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ABSTRACT

DEVELOPMENT OF STEM ACTIVITIES FOR HIGH SCHOOL PHYSICS
CLASSES

Kartal, Nurgiil
Master of Science, Science Education in Mathematics and Science Education
Supervisor: Prof. Dr. Ali Eryillmaz

January 2021, 493 pages

The purpose of this study is to develop STEM Engineering Design Process (STEM-
EDP) activities for 10" and above grade levels by using an ADDIE instructional
design model. When the literature was reviewed in detail, it was not encountered
STEM-EDP activities which are developed based on systematic models. Therefore,
the characteristics of STEM activities were formed by the basis of ADDIE model.
Also, for the implementation processes of the STEM activities, 7-step EDP model
was used. As a result, 3 STEM-EDP activities were developed in this study. Design
Based Research (DBR) method was used for the purpose of developing STEM
activities since it is a systematic and flexible methodology of which goal is to
improve STEM-EDP activities. Three physics teachers and 18 students were
included in the activities. The students are 10" grade taken from an Anatolian high
school and the physics teachers have one to three years of experience. A physics
teacher, who is called an instructor, has applied activities to the students and the
researcher has applied activities to the three physics teachers at different times.
During each activity, the students are placed to heterogeneous groups with 6
members with 2 low, 2 medium and 2 high achievement levels. Semi structured

interviews for the students, the teachers and the instructor, and also the researcher’s



observation notes and observation form for the instructor were used as data collection
tools. As a result of the analysis of tools applied to the students and the teachers,

STEM activities were revised and developed without any problem.

Keywords: Physics Classes, STEM Activities, STEM Engineering Design Process,
Instructional Design
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0z
LISE FiZiK DERSLERI ICIN STEM AKTIVITELERININ
GELISTIRILMESI

Kartal, Nurgtil
Yiiksek Lisans, Fen Bilimleri Egitimi, Fen ve Matematik Alanlar1 Egitimi
Tez Yoneticisi: Prof. Dr. Ali Eryilmaz

Ocak 2021, 493 sayfa

Bu ¢aligmanin amaci, bir 6gretim materyali gelistirme modeli olan ADDIE Model’i
kullanarak lise fizik dersleri i¢in 10. ve iizeri sinif seviyesinde STEM Miihendislik
Tasarim Siireci aktiviteleri gelistirmektir. Alan yazin ayrintili olarak incelendiginde,
sistematik modellere dayali olarak gelistirilen STEM Miihendislik Tasarim Siireci
aktivitelerine rastlanmamistir. Bu nedenle, STEM aktivitelerinin 6zellikleri ADDIE
modeli temel alinarak olusturulmustur. Ayrica, STEM aktivitelerinin uygulama
stireglerinde 7 asamali Miihendislik Tasarim Siireci modeli kullanilmistir. Sonug
olarak, bu calismada, 3 adet STEM Miihendislik Tasarim Siireci aktiviteleri
gelistirilmistir. Tasarim Temelli Arastirma yonteminin, STEM Miihendislik Tasarim
Siireci aktivitelerini iyilestirme amaci giliden sistematik ve esnek bir metodoloji
olmasi nedeniyle, STEM aktivitelerini gelistirmek igin Tasarim Temelli Arastirma
yontemi kullanilmigtir. Aktivitelere, bir ila ti¢ yillik tecriibesi olan 3 fizik 6gretmeni
ve 18 10. Sinif 6grencisi dahil edilmistir. Katilimcilar disindaki bir fizik 6gretmeni
aktiviteleri o6grencilere uygulamistir. Ayrica, arastirmaci ii¢ fizik Ogretmenine
aktiviteleri farkli zamanlarda uygulamistir. Her etkinlik sirasinda, 2 diisiik, 2 orta ve
2 yiiksek basar1 diizeyine sahip Ogrencilerden olusan heterojen gruplar
olusturulmustur. Veri toplama araci olarak Ogrenciler, 6gretmenler ve aktiviteyi
yiiriiten fizik 6gretmeni icin yar1 yapilandirilmis gériismeler ve ayrica arastirmacinin
gozlem notlar1 ve gozlem formu kullamilmistir. Ogrencilere ve &gretmenlere
uygulanan araglarin analizi sonucunda STEM aktiviteleri revize edilerek sorunsuz

bir sekilde gelistirilmistir.
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CHAPTER 1

INTRODUCTION

Over the past decade, STEM has been an often heard approach in education. It began
with SMET proposed by National Science Foundation (NSF) in 1990 (Sanders,
2009) as an abbreviation of Science, Mathematics, Engineering and Technology
SMET was. However, SMET acronym did not sound good in the following years so
it was turned to STEM in 2001 by Judith A. Ramaley being director of the National
Science Foundation's education and human resources division (Teaching Institute for
Excellence in STEM, 2018). According to Ramaley (2011), mathematics and science
cover engineering and technology. Technology and engineering are critical for
people-universe interaction while science and mathematics means basic

understanding of the universe for people.

In history, many innovators followed STEM principles to produce revolutionary
technologies (White, 2014) but those innovators like Edison and Ford did not take
any college courses in which STEM curriculum and techniques were used (Beals,
1999). That means, STEM as a well-defined approach did not exist in education in
the past (Butz, Kelly, Adamson, Bloom, Fossum, & Gross, 2004) but necessity of it

is already known and principles of it are already followed.

According to White (2014), Morrill Act of 1862, World War II and Soviet Union’s
Sputnik are some historical events causing the growth and flourish of STEM
education. After the Morrill Act, land grant universities in which STEM training
exist were established (Butz et al., 2004). During World War I, educators,
mathematicians, engineers and scientists got together to develop innovative products

for the military to win the war so STEM principles were carried out (Judy, 2011).

Sputnik pushed the United State for technological advances. After the Sputnik,

National Aeronautics and Space Administration (NASA) was formed to expand and



improve by the United State (Wilson, 2018). STEM education initiatives were
brought by NASA grants and industry leaders and the government worked hand in
hand to produce STEM trainers (White, 2014).

STEM education has become more popular with Obama’s, President of the United
State, explicit reference to science, technology, engineering and mathematics on
January 25, 2011 in State of the Union Address:

“Let’s also remember that after parents, the biggest impact on a child’s
success comes from the man or woman at the front of the classroom. In South
Korea, teachers are known as “nation builders.” Here in America, it’s time
we treated the people who educate our children with the same level of
respect. (Applause.) We want to reward good teachers and stop making
excuses for bad ones. (Applause.) And over the next 10 years, with so many
baby boomers retiring from our classrooms, we want to prepare 100,000 new
teachers in the fields of science and technology and engineering and math.”
(Whitehouse.gov, 2011).

After this announcement, many educators, administrators and legislators have paid
more attention to STEM and its importance has been recognized by many countries
(The National Science and Technology Council, 2013). Nevertheless, there is still
not a single approach to STEM education. Different researchers indicate different
interpretations of STEM education. Most prevalent of them is defining STEM
education disciplinary, multidisciplinary, interdisciplinary and transdisciplinary
approaches (Burke, Francis, & Shanahan, 2014; Honey, Pearson, & Schweingruber,
2014; Moore & Smith, 2014; Vasquez, Sneider, & Comer, 2013). Vasquez et al.
(2013) stated inequitable discipline representations in STEM with disciplinary,
multidisciplinary, interdisciplinary and transdisciplinary forms of STEM integration.
While at disciplinary form, skills and concepts are obtained separately in each
discipline, at multidisciplinary form, skills and concepts are learned independently
in each discipline within common themes. In interdisciplinary form, skills and

concepts are obtained from two or more disciplines for deepening skills and



knowledge. In transdisciplinary form, skills and knowledge gained from two or more
disciplines are used for real world projects and problems. Since in this study, science,
engineering, technology and mathematics disciplines have been integrated to the
STEM activities by dependent on each other, interdisciplinary approach has been

chosen.
Moore et al. (2014) describe integrated STEM education like:

“an effort to combine some or all of the four disciplines of science,
technology, engineering, and mathematics into one class, unit, or lesson that
is based on connections between the subjects and real-world problems” (p.
38).

Sanders (2009) defined integrated STEM education like:

“approaches that explore teaching and learning between/among any two or
more of the STEM subject areas, and/or between a STEM subject and one or

more other school subjects” (p. 21).

According to English (2016) engineering and mathematics are less represented in
STEM education compared to other two disciplines. However, like other disciplines,
engineering is playing an important role with its design processes including defining
problems with acceptable solutions, finding many applicable solutions and choosing
the best (English, 2016). Also, engineering causes productivity with scientific
principles and finding solutions of complex problems which are related with society
(Morgan, Moon, & Barroso, 2013).

While Science and Mathematics are more recognizable fields in academia,
Technology and Engineering are underrepresented and underfunded (Miaoulis,
2011; White, 2014). Therefore, some educators thought that STEM education
focuses on science and mathematics with little attention to technology and
engineering (Breiner, Harkness, Johnson, & Koehler, 2012; Bybee, 2010;
Hoachlander & Yanofsky, 2011; Sanders 2009; Wang, Moore, Roehrig, & Park,
2011). Besides those beliefs, many educators think that technology has importance



to make lessons more effective and productive and it has been integrated into STEM
lessons as a computer related or artifacts (Kelley & Knowles, 2016; White, 2014).
Also, it is used for designing, making and using objects and combination of
materials, knowledge and activities (Mitcham, 1994).

According to Kelley and Knowles (2016), there are some basis of STEM education
which are science inquiry, technological literacy, engineering design and
mathematical thinking. According to them, scientific inquiry is learning science
contexts and converting scientific knowledge to genuine situations and it creates
opportunity for students to enhance curiosity, ask questions, make investigation,

cause skepticism and think like real scientists (Kelley & Knowles, 2016).

1.1. Importance of STEM Education

California Mathematics Council (2019) defines STEM education with a broad

perspective which is that:

“STEM is used to identify individual subjects, a stand-alone course, a
sequence of courses, activities involving any of the four areas, a STEM-

related course, or an interconnected or integrated program of study” (para.l).

STEM education is an interdisciplinary approach to make connections between
academic concepts and real world lessons with applying science, technology,
engineering and mathematics. It is necessary to compete in the new economy, make
connections among work, community and school (Tsupros, 2009). Also, STEM
education causes effective learning, connects academic concepts with real world

lessons and covers analytic and critical thinking.

According to Morrison (2006), STEM education improves problem solving abilities,
develops individuals’ creatives about engineering fields using their fundamental
knowledge and skills, causes logical and critical thinking and increases individuals’
self- confidence. Also, due to STEM education, individuals gain interdisciplinary

perspectives and appeal to high levels of Bloom’s taxonomy.



Bybee (2010) being chair of the Science Expert Group for the Program for
International Student Assessment and executive director of the Biological Sciences
Curriculum Study summarized the importance and necessity of STEM education and
STEM disciplines. He told that:

“Students must acquire such skills as adaptability, complex communication,
social skills, non-routine problem solving, self-management, and systems
thinking to compete in the modern economy. To the degree that STEM
curricula incorporate group activities, laboratory investigations, and projects,
they afford the opportunity for students to develop these essential 21 century
skills and prepare them to become citizens who are better able to make
decisions about personal health, energy efficiency, environmental quality,
resource use, and national security. Indeed, the competencies that citizens
need to understand and address such issues, from the personal to global
perspectives, are as clearly linked to knowledge in the STEM disciplines as

they are to economics, politics, and cultural values.”

Well-developed curricula constitute the basis of STEM. It should contain twenty-
first century skills focusing on innovation, creativity, critical thinking, problem
solving, inquiry processes and disciplinary knowledge (English & Gainsburg,
2016; Partnership for 21st Century Skills, 2011).

1.2. Statement of the Problem

The United States has led the world in the emergence of the STEM education
approach since 1990 and it has been developing with huge attraction and spreading
all around the world. In Turkey, this approach has become popular very recently.
Turkish Ministry of Education has first focused on STEM education in 2014 with
the support of the Scientix project which is conducted by European School Network
and it published a report to emphasize the importance of STEM education (MEB,
2016). STEM education couldn’t be adopted properly by educators in Turkey



because it was a new approach for teachers. While some teachers did have enough
knowledge about STEM and its applications, some are participating in STEM

training courses and have ideas on how it can be integrated into education.

Yal¢in (2019) claimed that there are four basic problematic cases frequently
encountered by researchers and educators. Two of them are how to prepare STEM
activities or STEM working plans and how to apply STEM in classrooms. Therefore,
preparing STEM activities and lesson plans which are the basis of STEM principles
is the problematic issue in education. If suitable STEM lesson plans and activities
are developed, then teachers can use these materials to integrate STEM principles to

their instructions.

When the literature is examined, many studies indicate that STEM activities have
positive impacts on students’ academic achievement and students have positive
attitudes toward STEM education. According to the research conducted by Herdem
and Unal (2017), STEM education improves students’ scientific process skills and
has positive effects on students’ understanding of the engineering process.
Moreover, MEB (2018) reported that students find STEM lessons more fun,
beneficial, useful, and memorable so they want to attend STEM activities more.
Also, students express positive attitudes toward STEM activities (MEB, 2018).
Another study shows that STEM education enhances mathematics achievement and
affects students’ attitude and scientific process skills positively (Yildirim & Altun,
2015). Since active participation is common in STEM activities, students increased
their achievement and have positive opinions about science courses (Giines &
Karagah, 2016). Therefore, developing STEM activities has great importance to

enhance students’ success.

To develop STEM activities, there are some instructional models. One of them is
ADDIE model which is the abbreviation of Analysis, Design, Development,
Implementation, and Evaluation. For this study, STEM activities will be formed
according to the ADDIE model since according to Hassan (2014), this model is

suitable to cause permanent learning. Also, it creates meaningful teaching and



learning environment for students, and helps for designers to think about different

steps of instructional design (Kuo, 2013; Reiser & Dempsey, 2007).

Moreover, many studies indicated that, among many educational approaches for
STEM application, engineering design process (EDP) naturally integrates the
disciplines of STEM as it requires the use of basic engineering knowledge and skills
and the principles of science and mathematics (Mehalik, Doppelt, & Schunn, 2008;
NAE & NRC, 2009; Schunn, 2009). As a result, in this study, STEM activities for
10" grade students consisting of lesson plans, student handouts and teacher guide
sheets will be developed based on the ADDIE instructional model and implemented

according to the Engineering Design Process.

1.3. Purpose of the Study

The purpose of this study is to develop STEM Engineering Design Process (EDP)
activities for high school physics classes by using an ADDIE instructional design
model. These STEM-EDP activities were aimed to improve students’ holistic view
toward disciplines. They were developed to support students' sense of curiosity,
engage STEM disciplines in daily life, acquire interdisciplinary knowledge,
encourage students to enjoy scientific activities, and increase inventive and

innovative thinking skills.

1.4. Significance of the Study

In the world, many countries are seeking new strategies to help children gain STEM
related knowledge and skills. As it is all evident in education reform movements,
many countries include the STEM education approach in their education system.
These countries do a lot of work to expand the STEM education approach in their
countries and to direct students with high academic achievement to STEM fields. To
capture technologically advanced countries, recently, Turkey gave importance to

integration of STEM education and making researches and preparing reports about



it. To integrate STEM to the educational system in Turkey, having efficient
educational materials are required. This study, intends to fill in this gap by

developing instructional materials for STEM based instructional practices.

When international examinations results are examined, students from Turkey are not
successful in mathematics and science (Cetin & Balta, 2017). It shows that there is
low interest toward STEM fields which means, in the future, employment in STEM
occupations may decrease. To enhance the STEM workforce and economy of our
country, STEM knowledge should be spread around schools. Activities developed

by scope of this study will contribute to spreading of STEM in schools.

According to conducted researches, it is seen that many teachers never heard STEM
and are uninformed about it. Also, many teachers do not have any idea about how to
implement STEM principles in their classrooms. This study will help teachers to
reach STEM activities and show the process of STEM implementation. As a result
of this, teachers’ awareness will increase and the number of students educated with

STEM training will enhance.

When researches conducted in developed countries are examined, there are
enormous number of studies about STEM education. However, there are almost no
STEM activities which are developed based on systematic models. In this study,
STEM activities will be developed according to the ADDIE model and engineering
design process will be used during this process. Therefore, this study will have a
significant contribution to the literature. Also, due to the design model developed in
this study, activities will be implemented in the classrooms systematically. As a
result, with these STEM-EDP activities, students and teachers will have
opportunities to find material for implementing STEM activities in the classrooms.

1.5. Limitations of the Study

In this study, there are some limitations. The main limitation is the epidemic which

affected the study from many aspects. During the implementation process of the



STEM activities, the epidemic spread all over the world, all schools suspended face-
to-face education and no one could come together. Due to this reason,
implementations were made as an online and the students participated in the lectures
from their homes. Also, group activities were limited and the students produced their
own products by themselves. Another limitation is that the students lived in the
villages and some of them had low socioeconomic status. Also, the students were
mostly medium achievers and did not have knowledge about STEM education. If the
participants had already attended to similar studies and they were higher achievers,

results of the study could change.






CHAPTER 2

LITERATURE REVIEW

In this section, in accordance with the aim of this thesis, how STEM activity should
be developed, Analysis, Design, Development, Implementation and Evaluation
(ADDIE) Model for a STEM activity, how STEM activity should be applied in the
lessons, and integration of STEM in Engineering Design Process (EDP) are
explained respectively to provide clear information and related studies are expressed

as a summary.

2.1. How Should STEM Activity Developed?

Under the skin of STEM education and its applications, there are activities which
provide opportunities for children to confront scientific knowledge at early ages. Due
to that, STEM education starts in preschools and some toys and logos are added to
STEM programs as an activity (Moomaw, 2013). Also, it is implemented in middle
and high schools with STEM basis curriculum and school planning activities (Policy
Statement of Ireland, 2019).

To make integration of STEM education into lessons, STEM activities which are the
basis of STEM disciplines should be developed. Preparation is starting with making
suitable lesson plans. During the preparation process, researchers shouldn’t have any
deficiency about STEM disciplines knowledge and should make planning properly
what to teach. STEM based activities should be designed as 21% century skills that
means it should improve students’ creativity, productivity and ability needed for
business, team working, making inquiry and exploration about issues etc...

(Gokbayrak & Karisan, 2017).
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There is a model to show the developing template of STEM activities which is the
CISA (Critical Integrated Skills and Activities) model assisting teachers to integrate
STEM to their education (Walshe, Johnston, & McClelland, n.d.). It covers the
syllabus map, CISA lesson template and CISA sets of lessons. Syllabus map has
identifications, outlines and CISA schemes. CISA lesson template consists of six
parts which are integrated science and mathematics “Big Idea”, overlapping
mathematics objectives, connections and disconnections, STEM literacy, language
issues, science objectives. Fundamental of the CISA lesson including objectives of
science and mathematics is ‘Big Idea’ which is overlapping both subjects. After
determining the ‘Big Idea’, misconnections and connections between science and
mathematics are identified by taking into consideration language differences. STEM
literacy is another important part of the template as it emphasizes the integration of
disciplines, although it is not possible to include all four stages equally. Curriculum
designers and teachers can use these CISA lesson components to create overlapping

areas between science and mathematics.

Also, to design STEM activity, a design based science education process can be
followed (Altan, Yamak, & Kirikkaya, 2016). To implement design based for
science education, engineering design should be applied as being a subfield.
According to Buckley, Fraser, Garbely, and Naras (2018) selecting activities,
examining resources, writing activity descriptions, assembling components, testing
and evaluating processes should be followed in order to develop and deliver STEM

activities.

After detailed literature review, the researcher has reached few information about
how STEM activities should be developed and which systematic methods could be
applicable to form STEM activities. Since there is a gap in the literature about this
issue, the researcher tried to find the solutions to fill the gap with making literature
review. As a result, the researcher decided to use an instructional model having
Analysis, Design, Development, Implementation and Evaluation (ADDIE) steps.

Thereby, ADDIE model is examined and analyzed.
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In this study, the ADDIE model, one of the systematic methods for material
development, was preferred to show the developing template of STEM activities
since the ADDIE model is suitable for integration of the STEM principles to
activities. Detailed information about ADDIE instructional model and development

processes of three STEM activities created for this study are explained below.

2.1.1. Analysis, Design, Development, Implementation and Evaluation (ADDIE)
Model for a STEM Activity

Instructional design models include education and training process, designing and
developing materials, evaluation and making arrangements. According to
Siribaddana (2010), high quality learning and reaching aim are possible with
instructional designs. One of the instructional design models is ADDIE model which
is the abbreviation of Analysis, Design, Development, Implementation and

Evaluation.

Educators choose the ADDIE model to prepare personalized and meaningful
teaching and learning environment for their students (Reiser & Dempsey, 2007)
because ADDIE model can be applicable whether online or face-to-face in all
environments when its’ all steps are followed (Aldoobie, 2015). Also, the ADDIE
model helps for designers to think about different steps of instructional design and
lecture design (Kuo, 2013).

When Table 2.1. is examined, it is seen that the most publications using instructional
design models are related to the ADDIE Model with 34%. Therefore, to develop
material for this study, the ADDIE model was chosen.
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Table 2.1. Instructional Design Models Used in Publications through 2009 to 2015
(Ozerbas & Kaya, 2017).

