gibi
cekic adi1 verilen asimetrik bir agirligin dondirtilmesiy-
le elde edilen diizensiz salinim, giinlitk hayatimizda cep
telefonlarimizin igerisinde, fabrikalarda ayiklama igin,
beton dokiimiinde harcin igerisindeki havay: almak i¢in,
kaldirim tas: dosemesinde taglarin kuma yerlesmesi gibi
oldukga genis bir uygulama alanina sahiptir.

e
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Sekil 1. Vibrasyon Kuvveti Ayari

Titresim i¢in tretilen cihazlarda titresim zamani genel-
likle bulunmamaktadir. Titresim frekansi ise iki sekilde
yapilabilmektedir. Sekil 1’deki gibi motorun mili tizerin-
de bulunan cekiglerin birbirlerine gore agilar1 ayarlana-
rak veya kullanilan motorun frekansi segilerek ayarlanir
ve ¢aligmaya birakilir. Literatiirde var olan ¢aligmalar
gozden gecirildiginde, mobil uygulama ile ayarlanabilir
zaman ve ayarlanabilir frekansi olan; hatta titresim ivme-
sini ve kalan zamani geri bildirebilen bir mobil uygulama
kontrollu titresim masasi 6rnegi ile karsilasgilmamigtir.
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Bu makalede anlatilan proje, bu ihtiyaci gidermeye yone-
liktir. Yapilmasi planlanan simiilatoriin yapim asamalar1
Sekil 2’deki gibidir.

Mekanik aksamin Elektronik donanimin Mobil uygulamanin
hazirlanmasi gerceklestirimesi tasarlanmasi

Sekil 2. Proje ana asamalari

Projenin bir titresim prototipi olmasindan dolayi ciha-
zin titresim esnasinda hareket etmemesi icin Sekil 3’teki
gibi olusturulan kutu icerisine agirlik konularak titresim
esnasinda sabit kalmasi saglanmigtir. Hareketli kisim ise
sabit tabana Sekil 4’teki gibi icerisinde dikey serbest hare-
ket edebilen vidalar bulunan yaylarla baghdir. Titresime
dayanabilmesi agisindan prototip cihazin tiim aksamin-
da aliminyum malzemeler kullanilmigtir. Aliminyum-
dan daha hafif olan titanyum, pahali olmasi nedeniyle
tercih edilmemistir. Alternatif olarak karbon igeren plas-
tik karisimlari da kullanilabilir bu dizayn i¢in, fakat yine
maliyeti arttiracaklari i¢in tercih edilmemislerdir. Sabit
ve oynar aksam olusturulduktan sonra titresimi verecek
motorlar birbirine 90 derecelik ac1 yapacak bicimde Sekil
5teki gibi yerlestirilmistir.

Sekil 3. Prototip genel goriints

Titresim kuvvetini olusturabilecek {i¢ etmenden birisi,
kullanilan yaylarin sertligidir ve bu yaylar: her defasinda
daha sert/yumusak yaylarla degistirmek mimkiin degil-
dir. Ikinci etmen ise Sekil 6’daki gibi motorlarin mille-
rine asimetrik olarak takilacak agirliklarin agirliklari ve
motor miline uzakliklar: olmaktadir. Agirliklarin motor
millerine olan mesafesi de kolaylikla degistirilemeyece-
gi icin agirlik degisimi bir secenek olarak kayda gece-
bilir. Titresim kuvvetini etkileyecek unsurlardan birisi
de, ucunda asimetrik agirlik olan motorlarin hizlarinin
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Sekil 4. Serbest ve sabit diizenekler arasi baglanti

ayarlanmasi olmaktadir. Gergeklestirilecek mobil yazi-
lim sayesinde bu secenek, mekanik bir zahmet gerektir-
meden kullaniciya sunulacak ayarlar sayesinde kolaylikla
uygulanacak olup titresim kuvveti ayarlanabilmektedir.

2.2. Elektronik Donanim Tasarimi

Sekil 2'de yer alan agsamalardan ilki olan mekanik aksamin
tamamlanmasinin ardindan ikinci agsama olan elektronik
donanimin yapimina baslanmistir. Gergeklestirilen bu
elektronik aksam $ekil 7’de goriilldiigii tizere prototipin
arka kapagi acilarak cihaz icerisine yerlestirilmistir.