MODEL NUMBER PERCENTAGE
Dick and Carey Model 5 10
Kemp, Morrison and 1 2
Ross Model
ASSURE Model 5 10
United States Air Force 1 2
Model
Rapid Prototyping Model 5 10
ARCS Model 15 30
ADDIE Model 17 34
TOTAL 50 100

In this study, to develop STEM engineering design process activities, ADDIE

instructional design model was used. Phases of which are;

= Analysis Phase

Design Phase

Development Phase

Implementation Phase

Evaluation Phase

Those five steps become guidelines to development of a STEM activity. All five
steps are explained in the following titles according to activities developed for this

study.
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Step 1: Analysis Phase

In the analysis phase, educators observe the needs of the learners (Cheung, 2016)
and determine context-based scenario, topic and subject, target group, educational
goals and instructional objectives. Therefore, in the activities, context-based
scenarios which contain ill-defined and daily life problems, criteria, limitations and
restrictions about the required model exist. Based on context-based scenario needs,
the activities have high school physics topics and subjects

Step 2: Design Phase

Educators should create blueprints about delivering instruction and determine the
teaching strategy, method and lesson plan (Cheung, 2016). Therefore, the researcher
arranged STEM activities according to inquiry-based learning principles and
designed engineering design processes for applying processes of STEM lecture.

Step 3: Development Phase

After making planning, learning materials should be produced (Cheung, 2016). As
learning materials, the researcher produced the STEM lesson plans, the teacher guide
sheets and the student handouts The researcher planned STEM lessons for teachers
to implement a STEM basis in their lectures, the student handouts for students to
take note of the important points during the lesson, and the teacher guide sheets for

teachers to help teachers during applying the STEM activities to students.

As a result, according to the ADDIE model, three STEM activities were developed
which are an earthquake resistant concrete building design, an earthquake resistant
wooden building design and the technologies design to prevent buildings from
earthquake activities were formed. Preparation time for an earthquake resistant
concrete building design activity has lasted one and a half months, for an earthquake
resistant wooden building design activity has lasted three weeks, and for the
technologies design to prevent buildings from earthquake activities has lasted three
weeks. Development process of three STEM activities for this study are elaborated
in the Activity Development Process in Section 3.4.
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Step 4: Implementation Phase

In this section, it is expected to apply prepared materials to learner groups to be
ensure the tool familiar with the content and course goals (Cheung, 2016) so STEM

activities have been applied to the students and the teachers.
Step 5: Evaluation Phase

In this stage, the instructional designers assess whether the activities delivered the
desired results and evaluate the impact of the activities based on feedback from the
students, surveys and tests (Reinbold, 2013). Therefore, in this study, feedback for
activities was taken from the researcher observation and the interviews were

conducted with the participants

2.2. How Should STEM Activity Applied in the Lessons?

When conducted researches are examined, it is seen that there are many ways
pursued to application of STEM activities. In the process of STEM activity
implementations in classrooms, different learning strategies, models, methods and

techniques are used. Some of them are explained below.

One of the models used for STEM lessons is 5e instructional model of which phases
are engage, explore, explain, elaborate, and evaluate (Dass, 2015). It is seen
applicable in lectures since the 5e model is based on a constructivist approach to
learning and each phase increases students’ comprehensive scientific and
technological knowledge and teachers’ coherent instruction (Bybee, 2009). Yildirim
and Altun (2015) have applied STEM activity as a 5e model for their research to
examine the effect of STEM education on science laboratory courses. Semi-
experimental research design was used. 83 science preservice teachers participated
in the study and they were divided into control and experimental groups. Their
activity during the 2013-2014 fall period has been applied as follows: During the
class hour, at the beginning materials are given to students. In the engage part, the

teacher is attracting students’ interest to the topic with videos, animations, images or
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pictures which must be related with the topic and giving knowledge to the students
about what they should do. In the explore part, students are searching essential
information and teachers are sharing information during the explain phase. After
forming a basis, students are releasing a product with given materials in the elaborate
part. Finally, evaluation is made to understand whether students understand topic or
not. The study of Yildirim and Altun (2015) showed that STEM education being
implemented based on the 5e model affected the improvement of students’ academic

achievements.

According to Jong, Sotiriou, and Gillet (2014), online labs are seen as innovations in
STEM education. They are science laboratories with adapting computer technology.
Jong et al. (2014) distinguish online labs to three types as a virtual laboratory in
which simulated equipment are used, remote laboratories facilitating real physical
equipment and dataset. Those labs cause integration of STEM education to science
lessons with providing students with better conceptual knowledge. Transforming
lessons into STEM-based lessons is accomplished through students' ideas,
observations, questions and analysis. In online labs used in STEM education, rather
than transferring knowledge to learners directly, learners make an inference and
reach the knowledge (Jong et al., 2014). Also, online labs play a valuable role in
STEM education since, in virtual laboratories, students have the chance to use
simulation to solve problems and to acquire 21% century skills (d’Angelo, Rutstein,
Harris, Bernard, Borokhovski, & Haertel, 2014).

Also, STEM activities can be applied in laboratories with taking based on inquiry
based approach. This approach is frequently used in STEM education, since the basis
of the STEM education is conducting research and learning of the result of this
research. The main purpose of research based learning is to enable students to gain
21% century skills by inquiry, gaining learning skills and developing a positive
attitude toward learning (NSES, 1996). In this approach, students hypothesize about
the result of the experiment being made to solve a problem. After that, students
design experiments according to hypotheses, make observations and carry out an
experiment, record data, analyze and interpret the results (Demirkiran, 2016).

17



Likewise, in STEM-based education, students try to find solutions to daily life
problems, collecting information, analyzing or observing and making conclusions
from data. Also, since STEM education integrated with inquiry-based approach
helps students thinking critically, making progress in creativity and having a positive
attitude towards science, inquiry-based approach is applicable for STEM education.
(Bybee, 2013).

STEM applications can be made for mastery learning (Yildirnm & Selvi, 2017).
Yildirim and Selvi (2017) conducted research to observe the effect of STEM
applications with mastery learning on students’ motivation and academic
achievement. They designed STEM activities adapted to mastery learning with
choosing outcomes being suitable for STEM education. Then, STEM lessons were
formed to mastery learning processes like determining goals or objectives, giving
time to learners to critical thinking and evaluation. As a result of the research, STEM
applications with mastery learning affects students’ motivations and academic

achievement positively.

STEM activities can be developed according to problem based learning. It directs
the focus of problems to learning. As being STEM education steps, open ended
problems founded in daily life are determined and causes of problem and solutions
ways are explored. At the end, a product is produced to solve problems like STEM
education (Ugiinciioglu & Altan, 2017).

Lou, Shih, Diez, and Tseng (2010) conducted a study about the effect of problem-
based learning strategies on STEM knowledge integration with 40 girls from 10™
grade in high schools. Data were collected by the contents of interviews. Findings
suggested that problem based learning methods are providing opportunities to

students to make STEM knowledge integration.

Another current instructional strategy is STEM project-based learning (PBL) which
is a combination of a background of project based learning and science, technology,
engineering, and mathematics embedded in lessons. Inside of it, group activities and

working, open ended questions, problem solving, and interdisciplinary curriculums
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exist. Lecturers make a STEM PBL lesson plan and tasks are taken from real life
contexts. Implementations are made in groups and students use their content
knowledge to conduct projects (Han, Capraro, & Capraro, 2015). Rather than teacher
centered learning, student centered is dominant in the STEM PBL classrooms and
teachers play a guiding role. Besides student centered, formative assessment,
interdisciplinary, community-based learning environments, technology based and

engineering based activities are some features of STEM PBL.

Project-based learning provides important opportunities for bonding of disciplines.
Because of this feature, project based learning is widely used in STEM training and
in the integration of four STEM fields (Yurtluk, 2005). Han, Capraro and Capraro
(2015) conducted a study with 836 students from 3 different high schools to examine
the effect of STEM PBL on students’ achievement. Teachers who attended the study
got education from the STEM center and have applied for the STEM PBL once every
six weeks for three years. Longitudinal study was made and hierarchical linear
modeling has been used. Results implied that low performing students are benefited
pretty much from STEM PBL.

Conducting studies show that interdisciplinary STEM PBL enhances students’
understanding of their environment (Fulton & Britton, 2011). According to Capraro
and Jones (2013), PBL is suitable for STEM due to integration of disciplines and
involving academic disciplines. In STEM PBL, students labor with interdisciplinary
inquiries. 1ll-defined tasks, well defined outcomes, comprehensive curriculum,
multidisciplinary, success based on performance, culminating performance and

cooperative learning are some components of STEM PBL (Capraro & Jones, 2013).

To produce products, STEM PBL content should cover the objectives which are
applicable for hands on activities (Capraro & Slough, 2013). Principles of design of
PBL are visible thinking, accessible content, learning from others and lifelong
learning. Prior knowledge, revision, feedback, reflection and metacognition are
emphasized by learning sciences (Slough & Milam, 2013).
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Hakim, Sulatri, Mudrikah, and Ahmatika (2019) conducted a study about STEM
PBL using the 4D development model of Thiagarajan, Semmel, and Semmel (1974).
Initially, they designed unit models of STEM based learning and analyzed subject
matter content in mathematics curriculum, then innovated content learning with
integration science, technology, engineering and PBL models. Also, with using
learning tools and materials, experimental designs are prepared according to PBL
model integrated STEM. Finally, authentic assessment and performance assessments
are used to assess students’ performance and products (Hakim et al., 2019).

Integration of STEM and PBL models are illustrated in Figure 2.1.

Project-Based Learning Model

MATHEMATICS

©O@OE)

Figure 2.1. Development patterns of STEM project-based learning models (Hakim
etal., 2019)

Another approach to apply STEM education is Engineering Design Process (EDP).
STEM can be applied with the following engineering design process like identifying
problems, designing, making and testing and integration of science and mathematics
concepts. Information technology courses which are development, support, design,
system integration services, multimedia, management of software and hardware are
also added to applications of STEM (Plasman & Gottfried, 2018).

Morgan, Moon and Barroso (2013) indicates that 215 century curricula focus on
engineering design process. To find a solution for well-defined problems, a design
process is followed. Defining problems, collecting information, analyzing,

developing solutions, presentation of ideas and getting feedback and improving own
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design are steps of the designing process. Besides that, engineering design is utilized
by identifying needs and constraints, researching problems, developing possible
solutions, selecting promising solutions, building a prototype, testing, improving and
redesigning as needed.

2.2.1. Engineering Design Process and Integration of STEM in Engineering

Design Process

According to Truesdell (2014), Engineering Design Process (EDP) is the way used
by engineers to solve the problem. The purpose of the engineering design process,
like the purpose of the STEM education, is producing high quality solutions for
problems rather than just building products (Hynes, Portsmore, Dare, Milto, Rogers
& Hammer, 2011).

For solving real world problems, many models for EDP were developed. Some of
them are UTeachEngineering model, Massachusetts model and Hynes et al. model.
UTeachEngineering program consists of engineering education program and high
level engineering practices so it is suitable for university students. It consists of six
steps and each section is separated in itself those are identifying need, describing
need and characterizing systems, generating concepts and selecting concepts,
embodying the concepts and testing, finalizing and sharing design and evolvement
the design (Farmer, Allen, Berland, Crawford, & Guerra, 2012). For integration of
the engineering process to the high school science program, engineering educators

in education department of Massachusetts built a student focused model to be a guide
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for curriculum coordinators and teachers as shown in Figure 2.2. This model can be

used from kindergarten through high school (Householder & Hailey, 2012).

Step 1
Identify the Need
or Problem

Step 2
Research the
Need or Problem

Step 8
Redesign

Step 7
Communicate the
Solution(s)

Step 3
Develop Possible
Solution(s)

Step 6
Test and Evaluate
the Solution(s)

Step 4
Select the Best
Possible Solution(s

Step 5
Construct a
Prototype

Figure 2.2. Massachusetts engineering design process (Massachusetts Department
of Education, 2006)

Then, National Center for Engineering and Technology Education members grow
the engineering design process by adding completion decision steps and making
them more complex as seen in Figure 2.3. Also, it can be used for high school STEM

courses (Hynes et al., 2011).
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Figure 2.3. Engineering design process (Hynes et al., 2011).

First step is identifying the problem. This step comprises a basis for design thinking
and process grows around problems so educators should spend so much time to build
an applicable problem for design (Atman, Adams, Cardell, Turns, Mosborg, &
Saleem, 2007). Problems used in STEM education, like used in EDP, lead students
to both design and acquire knowledge and skills related to STEM fields (Kolodner,
2002).

To develop critical thinking and problem solving skills, ill-structured and open-
ended problems should be presented to students (Hynes et al., 2011; Jonassen, 1997;
Mentzer, Huffman, & Thayer, 2014). According to Greenwald (2000), ill-defined

problems are like:

“,.»unclear and raises questions about what is known, what needs to be known, and
how the answer can be found. Because the problem is unclear, there are many ways

to solve it, and the solutions are influenced by ones’ vantage point and experience”

(p. 28).

Many researches emphasize that the problem should be chosen from real world
situations rather than hypothetical questions to enhance students’ understanding
about subjects (Householder & Hailey, 2012; Hynes et al., 2011).
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Second step is research needs. Students are conducting research about the problem
with asking questions to educators to understand what they will exactly do. Rather
than using the first solution that comes to mind, to be well- informed to solve it,
students search needs for problem by asking questions like how, for whom, where
will be used, what are the functions...ctc. (Atman et. al., 2007).

Third step is developing possible solutions. Imagination, brainstorming and
teamwork occur fundamentals of step. Students develop solutions for and discuss
them between each other (Carlson, Cooper, & Zarske, 2008). Due to the
brainstorming, multiple potential solutions and substantial numbers of ideas are
produced by students (Osborn, 1953). Therefore, in this step, educators support and
encourage students to brainstorm and share ideas.

Fourth step is selecting the best solution. Students make research about technique,
method and material to be used in construction and analyze the similar solutions
generated for similar problems so their perspective becomes broadened and a number
of varying ideas enhance (Dym, Agogino, Eris, Frey, & Leifer, 2005). Then, students
could list required materials, features of the model and building phases. Finally, all
ideas are gathered together and the best design proposal is determined (May, 2018).

Fifth step is constructing a prototype. To convert images to the real, students
construct models which provide a curriculum basis of mathematics, science and
technology. Elliot (2006) suggested that construction of a prototype is not fixed to
standardized to make it better than other, it occurs according to students’ wide range
skills so mastery goals (being unique) are preferred rather than performance goals
(being better). Therefore, at the end, many different models are built in terms of
functions, features and physical appearance. Also, Householder and Hailey (2012)
claimed that generating product is not imperative in engineering design but
constructing a physical prototype and testing it causes beneficial to high school

students.

Sixth step is testing and evaluating solutions. Analyzing what works and what does

not work is the most crucial phase of the engineering design process as it can cause
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making products again. As a result of testing, redesign is made to improve design so
students are aware that their products have not finished yet. Terivasan, Davis, Crai,
Clakins, and Gentili (1998) claimed that high school students can prepare tests to
evaluate their own process and solutions while elementary students need support by

educators.

Seventh step is communication of solutions. Students share their prototypes’
features, used materials, followed stages, results and limitations with understandable
language (Gassert & Milkowski, 2005;). To make communication by clear
explanations, students can use schemas, written documents, graphs, constructions or
sketches (Hynes et al., 2011).

In step eight, by all criteria and requirements taking into consideration, models are
constructed again. Students resettle products to troubleshoot problems, eliminate
missing aspects and mistake parts (Science Buddies, n.d.). In the last step, students
reach their intended aim via the final version of their prototypes and determine about

completing all missions.

Hynes et al. (2015) drew attention to the importance of the engineering design

process and integration of it with STEM. They said that:

“...it is important to remember that throughout this process, students are
constantly evaluating and testing their ideas, repeating steps as necessary and
sometimes even restarting from the beginning. Occasionally the original idea
will have some initial overlooked flaw or a different approach may become
apparent through work on the challenge. By integrating this process into
already standard STEM courses, students will gain an improved attitude
toward and understanding of engineering. Through the act of presenting their
work to such groups as teachers, peers, and family members, students can
obtain an appreciative attitude towards engineering. We believe that it is
critical that engineering design challenges and curricula be intentional in the
development of student process skills and mindful of this in the design of the

activities for students” (p.12).
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When many studies are examined, it is indicated that the engineering design process
is followed to apply STEM activities. Among many educational approaches for
STEM application like project based learning, 5e model and problem based learning,
engineering design process naturally integrates the disciplines of STEM as it requires
the use of basic engineering knowledge and skills and the principles of science and
mathematics (Cantrell, Itani, Pekcan, & Velasquez-Bryant, 2006; Felix, 2010;
Householder & Hailey, 2012; NAE & NRC, 2009).

Siew (2017) conducted the study in Malaysia to evaluate the learning experience of
students using the STEM EDP approach. 89 students from rural secondary school
participated in a ten-hour program to produce three different prototypes. Data
collected from teachers’ field notes and open ended questions. It was founded that
the STEM-EDP approach improves students’ thinking and problem solving skills

and also increases students’ creativity.

Many researchers claim that to teach students with STEM content, STEM curricula
should be adopted to the engineering design process (Mehalik, Doppelt, & Schunn,
2008; Schunn, 2009). Also, according to some researchers engineering design is the
best way to integrate four disciplines of STEM since it creates opportunity
systematically to solve problems in STEM field and it causes applying science
knowledge and science inquiry (Barnett & Hodson 2001; Frykholm & Glasson,
2005; NAE & NRC, 2009; NRC, 2012). Besides that, EDP leads gaining many 21%
century skills. Innovation and learning skills, career and life skills and information,
technology and media skills that are expected to be gained by STEM education are
given by the engineering design process (Truesdell, 2014). Therefore, the
engineering design process is considered a suitable method for application of STEM

activities developed in this study.
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2.3. Summaries of the Literature Review

STEM is an educational approach making integration of Science, Technology,
Engineering and Mathematics. Numerous articles indicate different interpretations
of STEM education. Most prevalent of them is defining STEM education
disciplinary, multidisciplinary, interdisciplinary and transdisciplinary approaches
(Burke et al., 2014; Honey et al.,2014; Moore & Smith, 2014; Vasquez et al., 2013).
In this study, science, engineering, technology and mathematics disciplines have
been integrated to the STEM activities by dependent on each other so
interdisciplinary approaches are seen dominantly. STEM contains twenty-first
century skills focusing on innovation, creativity, critical thinking, problem solving,
inquiry processes and disciplinary knowledge (English & Gainsburg, 2016;
Partnership for 21st Century Skills, 2011).

When literature reviewed, it is seen that there are some instructional models to show
the developing template of STEM activities. One of the instructional design models
is ADDIE model which is the abbreviation of Analysis, Design, Development,
Implementation and Evaluation. Educators choose the ADDIE model to prepare
personalized and meaningful teaching and learning environment for their students
(Reiser & Dempsey, 2007) because ADDIE model can be applicable whether online
or face-to-face in all environments when its’ all steps are followed (Aldoobie, 2015).
Also, the ADDIE model helps for designers to think about different steps of

instructional design and lecture design (Kuo, 2013).

When many studies are examined, it is indicated that the engineering design process
is followed to apply STEM activities. Among many educational approaches for
STEM application, engineering design process naturally integrates the disciplines of
STEM as it requires the use of basic engineering knowledge and skills and the
principles of science and mathematics (Apeda & Schunn, 2009; Cantrell, Itani,
Pekcan & Velasquez-Bryant, 2006; Felix, 2010; Householder & Hailey, 2012;
Hmelo, Holton, & Kolodner, 2000; Mehalik, Doppelt, & Schunn, 2008; NAE &
NRC, 2009; Schunn, 2009).
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When the literature is reviewed, most of the resources are about the meaning of the
STEM education, the importance of education systems being integrated to STEM
and measuring the effects of the STEM education on students and teacher candidates.
However, studies related to development of the STEM activities and implementation
of the STEM activities take up little areas in the literature. STEM activities should
have some features and they should be developed to basis on the STEM principles.
However, many existing studies related to the STEM activities have various
deficiencies. The most common deficiency is the lack of daily life problems. An
activity which is created as having STEM features should be built on any specific
problem from daily life and progress to overcome that problem. Also, inaccuracies
are observed in integration of the four disciplines which are science, technology,
engineering and mathematics since our country does not have engineering and
technology curriculum in high school level. Therefore, absence of the curriculum

causes writing activities without integrating them into four disciplines.
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CHAPTER 3

METHODOLOGY

The aim of this chapter is to express research design, instructional design model,
sample of the study, processes for developing activities, processes for applying

activities, data collection tools and data analysis.

3.1. Research Design

In this study, the Educational Design Based Research (DBR) method was used for
the purpose of developing STEM activities. Design based research is systematic and
flexible methodology of which goal is to improve educational practices through
repetitive analysis, development, implementation and design (Wang & Hannafin,
2005).

Design based research consists of three stages (Nieveen & Folmer, 2013);

= Preliminary research (exploration)
= Development of prototype (construction)

= Evaluation (reflection)

This study was conducted according to three stages of design based research and

those stages are summarized in Figure 3.1.
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A. PRELIMINARY RESEARCH
1.

Defining Problem

Reviewing Literature

Determine the needs for STEM education

Determine the features of STEM activities

Determine the development processes of STEM activities

Determine the implementation processes of STEM activities

B. DEVELOPMENT OF PROTOTYPE
7.
8.
9.

Planning data collection tools
Planning data collection processes.
Development first prototypes of STEM activities with existing

design principles and theories

10. Sending to supervisor and getting feedbacks
11. Revising activities

12. Checking grammar

C. EVALUATION

13. Implementation of the STEM activities

14. Collection of data

15. Correction and renewal of the activities

16. Revision of the activities

17. Having the last version of the instructional materials
18. Writing thesis

Figure 3.1. Steps of design-based research for this study
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Preliminary research stage involves the theoretical framework of the research,
temporary design principles, literature review, needs and context analysis processes
(Plomp, 2013) so for this study conceptual framework is determined by systematic
analysis of processes. Needs for STEM education is determined and the principles
about design based on this need are compiled from the literature. Research about
STEM instrument development and implementation of STEM education are
searched, and it is analyzed how STEM activities are developed and applied in

classroomes.

In the prototype stage, the process of developing, evaluating and reviewing many
prototypes for activities are repeated. In this way, the training activities being
developed and the design principles that emerge together are reviewed and
developed (Plomp, 2013). Depending on the design principles, the first prototypes
of STEM activities are created and sent to a supervisor to make formative assessment
in STEM teaching content. According to feedback, necessary arrangements are made
in STEM activities and the sections deemed necessary in the activities and lesson
plans, teacher guide sheets and student handouts which are reviewed for field experts'

views, are redesigned.

In the last stage of DBR which is evaluation, the process of determining the
effectiveness of the intervention actually applied to students in a generally
determined learning environment is evaluated and according to result, activities are
redesigned (Nieveen & Folmer, 2013). In this study, the usability of STEM activities
in physics classes are evaluated by applying to high school students. As a result of
the analysis of tools applied to the students and the teachers, the course design and
activities are regenerated. Teachers’” and students’ views and researcher’

observations are helped to acquire the last version of activity.

Herrington, McKenney, Reeves, and Olives (2007) claimed that design-based
research has two valuable outputs: scientific outputs and designed products. For this
study, scientific outputs and designed products are STEM activity lesson plans,

teacher guide sheets, student handouts, observation forms, and interview forms.
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3.2. Participants

The study group involved 21 participants which were 10" grade 18 students from
Anatolia high school which is placed at Eskil district in Aksaray and three physics
teachers. 18 students were selected from 40 applicants according to 9" grade
cumulative grade points and gender. Physics teacher participants weren’t chosen by
any criteria. Since the purpose of the study is not making generalization, there is no
sample and population in this study. The researcher created an invitation form to
select the students (see Appendix H for Invitation Form). This form consists of
fundamental information of the applicants like name, surname, gender and mail
address. Besides that, cumulative point information was included to determine
student’s success levels. Prepared form has been shared in the school WhatsApp
group and students filled and sent to the researcher.

To select the participants, purposive sampling is used. To get heterogeneous groups
with success level and gender, all groups involved two students with high level
success, two students with medium level and two students with low level and so the
total number of group members became six. As a result, totally 18 students joined to
study, after applying for three activities in groups with six members. While the
students attended activities as a group, teacher participants joined activities
individually. Success criteria was determined on the basis of individuals’ cumulative
points of 9™ grade. According to the information in the legislation of the Ministry of
National Education, passing grade and other success degrees are listed as follows:
85,00-100 excellent, 70,00-84,99 good, 60,00-69,99 middle, 50,00-59,99 passable,
0-49,99 failure. Based on this information, it is decided that 0-59 grade points are in
low level, 60-84 points are in medium and 85-100 points are for high level success.
Since particular attention has been paid to gender distribution of the participants,
each group consisted of male and female students. Via delivering the invitation form
(see Appendix H for invitation form), the students’ average grade points and genders

were obtained. Cumulative grade points, genders and ages of the students
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participated in the first activity, the second activity and the third activity are

presented respectively in Table 3.1, Table 3.2, and Table 3.3.

For all three activities, among 18 students, there were 11 females and there were 7
males. According to the 9" grade point averages, the range of points of the students
were between 51.1 and 86.8. Mean value of grade point averages of 18 students were
70.64. Students’ ages were 15 and 16. There were 16 students with 15 age and
percentage of them was 89%. There were 2 students with 16 age and the percentage
of them was 11%. For three activities, gender distribution, age distribution,
cumulative grade points distribution and mean value of average cumulative grade

points are presented in Table 3.4.

Table 3.1. The Students’ Information Participated in The First Activity

Students Cumulative Grade Points Gender Age
1. Student with high level success 85.7 Female 15
2. Student with high level success 86.25 Female 15
3. Student with medium level success 78.0 Male 15
4. Student with medium level success 69.3 Female 15
5. Student with low level success 57.5 Female 15
6. Student with low level success 51.1 Male 16

Table 3.2. The Students’ Information Participated in the Second Activity

Students Cumulative Grade Points Gender Age
1. Student with high level success 86.8 Female 15
2. Student with high level success 85.22 Male 15
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Table 3.2 (continued)

Students Cumulative Grade Gender Age
Points

3. Student with medium level 75.4 Male 15
success

4. Student with medium level 75.33 Female 15
success

5. Student with low level success 57.56 Female 15
6. Student with low level success 53.8 Male 15

Table 3.3. The Students’ Information Participated in the Third Activity

Students Cumulative Grade Points Gender Age
1. Student with high level success 86.2 Male 15
2. Student with high level success 85.3 Male 15
3. Student with medium level success 70.48 Female 15
4. Student with medium level success 68.3 Female 15
5. Student with low level success 58.34 Female 15
6. Student with low level success 52 Female 16

Table 3.4. Gender, Age and Cumulative Distributions for the Three STEM Activities

Gender Distribution

61.2 %
Female

38.8 %
Male

Age Distribution

89% 15 Age  11% 16 Age

Cumulative Grade Points Distribution

Min. 51.1 Max. 86.8

Mean Value of Average Cumulative Grade Points

70.64
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Besides students, the three physics teachers attended the activities. All teachers were
female and their ages 23, 24 and 27. Two teachers had one-year of experience in the
private schools and a teacher had three years of experience in the private schools.
Heretofore, while the teachers with one-year of experience have not given
earthquake lessons in the physics course, the other teacher has given two times. All
of them were conscious about STEM education but they have not been involved in

any STEM activities as learners.

A physics teacher has led all three STEM activities to the students. This teacher has
been defined as the instructor in this study. She was 29 years old and had 4-year
experience in the private schools. She was aware about STEM education and has
implemented some STEM activities to her students before. Also, she gave lectures

about the earthquake waves several times.

3.3. Procedure

The procedure followed from the initial of this study to the end of writing of the
thesis is described below. The process generally is planned in order with respect to

time. The main steps in the process is as follows:

- Determination of the research problem

- Determination of the key word related with research problem

- Literature review

- Reading sources obtained from the literature review

- Determination of the target group

- Determination of topic and objectives from curriculums

- Writing the context-based scenarios

- Development of the instructional materials including lesson plans, teacher

activity guide sheets and student handouts
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- Development of the data collection tools which are semi-structured
interviews with the students, semi-structured interviews with the teachers,
semi-structured interview with the instructor and observation form

- Implementation of the instructional materials

- Application of the data collection tools

- Reuvision of the instructional materials

- Writing the thesis

In the following paragraphs, those steps are explained concisely. After determining
the research problem, the keywords were specified which are STEM, STEM
education, STEM activities, STEM Engineering Design Process activities. To search
the keywords, METU Library Theses and Dissertations, ProQuest, ERIC and
ResearchGate data bases were used. Obtained sources were examined in terms of

contributions to this study and this step lasted about 6 months.

After the comprehensive literature review, the target group were identified as being
10" grade and above students in Turkey. According to the target group, high school
physics topics and subjects were chosen. As a topic and subject, earthquake waves
were determined. Based on the topic and subjects, science, technology, mathematics,
engineering and social skills objectives were specified. While science, mathematics
and technology objectives were obtained through curriculums of the Ministry of
National Education, engineering and social skill objectives were acquired from
national and international literature, conducted research and thesis. This step lasted

approximately 2 weeks.

Then, context-based scenarios for each activity which contains ill-defined and daily
life problems, criteria, limitations and restrictions about the required model were
written. Scenarios are related to the largest earthquake recorded in Erzincan province

of Turkey in the last 100 years. Writing the context-based scenario took a month.

Based on the context-based scenario, the researcher has prepared three STEM
activities which are an earthquake resistant concrete building design, an earthquake

resistant wooden building design and the technologies design to prevent buildings
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from earthquake activities. Each activity consists of a lesson plan, student handout
and teacher activity guide sheet. All the STEM activities were analyzed by the
supervisor. This step of the research lasted approximately 5 months.

Then, data collection tools were formed by the researcher. The semi-structured
interviews with the students, the semi-structured interviews with the teachers, the
semi-structured interview with the instructor and the observation form were prepared

for 2 weeks.

Subsequently, the researcher implemented three STEM activities as a pilot study.
The purpose of the implementation process was to identify the problems in the
activity materials and to revise them. All the implementations were carried out in the
online platform. After the online lessons, the participants constructed their own
products and the researcher went separately to their home to test the products. Each
activity was tested with six different students. The instructor, who is a physics
teacher, led the three activities applied on the students, conducted every process of
the activities and guided the students. During the implementations of the activities,
the researcher made classroom observation and provided support to the instructor.
Apart from the students, each activity was implemented to a physics teacher by the
researcher. After finishing the implementation of each activity, the researcher did the
interview with the students, the teachers, and the instructor separately. The
interviews with the students were conducted as a group but the interviews with the
teachers and the instructors were done one by one. Application of the activities and
interview processes totally lasted 2 months for the three activities.

Subsequently, according to the findings from implementations of three STEM
activities, all revisions were made in each activity. Then, the researcher wrote the

results of this study and concluded the thesis in 2 months.
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3.4. Activity Development Process

To develop STEM engineering design process activities, ADDIE instructional
design model was used in lesson plans, teacher guide sheets and student handouts.
Phases of which are analysis, design, development, implementation and evaluation.
Those five steps become guidelines to development of STEM EDP activities. All
five steps are explained in the following titles according to activities developed for

this study.

In the analysis phase, context-based scenario, topic and subject, target group,
educational goals and instructional objectives were determined. All of them for

STEM activities were ascertained in below.

Context-based scenario: At the beginning, context-based scenario which contains
ill-defined and daily life problems, criteria, limitations and restrictions about the
required model were written. Scenarios are related to the largest earthquake recorded

in Erzincan province of Turkey in the last 100 years.

Determine topics: Based on context-based scenario needs, high school physics topics
and subjects were chosen. As a topic and subject, earthquake waves were
determined. As a result, an earthquake resistant concrete building design, an
earthquake resistant wooden building design and the technologies design to prevent

buildings from earthquake activities were formed.
Target group: 10" grade and above students were targeted in Turkey.

Determine objectives: Before writing activity, targets expected by students were
determined. In here, targets are science, technology, mathematics and engineering
objectives. As science outcomes, 10" grade physics objectives being applicable for
STEM principles were taken from the secondary physics curriculum of the Ministry
of National Education published in 2018. Suitable technology outcomes were taken
from middle school (7" and 8" grades) technology and design curriculum of the

Ministry of National Education, 2018. Also, mathematical objectives were chosen
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from the middle school mathematics curriculum of the Ministry of National
Education published in 2018. Finally, engineering objectives and social skill
objectives were acquired from national and international literature, conducted

research and thesis.

In the design phase, the researcher arranged STEM activities according to inquiry-
based learning principles and designed engineering design processes for applying
processes of STEM lecture.

Also, in the development phase, as learning materials, the researcher produced the
STEM lesson plans, the teacher guide sheets and the student handouts. The
researcher planned STEM lessons for teachers to implement a STEM basis in their
lectures. The STEM lesson plans (see Appendix A.1, Appendix B.1, and Appendix
C.1 for revised lesson plans) involve grade level, unit, chapter, objectives,
instructional materials, technologies and course content. In the course content part,
the lessons were described and each section was explained in detail and every
sentence used by teachers during the lecture were expressed. Course content in the
lesson plan was written according to seven stages of engineering design processes
which are identifying problem, collecting information, producing solutions, selecting
the best solution, constructing a prototype, testing prototype and redesigning and
evaluating. Also, the student handouts were prepared for students to take note of the
important points during the lesson, to be directed for activity and to do exercises
related to the subject after class (see Appendix A.2, Appendix B.2, and Appendix
C.2 for revised student handouts). Some parts were placed in it to write desired
features about model, limitations, features of model and necessary materials
specified by students and to draw a draft of the model. Besides the lesson plans, the
teacher guide sheets (see Appendix A.3, Appendix B.3, and Appendix C.3 for
revised teacher guide sheets) were formed to help teachers during applying the
STEM activities to students. The teacher guide sheets include answers of questions
which are asked in the lesson plans and filled in the spaces left as blanks in the lesson
plans. After the materials have been created, written lesson plans for STEM activities

were sent to a supervisor and according to their interpretations and evaluations,
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missing and error are removed. Also, activities were implemented to the students
according to feedback, instruments were written again. After the improving and
development process, final design for application is decided. At the end, lesson plan,
teacher guide sheet and student handout for three STEM activities which are
designing earthquake resistant concrete building, designing earthquake resistant

wooden building and applying earthquake technologies to buildings were developed.

Moreover, in the implementation phase of the ADDIE model, three STEM activities
were applied according to the Engineering Design Process. Activities produced for
this study have been applied to both the students and the physics teachers. 18 10"
grade students in Anatolia High School and the three physics teachers from different
places attended to the activities. The activities were implemented to the students by
the instructor who is a physics teacher. In this study, the instructor word is used rather
than physics teacher in order to not confuse with the other three physics teachers.
Also, the activities were implemented to three physics teachers by the researcher.
Due to the pandemic, all the implementations were carried out in the online platform
which is a ZOOM application. Implementation phase is elaborated in the Activity

Applying Process in Section 3.6.

Lastly, in the evaluation phase, STEM activity materials were evaluated according
to effectiveness of the activities. By using summative assessment, feedback was
taken from the researcher observation and the interviews were conducted with the

students, the teachers and the instructor.

3.5. Instructional Materials

For this study, three STEM EDP activities were written with the basis of the ADDIE
instructional model and applied according to the engineering design process. All
activities have a lesson plan, teacher guide sheet, and student handout. In this part,
activity elements will be defined as follows.
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3.5.1. Lesson Plans

The researcher planned STEM lessons for teachers to implement a STEM basis in
their lectures. For this study, the three lesson plans were formed according to
objectives and context-based scenarios which have an ill-defined problem and
related with daily life issues. Scenarios for three lesson plans built on the largest
earthquake recorded in Turkey in the last 100 years. According to the earthquake
topic, the lesson plans were designed to make earthquake resistant concrete
buildings, earthquake resistant wooden buildings and buildings with earthquake
technologies. Also, objectives of science, technology, engineering, mathematics

disciplines and social skills were integrated into the lesson plans.

The STEM lesson plans (see Appendix A.1, Appendix B.1, and Appendix C.1 for
revised lesson plans) involve grade level, unit, chapter, objectives, instructional
materials, technologies and course content. In the course content part, the lessons
were described and each section was explained in detail and every sentence used by
teachers during the lecture were expressed. Course content in the lesson plan was
written according to seven stages of engineering design processes. Teachers and

students should follow those seven stages during the STEM lesson which are;

Identify the problem

= Collect information

= Develop solutions

= Select the best solution

= Construct a prototype

= Test prototype and redesign
= Evaluate

Identifying the problem part consists of dividing students into groups, distribution of

handouts, analyzing of the scenario to find the problem, needs, limitations and
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restrictions. Collecting information part contains determining research questions,
making research, answering the research questions, determining disciplines and
objectives, finding variables and testing them. Making scaling calculations,
determining evaluation criteria, creating a product evaluation form and making a
product plan for solution were steps of the producing solutions part. Then, the best

solution is selected. At the end, the product is produced and tested.

The first lesson plan, which is an earthquake resistant concrete building design, was
produced according to the lesson lasting 1200 minutes in 8 days. This means that it
takes 30 class hours to implement to the students. The second lesson plan, which is
an earthquake resistant wooden building design, was produced according to the
lesson lasting 670 minutes in 4 days. This means that it takes 17 class hours to
implement to the students. The third lesson plan, which is the technologies design to
prevent buildings from earthquake, was produced according to the lesson lasting 460

minutes in 3 days. This means that it takes 11 class hours to implement.

3.5.2. Student Activity Handouts

Students activity handouts (see Appendix A.2, Appendix B.2, and Appendix C.2 for
revised activity handouts) were prepared for each activity. Handouts have context-
based scenarios, necessary explanations, notes and empty spaces to be filled by
students when the time comes. They don’t include expected answers from students,
application steps and objectives. To follow courses easily and take notes, instructions

for students were put inside the handout.

3.5.3. Teacher Activity Guide Sheets

The teacher activity guide sheets (see Appendix A.3, Appendix B.3, and Appendix
C.3 for revised teacher activity guide sheets) were produced for every activity to help
educators during the implementation of STEM activities. The guide sheets include

steps to follow, sentences teachers should use, photos of materials used to produce
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the products and photos of construction stages of the products. The teacher activity
guide sheets are the summaries of the lesson plans but unlike lesson plans, answers

of the questions to ask students exist in the teacher guide sheets.

3.6. Activity Applying Process

In this study, developed three STEM activities were applied on the basis of
Engineering Design Processes (EDP) which are identifying the problem, collecting
information, developing solutions, selecting the best solution, constructing a
prototype, testing prototype and redesigning and evaluating. The three STEM
activities were conducted to both the 18 10" grade students and the three physics

teachers at different times.

Each activity was fulfilled with six different students. Any student participating in
an activity did not participate in another activity. A physics teacher, who is named
as the instructor in this study, led the three activities to the students. The instructor
conducted every process of the activities and guided the students. Apart from the
students, each activity was implemented to a physics teacher by the researcher. A

teacher participating in an activity did not participate in another activity.

Due to the pandemic, all the implementations were carried out in an online platform
which is a ZOOM application. The students attended online lessons and after the
finishing online lessons, they produced products on their own. For this reason, each
student constructed their own products and the researcher went separately to their
home to test their products. Due to the same reason, the activities were conducted
with the teachers as an online and after the end of online lessons, they produced
wanted products. However, their products were not tested since both the pandemic
and being more important of the process of the activity than the conclusion of the

activity.

For the first activity, which is designing an earthquake resistant concrete building,

the instructor, the researcher and the six students came together in an online platform
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at two lesson hours per day and online lessons took six days. After the end of the
online lessons, the students built their own concrete buildings individually. The
construction of the concrete prototypes took five days since it took time for concrete
to dry. Later, the researcher has tested six prototypes separately by going to every
student’s home since the students could not come together. While testing, videos
were recorded to show products to other students in the activity later. The testing
process was completed in two days. At the end, in the two online lessons, every video
was watched together and the students’ products were evaluated. In total,

implementation of the first activity has passed 1200 minutes in 14 days.

Also, the first activity has been applied to a physics teacher by the researcher. To
carry out activity, the researcher and the teacher came together in an online platform
at two lesson hours per day and online lessons took six days. Then, the teacher
produced a concrete building in five days. Due to not coming together, the teacher’s
product wasn’t tested. However, the teacher’s product evaluated whether it had the
desired properties or not and the evaluation was made in a day. In total, the activity

with the teacher took 12 days.

For the second activity, which is designing an earthquake resistant wooden building,
the instructor, the researcher and the six students met together in an online platform
at two lesson hours per day and online lessons took six days. After the end of the
online lessons, the students built their own wooden buildings individually. The
construction of the wooden prototypes took two days. Later, the researcher has tested
six wooden prototypes separately by going to every student’s home. While testing,
videos were recorded to show products to other students in the activity later. The
testing process was completed in two days. At the end, in the two online lessons,
every video was watched together and the students’ products were evaluated.

Totally, this activity has passed 670 minutes in 11 days.

Also, the second activity has been applied to a physics teacher by the researcher. To
carry out activity, the researcher and the teacher came together in an online platform

at two lesson hours per day and online lessons took six days. Then, the teacher
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produced a wooden building in a day. Due to not coming together, the teacher’s
product wasn’t tested. However, the teacher’s product evaluated whether it had the
desired properties or not and the evaluation was made in a day. In total, the activity
with the teacher took 8 days

For the third activity, which is applying earthquake technologies to buildings, the
instructor, the researcher and the six students came together in an online platform at
two lesson hours per day and online lessons took four days. After finishing the online
lessons, the students applied technologies individually. The stage of applying the
technologies took a day. Later, the researcher has tested prototypes of six students
separately and while testing, videos were recorded. Testing process was completed
in two days. At the end, in the two online lessons, each video was watched together
and students’ products were evaluated. Totally, this activity has passed 460 minutes

in 8 days.

Also, this activity has been applied to a physics teacher by the researcher. To conduct
the activity, the researcher and one physics teacher met on an online platform at two
lesson hours per day and online lessons took four days. Then, the teacher produced
buildings with the earthquake technologies in a day. Due to not coming together,
teacher participant’s products weren’t tested. However, the teacher’s product
evaluated whether it had the desired properties or not and the evaluation was made
in a day. In total, the activity with the teacher took 6 days. Passing time during the
implementation of the three STEM activities both with the students and the teachers
is showing Table 3.5.

At the end of each activity, the researcher did the interviews with the students, the
teachers and the instructor. Also, during the implementations of the activities, the

researcher made classroom observation and provided support to the instructor.
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Table 3.5. Passing Time During the Implementation of the Three STEM Activities

Passing Time During the Implementation of the Three STEM Activities

Online

lessons

Construction

of

prototypes

the

products

Testing of

Evaluating  Total time

of the

products

The first
activity
with the

students

6 days

5 days

2 days

1 day

14 days

The first
activity
with a
physics
teacher

6 days

5 days

1 day

12 days

The
second
activity
with the
students

6 days

2 days

2 days

1 day

11 days

The
second
activity
with a
physics
teacher

6 days

1 day

1 day

8 days

The third
activity
with the

students

4 days

1 day

2 days

1 day

8 days

46



Table 3.5 (continued)

The third 4 days 1 day - 1 day 6 days
activity

with a

physics

teacher

3.7. Data Collection Tools

Data triangulation method leads to comparing consistency of information taken from
different tools and contributes to reliability and internal validity of the findings
(Patton, 2015). Therefore, in this study, the interview with the students, the physics
teachers and the instructor were used. Also, the researcher has observed the students
and the teacher, and took notes. The third tool for a data triangulation was the
observation form about the instructor which was completed by the researcher. All
data collection instruments were formed by the researcher examining the literature

review.