Sekil 7’de gortuldugu tizere cihaz icerisine guigli bir gii¢
kaynag yerlestirilmistir. +12Vdc ¢ikisina sahip bu gii¢
kaynag1 sehir sebekesi olan 220Vac ile beslenmektedir.
Bu sebeple prototip cihazin arka kapag: kapatildiginda
cihaz icerisinden sadece sehir sebekesine takilacak olan
gii¢ kablosu ¢ikmaktadir.

Sekil 5. Titresim motorlari
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Elektronik donanimda yer alan iiniteler cihaz disina
cikarildiginda Sekil 8’deki gibi goriiniir. Elektronik ak-
samda tiim verilerin toplandig1 ve islenip ¢ikt1 veren
tinite mikrodenetleyici kontrol tnitesidir. Bu iinitede
Arduino serisinin Uno modeli kullanilmistir. Cihaz ice-
risinde kullanilan gii¢ éinitesi +12Vdc (volt DC) ¢ikighdir
ve ayni anda hem motor siiriicii tinitesini hem de Ardui-
no Uno’nun gii¢ girisini beslemektedir. Sekil 9'da goriil-
digi gibi Arduino Unonun diger Arduino serilerinden
farki, +5Vdc tizeri bir gii¢ beslemesinin olmasidir. Modil
icerisinde yer alan regiilatorler sayesinde +5Vdc tizeri ve-
rilecek olan gerilimler +5Vdc’ye ve +3,3Vdc’ye doniistii-
riillerek gerektiginde kullanilmak tizere iinite tizerindeki
soketlerden disariya verilir. Diger tinitelerin ihtiyaci olan
+5Vdc gerilim bu soketten alinarak kullanilir.

Bu mikrodenetleyici iinitesi tizerinden kablosuz haber-
lesme amacl alinacak gonderici (Transmit-Tx) ve alic
(Receive-Rx) baglant1 bacaklari, Sekil 10’da goriinen ve
mobil cihaza baglanmay1 saglayacak kablosuz haberles-
me aygit1 olan HC-05e baglanmaktadir. Bu aygit saye-
sinde prototip cihazi ile mobil uygulamanin bulundugu
mobil cihaz asenkron haberlesme yaparak veri aligveri-
sinde bulunmaktadir.

Sekil 11’de yer alan iinite, motor kontrol tinitesidir. Ayni
anda iki motoru kontrol edebilen bu tinitede motorlarin
baglanacag: ikiser adet motor baglanti ¢ikislar1 ve bu
motorlarin ¢alisma gerilimini karsilayacak gerilim girisi
mevcuttur. Motor siiriicii tinitesi motor gerilimini harici
almaktadir ve motorlarin ¢ekecegi yiiksek akim mikrode-
netleyici initesinden karsilanmamais olur, boylece mikro
denetleyici iinitesine asir1 bir yiikk binmemis olur. Proto-
tip cihazda kullanilan motorlar +12Vdc motorlar olma-
sindan dolay1 bu gerilim direkt olarak gii¢ tinitesinden
karsilanmistir. Motor siiriicii entegresinin kontrol giris-
leri 6 adet olup ikisi mikro denetleyiciden gelen +5Vdc’lik
referans gerilimidir. Diger ikisi 2 ayr1 motorun yonleri-
nin degistirildigi kontrol girisleri ve son iki tanesi de her

Sekil 6. Titresim agirhklar

iki motorun PWM (Darbe genislik modiilasyonu-Pulse
Wave Modulation) girisleridir. Bu PWM girislerine mik-
rodenetleyici tarafindan verilecek 0-255 arasi say1 deger-
leri, motor referans gerilimlerini 6rnekleyerek 0-5V arast
gerilim iiretmektedir ve motor siiriiciisii bu dijital degeri
analog degere dontistiirerek motorlara 0-12V arasi geri-
lim olarak yansitmaktadir. Bu sayede motorlarin hizlari
kontrol edilmis olmaktadir. Elbette toplanan verilerde
girilti olma ihtimali bulunmaktadir, fakat sistem ufak
dijital deger oynamalarina karsi hassas tepkiler vermeye-
cek ve beklendigi performansi verecektir. Bunu saglayan
da mekanik tasarimin dizaynidir.