Semi structured interview questions for the students (Appendix D), for the physics
teachers (Appendix E) and for the instructor (Appendix F) and also the researcher
observation form (Appendix G) are mentioned in the following sub-parts. Results of

the interviews and researcher observations are given in Chapter 4.

3.7.1. Interviews

Since semi-structured interview technique provides the opportunity to ask different
questions within the framework of the research, the researcher has the opportunity
to examine the situation or subject in more depth (Patton, 2015) so it is needed. Also,
the purpose of using interviews is to ascertain difficulties encountered by the
participants and the instructor, who led the activities, during the activity. Semi
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structured interviews were used to take suggestions, thoughts and ideas about the
activities of the students, the physics teachers and the instructor. Seven questions
related to the experiences of participants and content of the activities were asked to
the students and the physics teachers. Six questions related to experiences of the
instructor during the activities and content of the activities were asked to the
instructor. All the interviews were conducted by the researcher in the online platform

due to the pandemic.

After finishing the implementation of each activity, the researcher did the interview
with the students, the teachers and the instructor separately. The interviews with the
students were conducted as a group but the interviews with the teachers and the
instructors were done one by one. For the three activities, the instructor attended
three same interviews. During the interview, while the same questions were asked to
the students and to the teachers, different questions from those asked to the students
and the teachers were asked to the instructor. The interview with the students took
about 15 minutes and the interview with the teachers took approximately 20 minutes.

Also, the interview with the instructor lasted about 20 minutes for each activity.

3.7.2. Observation Form

Another data collection tool is the researcher observation form (Appendix G). This
form was prepared to observe the instructor who implemented the three STEM
activities to the students. In order to directly monitor whether the STEM activities
have STEM principles and how the instructor could reflect the nature of STEM
education into the practice, the researcher used the observation form. The
observation form consists of 12 items and inside of the form, there are expressions
to show the situations expected from the instructor during the student-centered
activity. If the instructor applied the expected situations to the desired extent, the tick
was put in the "Applied” section and if did not apply, "Not Applied” section was
marked. According to the data obtained from results of observations form,

deficiencies in the activities were determined.
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3.8. Validity and Reliability

In design-based research, data analysis begins in the preliminary research phase and
continues until the prototype is finalized and transformed into a final product
(Nieveen & Folmer, 2013). Validity and reliability of the research design of this
study and the data collection tools prepared by the researcher are presented in the

following.

3.8.1. Validity and Reliability of Research Design

According to Kirk and Miller (1986) validity in qualitative research means that the
researcher observes the phenomenon investigated as neutral and unbiased. For
objectivity of this study and the reliability of the data, the researcher conducted the

study objectively and made impartial observation.

Lincoln and Guba (1985) advised using triangulation strategy for trustworthiness and
Patton (2015) stated that triangulation refers to use various data sources to
understand the phenomena comprehensively. Due to that, this study, triangulation
method has been used for internal validity by including to the researches more than
one data source which are interviews with the students, the physics teachers, the

instructor, and the researcher’s observations.

According to Merriam (2009), external validity for qualitative research means that
results obtained participants and environments can be transferred to similar
participants and environments. In this context, in order to ensure the qualitative
external validity of the research, qualities such as participant characteristics,
environment and research process are tried to be presented in a clear and detailed

manner.
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3.8.2. Validity and Reliability of Data Collection Tools

Triangulation is one of the most effective methods used to ensure consistency
(Creswell, 2012; Guba, 1981). In this context, multiple data collection tools such as
researcher observation notes and interviews were used in the research and data

collection tool triangulation was performed.

To ascertain difficulties encountered by participants and teachers during the activity
and to get students’ and teachers’ thoughts and ideas about activity, interviews were
made to both. Semi structured interview forms for both students and teachers were
analyzed. The data are analyzed according to the themes posed by the research
questions, dimensions used in the interview and observation processes (Yildirim &
Simsek, 2011). In light of this information, verbal answers were collected by the
researcher and being evaluated. Due to that, the reliability of the findings has been
increased by controlling the consistency of what the participants say over the same

things.

The data obtained from the observations for the study groups were recorded by the
researcher in the form of short notes and photographs during the implementation of
the activities, and were expanded and converted into observation notes after the

application.
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CHAPTER 4

RESULTS

This chapter summarizes implementation process of the three STEM activities to
improve these activities. These activities are earthquake resistant concrete building
design, earthquake resistant wooden building design, and technologies design to
prevent buildings from earthquake. Each activity was examined step by step,
working and non-working steps have been specified, and non-workings have been
revised. Also, the researcher elaborated problems encountered in every step and
delivered solutions. Moreover, whether each stage of the three STEM activities
meets the expectations or not was given in detail. Subsequently, according to the
findings from implementations of three STEM activities, all revisions were made in

each activity and all changes were integrated to each activity.

Each activity was tested with six different students. Any student participating in an
activity did not participate in another activity so totally, 18 students attended to the
study. A physics teacher, who is called as instructor, led the three activities applied
on the students. The instructor conducted every process of the activities and guided
the students. During the implementations of the activities, the researcher made
classroom observation and provided support to the instructor. Apart from the
students, each activity was implemented to a physics teacher by the researcher. A
teacher participating in an activity did not participate in another activity. So totally

3 physics teachers attended to the activities as a learner.

Due to the pandemic, all the implementations were carried out in the online platform
which is a ZOOM application. Therefore, the students had online lessons as a group
but they produced products expected to be made in the activities on their own. For
this reason, each student constructed their own products and the researcher went

separately to their home to test the products. Due to the same reason, the activities
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were conducted with the teachers as an online and after the end of online lessons,
each teacher produced their own products. However, their products were not tested
since getting feedback from the process part of the activities is more important than
testing of the activities.

In this chapter, improvements of the activities were based on interviews with the
students, the physics teachers and the instructor and researcher observations during
the activities. The interviews were conducted with the students (see Appendix D for
the student interview questions), the teachers (see Appendix E for the teacher
interview questions) and the instructor (see Appendix F for the instructor interview
questions) in order to acquire their opinions. The researcher observed the students,
the teachers, and the instructors. The researcher noted the activity processes and
filled the observation form (see Appendix G for the observation form) for each
activity. After finishing the implementation of each activity, the researcher did the
interview with the students, the teachers, and the instructor separately. The
interviews with the students were conducted as a group but the interviews with the
teachers and the instructors were done one by one. For the three activities, the
instructor attended to three interviews. During the interview, while the same
questions were asked to the students and to the teachers, different questions were
asked to the instructor. The interview with the students took about 15 minutes and
the interview with the teachers took approximately 20 minutes. Also, the interview

with the instructor lasted about 20 minutes for each activity.

To show the results of the interviews and the researcher observations, this chapter
includes following sections for each activity: results of the observations for the
students and the teacher, the results of the interviews with the students and the
teachers, the results of the interviews with the instructor and the results of the
observations for the instructor. At the end of the chapter, summaries of the results

are presented.
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4.1. Earthquake Resistant Concrete Building Design STEM Activity

In this section, earthquake resistant concrete building design activity is examined
step by step. This activity was carried out with the six students by the instructor and
with a physics teacher by the researcher at different times. Therefore, observations

about both the students and the teacher are available.

In here, the students and the teacher are all mentioned as the participants. However,
when answers or behaviors of them are explained, the participants are explicitly

specified as the students or the teacher.

4.1.1. Results of the Observations for the Students and the Teacher for the
First Activity

In this stage, it is indicated that day to day observation of the activity performed with
the students and the teacher. While the activity was applied to the teacher in the

morning, it was applied to the students in the evening of that day.

In total, the activity was observed 19 hours in 14 days for the students and 13 hours
in 12 days for the teacher by the researcher. Total time includes 13 hours of online
lessons and 6 hours of testing process of the products. The first six consecutive days,
online lessons were made two hours per day. Then, in five days, products were
produced. Later, with 6 hours in two days, products were tested and an hour in a day,

the evaluation part was fulfilled.

Passing time for each process was the same for the teacher except the testing part.
Observation time is shown in Table 4.1. Then, the implementation of the first STEM

activity is explained day by day.
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Table 4.1. Observation Time of the Implementation of the First STEM Activity

Day 1,2,3,4,56 7,8,9,10,11 12,13 14 Totally
The 2 hours online Constructing Testing  Evaluating 19
activity lessons in each products without products products hours
with the day making online with 6 with an inl4
students lessons hours in  hour days
2days  online

lesson
The 2 hours online Constructing Not Evaluating 13
activity lessons in each products without tested products hours
with the day making online with  an in12
teacher lessons hour in an  days

online

lesson
Day 1

A. ldentify the problem

In this part, it is expected from the participants to examine the given scenario in

detail. The participants should be able to determine the problem described in the

scenario and identify the need to solve the problem. Also, criteria and limitations

should be found with analyzing the scenario.

For the first earthquake activity, the activity handout having been prepared before

was shared in the screen of the computer so the following scenario which is inside

of the handout was presented to the participants.

When looking at the map of the seismic zone of Turkey, it is seen that the first degree

earthquake zone causing substantial loss of life and property occupies a large area.

According to the data of Kandilli Observatory, the largest earthquake recorded in
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this zone in the last 100 years is the 7.9 magnitude earthquake that took place in
Erzincan province in 1939. As a result of the Erzincan earthquake, 32,986 people

lost their lives and 116,720 residences were severely damaged.
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Considering the data, the construction of earthquake resistant buildings in Erzincan,
which is located on the first-degree earthquake zone, has great importance in order
to minimize the loss of life and property caused by the earthquake. That's why a
construction company volunteers to build earthquake resistant reinforced concrete
buildings in which all people with different socio-economic levels can live in this
city. The owner of the company wants the buildings to be at the highest height that
does not need an elevator, as elevators cause dangerous events such as cabin jams or
falls during an earthquake. If you are a civil engineer working in this company, what
kind of an earthquake resistant concrete building would you build in Erzincan, taking
into account that the elevator regulations in buildings allow three stores at most and
not using any shock-reducing earthquake technology?

In the scenario, as an addition, it is specified that linear ground accelerations are
measured instead of magnitude of the earthquake since it is not possible to measure
magnitude of earthquake directly. Therefore, linear ground accelerations

corresponding to magnitude of the earthquake values are shown in Table 4.2.
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Table 4.2. Richter Magnitude and Ground Acceleration Values

Richter Magnitude Ground Acceleration (m/s?)

0-04 <0.008
05-14 0.009 - 0.025
15-24 0.03-04
25-34 05-1.0
35-4.4 11-16
45-4.9 1.7-22
50-54 2.3-238
55-5.9 29-34
6.0-6.4 35-4.0
6.5-6.9 4.1-4.6
7.0-74 47-52
75-7.9 53-5.38
8.0-8.4 59-6.4
8.5-8.9 6.5-7.0

9.0 and above 7.1 and above

It was asked to the participants what the problem is in the scenario. The students said
that existence of non-earthquake resistant buildings, dying of people, collapsing of
buildings, tall buildings, elevators, and the earthquake. Also, the teacher stated that
destruction of buildings that are not resistant to earthquakes and loss of life and
property as a result in Erzincan province, which is located in the first degree
earthquake zone. Then, when it was asked what is needed, all the participants
identified the need as making an earthquake resistant concrete building. In addition,
the teacher said that one of the needs is being conscious about earthquakes. As a
result of the classroom observation of the researcher, each student gave answers and
actively involved lessons. Also, both the students and the teacher could easily

proceed in identifying the problem.
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After that, what the criteria and the limitations were asked. The students stated the
criteria that buildings must be concrete, have three floors and to be able to stand in a
7.9 magnitude earthquake. Their limitations were making three floors, being
economic and not applying the earthquake technologies to the buildings. The
students included three floors feature of building to both the limitations and the
criteria. At the beginning, they couldn’t differentiate the criteria and the limitations.
After the instructor explained what the differences between the criteria and the
limitations, they could determine. As a result of the researcher observation, since
some students couldn’t differentiate limitations from criteria, “The limitations” item
was changed with “The restrictions and the limitations” item in the lesson plans,

handouts and activity guide sheets.

Also, the teacher determined the criteria as concrete building and the limitations as
three floors, not applying the earthquake technologies to the buildings and being
economic. According to the researcher observation, the teacher had no difficulty in
this step. During the activity, since all the participants finished this step less than the

specified time, allocated time had been decreased from 30 minutes to 15 minutes.
B. Collect information

In this stage, what is expected from the participants are determining research
questions, making search, answering research questions, determining disciplines and

objectives of disciplines, finding variables and testing the variables.
Determining research questions

“What should you investigate to make an earthquake resistant concrete building?
What should be your research questions to know about making an earthquake
resistant concrete building?” were asked to the participants. The students said that
the meaning of the earthquake, economical materials, quality of the materials and
amounts of them for concrete buildings should be investigated. When a student said
where the earthquake is most common should be investigated, the other students

opposed that research question and they explained that knowing the earthquake
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zones does not help to make buildings. According to the researcher observation, the
students were able to positively criticize each other's opinions and they corrected
each other. Also, in the determining research question step, the students brainstormed

and discussed the questions actively.

To acquire more responses, the instructor asked again “What do we need to know to
make an earthquake resistant concrete building?”” The students said that features of
the earthquake resistant concrete buildings should be known. Also, the instructor
asked “Did you build any real buildings before? If you have all the materials, can
you make a building immediately?” Then, the students decided to investigate the
construction stages of concrete buildings. According to the researcher observation,
the students could not easily determine the research questions and they needed the
instructor's guidance. Therefore, guiding questions were added to the lesson plans
like “What do we need to know to make an earthquake resistant concrete building?”
“Did you build any real buildings before? If you have all the materials, can you make

a building immediately?”

In this stage, the researcher asked to the teacher “What should be your research
questions to know about making an earthquake resistant concrete building?” The
teacher said that she didn't need to research anything since if she is a civil engineer,
she already knows all information so she doesn’t need to search information. After
explanation of the researcher, she got that being an engineer in the scenario is an
assumption. Then, the teacher determined the research questions like what the
materials and amounts of the materials should be, how earthquake resistant buildings
should be, how any concrete building is being made. Also, the teacher added to the

importance of searching ground suitability.

According to the observation of the researcher, the teacher had a problem putting
herself in the position of a civil engineer mentioned in the scenario. She needed help
to understand that being an engineer is an assumption. Therefore, the following
sentence in the scenarios “If you are a civil engineer working in this company...”

was changed with “Assuming you are a civil engineer working for this company...”
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Also, as a result of the researcher observations, the teacher mostly focused on the
construction of the building and she did not determine the research question related
with the definition and the meaning of the earthquakes. Like the students, the teacher
needed guidance to determine the research questions. Therefore, the importance of
the guidance about the determining the research question was written elaborately to

the relevant part of the lesson plans.

Allocated time for the determining research questions was 30 minutes but duration
has lasted approximately 20 minutes for the students and 10 minutes for the teacher.

Therefore, timing for determining research questions was revised as 20 minutes.
Making search and answering the research questions

After determining the research questions, the participants have searched questions
via the internet. The questions identified in the previous step have been investigated
one by one. That means, the students first searched answer of the first question, after
finding it, they searched answer of the next question. The time given for each
question was 10 minutes. After 10 minutes, answers were discussed in approximately
10 minutes. If needed information was reached, passed to the other question. If
necessary information was missed, additional time was given. The students

completed making search and discussion process in 150 minutes.

For the teacher, search was done as a whole. The online lesson was suspended and
the teacher searched all questions by herself in a given time. 90 minutes were enough
for the teacher to make search. After finding information, the researcher and the

teacher have made discussions for 30 minutes.

Some of this section continued in the next lesson since two hours of online lesson
hours were up. Before completing the lecture, it was wanted from the participants to
make detailed investigations about the research questions by the next online lecture

day.

The activity was suspended to continue in the next online lesson.
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Day 2

Making search and answering research questions continued in this day. As a result
of the researcher’s observation, both the students and the teachers reach the
necessary information for making an earthquake resistant concrete building.
According to observation of the researcher, the students were inexperienced in doing
search and they did research without knowing which source was reliable or not, and
were unable to interpret the information they found. After studying what is a short
secure source, how to access it, and the importance of interpreting the information
they obtained, the students had searched trusted sites. Therefore, the following
sentence has been added to this section: In order to get information from reliable
sites, make sure that the websites you search have "edu" or "gov" extensions.
According to the observation of the researcher, unlike the students, the teacher had
no difficulties in making search and accessing the needed information. Also, the
researcher observed that while the students conducted research only on the internet,

the teacher also used the physics book as a resource.

Before the activity, the time had been determined 120 minutes for making search and
answering research questions. However, this step has been lasted 150 minutes for the
students and 120 minutes for the teacher so allocated time has been altered to 150

minutes.

The activity was suspended to continue in the next online lesson.
Day 3

Determining disciplines and objectives of the disciplines

The instructor asked “What kind of information from which disciplines do you need
to make an earthquake resistant concrete building?” According to the researcher
observation, the students didn’t hear the disciplines before and they had difficulties
thinking. After the explanation about what disciplines mean, the instructor asked
again “What disciplines or courses will help you to make an earthquake resistant

concrete building?” The students stated physics, mathematics, geography and
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engineering. The instructor asked that “If you didn’t have a computer, smart phone
or internet, could you reach the needed information?” They said no and added the
technology to the disciplines. To make clear, “Courses” word was written in
parenthesis to near the “Disciplines” word in the students’ handout. This revision has
been made on just students’ handouts not in the lesson plans in order not to spoil the
essence of STEM. When the disciplines were asked to the teacher, she stated

mathematics, geology, science, climate science, engineering and technology.

As aresult of the observation of the researcher, social skills disciplines weren’t found
by all the participants. This was normal for the students since they didn’t work with
collaboration due to the pandemic, so the instructor asked to the students that “If you
did the activity as a group, what would group working has contributed to you?”” Then,
the students could think of social skills as a discipline. To be found social skills by
the teacher, it was reminded to the teacher that the activity would be held in a group

then the teacher added to social skills as discipline of the activity.

To specify the objectives of the disciplines, it was asked “Which subjects and
objectives do you need to produce solutions and where to find objectives?” While
the teacher said that they can be found from the curriculums, the students needed to
explanation about what objectives mean. The instructor explained what objectives
mean and they exist in the curriculum and asked again “What could you gain at the
end of this activity, what could you learn?” The students said that all objectives can
be found from the curriculums. They reached physics and mathematics curriculums
easily. Also, they used technology and design curriculum for middle school to find
engineering objectives but technology objectives inside the curriculum were not
applicable for the activity. Therefore, the instructor provided references and led
students to determine the objectives about technology and social skills disciplines.
All the students and the teacher stated that in physics, earthquake waves should be
known to reach the solution and some students said that strength of solids also should

be known.
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For mathematics discipline, the participants determined objectives from the middle
school mathematics curriculum. With the guidance of the instructor, the students
chose that they should make the multiplication of a natural number and multiplying
decimal representations with given numbers. The teacher determined the objectives
like calculating the dimensions of the building and calculating the scaling of the

model using real measurements.

For technology and engineering disciplines, the participants determined objectives
from the technology and design course curriculum and some thesis shared by the
researcher. Since they found all design objectives suitable, to put a limitation of the
number of objectives, the instructor asked “What do you need to know?” Then, the
students stated that they need to know necessary steps to create and structural
features of a design. Also, the teacher said that she needed to know principles of the
design, to describe the necessary creation steps of the design, to explain the

production processes of the design.

Finally, for the social skills, the students determined objectives like working with
group, good deal with friends, respecting friends’ ideas. On the other hand, the
teacher determined objectives like critical thinking, problem solving, multiple

thinking, productivity, making inquiry and working with a group.

As a result of the observation of the researcher, the students had difficulties
understanding the meaning of the educational terms like disciplines, curriculums,
and objectives. Therefore, in the lesson plans, this step was revised by emphasizing
that the terms should be explained to the students before they were asked. Also, this
step forced both the students and the teacher to think more since they should choose
proper objectives among many objectives belonging to the physics, mathematics,
technology and engineering disciplines. For this step of the activity, allocated time

was 25 minutes but it has lasted 30 minutes so time has been revised to 30 minutes.

The activity was suspended to continue in the next online lesson.
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Day 4
Finding variables and testing the variables

“Does the problem have variables” was asked to the participants. The students said
that earthquake resistance of the building is a dependent variable; sizes of the
building and materials are independent variables; number of floors is constant
variables. The teacher said that earthquake resistance of the building is a dependent
variable; quality of materials, width of the building and shape of the building are
independent variables; magnitude of earthquake and number of floors are constant

variables.

Then, the instructor stated that a dependent variable in the problem is earthquake
resistance of the building; the independent variables are building height, building
width (floor surface area), building shape, building symmetry, number of columns,
duration of vibration, quality of materials and amounts of materials; the constant
variables are the number of floors of the building and the magnitude of the shaking
of the building.

After determining the variables, the effects of them were observed with making
spaghetti models. Independent variables were shared among students. Two students
made models with different heights to observe the effect of the height of the building.
Other two students made models with different widths to observe the effect of the
width of the building and last two students made models with different shapes to
observe the effect of the shape of the building. Remaining independent variables’
effects were said truly by the students without making models. Each student made
two models and they put two models on a table in their houses and shook the table

to observe which model overturned or collapsed primarily.

To observe the effect of the height of the buildings, the students have made two
models with different lengths which are shown in Figure 4.1 while keeping all other

variables constant. After shaking the table with two models, the longer model toppled
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first so the students stated when the building height increases, earthquake resistance

of the building decreases.

Figure 4.1. The students’ spaghetti building models with different heights

To observe the effect of the building width, the students have made two models with
different widths which are shown in Figure 4.2 while keeping all other variables
constant. After shaking the table with two models, the model with the less width
toppled first so the students stated when the building width increases, earthquake

resistance of the building also increases.

Figure 4.2. The students’ spaghetti building models with different widths
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To observe the effect of the building shape, the students have made square and
triangle models having the same sizes which are shown in Figure 4.3 while keeping
all other variables constant. After the shaking the table with two models, any effect
of the shapes of the building on the earthquake resistance of the building wasn’t
observed.

Figure 4.3. The students’ spaghetti building models with different shapes

The researcher asked the teacher “What are the effects of the variables on earthquake
resistance of the building?” The teacher said that earthquake resistance of the
building increases when the height of the building decreases and when the width of
the building increases. Also, the teacher said that it is not easy to know what happens
if the shape of the building is changed. Since the teacher couldn’t predict the effect
of the building shape on the earthquake resistance of the building, she made
observations by making spaghetti models which are shown in Figure 4.4.

Figure 4.4. The teacher’s earthquake resistant spaghetti models with different shapes
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Like the students, the teacher didn’t observe any differences between square and

triangle shapes. The dimensions of the participants’ models are in Table 4.3.

Table 4.3. Dimensions of The Participants’ Spaghetti Building Models

Heights Between Side Lengths of Shapes
the Floors (cm) the Surface (cm)

First student’s models 10 10 Tetragonal
with different heights 5 10

Second student’s models 20 15 Tetragonal
with different heights 10 15

Third student’s models 16 10 Tetragonal
with different widths 16 5

Fourth student’s models 5 8 Triangle
with different widths 5 5

Fifth student’s models 10 10 Triangle
for different shapes 10 10 Tetragonal
Sixth student’s models 10 13 Triangle
for different shapes 10 13 Tetragonal
The teacher’s models for 8 8 Triangle
different shapes 3 3 Tetragonal

As a result of the observation of the researcher, some students had problems from
the fragility of spaghetti. It was difficult to attach spaghetti with tape. Therefore, the

students used materials from their homes which are thin wooden sticks and pipettes.
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Also, some students wrapped spaghetti with insulating tape to make it stronger. Like
the students, the teacher had a problem about attaching spaghetti with tape so she
used wooden sticks rather than spaghetti. Therefore, in the lesson plans, this step was
revised by announcing that because of the fragility of spaghetti, there may be
difficulties in making models, so other materials like wooden sticks or pipettes can
be used. Moreover, according to the observation of the researcher, both the students
and the teacher had problems making models with three floors so number of floor
was revised with two for spaghetti models in the lesson plans. Allocated time for this
part was 120 minutes but the duration was lasted 90 minutes so timing was revised

to 90 minutes.

The activity was suspended to continue in the next online lesson.
Day 5

C. Develop solutions

Here, what is expected from the participants are to determine evaluation criteria and

to make scaling calculations, to create a product evaluation form and solutions.
Making scaling calculations

“Is it possible to build 3-storey buildings according to their actual dimensions? If we
can't make real buildings what could we do?” have been asked to all the participants.
The students said that they could establish a little version of the real buildings so
products should be little versions in terms of the distance between the floors and the
surface areas of the floors. Later, the instructor gave examples from the scaling table
and let the students to fulfill the rest of the table.

The teacher said that real building sizes can be miniaturized, and used materials, the
distance between the floors and the surface areas of the floors should be miniaturized.
Then, the researcher gave examples from the scaling table and let the teacher to fulfill
the rest of the table.
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According to the observation of the researcher, both the students and the teacher had
difficulties in scaling of amounts of the materials and the sizes of the building. They
had problems making calculations. However, revision was not made since scaling
was the important part of the activity. With guidance of the instructor to the students
and guidance of the researcher to the teacher, problem has been eliminated. Allocated
time for making scaling calculations was 25 minutes but scaling has lasted more and

time was revised to 40 minutes.
Determining evaluation criteria and creating a product evaluation form

To determine evaluation criteria, the instructor asked “According to which features
should the products be evaluated?” The students said that according to appearance
of the products, a proper scaling, being earthquake resistant, being economical, labor
and communication with the teacher. Then, the instructor asked “How can you
compare the products?” and the students classified the evaluation criteria with
putting scores. The teacher stated that products could be evaluated in terms of being

earthquake resistant, being economical, appropriate sizes, and necessary materials.

According to the observation of the researcher, the students and the teacher
proceeded without any problem and they created criteria for evaluation form easily.
20 minutes had been arranged for this step and it was enough during the activity so

there is no revision in time.
Creating solutions

After determining the evaluation criteria and making scaling calculations, the
participants developed solutions. The students’ solutions were designing a product
having three floors, four corners, four columns and produced to base on 1/50, 1/25
or 1/20 scaling. The teacher solutions were designing a product based on 1/25 or

1/20 scaling and having quadrilateral shape.

According to the observation of the researcher, problem was not observed. While
allocated time had been administered 45 minutes, creating solutions has lasted 30
minutes. Therefore, time has been changed to 30 minutes.
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The activity was suspended to continue in the next online lesson.
Day 6
D. Choose the best solution

In this section, the participants determined the appropriate solution among the

solutions they have previously produced according to the criteria and limitations.

Six students and the teacher have chosen making products with 1/25 scaling, four
corners and four columns. Then, “Why did you choose them?” was asked to all the
participants. The students said that with 1/25 scaling, products would be more
earthquake resistant and be easy to do. The teacher also said that the product would
be more earthquake resistant with this solution. According to the researcher’s
observation, during the determining of the scaling rates for products, all the
participants preferred 1/25 scaling since they thought it would be difficult to build a

concrete building in large dimensions.

After determining the best solution, the participants have drawn the products with
scales and determined the needed materials. Three examples among six drafts
belonging to the students are placed in Figure 4.5 and draft of the teacher is shown
in Figure 4.6. As a result of the researcher’s observation, before the students drew
the product drafts, they have exchanged the ideas and decided together to shape of
the product so all drafts became similar to each other. In this section, the students
worked within the harmony and the objectives related to social skills were acquired
predominantly. After that, “What materials do you need to produce concrete building
products?” was asked to all the participants. Each student and the teacher have
wanted that 1.5 m iron wire with 2 mm thick, 0.5 kg cement, 4 kg sand, 1-It water,

cardboard, and tape.

According to the observation of the researcher, no one had a problem in this part.
Allocated time was 20 minutes and it was enough for all the participants so revision

was not made in timing.
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Figure 4.5. Three examples of drafts of the students’ earthquake resistant concrete

products

Figure 4.6. The teacher’s earthquake resistant concrete product draft
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The activity was suspended to continue the production of the products.
Day 7
E. Construct a product

This step was executed by messaging with the participants. Online lessons were not
held but the participants send the photos of the constructed parts of their products
via WhatsApp application to the researcher and to the instructor daily and
discussions were made, and then feedbacks were given by the researcher and the
instructor. By this kind of communication, the researcher could observe the

participants.

The participants were expected develop products based on the variables which have
been identified and tested with making spaghetti models on the fourth day of the

activity and also based on the limitations and the criteria.

At the beginning of the product construction, the participants adjusted the materials
according to the dimensions. They measured iron wires which are placed to the floors
of the products and four columns. Since the participants had chosen 1/25 scaling,
iron wires have been cut for floors as being 21 cm length and for columns as being
42 cm length. Then, iron cages were made by the students which are shown in Figure

4.7 and by the teacher shown in Figure 4.8.

Figure 4.7. Some students’ iron cages for the floors and the columns.
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Figure 4.8. The teacher’s iron cage for the foundation

This process has lasted on average three hours. As a result of the observation of the
researcher, while the participants had no problem about measurement of the lengths
of the iron, they had difficulties bending the iron to make cages. To eliminate this

concern, all of them got help from their families.
The activity was suspended to continue the production of the products.
Day 8

After making the iron cages, the participants had laid the cages on the ground floor
and attached the iron cages of the columns to the ground floor. Then, they arranged
the molds’ sizes for the ground floor which are 4 cm thick and 21 cm long. Also,
molds for four columns were made with the size of 2 cm height, 12 cm length and
21 cm width. Some students have made molds with woods, tongue sticks, tin and
cardboard. The teacher has used a thin hardboard for the molds. After that, the
participants prepared cement mortar and poured it inside of the molds of the ground
floor and the columns. A day has been waiting for the concrete to dry. Figure 4.9
shows some students’ molds in which cement mortar is poured and Figure 4.10

presents the teacher’s molds in which cement mortar is poured.

According to the researcher, the students offered alternative solutions and thought
creatively enough to find different materials for making molds. In the lesson plan, it
had been written that hardboards could be used for the molds but this part was revised
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with adding that woods, tongue sticks, tin or cardboard could be supplied for the
mold. Time has been administered for this part as 180 minutes but duration has been

lasted 120 minutes. Therefore, allocated time has been revised to 120 minutes for
this part.

Figure 4.9. Some students’ molds with cement mortar

Figure 4.10. The teacher’s molds with cement mortar

The activity was suspended to continue the production of the products.

73



Day 9

After making sure that the ground floors’ cement was dry, the first floors were built
by the participants. For the first floor, the molds and the iron wires were prepared
based on the dimensions which are 2 cm heights, 21 cm lengths and 21 cm widths.
The molds have been made from woods, tongue sticks and cardboard and to attach
of them, isolation band, fast glue and silicone gun were used. After inserting the
molds to the floor and the columns, iron wires have been placed on the floor. Then,
cement mortar has been poured into the columns and the floor. Finally, products were

put on hold for a day to dry.

According to the researcher, the participants had problem making the first floor but
they solved the problem by getting help from the people around. Time has been
administered for this part as 180 minutes but duration has been lasted 120 minutes.

Therefore, allocated time has been revised to 120 minutes for this part.
The activity was suspended to continue the production of the products.
Day 10

After making sure that the first floors’ cement was dry, the second floors were built
by following the previous steps and at the end, products were put on hold for a day
to dry. According to the researcher, the participants had trouble constructing the
ceiling of the first floor but they solved the problem by getting help from the people
around. Time has been administered for this part as 180 minutes but duration has
been lasted 120 minutes. Therefore, allocated time has been revised to 120 minutes
for this part.

The activity was suspended to continue the production of the products.
Day 11

Lastly, the third floors (ceiling of the buildings) were built following same
procedures and products were put on hold to dry. At the end, five students have been

constructed the concrete products with three floors, a student and the teacher have
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been constructed the concrete products with two floors. Some students’ earthquake

resistant concrete products are in Figure 4.11 and the teacher’s earthquake resistant

concrete product is in Figure 4.12.

Figure 4.12. The teacher’s earthquake resistant concrete product
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As a result of the researcher’s observation, the participants have completed the
process by considering the variables, the criteria, and the limitations. Also, for
handcraft, the students were more enthusiastic than the teacher by designing the
concrete building products. Acoording to the observation of the researcher, the
teacher had more difficulty in product construction than the students so she built the
product with 2-floors rather than 3-floors. Also, the students finished the
construction phase in less time than the teacher. Time has been administered for this
part as 180 minutes but duration has been lasted 120 minutes. Therefore, allocated

time has been revised to 120 minutes for this part.
Day 12 and 13
F.Test the products and redesign

The participants were expected to check whether their products have the
requirements and to test their concrete building products themselves by putting them
on the shake table. In this section, if concrete building products were earthquake
resistant, the participants could pass the next step. If their products were not working,

the participants could go through previous steps to redesign of the products.

For the testing, the researcher has gone the students’ homes and tested products of
the six students separately. During this process, the videos were recorded to watch
for the evaluation of the products in the evaluation part of the activity.

The participants’ products have been tested whether their products’ sizes were
arranged based on the scaling and whether the products were earthquake resistant or
not. By the 1/25 scaling, lengths of the floors should be 21 cm, thickness of the
ground floor should be 4 cm, thickness of the other floors should be 2 cm, length of
the columns should be 12 cm, width and height of the columns should be 2 cm.
According to these measurements, sizes of the students’ and the teacher’s products

are given in Table 4.4 and 1/25 scaling values are given in the parenthesis.
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Table 4.4. Dimensions of the Concrete Products Based on 1/25 Scaling

The Students’ Values (cm)

The
Teacher’s
Values

(cm)

6. 7.

Surface
Area of
the
Ground
Floor (21
cmx 21

cm)

22 X
22

22 X
22

21 x 22 X
21 22

21 x
21

21x21 21x21

Surface
Area of
the First
Floor (21
cmx 21

cm)

22 X
22

22 X
22

21 x 20.5 x
21 22

17 x
17

21x21 21x21

Surface
Area of
the
Second
Floor (21
cmx 21

cm)

22 X
22

22 X
22

21 x 195 x
21 22

15 x
15

21x21 21x21
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Table 4.4 (continued)

The Students’ Values (cm)

The
Teacher’s
Values

(cm)

Surface
Area of
the Third
Floor (21
cmx 21

cm)

22 X
22

22 X 21X 20 x 12 x
22 21 22 12

Thickness
of the
Ground
Floor (4

cm)

2.3 1.5 4 4

Thickness
of the
First
Floor (2

cm)

1.5 2 3 4

2.5

Thickness
of the
Second
Floor (2

cm)

1.5

2.5

1.5

78



Table 4.4 (continued)

The Students’ Values (cm)

The
Teacher’s
Values

(cm)

Thickness 0.5
of the

Third

Floor (2

cm)

2.5

Columns 2.5X
inthe first 2.5
floor 12
width x

height x

length (2

cmx 2

cmx 12

cm)

23x2 2x3x

25x2
x 12

3.5x
3.5x
12

3x2X 3x2x12
12

Columns 25X
in the 25X
second 125
floor

width  x

height x

length (2
cmx2cm

X 12 cm)

2x2x 15x3

25x2 3x3x 3x2x 3x2x12

X 12

12

12




Table 4.4 (continued)

The Students’ Values (cm)

The
Teacher’s
Values

(cm)

Columns

in the
third floor
width X
height x
length (2
cmx2cm

x 12 cm)

25X
2.5X
12

2X2X 2Xx3x 25x2 4x4x

12

12

X 12

12

Total
Length of
the
Products
(Length
of the
column
and width
of the
floors: 46

cm)

43.5

46

43

48

50

32

32.5

Number

of Floors
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To measure the earthquake resistance of the products, the accelerometer in the
"Google Science Journal” application has been used. Also, to test the products, the
researcher had designed the shaking table and used electrical drill screwdriver to
create steadily increasing accelerations which are shown in Figure 4.13. The shaking
table has been shaken with increasing acceleration in every 10 seconds until the

products collapse or overturned.

TR
1S

Figure 4.13. Shaking table with electrical drill screwdriver

The products have been put on the shaking table and the smartphone with the
"Google Science Journal" application has been placed on the shaking table or on the
products. The products have been shaken to 7.5 - 7.9 values (5.3 m/s? - 5.8 m/s?
acceleration) and if collapsing and overturning weren’t observed, shaking increased

regularly.

Since the "Google Science Journal™ application gives linear acceleration values, the
products were tested according to linear acceleration values rather than the
magnitude of the earthquake. Maximum linear acceleration values were recorded at
the moments when the products collapsed completely or overturned without
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collapsing. Then, acceleration values have been converted to Richter magnitude
values in Table 4.2 which had been formed by the researcher from the literature
review. Linear ground accelerations correspond to magnitude of earthquake values

had been presented to the participants in the scenario part.

As mentioned in the scenario, the products should resist at least 7.9 magnitude value
which corresponds to 5.8 ground acceleration. When the products were tested, just
one product couldn’t reach the 7.9 value, it reached 7.7 but the rest products have

exceeded a desired earthquake magnitude value.

The first student’s product collapsed in 6.3 m/s? which corresponded to 8.3 Richter
magnitude value. It has overturned and its ceiling has gone away since ceiling
thickness was 0.5 cm, while it should be 2 cm. Also, the ceiling hadn’t been
connected to the columns with iron wires, it had been connected with just concrete.
The second student’s product collapsed in 6.9 m/s?> which corresponded to 8.8
Richter magnitude value. It has collapsed from the last two floors from the top. The
third student’s product collapsed in 5.6 m/s?> which corresponded to 7.7 Richter
magnitude value. It has overturned and separated from the columns since columns
hadn’t been connected to the floors enough. The fourth student’s product collapsed
in 7.4 m/s? which corresponded to 9.3 Richter magnitude value. It has overturned
and broke from some columns. It was the second strongest product to withstand
earthquakes. The fifth student’s product collapsed in 8.6 m/s? which corresponded
to above 9.5 Richter magnitude value. It has overturned. It was the strongest building
to withstand earthquakes but it’s sizes had been more than the desired scales. It had
been made with values larger than the scaling values. The last student’s product
collapsed in 5.9 m/s? which corresponded to 8.0 Richter magnitude value. Before
overturned, spills were seen in the concrete. Since it was ductile, it made flexible
movement and overturned. It had appropriate sizes but it had been made two floors
rather than three floors. As it was mentioned at the beginning, the teacher’s product
couldn’t be tested. All acceleration values are given in Table 4.5 and Richter

magnitude values corresponding the linear acceleration values are given in Table 4.6.
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Table 4.5. Linear Acceleration Values During the Testing

Linear Acceleration Values for Student’s Products (m/s?)

1. 2. 3. 4, 5. 6.

Shaking 2.5 1.5 1.8 2.8 1.5 1.6
10
seconds
Shaking 34 2.1 2.3 3.7 34 2.7
10
seconds
Shaking 4.3 45 4.5 4.7 54 3.9
10
seconds
Shaking 6.3 54 5.6 55 6.1 59
10 Overturn Overturn Falling
seconds and concretes

ceiling and

leaving overturned
Shaking X 6.9 X 7.4 8.6 X
10 )

Collapsed Breaking Overturn
seconds from top column
to bottom and
overturn
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Table 4.6. Richter Magnitude Values Corresponding to the Linear Acceleration

Values
Richter Magnitude Values for Student’s Products (m/s?)
1. 2. 3. 4, 5. 6.
Shaking 5.2 4.3 4.6 5.4 4.3 4.4
10
seconds
Shaking 5.9 4.8 5.0 6.2 5.9 5.3
10
seconds
Shaking 6.7 6.8 6.8 7.0 7.6 6.3
10
seconds
Shaking 8.3 7.6 7.7 7.7 8.2 8.0
10
Overturn Overturn Concretes
seconds .
and falling

ceiling and

leaving overturn
Shaking X 8.8 X 9.3 Above X
1 . .

0 Collapsed Breaking 95
seconds from top column  Overturn
to bottom and
overturn

Since all the students were satisfied with their products, no one made any changes in

their products. According to the observation of the researcher, each student was able
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to construct an earthquake resistant concrete product with the expected features in
their measurements. Also, during the testing step, the students had enjoyed and were
excited about whether their products would collapse or not. It was one of the most
enjoyable and easiest steps for them. Since no problems had been observed, no

revision was made in this part.

Allocated time for this step was 15 minutes but it had been arranged for a product.
During the implementation of this activity, as a group working could not be done,
data was obtained from six individual products. For each product testing, 15 minutes

was enough so allocated time have not been changed in this part.
Day 14
G. Evaluate

In this part, the products have been evaluated according to values that been gotten
from the test part. The students’ products have been evaluated based on the
evaluation form which had been prepared by the participants and the instructor
during the develop solutions part of the activity. To evaluate the students’ products,
the videos including moments of collapse and overturning of all the products were
watched. According to the results, the fourth student’s product was chosen since
almost all structure elements had been made based on scaling and it had been
collapsed over the 9 Richter magnitude value. 45 minutes was enough for that part

so any revision did not happen.

According to the researcher’s observation, the students actively participated to the
lessons both mentally and physically. Besides, in due course of the whole activity,
the teacher acted timidly because she was worried about not being able to answer
correctly. Also, while the students were eager to produce the products, the teacher
was not as enthusiastic as the students. Moreover, the researcher observed that, all
the participants had difficulties in construction of the concrete products because they
have not experienced before but all the participants have been able to make the

desired products. As a result of the observation of the researcher, both the students
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and the teacher had pretty good time and forced themselves to think more and tried
to make the best of their products. The students’ communication with the instructor
and the teacher communication with the researcher were highly strong. According to
the researcher’s observation, there was no problem in the timing, allocated times

were almost enough for each sections except one or two.

In this activity, allocated times were edited and revised in some parts so total time
decreased from 1220 minutes to 1200 minutes. Timing of the earthquake resistant

concrete building design activity is presented in Table 4.7.

Table 4.7. Timing of the Earthquake Resistant Concrete Building Design Activity

Seven Steps of the Timing Before Timing After
STEM Activity Implementation of the Implementation of the
Activity (minutes) Activity (minutes)

1. Identify the Problem 30 15

2. Collect Information 300 295

3. Develop Solutions 90 90

4. Choose the Best 20 20
Solution

5. Construct a Product 720 720

6. Test the Product and 15 15
Redesign

7. Evaluate 45 45

Total Timing 1220 1200
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4.1.2. Results of the Interviews with the Students and the Teacher for the First
Activity

A group interview with the six students and the interview with the teacher were
conducted after the implementation of the activity. The students and the teacher were
asked six questions (see Appendix D for the students’ interview questions and see

Appendix E for the teacher’s interview questions).

The participants have responded to the first question, “Could you associate the
problem situation in the STEM activity with daily life?”” All the participants indicated
that the problem situation was able to be associated with daily life since concrete

buildings destroyed by earthquakes are common in the world.

The second question was asked “Were there any most challenging steps in the STEM
activity?” All the students and the teacher stated that they had difficulties in making
calculations for scaling about the amount of the materials and the sizes of the
buildings. Also, all the participants said that bending iron wires and making floors

of the concrete products were the most challenging parts.

The next question was “During the STEM activity, did you have any sections where
you progress most comfortably?”” All the students stated that identifying the problem,
testing the products and evaluation parts were the easiest parts. The teacher said that,

except making the product, all the steps were easy to progress.

Based on the question “Were the handouts distributed to you understandable?”, all
the participants expressed that distributed handouts were understandable and useful

for tracking the activity.