Motorlar PWM ile siiriiliip istenilen hizlarda hareket etti-
rildikten sonra prototip cihazin hareketli tezgahinda his-
sedilen titresim miktarini 6lgmek igin, titresim sensori-
niin 6lgiim yapan diski hareketli tezgaha yerlestirilmistir.
Sensorden alinan analog deger sensor kartindan mikro
denetleyiciye tek kablo tizerinden analog olarak aktaril-
maktadir. Bu sebeple mikro denetleyicinin analog girisine
takilmasi zorunlu kilinmistir. Bununla birlikte Sekil 2’de
yer alan agamalardan ilk ikisi tamamlanmis olup ti¢tincii
asama olan mobil yazilim agamasina gecilmistir.

2.3.Yazilim

Prototip cihaz ile mobil cihazin haberlesebilmesi icin
gereken mobil uygulama React Native teknolojisi kul-
lanilarak hazirlanmigtir. Prototip cihazin elektronik
donaniminda bulunan ve kablosuz haberlesme aygiti
olan HC-05 Bluetooth aygit ile haberlesmek icin gere-
ken protokolleri barindiran React-Native-Bluetooth-Se-
rial kiitiiphanesinden faydalanilmistir. Bu kiitiiphane
araciligiyla full-duplex bir iletisim saglanmigstir. Tara-
fimizca olusturulan kullanici ara ytizlerine ait gorseller
Sekil 13, Sekil 14, Sekil 15 ve Sekil 16’daki gibidir. Sekil
13’te yer alan gorselde prototip cihaz ile iletisimin sag-
lanmasi i¢in oncelikle mobil cihazdaki Bluetooth duru-
munun kontroliiniin saglanmasi gerceklestirilmektedir.
Sekil 14'te ise bluetooth kontrolii saglandiktan sonra

Sekil 7. Prototip cihazin i¢ dizayni
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Sekil 10. Bluetooth kablosuz haberlesme tnitesi .
Sekil 12. Titresim sensort
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Sekil 8. Elektronik donanim
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cevrede bulunan bluetooth’larinin agik oldugu cihazla-
rin taranmasi saglanmustir. Sekil 15’te ise prototip cihaz
ile eslesme saglandiktan sonra kullanicinin ayarlama-
lar yapabilecegi kullanici ara yiizii goriilnmektedir. Bu
ara yiizde her iki motorun ayri ayri titresim siddetleri
ve bu siddetlerin verilecegi siireler ayarlanabilmektedir
ve baslat butonuna basildiginda ayarlanan veriler blok
halinde prototip cihaza gonderilmektedir. Prototip
cihazda bulunan Arduino Uno mikro denetleyici ise blok
halinde alinan bu verileri ayristirarak her motorun ayr1
ayr1 kontrolint saglamaktadir. Sekil 16’da ise titresim
tezgahi calisirken tezgah tizerinde bulunan titresim sen-
soriinden mikro denetleyiciye geri gonderilen titresim
siddeti verisi, bluetooth cihaz1 iizerinden mobil cihazdaki
mobil uygulamaya gonderilerek, elde edilen titresim veri-
sinin kullanici arayiiziiniin en altinda gérmemizi saglar.

3. Bulgular ve Tartisma

Sekil 15 ve 16’da goriilldigi tizere, yatay ve dikey titre-
sim motorlarini ¢alistiran mobil uygulama ara ytiziinde,
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Bluetooth kapal

Bluetooth agilsin mi?