“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked to all the participants and all of them said that no part needed
to be changed.

The participants have responded to the final question “What are your general views

and opinions about the STEM activity participated in?”” Answers on which the most
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of the students and the teacher agree have presented as follows. During the online
lessons, presenting the ideas and making discussion about an issue were possible.
Thinking processes were dominant in every step of the activity. Opportunities for
experiencing in building concrete products and for increasing awareness about
earthquake resistant concrete buildings existed. Lessons were amusing and passed

fast

4.1.3. Results of the Interviews with the Instructor for the First Activity

The interview with the instructor was conducted after the implementation of the first
activity and the six questions were asked to the instructor (see Appendix F for the
instructor’s interview questions). The instructor, who had been in STEM studies
before, responded to the first question, “During the STEM activity, were there any
parts that you had difficulties applying and the students had difficulties in
progressing?” The instructor said that some of the students had concerns especially
in the parts that required high level thinking skills and in the scaling calculation parts.
Also, the instructor continued that the students were inexperienced in doing search
and did search without knowing which source was reliable or not, and were unable
to interpret the information they found. After a short study of what is a safe source,
how to access it, and the importance of interpreting the information they obtained,

they were able to move faster.

The next question was “During the STEM activity, did you have any sections where
you progress most comfortably?” The instructor said that defining the problem,
determining the research questions and determining the criteria for the product
evaluation were the sections that were easier. Since the scenario was a clear and
understandable issue that also concerns the agenda of our country, the students were
able to easily identify the problem and produce solutions. The comprehensibility of
this part clearly showed the students what the product should have and what they
should pay attention to.
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“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked to the instructor. She said that the part of determining the
criteria and the limitations were reached quickly, and the allocated time could be
shorter. Likewise, the time allocated for answering the research questions took less
than 60 minutes so time could be revised for that step. Since the students have a little
difficulty in calculating the scaling, the time allocated for this section can be given

more.

The other question asked to the instructor was “Have the lesson plan, the teacher
guide sheet and the handout been prepared according to the objectives? The

instructor said that all the instruments were appropriate for the objectives.

Finally, the instructor responded to the question “How was your communication with
the students?” as the instructor’s communication with the students was strong and

due to that the students were willing to express their ideas and to talk too much.

4.1.4. Results of the Observations for the Instructor for the First Activity

In order to directly monitor whether developed STEM activity have STEM principles
and how the instructor reflects the nature of STEM education into practice, the
researcher used the observation form to observe the instructor. The observation form
(see Appendix G for the observation form) consists of 12 items and inside of the
form, there are expressions to show the situations expected from the instructor during
the student-centered activity. If the instructor applied the expected situation to the
desired extent, tick was put the "Applied" section and if did not apply, "Not Applied"
section was marked. According to the observations of the researcher based on the
observation form, deficiencies and the problematic points in the activity were

determined. The results are presented for the first STEM activity as follows.

The instructor applied 11 items of 12 expected situations. It was expected from the

instructor to divide students into groups but did not, since the activity was conducted
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as online lessons and each student attended to the lessons individually due to the

pandemic. Therefore, 1 item was not be able to observed.

According to the researcher’s observation for the first activity, the instructor
discussed the problems in the scenarios with the students. In the identify the problem
part of the activities, with examining the given scenario, the instructor and the
students examined scenarios detailed and found the problems, the needs, the criteria,

and the limitations.

In the first activity, according to the researcher’s observation, the instructor had
discussed the goal of the activity with the students and asked the questions to the
students clearly. Also, the instructor has guided the students rather than answering
the questions directly. In the collect information part of the activity, to specify the
objectives of the disciplines, it was asked “Which subjects and objectives do you
need to produce solutions and where to find objectives?” The students said that
objectives can be found from the internet. The instructor let the students search the
objectives in a minute then they found that objectives are obtainable from the
curriculums. As a result, the instructor has directed the students instead of saying the

answers immediately.

According to the researcher’s observation, the instructor made the explanations
clearly and helped students by giving feedback. In the construct a product step of the
activity, the students send the photos of the constructed parts of their products to the
instructor daily and then feedbacks were given by the instructor. At the end of the

activities, the instructor carefully examined the products produced by the students.

During the first activity, according to the researcher’s observation, the instructor
guided students with open-ended questions. The students could not easily determine
the research questions and they needed the instructor's guidance. Therefore, guiding
questions were added to three lesson plans like “What do we need to know to make
an earthquake resistant building?” “Did you build any real buildings before? If you
have all the materials, can you make a building immediately?”” As a result of the

researcher’s observation for the first activity, the instructor has paid attention to the
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times stated in the activity plan and finished the first activity 20 minutes earlier than

the allocated time.

4.2. Earthquake Resistant Wooden Building Design STEM Activity

In this section, earthquake resistant wooden building design activity is examined step
by step. This activity was carried out with the six students by the instructor and with
a physics teacher by the researcher at different times. Therefore, observations about
both the students and the teacher are available. In here, the students and the teacher
are all mentioned as the participants but when answers or behaviors of them are

explained, they are explicitly specified as the students or the teacher.

The second activity was revised according to the first activity. After implementation
of the first activity, the second activity was revised except timing and the revised
second activity has been applied to the participants. Then, according to the
observation of the researcher, and the interviews with the students, the teacher and

the instructor, the second activity was revised again.

4.2.1. Results of the Observations for the Students and the Teacher for the
Second Activity

In this stage, it is indicated that day to day observation of the activity performed with
the students and the teacher. While the activity was applied to the teacher in the
morning, it was applied to the students in the evening of that day. In total, the activity
was observed 19 hours in 11 days for the students and 13 hours in 8 days for the
teacher by the researcher. Total time includes 13 hours of online lessons and 6 hours
of testing process of the products. The first six consecutive days, online lessons were
made two hours per day. Then, in two days, products were produced. Later, with 6
hours in two days, products were tested, and an hour in a day, the evaluation part

was fulfilled. Passing time for each process was the same for the teacher except the
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testing part. Observation time is shown in Table 4.8. Then, the implementation of

the second STEM activity is explained day by day.

Table 4.8. Observation Time of the Implementation of the Second STEM Activity

Day 1,2,3,4,56 7,8 9,10 11 Totally

The 2 hours online Constructing Testing Evaluating 19

activity  lessonsineach  products without products products  hours

with the day making online with 6 with an in1l

students lessons hours in hour days
2 days online

lesson

The 2 hours online Constructing Not Evaluating 13

activity  lessons ineach  products without  tested products  hours

with the day making online with an in8
teacher lessons hourinan  days
online
lesson
Day 1

A. ldentify the problem

In this part, it is expected from the participants to examine the given scenario in
detail. The participants should be able to determine the problem described in the
scenario and identify the need to solve the problem. Also, criteria, restriction and
limitations should be found with analyzing the scenario. The scenario which is inside
of the handout was presented to the participants by sharing on the screen of the

computer. The scenario is as follows.

When looking at the map of the seismic zone of Turkey, it is seen that the first degree

earthquake zone causing substantial loss of life and property occupies a large area.
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According to the data of Kandilli Observatory, the largest earthquake recorded in
this zone in the last 100 years is the 7.9 magnitude earthquake that took place in
Erzincan province in 1939. As a result of the Erzincan earthquake, 32,986 people

lost their lives and 116,720 residences were severely damaged.
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Considering the data, the construction of earthquake resistant buildings in Erzincan,
which is located on the first-degree earthquake zone, has great importance in order
to minimize the loss of life and property caused by the earthquake. That's why a
construction company volunteers to build earthquake resistant wooden buildings in
which all people with different socio-economic levels can live in this city. Also, a
construction company pays attention that the earthquake regulations allow the
construction of wooden buildings with three floors at most including the basement.
If you were a civil engineer working in this company, what kind of an earthquake
resistant wooden building would you make in Erzincan province with not using any

shock-reducing earthquake technology?

In the scenario, as an addition, it is specified that linear ground accelerations are
measured instead of magnitude of the earthquake since it is not possible to measure
magnitude of earthquake directly. Therefore, Table 4.2 was presented to the
participants to show linear ground accelerations corresponding to magnitude of the

earthquake values.
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At the beginning of the activity, after the reading of the scenario, a female student
stated that she has not seen any wooden buildings before so she could not imagine
how the wooden building should be. At this point, the instructor has showed wooden
buildings photographs and a female student was able to visualize wooden buildings.

It was asked to the participants what the problem is in the scenario. The students said
loss of life and property, existing earthquakes and weakness in buildings. The teacher
stated that since Erzincan is in the 1st degree earthquake zone, earthquakes are very
severe problems. Upon this, the researcher asked if earthquakes are a problem,
whether we can solve an earthquake problem. Then, the teacher said no and non-

earthquake resistant buildings are the problem.

When it was asked what is the need, the students identified that the need is making
an earthquake resistant wooden building. The teacher said that an earthquake
resistant wooden building with the three floors including the basement is the need.
According to the observation of the researcher, the participants had no difficulties to

determine the problem and the need.

What the criteria, the restrictions and the limitations were asked to the participants.
The students stated that criterion presented in the problem was that buildings must
be wooden, have three floors and to be able to stand in 7.9 magnitude earthquakes.
The students said that the limitations were making buildings three floors, using
economical materials and not applying the earthquake technologies to the buildings.
The teacher determined criteria like that buildings must be made out of wooden and
resistant to at least 7.9 magnitude earthquakes. As limitations, the teacher has stated
that buildings should have maximum three floors, should be built without applying
the earthquake technologies to the buildings, and materials should be economic.

Since, in the first activity, the students couldn’t differentiate limitations from criteria,
the limitations item was changed with the restrictions and the limitations item.
Therefore, in this step, what the criteria, and the restrictions and the limitations were
asked to the participants. According to the observation of the researcher, the students

were able to determine the criteria, the restrictions and the limitations without any
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problems. According to the researcher, the identify the problem section is one of the
most comfortable parts for both the students and the teacher to progress. Also,
according to the observation of the researcher, each student has made an effort to
respond to the questions willingly. Also, the teacher was excited at the beginning of
the activity but after a little progress in the activity, she beat her excitement and
answered questions more relaxed. During the activity, since all the participants

finished this step in 15 minutes, allocated time had been revised.
B. Collect information

In this stage, what is expected from the participants are determining research
questions, making search, answering research questions, determining disciplines and

objectives of the disciplines, finding variables and testing the variables.
Determining research questions

“What should you investigate to make an earthquake resistant wooden building?
What should be your research questions to know about making an earthquake
resistant wooden building?”” were asked to the participants. After the application of
the first activity, guiding questions were added to the lesson plans like “What do we
need to know to make an earthquake resistant concrete building?”” “Did you build
any real buildings before? If you have all the materials, can you make a building

immediately?” Therefore, those questions were asked to the participants.

The students’ research questions are what is an earthquake? How much quality
materials for an earthquake proof wooden building should be used? What are the
features of earthquake resistant wooden buildings? What are the dimensions of three
floors wooden buildings? Also, the teacher determined the research questions like
which construction stages should be followed in order to make an earthquake
resistant and three floors of building model? Which material should be purchased
from where and in what quantity? How can we build earthquake resistant wooden

buildings? What kind of land is chosen before building the earthquake resistant
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wooden structure? What is an earthquake? Are the intensity and magnitude of the

earthquake the same type of concepts?

As a result of the researcher’s observations, while the teacher stated research
questions without helping of the researcher, the students needed to guidance of the
instructor in somewhere to though widely. According to the observation of the
researcher, both the students and the teachers had no difficulties in this stage.

Allocated time to determine the research question was 30 minutes but duration has
lasted approximately 20 minutes for the students and 10 minutes for the teacher.
Therefore, the timing for determining research questions was revised as 20 minutes.

Day 2
Making search and answering the research questions

After determining the research questions, the participants have searched questions.
The questions identified in the previous step have been investigated one by one. That
means, the students first searched for the answer of the first question, after finding
it, they searched for the answer of the next question. The time given for each question
was 10 minutes. After 10 minutes, answers were discussed in approximately 10
minutes. If needed information was reached, passed to the other question. If
necessary information was missed, additional time was given. The students

completed the search and discussion process in 130 minutes.

For the teacher, search was done as a whole. The online lesson was suspended and
the teacher searched all questions by herself in a given time. 90 minutes were enough
for the teacher to make a search. After finding information, the researcher and the

teacher have made discussions for 30 minutes.

Some of this section continued in the next lesson since two hours of online lesson
hours were up. Before completing the lecture, it was wanted from the participants to
make detailed investigations about the research questions by the next online lecture

day.
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The activity was suspended to continue in the next online lesson.
Day 3

Making search and answering research questions continued on this day. As a result
of the observation of the researcher, both the students and the teachers reach the
necessary information for making an earthquake resistant wooden building. As a
result of the researcher’s observation, the students were inexperienced in doing
search and they did research without knowing which source was reliable or not, and
were unable to interpret the information they found. After studying what is a short
secure source, how to access it, and the importance of interpreting the information
they obtained, the students had searched trusted sites. As a result of the researcher
observation, unlike the students, the teacher had no difficulties in making search and

accessing the needed information.

Before the activity, the time had been determined 120 minutes for making search and
answering research questions. However, this step has been lasted 130 minutes for the
students and 120 minutes for the teacher so allocated time has been altered to 130

minutes
Determining disciplines and objectives of the disciplines

The instructor asked “What kind of information from which disciplines or courses
do you need to make an earthquake resistant wooden building?” “What disciplines
or courses will help you to make an earthquake resistant concrete building?” The
students stated physics, science, mathematics, seismology, technology and
engineering. The teacher said that geology, physics, engineering, mathematics and

technology.

According to the researcher’s observation, the students had no difficulties to
understand the meaning of the disciplines item since the instructor asked questions
with using courses item near the disciplines item. As a result of the observation of
the researcher, social skills disciplines weren’t found by all the participants. The

instructor asked the students that “If you did the activity as a group, what would

97



group working has contributed to you?” Then, the students could think of social skills
as a discipline. To be found social skills by the teacher, it was reminded to the teacher
that the activity would be held in a group then the teacher added to social skills as
discipline of the activity.

To specify the objectives of disciplines, it was asked “Which subjects and objectives
do you need to produce solutions and where to find objectives?” While the teacher
said that they can be found from the curriculums, the students said that objectives
can be found from the internet. The instructor let the students search the objectives
in a minute then they found that objectives are obtainable from the curriculums. The
students reached physics and mathematics curriculums easily. Also, they used
technology and design curriculum for middle school to find engineering objectives
but technology objectives inside the curriculum were not applicable for the activity.
Therefore, the instructor provided references and led the students to determine the

objectives about technology and social skills disciplines.

According to the researcher’s observation, the instructor has directed the students
instead of saying the answers immediately. Also, as a result of the observation of the
researcher, the students were able to learn by themselves and they have corrected

their mistakes by making searches.

For physics discipline, all the students and the teacher stated that earthquake waves
should be known to reach the solution and a student said that pressure of solids also
should be known. For mathematics discipline, the participants determined objectives
from the middle school mathematics curriculum. With the guidance of the instructor,
the students chose that they should recognize the units of length measurement, decide
whether two multiples are inversely proportional by examining real life situations.
The teacher determined the objectives like collecting data on research questions,
recognizing the units of length measurement, creating research questions that require

data collection.

For technology and engineering disciplines, the students determined objectives from

the technology and design course curriculum and some thesis shared by the

98



researcher. The students stated that they need to know necessary steps to create and
structural features of a design. Also, the teacher said that she needed to know
principles of the design, to describe the necessary creation steps of the design, to
explain the production processes of the design. Moreover, the teacher stated that
during the activity, technology is used to obtain necessary information from the
internet, to test the products by using the shaking table and to use computers to
transfer mathematical data to tables with the help of Excel program. For engineering
discipline, the teacher stated that showing which stages are used while building the
wooden building during the model construction stages, testing the quality and
quantity of material to be used, using quantity calculations and preparing a model

suitable for it should be known.

Lastly, for the social skills, the students determined objectives like working in
harmony with peers and being able to brainstorm. On the other hand, the teacher
determined objectives as gaining 21st century skills like creativity and working
collaboratively.

According to the observation of the researcher, this step let the students to think more
to find the suitable objectives from many objectives. As a result of the observation
of the researcher, determining the disciplines and the objectives of the disciplines
was the easy progress for the teacher. The teacher did not have any difficulties in this
step. For this step of the activity, allocated time was 25 minutes but it has lasted 30

minutes so time has been revised to 30 minutes.

The activity was suspended to continue in the next online lesson.
Day 4

Finding variables and testing the variables

“Does the problem have variables” was asked to the participants. The students said
that a dependent variable is earthquake resistance of the building; height of the
building and amounts of the materials are independent variables; number of floors is

a constant variable. The teacher said that earthquake resistance of the building is a
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dependent variable; quality of materials, width of the building and shape of the
building are independent variables; magnitude of an earthquake and number of floors

are constant variables.

Then, the instructor stated that a dependent variable in the problem is earthquake
resistance of the building; the independent variables are height of the building, width
of the building, shape of the building, duration of the vibration, quality of the
materials and the amounts of the materials; the constant variables are the number of

floors of the building and the shaking magnitude of the building.

After determining the variables, the effects of them were observed with making
spaghetti models. Independent variables were shared among students. Two students
made models with different heights to observe the effect of the height of the building.
Other two students made models with different widths to observe the effect of the
width of the building and last two students made models with different shapes to
observe the effect of the shape of the building. Remaining independent variables’
effects were said truly by the students without making models. To test an effect of
the variables, each student made two models and they put two models on a table in
their houses and shook the table to observe which model overturned or collapsed

previously.

To observe the effect of the height of the buildings, the students have made two
models with different lengths which are shown in Figure 4.14. while keeping all
other variables constant. After shaking the table with two models, the longer model
toppled first so the students stated when the building height increases, earthquake

resistance of the building decreases
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Figure 4.14. The students’ spaghetti building models with different heights

To observe the effect of the building’s width, the students have made two models
with different widths which are shown in Figure 4.15 while keeping all other
variables constant. After shaking the table with two models, the model with the less
width toppled first so the students stated when the building width increases,

earthquake resistance of the building also increases

Figure 4.15. The students’ spaghetti building models with different widths
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To observe the effect of the building’ shape, the students have made square and
triangle models having the same sizes which are shown in Figure 4.16 while keeping
all other variables constant. After shaking the table with two models, any effect of
the shapes of the building on the earthquake resistance of the building wasn’t

observed.

Figure 4.16. The students’ spaghetti building models with different shapes

The researcher asked the teacher “What are the effects of the variables on earthquake
resistance of the building?” The teacher said that earthquake resistance of the
building increases when height of the building decreases and width of the building
decreases. Also, she claimed that shape does not affect the earthquake resistance of
the building. Since she could not predict the effect of the building’s width correctly,
the teacher made models with spaghetti to observe the effect of the building’s width
which are shown in Figure 4.17. To observe which model shakes more than another,
the teacher has put the models on the table and shook it. Then, the model with the
less width has collapsed first so the teacher stated that when the building width
increases, earthquake resistance of the building increases. The dimensions of the

participants’ models are given in Table 4.9.
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Figure 4.17. The teacher’s spaghetti models with different widths

Table 4.9. Dimensions of The Participants’ Models

Heights Between  Side Lengths of Shapes
the Floors the Surface

First student’s models with 5cm 8cm Tetragonal
different heights 8 cm 8 cm
Second student’s models 5cm 7cm Tetragonal
with different heights 8 cm 7 em
Third student’s models 10 cm 10 cm Tetragonal
with different widths 10 em 15 om
Fourth student’s models 8cm 5cm Tetragonal
with different widths 8 cm 8 cm
Fifth student’s models for 8cm 5cm Triangle
different shapes 8cm 8cm Tetragonal
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Table 4.9 (continued)

Heights Between  Side Lengths of  Shapes

the Floors the Surface
Sixth student’s models for 13cm 13 cm Triangle
different shapes 13cm 13 cm Tetragonal
The teacher’s models for 12 cm 5cm Triangle
different shapes 12 cm 12 cm Tetragonal

According to the first activity, since the students had problems making models using
spaghetti, alternative materials were added to the lesson plans like wooden sticks and
pipettes. Hereby, according to the observation of the researcher, the students did not
have difficulties in this step. As a result of the researcher’s observation, some
students have rolled papers and some students combined cardboard with toothpicks.
Therefore, in the lesson plans, this step was revised again adding materials like paper,
cardboard and toothpicks to besides the wooden sticks and pipettes materials.
According to the researcher’s observation, the students were able to reveal their
creativity skills with finding materials from their home. As a result of the observation
of the researcher, the teacher had no problem attaching spaghetti with tape but she
could not make the models more than a floor. As a result of the researcher, during
the making model, both the students and the teacher had a good time and they
enjoyed the hands-on activity process. Allocated time for this part was 120 minutes

but the duration lasted 90 minutes so timing was revised to 90 minutes.

The activity was suspended to continue in the next online lesson.
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Day 5
C. Develop solutions

Here, what is expected from the participants are to determine evaluation criteria and

to make scaling calculations, to create a product evaluation form and solutions.
Making scaling calculations

“Is it possible to build 3-storey buildings according to their actual dimensions? If we
can't make real buildings what could we do?” have been asked to all the participants.
The students said that they could take half of the sizes or take half of the half or
divide the sizes to four pieces. Then, the instructor gave examples from the scaling
table and let the students to fulfill the rest of the table. The teacher said that real
building sizes can be reduced in certain proportions. Then, the researcher gave

examples from the scaling table and let the teacher to fulfill the rest of the table.