Sekil 13. Bluetooth durum kontroli

kullanicinin ayarlayabilecegi siddet bar1 10 {izerinden ve-
rilmistir ve bu sayilarin deprem siddetiyle direkt olarak
baglantisi yoktur. Prototip cihaz iizerinden olgiilen titre-
sim verisi ise, girilen siddet degeriyle orantili olup giri-
len degerin yaklasik 2 katina tekabiil etmektedir. Girilen
veriler ile dl¢iilen verilerin degerlendirilmesi ve gercek
bir yeralti depremine gelen karsiliginin olgtilmesi i¢in
prototipin tizerine bir sismik 6l¢iim cihazi monte edile-
cek ve hissedilen deprem karsilig1 da mobil uygulamaya
eklenecektir. Jeoloji ve Jeofizik Miihendislerinin istekleri
dogrultusunda mobil uygulama giincellenerek, deprem
sismik degerleri de mobil uygulamaya eklenecektir. Isin
deprem boyutu ayr1 bir uzmanlik ve ayri1 bir ¢aligma ge-
rektirdiginden bu yayinda ele alinmamuistir. Prototip ci-
hazda girilen degerler ile dl¢iilen deger arasindaki orani
belirleyen etken, motor millerine takilan kursun agirlik-
lar olmustur. Bu agirlik miktarlarinin degistirilmesiyle
elde edilecek 6lciim verileri, girilen degerlerle tekrar ilis-
kilendirilmelidir. Calismanin bu kismi da deprem o6l¢ii-
mil asamasinda ele alinacaktur.
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Sekil 14.Cihaz eslesmesi
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Sekil 15.Ayarlama ara yuzu

Cihazin gii¢ gereksinimini karsilayan ve cihaz igerisin-
de bulunan gii¢ kaynaginin 220Vac girisi toprakli olup,
giic kaynagindan alinan toprak hatti, cihaz gévdesine de
baglanarak, iletken aliminyum bir gévdeye sahip proto-
tip cihazin, kullaniciya karsi olugturabilecegi bir elektrik
carpmasinin da 6niine gecilmistir.

Daha o6nce de belirtildigi gibi siirekli titreserek calisacak
olan prototip cihazin dayanikli olmasi i¢in olusturulan
aliminyum govde, aliminyum profillerin birlestirilme-
siyle tasarlanmistir. Titresim esnasinda birlesim yerle-
rinden ayrilmamasi i¢in aliiminyum profil birlestirme
aparatlar1 ve bu aparatlar1 profillere baglayan somunlu
vidalara somunlar takildiktan sonra vida u¢larina bakir
tel sarilip lehim atilarak somunlar miithiirlenmistir. Boy-
lelikle somunlarin titresim esnasinda agilmasi 6nlenmis,
devaminda da profillerin ayrigarak deprem simiilatorii
prototipinin ¢6ziilmesi engellenmistir.
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Sekil 16.Titresim verisi geri bildirim

Onerilen prototip, cesitli baslangic seviye deneylerde
basarili ve beklenen performansi gostermeyi basarmistur.
Elbette ilerleyen asamalarda simiilatoriin daha da
gelistirilmesi planlanmaktadir. Bu planlar kapsaminda,
simiilatoriin yapiminda deprem atim tipleri géz oniin-
de bulundurularak yanal atim, dikey atim gibi ¢esitlerin
uygulanabilmesi i¢in tasarimi gelistirme asamasinda Je-
oloji Miithendisligi ve Jeofizik Mithendisligi Bolimlerin-
den yardim alinacaktir. Simiilatoriin tamamlanmasinin
ardindan Ingaat Miihendisligi Béliimiinde kullanilmak
tizere teslim edilecektir. Kullanicilarin istekleri dogrul-
tusunda mobil uygulama kismi gelistirmeye acik oldu-
gundan zamanla en verimli haline getirilecektir.

Ulkemizde biitce sikintisi yasayan ¢ok sayida arastirma-
cinin kolaylikla tiretip kullanabilecegi bu dizayn sayesin-
de tilkemizde daha giiclii binalar yapilabilmesi saglana-
cak ve kolaylikla testler gerceklestirilecektir.
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Mobil kontrolli deprem similatérii gelistirilmesi