According to the observation of the researcher, both the students and the teacher had
difficulties in scaling of amounts of the materials and the sizes of the building. They
had problems making calculations. With guidance of the instructor to the students
and guidance of the researcher to the teacher, the problem has been eliminated.
According to the researcher observation, as in the previous activity, the participants
had a problem carrying through mathematics objectives. Allocated time for making
scaling calculations was 25 minutes but scaling has lasted more and time was revised

to 40 minutes.
Determining evaluation criteria and creating a product evaluation form

To determine evaluation criteria, the instructor asked “According to which features
should the products be evaluated?” The students said that according to a proper
scaling, being earthquake resistant, being economical and labor. Then, the instructor
asked “How can you compare products? And the students classified the evaluation
criteria with putting scores. The teacher stated that products could be evaluated in
terms of being earthquake resistant, being economical, appropriate sizes and

necessary materials.
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According to the observation of the researcher, the students and the teacher
proceeded without any problem and they created criteria for evaluation form easily.
20 minutes had been arranged for this step and it was enough during the activity so

there is no revision in time.
Creating solutions

After determining the evaluation criteria and making scaling calculations, the
participants developed solutions. The students’ solutions were to design a building
having three floors, cross links, struts, interconnections and based on 1/50, 1/25, 1/20
and 1/15 scaling of both materials and sizes of the building. The teacher’s solutions

were designing buildings based on 1/50 and 1/25 scaling and quadrilateral shapes.

According to the observation of the researcher, no problem was observed. While
allocated time had been 45 minutes, creating solutions has lasted 30 minutes.

Therefore, time has changed to 30 minutes.

The activity was suspended to continue in the next online lesson.
Day 6

D. Choose the best solution

In this section, the participants determined an appropriate solution among the

solutions they have previously produced according to the criteria and limitations.

Three students have chosen 1/15 scaling, two students have chosen 1/20 scaling and
a student and the teacher have chosen 1/50 scaling for sizes of the products. Also, all
the participants have determined to make buildings tetragonal and having cross links,
struts and interconnections. Then, “Why did you choose those solutions?” was asked
to all the participants. They said that the buildings would be more earthquake
resistant with those solutions. Also, the teacher and a student who had decided to
make 1/50 scaling said that with this scaling, making buildings would be easier.
Other students said that they chose 1/15 or 1/20 scaling because they wanted to make
big products.
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According to the researcher’s observation, unlike a previous activity, the students
did not think that it would be difficult to construct wooden buildings in large
dimensions and they preferred different scaling rates like 1/15, 1/20 and 1/50 for the
products.

After determining the best solution, the participants have drawn the products with
scales and determined the needed materials. Some examples among six drafts
belonging to the students are placed in Figure 4.18 and the draft of the teacher is
shown in Figure 4.19.

Figure 4.18. Some examples of drawings of the students’ earthquake resistant

wooden buildings
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Figure 4.19. Drawings of the teacher’s earthquake resistant wooden building

As a result of the researcher’s observation, each student drew the product drafts
irreplaceably so all drafts became different from each other. In this section, the
students were able to make their own decisions and presented their ideas freely. Also,
they worked within the harmony. As a result of the researcher’s observation, the
teacher drew the draft a little bit different from the students. While the students drew
the frame of the buildings, the teacher drew the buildings as a whole. Upon this, the
researcher reminded the teacher that in the activity, making the skeleton of the
wooden building become enough, it is not needed to construct the wooden building
with all structural elements like doors, windows and roof. Also, this reminding was

added to the lesson plans of the first and the second activities.

After that, “What materials do you need to produce wooden building products?”’ was
asked to the participants. The participants have wanted necessary sticks with the
amount and the desired stick types and quantities are given in Table 4.10. After the
arranging amount of the sticks and the sizes of the sticks, the participants went to the

carpenter and provided the necessary sticks for their products.
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Table 4.10. Desired Sticks’ Lengths and Thicknesses by the Participants

Desired Sticks’ Lengths by Participants (cm)

Scaling For floors  For pillars For For struts  For cross
. . links
interconnections

1/50 40 pieces 60 pieces 120 pieces 140 pieces 30 pieces
scaling sticks with  sticks with  sticks with 0.2 x sticks sticks
(One 0.1x04x 02x0.2x 0.2x4 with0.2x  with 0.2
student 8; .32 plef:es 6 0.2x2 x0.2x5
and the sticks with
0.1x0.4x
teacher)
14
1/20 32 pieces 60 pieces 120 pieces 140 pieces 30 pieces
scaling sticks with  sticks with  sticks with 0.5 x sticks sticks
0.25x1x 05x0.5x 0.5x 10 with 0.5 x  with 0.5
(Two
students) 35; 20 15 0.5x5 x 0.5x
pieces 20
sticks with
0.25x1x
20
1/15 48 pieces 90 pieces 180 pieces 210 pieces 45 pieces
scaling sticks with  sticks with  sticks with 0.6 x sticks sticks
0.3x15x 0.6x0.6x 0.6 x 13 with 0.6 x  with 0.6
(Three
46; 60 20 0.6x4 x 0.6 x
students)
pieces 26
sticks with
0.3x15x
26
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According to the observation of the researcher, the students had problems
determining the amount of sticks with reading the scaling table. To eliminate this
problem, the instructor gave an example of how to calculate the number of sticks for
a product then the students understood and determined the materials. The teacher
didn’t have trouble in this part and she read the scaling table and determined the
amount of the materials easily. Allocated time had been 20 minutes but it has lasted

45 minutes so revision was made in timing.

The activity was suspended to continue for construction of the products.
Day 7

E. Construct a product

This step was executed by messaging with the participants. Online lessons were not
held but the participants sent photos of the constructed parts of their products via
WhatsApp application to the researcher and to the instructor daily and discussions
were made, and then feedback was given by the researcher and the instructor. By this
kind of communication, the researcher could observe the participants.

The participants were expected to develop products based on the variables which
have been identified and tested with making spaghetti models on the fourth day of

the activity and also based on the limitations and the criteria.

Since the carpenter had adjusted the materials according to the dimensions, the
participants just connected to the sticks paying attention to the size. At the beginning
of the construction of the products, the participants have formed the base frames and
the grids of the floors. The wooden frames made by the students are shown in Figure

4.20 and by the teacher shown in Figure 4.21.
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Figure 4.20. Some students’ wooden frames

Figure 4.21. The teacher’s wooden frames

This process has lasted on average one and a half hours. As a result of the observation

of the researcher, the participants had no problem.

The activity was suspended to continue the production of the products.

Day 8
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After making the frames of the wooden buildings, the participants attached the
frames with gluing the struts to the floors. After completing connection of the frames,
they inserted the cross links and interconnections to make products more earthquake
resistant. Then, the products were completed. Some students’ earthquake resistant
wooden building products are shown in Figure 4.22 and the teacher’s earthquake
resistant wooden building product is shown in Figure 4.23.

Figure 4.23. The teacher’s earthquake resistant wooden building product
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According to the observation of the researcher, the participants had no problem and
they produced desired products. Also, it was the easiest part for the students and the
teacher since they just glued sticks to each other with paying attention to the sticks’
sizes. As a result of the researcher’s observation, both the male and the female
students were very excited about creating their own products. Unlike the first
activity, in which the teacher had difficulty during making the concrete building
product, in the second activity, the teacher did not have problem during the
construction of the wooden building product. On the contrary, producing the product
was the most enjoyable part for the teacher. As previously arranged, producing the

products has lasted 180 minutes so there is no revision in timing.
Day 9 and 10
F.Test the products and redesign

The participants were expected to check whether their products have the
requirements and to test their wooden building products themselves by putting them
on the shake table. In this section, if wooden building products were earthquake
resistant, the participants could pass the next step. If their products were not working,

the participants could go through previous steps to redesign of the products.

For the testing, the researcher has gone the students’ homes and tested prototypes of
the six students separately. During this process, the videos were recorded to watch

for the evaluation of the products in the evaluation part of the activity.

In this step, the participants’ products have been tested whether their products’ sizes
were arranged according to scaling and earthquake resistant or not. According to the
1/50 scaling, the lengths of the floors should be 8 cm and 14 cm; the width and the
height of the floors should be 0.1 cm and 0.4 cm; the length of the pillars should be
6 cm, the width and the height of the pillars should be 0.2 cm and 0.2 cm. According
to these measurements, the sizes of the teacher’s and a student’s products are given
in Table 4.11.
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Table 4.11. The Expected and Measured Sizes of 1/50 Products for the Student and

the Teacher

Expected the Measured the Expected Measured the
Floors’ Width, Floors’ Width, the Pillars’ Pillars’ Width,
Height and Height and Width, Height and
Lengths (cm) Lengths (cm)  Heightand  Lengths (cm)
Lengths
(cm)
1. Student’s 0.1x0.4x 0.3x05x8 0.2 x 0.3x05x6
Prodligt 8 (For a (For a short 0.2x6
short edge) edge)
0.1x04x 03x05x14
14 (For a (For a long
long edge) edge)
The 0.1x0.4x 0.1x09x8 02x02x 01x09x6
Teacher’s 8 (Fora  (For short edge) 6
Product short edge) 0.1x 0.9 x 14
0.1x0.4x (For a long
14 (For a edge)
long edge)

According to the 1/20 scaling, the lengths of the floors should be 20 cm and 35 cm;

the width and the height of the floors should be 0.25 cm and 1 cm; the length of the

pillars should be 15 cm, the width and the height of the pillars should be 0.5 cm and

0.5 cm. According to these measurements, the sizes of two students’ products are

given in Table 4.12.

114



Table 4.12. Expected and Measured Sizes of 1/20 Products for the Students

Expected Measured the Expected  Measured the
the Floors’ Floors’ Width, the Pillars’  Pillars’ Width,
Width, Height and Lengths Width, Height and
Height and (cm) Heightand Lengths (cm)
Lengths Lengths
(cm) (cm)

2. Student’s 0.25x1x 1x1x20(Fora 0.5x0.5x 1x1x15

Products 20 (For a short edge) 15
shortedge) 4 .1 37 (Fora
0.25x1x long edge)
35 (For a
long edge)
3. Student’s 0.25x1x 15x25x19(Fora 05x05x 15x25x15
Products 20 (For a short edge) 15
shortedge) ;= 25435 (Fora
0.25x1x long edge)
35 (For a
long edge)

According to the 1/15 scaling, the lengths of the floors should be 26 cm and 46 cm;
the width and the height of the floors should be 0.3 cm and 1.5 cm; the length of the
pillars should be 20 cm; the width and the height of the pillars should be 0.6 cm and
0.6 cm. According to these measurements, the sizes of three students’ products are

given in Table 4.13.
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Table 4.13. Expected and Measured Sizes of 1/15 Products for the Students

Expected Measured the Expected Measured the
the Floors’ Width, the Pillars’ Width,
Floors’ Height and Lengths  Pillars’ Height and
Width, (cm) Width, Lengths (cm)
Height Height
and and
Lengths Lengths
(cm) (cm)
4. Student’s 0.3x15x 1x15x26(Fora 0.6x0.6 1x15x20
Products 26 (For a short edge) x 20
Short 4 1.5 x 45 (For a
edge) 0.3 long edge)
X 1.5x 46
(For a
long edge)

5. Student’s 0.3x1.5x 1x3x26 (Fora 0.6x0.6 1x3x21

Products 26 (For a short edge) x 20
short 1x3x46 (Fora
edge) 0.3 long edge)
x 1.5x 46
(For a
long edge)
6. Student’s 0.3x15x 0.7x0.7x26(Fora 0.6x0.6 0.7x0.7x 20
Products 26 (For a short edge) x 20
Short 7% 0.7 x 46 (For a
edge) 0.3 long edge)
x 1.5x 46
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According to the researcher’s observation, the products of the students and the
teacher were built according to the expected dimensions. It shows that although the
participants had trouble about calculation of the scaling values, they were able to use
scaling values during the making products without any problems. As a result, the

mathematics objectives were gained by the participants.

To measure the earthquake resistance of the products, the accelerometer in the
"Google Science Journal" application has been used. Also, to test the products, the
researcher had designed the shaking table and used electrical drill screwdriver to
create steadily increasing accelerations which are shown in Figure 4.13. The shaking
table has been shaken with increasing acceleration in every 10 seconds until the
products collapse or overturned.

The products have been put on the shaking table and the smartphone with the
"Google Science Journal™ application has been placed on the shaking table or on the
products. The products have been shaken to 7.5 - 7.9 values (5.3 m/s2 - 5.8 m/s2
acceleration) and if collapsing and overturning weren’t observed, shaking increased

regularly.

Since the "Google Science Journal™ application gives linear acceleration values, the
products were tested according to linear acceleration values rather than the
magnitude of the earthquake. Maximum linear acceleration values were recorded at
the moments when the products collapsed completely or overturned without
collapsing. Then, acceleration values have been converted to Richter magnitude
values are shown in Table 4.2 which had been formed by the researcher from the
literature review. Linear ground accelerations corresponding to magnitude of

earthquake values had been presented to the participants in the scenario part.

As mentioned in the scenario, the products should resist at least 7.9 magnitude value
which corresponds to 5.8 m/s2 linear ground acceleration. As a result of the
observation of the researcher, when the products were tested, all the products have

exceeded the desired earthquake magnitude value and they were built based on the
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criteria, the restrictions and the limitations mentioned in the scenario. Also, the

products had properties of earthquake resistant wooden buildings.

The first student’s product collapsed in 6.0 m/s2 which corresponded to 8.1 Richter
magnitude value. It has overturned and nothing happened. The second student’s
product collapsed in 10.4 m/s2 which corresponded to above the 9 Richter magnitude
value. It has overturned and nothing happened. The dimensions of all sizes were
arranged according to the expected scaling values and the thickness of the sticks were
almost the same with the scaling values. Also, the cross links, struts and
interconnections were made as requested. The third student’s product collapsed in
6.0 m/s2 which corresponded to 8.1 Richter magnitude value. It has overturned and
divided into parts since wooden sticks had not firmly glued to each other so when
the product hit the ground, its’ pieces dispersed. The fourth student’s product
collapsed in 11.3 m/s2 which corresponded to above the 9 Richter magnitude value.
It has overturned and nothing happened. The dimensions of the sizes were arranged
according to the expected scaling values. Also, all cross links, struts and
interconnections were made as requested. The fifth student’s product collapsed in
5.8 m/s2 which corresponded to 7.9 Richter magnitude value. It has overturned and
broken in some parts since there were not enough interconnections on the product.
The sixth student’s product collapsed in 6.0 m/s2 which corresponded to 8.1 Richter
magnitude value. It has overturned and nothing happened since it had been
constructed based on scaling values and thickness of sticks were as desired. As it

was mentioned at the beginning, the teacher’s product couldn’t be tested.

The linear acceleration values are given in Table 4.14 and Richter magnitude values

corresponding the linear acceleration values are given in Table 4.15.
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Table 4.14. The Linear Acceleration Values During Testing

Linear Acceleration Values for Student’s Products (m/s?)

1. 2. 3. 4, 5. 6.
Shaking 1.2 15 2.1 1.3 1.7 1.6
10
seconds
Shaking 3.1 3.8 3.7 3.2 4.0 35
10
seconds
Shaking 5.0 5.4 4.2 4.2 4.6 47
10
seconds
Shaking 6.0 5.9 6.0 6.6 5.8 6.0
10 Overturn Overturn Overturn  Overturn
seconds and and broken
divided to in some
parts parts
Shaking X 10.4 X 11.3 X X
10 Overturn Overturn
seconds
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Table 4.15. Richter Magnitude Values Corresponding to the Linear Acceleration

Values
Richter Magnitude Values for Student’s Products
1. 2. 3. 4, 5. 6.
Shaking 3.6 4.3 4.8 3.7 45 4.4
10
seconds
Shaking 5.7 6.2 6.2 5.7 6.4 6.0
10
seconds
Shaking 7.2 7.6 6.6 6.6 6.9 7.0
10
seconds
Shaking 8.1 8 8.1 8.6 7.9 8.1
10
Overturn Overturn Overturn  Overturn
seconds
and and
divided broken in
to parts some
parts
Shaking X Above X Above
10 95 95
seconds Overturn Overturn
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Since all the students were satisfied with their products, no one made any changes in
their products. According to the researcher’s observation, during the testing step, the
students have enjoyed and were excited about whether their products would collapse
or not. It was one of the most enjoyable and the easiest steps for them.

Allocated time for this step was 15 minutes but it had been arranged according to a
product. During the applying of this activity, as group work could not be done, data
was obtained by six individual products. For each product testing, 15 minutes was

enough so timing didn’t change in this part.
Day 11
G. Evaluation

In this part, the students’ and the teacher’s products have been evaluated according
to values obtained from the test part. The students’ products have been evaluated
based on an evaluation form which had been prepared during the activity. To
evaluate the students’ products, the videos including moments of collapse and
overturning of all the products were watched. As a result of the evaluation, the fourth
student’s product was chosen since its’ almost all structure elements have been made
based on the scaling and it has been collapsed over the 9 Richter magnitude value.
As a result of the researcher’s observation, the participants did not have difficulty
and 45 minutes was enough for this part so any revision did not happen in the

evaluation part.

From the initial to the end of the activity, according to the observation of the
researcher, the students were more actively engaged. At the beginning of the activity,
the teacher acted timidly because she was worried about not being able to answer
correctly. The participants paid attention to each step of the activity rather than just
focusing to produce products. As a result of the researcher’s observation, the students
and the teachers had difficulties in carrying out the mathematics objectives but they
were more successful during performing the engineering objectives. Unlike previous

activity, the teacher was as enthusiastic as the students to produce the products. As a
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result of the observation of the researcher, both the students and the teacher had
pretty good times and forced themselves to think critically and improved their
creativity perspectives by construction of the products. The students’ communication
with the instructor and the teacher communication with the researcher were highly
strong. According to the researcher’s observation, there was no problem in the

timing, allocated times were almost enough for each section except one or two.

In this activity, allocated times were edited and revised in some parts so total time
decreased from 680 minutes to 670 minutes. Timing of the earthquake resistant

wooden building design activity is presented in Table 4.16.

Table 4.16. Timing of the Earthquake Resistant Wooden Building Design Activity

Seven Steps of the Timing Before Timing After
STEM Activity Implementation of the Implementation of the
Activity (minutes) Activity (minutes)

8. Identify the Problem 30 20

9. Collect Information 300 275

10. Develop Solutions 90 90

11. Choose the Best 20 45
Solution

12. Construct a Product 180 180

13. Test the Product and 15 15
Redesign

14. Evaluate 45 45

Total Timing 680 670

122



4.2.2. Results of the Interviews with the Students and the Teacher for the
Second Activity

A group interview with the six students and the interview with the teacher were
conducted after the implementation of the activity. The students and the teacher were
asked six questions (see Appendix D for the students’ interview questions and see

Appendix E for the teacher’s interview questions).

The participants have responded to the first question, “Could you associate the
problem situation in the STEM activity with daily life?”” One female student has
stated that she had difficulty in associating the problem with daily life since she has
not seen any wooden buildings in daily life. Due to that, the researcher added photos
of a rough construction of the concrete building, a wooden building and a building
with an earthquake technology were added into the instructional materials which are
lesson plans, the students’ handouts and the teacher guide sheets of each activity.
Figure 4.24 is the visual of a concrete building, Figure 4.25 is the visual of a wooden
building and Figure 4.26 is the visual of a building with an earthquake technology

Figure 4.24. A concrete building as visual for revised instructional materials

123



Figure 4.26. A building with an earthquake technology as visual for revised
instructional materials

The second question was asked “Were there any most challenging steps in the STEM
activity?” All the students and the teacher stated that determining the number of the
sticks used in floors, pillars and links and finding suitable sticks were the most
difficult processes. Also, they stated that the scaling part was quite challenging.

The next question was “During the STEM activity, did you have any sections where
you progress most comfortably?”” All the students stated that identifying the problem,
testing the products, producing the products and evaluation parts were the easiest

part. The teacher said that all the steps were easy to progress.

124



Based on the question “Were the handouts distributed to you understandable?”, all

the participants expressed that distributed handouts were understandable and useful.

“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked to the participants and all of them said that no part needed to
be changed.

The participants have responded to the final question “What are your general views
and opinions about the STEM activity participated in?”” Answers on which the most
of the students and the teacher agree have presented as follows. Lessons were passing
lively and usefully During the activity, exchanging the ideas and making discussion
about an issue were possible. Thinking processes were dominant in every step of the
activity. Opportunities for experiencing in building wooden products and for
increasing awareness about earthquake resistant wooden buildings existed. Also, the
teacher said that the activity would bring her a lot and at the end, it met her

expectations and she learned how STEM activity should be.

4.2.3. Results of the Interviews with the Instructor for the Second Activity

The interview with the instructor was conducted after the implementation of the first
activity and the six questions were asked to the instructor (see Appendix F for the
instructor’s interview questions). The instructor, who had been in STEM studies
before, responded to the first question, “During the STEM activity, were there any
parts that you had difficulties applying and the students had difficulties in
progressing?” The instructor said that some of the students had concerns especially
in the parts that required high level thinking skills and in the scaling calculation parts.
Also, the instructor continued that the students were inexperienced in doing search
and did search without knowing which source was reliable or not, and were unable

to interpret the information they found.

The next question was “During the STEM activity, did you have any sections where

you progress most comfortably?” The instructor said that defining the problem,
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determining the research questions, determining the criteria for the product,

producing product and evaluation were the sections that were easier.

“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked by the instructor. She said that, like the first activity, the part
of determining the criteria and the limitations was reached quickly, and the allocated
time could be shorter. Likewise, the time allocated for answering the research
questions could be decreased. Since the students have a little difficulty in calculating

the scaling, the time allocated for this section can be given more.

The other question asked to the instructor was “Have the lesson plan, the teacher
guide sheet and the handout been prepared suitable for the objectives? The instructor

said that all the instruments were appropriate for the objectives.

Finally, the instructor responded to the question “How was your communication with
the students?”” The instructor said that her communication with the students was

strong and due to that the students have eagerly attended to the activity.