| 4. Sonug¢

Bu ¢aligma, Tiibitak burs programina 2023 yilinda Ul-
kemizin yasadig1 Hatay merkezli deprem felaketinden
sonra bagvurulmus olup titresim cihazina yerlestirilen
prototip ingaat yapilarinin ve/veya ingaatlerde kullani-
lacak malzemelerin deprem sarsintilarina karsin gos-
terecekleri tepkileri olgmek ve bu yapilarin gelistiril-
mesinde bir ara¢ olarak kullanilmasi amaclanmigtir.
Prototip cihazi kullanacak aragtirmaci, mobil uygulama
ile sarsint1 yond, siddeti ve zamanini ayarlayarak titre-
sim tezgahinin tzerine konulacak olan yapidaki hasari
Olcebilecek ve gerekli hesaplamalar1 yaparak gercek bir
yapidaki hasar1 boyuta oranlayabilecektir. Ayrica bu ci-
haz araciliiyla toplanan verileri analiz etmek i¢in Yapay
Zeka, Yapisal Mithendislik ve Malzeme Bilimi alanlarin-
dan ¢esitli yontemler kullanilabilir. Ornegin, yapay zeka
yontemleri kullanilarak prototip cihazdan gelen titresim
verilerine gore 6rnek yapidaki hasarin tiring, siddetini
ve konumunu tahmin edilebilir (Bhatta, S. ve ark., 2023).
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Arastirma Makalesi

Calculation of stresses of superstructure crane on

fixing elements

Ustyapi vincinin sabitleme elemanlari iizerindeki gerilimlerinin

hesaplanmasi

Mesut Yilmaz™

'Koluman Otomotiv Endustri A.S. Ar-Ge Muhendisi, Tarsus/Mersin, Turkiye

Abstract: In industry load transfer plays important role for especially huge dimensional geometry. Superstructure
vehicles need crane equipment to take loads to over its body. Like this upper structure crane assembly design it is
important that load distribution to each assembly plate equally. It is aimed to formulate of calculating the load on
the fixing plates and the fixing bolts on them according to the working conditions of the crane’s carrier arms in the
x and y axes. Based on this load, calculations can be done the shear stress of the plates and bolts on both sides of
the vehicle. Due to the asymmetrical position of the crane on the vehicle the reaction forces have different values.
According to the maximum crane carrying load defined in the crane catalog the reaction forces can be calculated.
According to these calculations plates can be designed and can be chosen proper bolts.

Keywords : Crane, Moment, Shear Force, Factor of Safety

Ozet: Endustride yuk aktarimi dzellikle biiyiik boyutlu geometriler icin cok 6nemli bir rol oynamaktadir. Ustyapi
araclari, yukleri gdvdesi Uzerine taslyabilmek icin ving ekipmanina ihtiyag¢ duyar. Bu Ust yapi vinci montaj tasariminda
oldugu gibi yukin her montaj plakasina esit sekilde dagitilmasi dnemlidir. Vincin taslyici kollarinin x ve y eksen-
lerinde calisma kosullarina gore sabitleme plakalari ve Uzerlerindeki sabitleme civatalari Gzerindeki yukun hesap-
lanmasinin formule edilmesi amaclanmaktadir. Bu yuke bagli olarak aracin her iki tarafindaki plaka ve civatalarin
kesme gerilmeleri hesaplanabilmektedir. Vincin ara¢ Uzerindeki asimetrik konumu nedeniyle reaksiyon kuvvetleri
farkli degerlere sahiptir. Ving katalogunda tanimlanan maksimum ving tasima yuktne gore reaksiyon kuvvetleri he-

1. Introduction

Cranes play an integral role in the construction industry.
These machines are used to lift, move, lower and raise
objects. Cranes have become the most essential mecha-
nism in construction sites. Cranes which work normally
work with hoists, chains, ropes, wires, and sheaves are
not only fast, but they make the work easier and faster
for the projection of work. Cranes are an important part
of the lifting mechanism and play an important role in
the overall project. Cranes help in moving materials in
different directions and locations. Mobile cranes are one
of the most important types of equipment in midrise
building construction. They are also one of the costliest
and most widely used resources when constructing mid-
rise buildings. Cranes play a vital role in lifting several
types of weights and transferring those weights from one
location to another at the final placement site.[5] Indus-
trial projects are constructed in the form of prefabricated

saplanabilir. Bu hesaplamalara gore plakalar tasarlanip uygun civatalar secilebilir.
Anahtar Kelimeler : Ving, Moment, Kesme Kuvveti, GUvenlik Katsayisi

modules that are transported to sites for installation, a
process which enhances efficiency and productivity.[6]

Cranes as a mechanical system are in general closed-chain
mechanisms with flexible members. In most of the tech-
niques used for determination of the hook load, the dy-
namic equations of the system should be solved. However,
if the hook load is obtained by measurement of wire rope
tension, the solution is not necessary. In all other cases,
the measurement of the load is dependent on the configu-
ration of the crane and accuracy varies depending on the
measurement technique. In the design of load control sys-
tems one of the most important points is the modelling of
the crane and identification of parameters.[7]

For many centuries, power was supplied by the physical
exertion of men or animals, although hoists in water-
mills and windmills could be driven by the harnessed
natural power. The first mechanical power was provided
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g Calculation of stresses of superstructure crane on fixing elements

by steam engines, the earliest steam crane being intro-
duced in the 18th or 19th century, with many remain-
ing in use well into the late 20th century. Modern cranes
usually use internal combustion engines or electric mo-
tors and hydraulic systems to provide a much greater
lifting capability than was previously possible, although
manual cranes are still utilized where the provision of
power would be uneconomic. In this study, according to
safe loading and safety unloading application, the plate
design and bolt specifications have been calculated and
determined.

The stress is called “normal stress” because the stress acts Figure 1.1 Truck Mounted Boom Crane
on an area that is normal, or perpendicular, to the direc-
tion of the applied load.[1] When an external force acts
on a body, the body tends to undergo some deformation.
Due to cohesion between the molecules, the body resists
deformation. This resistance by which material of the
body opposes the deformation is known as strength of
material. Within a certain limit (i.e., in the elastic stage)
the resistance offered by the material is proportional to
the deformation brought out on the material by the exter-
nal force. Also within this limit the resistance is equal to
the external force (or applied load). But beyond the elastic
stage, the resistance offered by the material is less than
the applied load. In such a case, the deformation contin-
ues, until failure takes place. Within elastic stage, the re-
sisting force equals applied load. This resisting force per
unit area is called stress or intensity of stress.[2] In figure
1.1 Truck mounted boom crane is shown.[3]

Figure 2.3 Left View

SUPERSTRUCTURE CHASSIS

2. Materials

2.1. Crane Chassis Fitting Plates

The number of holes and thickness of the plate has been
taken from Mercedes-Benz superstructure instruction
in these plates. In this calculation, there are two types
of plates as shown below. In this design, S355J2 high-
strength structural steel has been chosen. These plates
have been designed in CAD program. Below reasons can
be taken into consideration for selecting this material.

+ High strength

+ Availability in local markets

+ Easy formability

.

Figure 2.4 Right View
Y
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Figure 2.1 Plate Type 1 Figure 2.2 Plate Type 2
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$355 is used in almost every facet of structural fabrica-
tion.[8] Typical applications include:

« Structural steelworks: bridge components, compo-
nents for offshore structures

«+ Power plants

+ Mining and earth-moving equipment

+ Load-handling equipment

2.2. Fitting Bolts

Bolt standard and its quality also have been taken from
Mercedes-Benz superstructure instructions. In this de-
sign, hexagon flange bolt DIN 6921 Steel Plain 10.9 grade
bolt has been chosen. This material was taken into con-
sideration due to its high strength property.

3. Calculations

In this calculation, there are two parts; One of them is a
plate the other one is a bolt that should be calculated in
order. After calculation, it is going to be examined which
part would be exposed to design force.

In loading and unloading, the crane works in the hori-
zontal plane with 4 axes. The boom rotation center of the
crane is positioned asymmetrically when the vehicle is
viewed from 4 axes. Due to this asymmetrical structure,
a design calculation should be made by looking at the ve-
hicle from the front and the side.

Machine elements are very often made from one of the
metals or metal alloys such as steel, aluminum, cast iron,
zing, titanium, or bronze. This section describes the im-
portant properties of materials as they affect mechani-
cal design. Strength, elastic, and ductility properties for
metals, plastics, and other types of materials are usually
determined from a tensile test in which a sample of the
material, typically in the form of a round or flat bar, is
clamped between jaws and pulled slowly until it breaks

Figure 3.2 Front View
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in tension. The magnitude of the force on the bar and the
corresponding change in length (strain) are monitored
and recorded continuously during the test. Because the
load acts over a smaller area, and the actual stress con-
tinues to increase until failure. It is very difficult to fol-
low the reduction in diameter during the necking down
process, so it has become customary to use the peak of
the curve as the tensile strength, although it is a more
conservative value. [9]

--""\N___,— True stress

Yield point, s, curve

s ———-x
’ \ Tensile strength, s,
Elastic limit

Proportional limit

-]
g a0 .
@ J Modulus of elasticity
- Ao
A
Ae €

Strain, €

Figure 3.1 Stress-Strain

3.1. Static Analysis and Calculation When Crane Bar at
Lateral Positions

From this point of view, shear stress and factors of safe-
ty can be calculated for both bolts and fixing plates at
the drawing position. At the following calculation, shear
stress can be obtained at bolts that are used to assemble
the crane to the vehicle chassis.

3.1.1 Shear Stress Calculation for Bolts

First of all the reaction forces can be calculated from be-
low formulas 1 and 2 according to the moment equation
diagram.
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Calculation of stresses of superstructure crane on fixing elements

Bolt Class : BOLT HEX. CAP 10.9 M14X1.5X50 DIN6921
Plate Class : S355]2

Plate Thickness : 8 mm
>XMB =0
FrA* (L1 +L2) = Pcog* (Lcog —L2) + Pload (Lt — L2) (1)

FrA = (593 + 325) = 9800 * (2050 — 325) + 42000 * (4500 — 325)
FrA = 209.428 N

YMA =0
FrB (L1 + L2) = Pcog * (Lcog — L1) + Pload = (Lt — L1) (2)

FrB * (593 +325) = 9800 * (2050 — 593) + 42000 * (4500 — 593)

for right side plates shear areas

Aplate2 = h xt* n(nhumbers of affected area) (6)
for left side plates shear areas
Aplatel = (25—8)*8+ 10 Aplatel = 1360 mm?

Aplate2 = (25—8)* 8+ 12 Aplate2 = 1632 mm?

Calculation of FoS for right side;

At this side FrB taken in consideration and 2 plates
mounted with 10 holes

Aplatel = 1360 mm® 2 plates mounted at this side, so
for two plate total area is;

FrB = 194.305N Aplatel = 2720 mm?

After defining the reaction forces FrA and FrB, shear T = F F means ErB divided by total
stresses and factor of safeties can be calculated at bolts A cans Hb- divided by total ated, 50
by below formulas 3 and 4.[4] The affected area of the _ 194305 1=72Mpa
bolt according to the applied load is shown in figure 3.2. 2720
F ield . .
= @) Fos = 2= tyield is 355 Mpa
Tyield F _ 355 —
= 0S = — FoS =5
FoS . @) p—
_ 209.428 FoS — 900 Calculation of FoS for left side;
104x10 201
At this side FrA taken in consideration and 2 plates
T=201Mpa for FrA mounted with 11 holes
FoS =4,5 for FrA

Aplatel = 1360 mm?
Total Area : Aplatel+Aplate2

Aplate2 = 1632 mm?
F is the reaction force, A is the cross-section area of the
bolt. Shear stresses TA and TB at points A and B are com-
pared with the yield stress of the bolts. FoS is the factor of
safety and this must be greater than one.

__194.305 900

T= FoS = —
104=11 187

F
T=7 F means FrA divided by total area, so
_209.428
4080

Tyield
FoS = 2¢¢

T =52 Mpa

tyield is 355 Mpa

355
FoS =—
52

T =187 Mpa
FoS =4,8

for FrB

for ErB tyield is 355 Mpa

FoS =7

3.1.2 Shear Stress Calculation for Assemble Plates

plates when the crane arm is at left and right position if
we look from the front view. On the left side, both of the
plates’ cross-sectional surfaces are the same. Contract to
this at the right side cross-section of the area of plates are
not same. In this calculation, it is considered the working
position of crane arms are at the lateral position shown
in figure 3.2. Shear stress calculations can be obtained by
applying reaction forces FrA and FrB. Shear stress and
factor of safety can be calculated when the crane arm
is at the left position in figure 3.2. We should consider
$355]J2 quality material property while taking in calcu-
lations. FrB taken in consideration in calculation when
crane arm left position. On the other side FrA taken in
consideration in calculation when crane arm right posi-
tion.

|
Shear stress can be calculated at the affected area of the |

[ NANANANANAN
—+

Y,
|
N

Section view B-B
Scale: 1:2

Figure 3.3 Plate Cross Section

3.2. Static Analysis and Calculation When Crane Bar at
Drawing Positions

From this point of view, shear stress and factors of safety
can be calculated for both bolts and fixing plates at the
lateral position. At the following calculation, it will be
obtained that shear stress at bolts that are used to assem-
ble the crane to the vehicle chassis.

Area for Plate in the figure 3.2

Aplatel = h *t+ n(numbers of affected area)

(5)
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However in the case, the case of getting maximum stress
value is directly related to carrying the maximum load in
any direction. Differences between the center of moment
with respect to four axis are major effects of calculating
the reaction forces.

3.2.1 Shear Stress Calculation For Bolts (Right View)
First of all the reaction forces can be calculated at below
formulas

2MC =0 When Crane Arm At Right Position
FrD (L3 + L4) = Pcog * (Lcog — L4) + Pload = (Lt — L4)(9)

FrD + (224 + 346) = 9800 + (2050 — 346) + 42000 * (4500 — 346)

FrD = 335.381N

2MD =0
FrC« (L3 + L4) = Pcog * (Lcog — L3) + Pload * (Lt — L3) (10)

FrC + (224 + 346) = 9800 * (2050 — 224) + 42000 * (4500 — 224)

FrC = 346.468 N
After defining the reaction forces FrC and FrC, shear
stresses and factor of safeties can be calculated at bolts
by below formulas 3 and 4. The affected area of the bolt
according to the applied load is shown in figure 3.2.

346.468 900

= FoS =—

10410 333
t=333Mpa for FrC
FoS =2,7 for FrC

F is the reaction force, A is the cross-section area of the
bolt. Shear stresses TA and TB at points A and B are com-
pared with the yield stress of the bolts. FoS is the factor of
safety and this must be greater than one.

335.381 900

=— FoS = —

104+11 322
T=322Mpa for FrD
FoS =2,8 for FrD

F is the reaction force, A is the cross-section area of bolt.

Shear stresses TA and TB at points A and B are compared
with the yield stress of the bolts. FoS is the factor of safety
and this must be greater than one.

3.2.2 Shear Stress Calculation for Assemble Plate
Affecting shear stress on plates can be calculated when
the crane arm is in the driving direction and reverse of
the driving direction looking from the front view. The
plate area can be calculated according to both crane
arm directions. In the figure 2.3 and figure, 2.4 show the
plates’ hole numbers are different. So, the front and back-
plate areas affected by shear force are different. In this
calculation, it can be considered that the working posi-
tion of crane arms are at the lateral position shown in
figure 3.1.

Shear stress calculations can be obtained by applying re-
action forces FrC and FrD.

Calculation of FoS for right side;

At this side FrC taken in consideration and 2 plates
mounted with 11 holes

Aplatel = 1360 mm?® Aplate2 = 1632 mm*® Total
Area: Aplatel+Aplate2

Aplate = 2992 mm?

F
T=~ FmeansFrC divided by total area, so
_ 3‘;?);‘5’8 T =116 Mpa
Fos = 2l tyield is 355 Mpa
355
FoS = 116 FoS =3

Calculation of FoS for left side;

At this side FrD taken in consideration and 2 plates
mounted with 10 holes

Figure 3.4 Left View
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Calculation of stresses of superstructure crane on fixing elements

Aplatel = 1360 mm® 2 plates mounted at this side, so
for two plate total area is;

Aplatel = 2720 mm?

F
T=- F means FrA divided by total area, so
355.381
=5, t=131Mpa
Tyield . .
FoS = — tyield is 355 Mpa
355
FoS = E FoS = 2, 7

4, Conclusion

In this study, it is aimed to find weakest plate and bolt
according to crane arm direction. There are two design
criteria; the first one is shear stress at bolts, and the other
one is shear stress on plates. The important point is that
changing the direction of the crane arm at any direction
directly affect the moment at reaction points A, B, C, and
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