4.2.4. Results of the Observations for the Instructor for the Second Activity

In order to directly monitor whether developed STEM activity have STEM principles
and how the instructor reflects the nature of STEM education into practice, the
researcher used the observation form to observe the instructor. The observation form
(see Appendix G for the observation form) consists of 12 items and inside of the
form, there are expressions to show the situations expected from the instructor during
the student-centered activity. If the instructor applied the expected situation to the
desired extent, tick was put the "Applied" section and if did not apply, "Not Applied"
section was marked. According to the observations of the researcher based on the
observation form, deficiencies and the problematic points in the activity were

determined. The results are presented for the second STEM activity as follows.

The instructor applied 11 items of 12 expected situations. It was expected from the
instructor to divide students into groups but did not, since the activity was conducted
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as online lessons and each student attended to the lessons individually due to the

pandemic. Therefore, 1 item could not be observed.

According to the researcher’s observation for the second activity, the instructor
discussed the problems in the scenarios with the students. As a result of the
discussion about the problem in the scenario, since one female student could not
associate the problem with daily life, the instructor presented the wooden building
photos to the students then the student was able to visualize. Therefore, photos of a
concrete building, a wooden building and a building with an earthquake technology

were added to three activities.

In the second activity, according to the researcher’s observation, the instructor had
discussed the goal of the activity with the students and asked the questions to the
students clearly. Also, the instructor has guided the students rather than answering
the questions directly. In the collect information part of the activity, when the
students asked how the earthquake resistant wooden buildings should be, the
instructor has directed the students to search instead of saying the answers
immediately. According to the researcher’s observation for the second activity, the
instructor made the explanations clearly and helped students by giving feedback. In
the construct a product step of the activity, the students send the photos of the
constructed parts of their products to the instructor daily and then feedbacks were
given by the instructor. At the end of the activity, the instructor carefully examined

the products produced by the students.

During the second activity, according to the researcher’s observation, the instructor
guided students with open-ended questions. The students could not easily determine
the research questions and they needed the instructor's guidance. Therefore, guiding
questions were added to three lesson plans like “What do we need to know to make
an earthquake resistant building?”” “Did you build any real buildings before? If you
have all the materials, can you make a building immediately?” As a result of the

researcher’s observation, the instructor paid attention to the times stated in the
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activity plan and finished the second activity 10 minutes earlier than the allocated

time.

4.3. Technologies Design to Prevent Buildings from Earthquake

In this section, technologies design to prevent buildings from earthquake activity is
examined step by step. This activity is the third activity and was carried out with the
six students by the instructor and with a physics teacher by the researcher at different
times. Therefore, observations about both the students and the teacher are available.
In here, the students and the teacher are all mentioned as the participants but when
answers or behaviors of them are explained, they are explicitly specified as the

students or the teacher.

The third activity was revised according to the first and the second activities. After
implementations of the first and the second activities, the third activity was revised
except timing and the revised third activity has been applied to the participants. Then,
according to the observation of the researcher, and the interviews with the students,
the teacher and the instructor, the third activity was revised again.

4.3.1. Results of the Observations for the Students and the Teacher for the
Third Activity

In this stage, it is indicated that day to day observation of the activity performed with
the students and the teacher. While the activity was applied to the teacher in the
morning, it was applied to the students in the evening of that day. In total, the activity
was observed 15 hours in 8 days for the students and 9 hours in 6 days for the teacher
by the researcher. Total time includes 11 hours of online lessons and 6 hours of
testing process of the products. The first four consecutive days, online lessons were
made two hours per day. Then, in a day, the products were produced. Later, with 6
hours in two days, the products were tested, and an hour in a day, the evaluation part

was fulfilled. Duration for each process was the same for the teacher except the
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testing part. Observation time is shown in Table 4.17. Then, the implementation of

the third STEM activity is explained day by day.

Table 4.17. Observation Time of the Implementation of the Third STEM Activity

Day 1,2,3,4 5, 6,7 8 Totally

The 2 hours online Constructing Testing Evaluating 15

activity  lessonsineach  products without products products  hours

with the day making online with 6 with an in8
students lessons hours in hour days
2 days online
lesson
The 2 hours online Constructing Not Evaluating 9

activity  lessons ineach  products without  tested products  hours

with the day making online with an in 6
teacher lessons hourinan  days
online
lesson
Day 1

A. ldentify the problem

In this part, it is expected from the participants to examine the given scenario in
detail. The participants should be able to determine the problem described in the
scenario and identify the need to solve the problem. Also, criteria, restriction and
limitations should be found with analyzing the scenario. The scenario which is inside
of the handout was presented to the participants by sharing on the screen of the

computer. The scenario is as follows.
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When looking at the map of the seismic zone of Turkey, it is seen that the first degree
earthquake zone causing substantial loss of life and property occupies a large area.
According to the data of Kandilli Observatory, the largest earthquake recorded in
this zone in the last 100 years is the 7.9 magnitude earthquake that took place in
Erzincan province in 1939. As a result of the Erzincan earthquake, 32,986 people

lost their lives and 116,720 residences were severely damaged.
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Considering the data, earthquake resistant buildings in Erzincan, which is located on
the first degree earthquake zone, has great importance in order to minimize the loss
of life and property caused by the earthquake. For this reason, a construction
company volunteers to apply earthquake technologies to reduce earthquake shaking
in buildings in this city. Also, company wants to use economical materials for the
earthquake technologies. If you were a civil engineer working in this company, how
would you apply earthquake technologies to buildings to reduce the amount of

shaking that occurs in buildings during earthquakes in Erzincan?

In the scenario, it was mentioned that, rather than building earthquake-resistant
buildings, it is desired to apply earthquake technologies to existing buildings. As
buildings, cardboard shoe boxes with the same sizes will be used and earthquake

technologies will be applied to these boxes. As an addition, it is specified in the
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scenario that linear ground accelerations are measured instead of magnitude of the
earthquake since it is not possible to measure magnitude of earthquake directly.
Therefore, Table 4.2 was presented to the participants to show linear ground
accelerations corresponding to magnitude of the earthquake values.

It was asked to the participants what the problem is in the scenario. The students said
not making sturdy houses, demolition of buildings and first degree earthquake zone.
The teacher stated that destruction of buildings that are not resistant to earthquakes

and loss of life and properties which are located in the first degree earthquake zone.

When it was asked what is the need, the students identified that the need is applying
earthquake technologies to reduce shakings. The teacher said that the need is

applying earthquake technologies to buildings.

What the criteria, the restrictions and the limitations were asked to the participants.
The students and the teacher stated that criterion presented in the problem was that
buildings are able to stand in 7.9 magnitude earthquakes. The participants said that
the limitations were using economical materials and applying the earthquake
technologies to the buildings.

According to the observation of the researcher, the participants had no difficulties to
determine the problem and the need. Also, the participants were able to determine
the criteria, the restrictions and the limitations without any problems. According to
the researcher, the identify the problem section is one of the easiest parts for both the
students and the teacher to progress. During the activity, since all the participants
finished this step less than the specified time, allocated time had been decreased from
30 minutes to 20 minutes.

B. Collect information

In this stage, what is expected from the participants are determining research
guestions, making search, answering research questions, determining disciplines and

objectives of the disciplines, finding variables and testing the variables.
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Determining research questions

“What should you investigate to make buildings earthquake resistant with applying
earthquake technologies? What should be your research questions to apply
earthquake technologies to the buildings?” were asked to the participants. The
students’ research questions are what is an earthquake? What are earthquake
technologies? Which criteria in the buildings are required to use earthquake
technologies. A male student said that how the column strengthening is made in the
buildings damaged by the earthquake should be searched. According to the
observation of the researcher, the student thought that buildings on which earthquake
technologies will be applied had already damaged due to earthquake. To clarify that
the earthquake technologies will be applied to the buildings that have not been
damaged by the earthquake, “...to protect buildings against a possible earthquake...”
phrase was added to scenario in the lesson plan, the handout and the teacher guide

sheet.

The teacher’s research questions are what is the earthquake? What are the intensity
and magnitude of earthquake? What are the earthquake technologies? Which

earthquake technology can be applied to which buildings?

As aresult of the researcher’s observation, both a student and the teacher determined
a research question like what criteria are required to use earthquake technologies or
which earthquake technology is applied to which buildings. Therefore, “In which
type of building, the earthquake technologies should be applied?” question was
inserted to the determine the research questions part of the lesson plan. This part has
lasted approximately 20 minutes so the timing for determining research questions

was altered from 30 minutes to 20 minutes.

The activity was suspended to continue in the next online lesson.
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Day 2
Making search and answering the research questions

After determining the research questions, the participants have searched questions.
The questions identified in the previous step have been investigated one by one. That
means, the students first searched for the answer of the first question, after finding
it, they searched for the answer of the next question. The time given for each question
was 10 minutes. After 10 minutes, answers were discussed in approximately 10
minutes. If needed information was reached, passed to the other question. If
necessary information was missed, additional time was given. The students
completed the search and discussion process in 60 minutes. For the teacher, search
was done as a whole. She searched all the questions in a given time and after finding
information, the researcher and the teacher have made discussions. The teacher
completed the search and discussion process in 30 minutes.

As a result of the observation of the researcher, unlike previous activities, both the
students and the teachers reach the necessary information easily. As a result of the
researcher’s observation, the students and the teacher had no difficulties in making
searches and accessing the needed information. Before the activity, 120 minutes had
been arranged for this step and it was enough during the activity so the allocated time

has not been revised.

The activity was suspended to continue in the next online lesson.
Day 3

Determining disciplines and objectives of the disciplines

The instructor asked “What kind of information from which disciplines or courses
do you need to apply earthquake technologies to the buildings?” “What disciplines
or courses will help you to apply earthquake technologies to the buildings?” The
students stated physics, technology and engineering. A student said that to calculate
the amount of reduction of shaking, mathematics is necessary. Also, the teacher said

that physics, engineering, mathematics and technology.
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According to the researcher’s observation, the students had no difficulties to
understand the meaning of the disciplines item since the instructor asked questions
with using courses item near the disciplines item. As a result of the observation of
the researcher, like previous activities, social skills disciplines weren’t found by the
participants. The instructor asked the students that “If you did the activity as a group,
what would group working have contributed to you?” Then, the students could think
of social skills as a discipline. To be found social skills by the teacher, it was
reminded to the teacher that the activity would be held in a group then the teacher

added to social skills as a discipline of the activity.

To specify the objectives of the disciplines, it was asked “Which subjects and
objectives do you need to produce solutions and where to find objectives?” While
the teacher said that they can be found from the curriculums, the students needed to
explain what objectives mean. The instructor explained what objectives mean and
they exist in the curriculum and asked again “What could you gain at the end of this
activity, what could you learn?” The students said that objectives can be found from
the curriculums. They reached physics and mathematics curriculums easily. Also,
they used technology and design curriculum for middle school to find engineering
objectives but technology objectives inside the curriculum were not applicable for
the activity. Therefore, the instructor provided references and led students to

determine the objectives about technology and social skills disciplines.

The students and the teacher stated that in physics, earthquake waves should be
known to reach the solution. For mathematics discipline, the participants determined
objectives from the middle school mathematics curriculum. With the guidance of the
instructor, the students chose that they should make the multiplication of a natural
number and multiplying decimal representations with given numbers. The teacher
determined the objectives like deciding whether two multiples are inversely
proportional by examining real life situations. For technology and engineering
disciplines, the participants determined objectives from the technology and design
course curriculum and some thesis shared by the researcher. The students stated that

they need to know necessary steps to reflect the thoughts anticipated for the design
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to the design. Also, the teacher said that she needed to describe the necessary creation
steps of the design and demonstrate the ability to select, use and troubleshoot
available technologies. Finally, for social skills, the students determined objectives
like working with a group and respecting group members’ ideas. On the other hand,
the teacher determined objectives like collaboration, team working, critical thinking,

creativity and innovation.

As a result of the observation of the researcher, with the guidance of the instructor
and the researcher, the students and the teacher had no difficulties determining the
disciplines and the objectives. For this step of the activity, allocated time was 25

minutes but it has lasted 30 minutes so time has been revised to 30 minutes.
The activity was suspended to continue in the next online lesson.

Day 4

C. Develop solutions

Here, what is expected from the participants are determining evaluation criteria,

creating a product evaluation form and creating solutions.
Determining evaluation criteria and creating a product evaluation form

To determine evaluation criteria, the instructor asked “According to which features
should the products be evaluated?” The students said the reducing amount of the
shaking, being earthquake resistant and being economical. Then, the instructor asked
“How can you compare the products? And the students classified the evaluation
criteria with putting scores. The teacher stated that products could be evaluated in

terms of being earthquake resistant and being economical.

According to the observation of the researcher, the students and the teacher
proceeded without any problem and they created criteria for evaluation form easily.
20 minutes had been arranged for this step and it was enough during the activity so

there is no revision in time.
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Creating solutions

After determining the evaluation criteria, the participants developed solutions.
During the searching part of the activity, the participants searched detail about base
isolation, seismic damper and tuned mass damper technologies. The students’
solutions for base isolation technology were putting marbles or beads between the
jar lids or bottle cap and using springs. Their solutions for seismic damper
technology were using syringe, magnet and rope. For tuned mass damper system, the
students produced solutions like hanging balls, punching bag, stone, keychain on the
ceiling. Moreover, the teacher’s solutions were inserting tires or plastic springs to
bottom of the box for the base isolation; connecting walls with thick cardboard or
using syringe for the seismic dampers; hanging the ball or keys to the ceiling with

rope for the tuned mass damper systems.

According to the observation of the researcher, compared to the previous activities,
during the finding solutions, the students and the teacher were more productive and
each participant were able to present different and original ideas. In this part, the
students shared opinions willingly, and the students and the teacher actively engaged
in the process. As a result of the researcher’s observation, no problems had been
observed. Creating solutions has lasted 30 minutes while allocated time had been

administered 40 minutes. Therefore, time has been changed to 30 minutes.
D. Choose the best solution

In this section, the participants determined the appropriate solution among the
solutions they have previously produced according to paying attention to criteria and

limitations.

For the base isolation system, three students have chosen using springs, and other
three students have chosen using marbles between jar lids. The teacher has chosen
using plastic springs. For the tuned mass damper system, three students have chosen
using stones in the box, and other students have chosen using tiny sandbag, candle

and big marble. The teacher has chosen a key chain. For the seismic damper system,
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except a student which decided to used magnets, all the participants have decided to
use syringes.

After that, the participants have drawn the draft of the products. One example among
six drafts belonging to the students are placed in Figure 4.27 and the draft of the

teacher is shown in Figure 4.28.

Figure 4.27. An example of the drawings of the students’ earthquake technologies

Figure 4.28. The drawing of the teacher’s earthquake technologies

According to the observation of the researcher, the students and the teachers had no
difficulties in this part. 20 minutes was arranged for this step and it was enough

during the activity so there is no revision in time.
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The activity was suspended to continue in the next online lesson.
Day 5
E. Construct a product

This step was executed by messaging with the participants. Online lessons were not
held but the participants send the photos of the constructed parts of their products
via WhatsApp application to the researcher and to the instructor daily and
discussions were made, and then feedback was given by the researcher and the
instructor. By this kind of communication, the researcher could observe the

participants.

Before the construction, variables were asked to the participants. The students have
answered that earthquake resistance of the building is a dependent variable; applying
different earthquake technologies and earthquake magnitude are the independent
variables; the building height and the building width are the constant variables. The
teacher stated that earthquake intensity and earthquake resistance of the building are
dependent variables; earthquake technologies are independent variables; the height

and the width of the buildings are constant variables.

To test the effects of the variables, the participants have placed materials on the floor
of the shoe box kept vertically for the base isolation technology. Also, they have put
the materials inside of another shoe box for the damper system and finally they have
held the materials on the ceiling of another shoe box for the mass damper technology.
To observe the variables, an empty shoe box has been compared with a shoe box
applied an earthquake technology. A bowl of water was put on both shoe boxes and
they have been shaken equally. The water on the shoe box with the earthquake
technology has shaken less than the water on the shoe box without earthquake
technology. This observation was made for shoe boxes with three different
technologies. As a result, the students and the teacher said that "When the earthquake
technology is applied to the buildings, since the effect of shaking to the buildings

decreases, earthquake resistance of the building increases.” If the participants could
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not observe any differences, they have changed materials used for three earthquake

technologies and tested the variables again.

According to the variables, the teacher and each student applied three earthquake
technologies to three different shoe boxes. As a result, six students produced 18
products and the teacher created three products in this activity. Some examples of
the students’ products with earthquake technologies are shown in Figure 4.29 and

teacher’s products are shown in Figure 4.30.

Figure 4.29. Examples of the students’ products with the base isolation, the seismic

damper and the tuned mass damper technologies
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Figure 4.30. The teacher’s products with the base isolation, the seismic damper and

the tuned mass damper technologies

According to the observation of the researcher, the participants had no problem and
they produced desired products. Also, both the male and the female students were
very excited about creating their own products. According to the researcher’s
observation, the students and the teachers were able to reveal their creativity skills
with finding different materials from their home to apply earthquake technologies.
As a result of the researcher’s observation, during the making of the products, both
the students and the teacher had a good time and they enjoyed the process. Before
the activity, time for this step had been arranged 120 minutes but 100 minutes have

become enough. For this reason, allocated time has been revised to 100 minutes.
The activity was suspended to continue in the next online lesson.

Day 6 and 7

F. Test the products and redesign

The participants were expected to check whether their products have the
requirements and to test their products themselves by putting them on the shake table.

In this section, if the products were earthquake resistant, the participants could pass
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the next step. If their products were not working, the participants could go through

previous steps to redesign of the products.

For the testing, the researcher has gone to the students’ homes and tested products of
the six students separately. During this process, the videos were recorded to watch

for the evaluation of the products in the evaluation part of the activity.

The students’ products have been tested whether their products were earthquake
resistant or not and how much the applied earthquake technologies reduced the
magnitude of the earthquake. To test the products, the researcher had designed the
shaking table and used an electrical drill screwdriver to create steadily increasing

accelerations which are shown in Figure 4.13.

At the beginning, the products were put on the shake table. Two smartphones with
the "Google Science Journal™ application were placed on the shake table and on the
product. The products have been shaken to 7.5 - 7.9 values (5.3 m/s2 - 5.8 m/s2
acceleration) and if collapsing and overturning weren’t observed, shaking increased

regularly. Every 10 seconds, the readings on both phones were noted.

With subtracting an arithmetic mean of the values from the phone on the shake table
and an arithmetic mean of the values from the phone on the products, average
decreasing acceleration values were calculated. Hereby, amounts of the magnitude
reduction of the applied technologies were obtained.

Linear acceleration values for the base isolation technology are shown in Table 4.18;
linear acceleration values for the seismic damper technology are shown in Table
4.19; linear acceleration values for the tuned mass damper technology are shown in
Table 4.20. In the tables, three measurements were recorded for each product to show
that the products collapsed in what magnitude of the earthquake and how much the

applied earthquake technology reduced the magnitude of the earthquake.

As mentioned in the scenario, the products should resist at least 7.9 magnitude value
which corresponds to 5.8 m/s2 linear ground acceleration and reduce the magnitude
of the earthquake. As a result of the observation of the researcher, when the products
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were tested, all the products have exceeded the desired earthquake magnitude value
and they were built based on the criteria, the restrictions and the limitations

mentioned in the scenario.

Table 4.18. Linear Acceleration Values for the Students’ Products with the Base

Isolation System

Linear Acceleration Values for Base Isolation Technology (m/s?)

Values from Phone on the Values from Phone on the
Shake Table Product
First 10 Second Third10 First10 Second Third 10 "
2] v D
é Seconds 10 Seconds  seconds 10 Seconds & &
(<5 —
& Seconds  (collapse) Seconds (collapse) £ &
1. 2 4.6 5 0.5 2.2 2.9 2
2 4 5 7 1.6 2.4 4.3 2.56
3. 3 4 5 1.7 2.3 3.7 1.43
4. 1.8 2.3 3.1 1.2 1.4 2.3 0.77
5. 3 4 6 1,3 2,2 47 1.59
5 2 3.8 5.2 0.8 25 3.9 1.26

Table 4.19. Linear Acceleration Values for the Students’ Products with the Tuned

Mass Damper Technology

Linear Acceleration Values for Tuned Mass Damper Technology (m/s?)

Values from Phone on the Values from Phone on the
Shake Table Product
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Table 4.19 (continued)

First 10 Second Third10 First10 Second Third 10

g Seconds 10 Seconds  Seconds 10 Seconds %'f’ %
% Seconds (collapse) Seconds (collapse) 5: g
1 3.0 4.0 5.0 1.5 24 3.3 1.6
2. 3.4 4.9 5.7 1.4 2.9 3.4 2.1
3. 4.0 5.0 6.8 2.7 3.3 5.3 1.9
4 3.0 4.4 5,4 1.0 1.8 3.3 3.0
5. 3.0 5.0 7,2 0.6 2.8 6.3 2.2
6 4.2 5.3 6.1 2.5 3.0 4.1 2.0

Table 4.20. Linear Acceleration Values for the Students’ Products with the Seismic

Damper Technology

Linear Acceleration Values for Seismic Damper Technology (m/s?)

Values from Phone on the Values from Phone on the
Shake Table Product
First 10 Second Third10 First10 Second Third 10 "
2] v D
5 Seconds 10 Seconds  Seconds 10 Seconds & 3
© (<5} —
& Seconds  (collapse) Seconds (collapse) £ &
1 3.0 4.0 5.8 1.8 25 4.1 1.3
2 1.9 4.6 6.5 0.7 2.3 43 1.6
3 3.3 47 5.6 1.3 2.8 43 1.03
4 2.0 3.8 5.2 0.9 25 3.7 1.2
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Table 4.20 (continued)

5. 1.2 4.7 5.9 0.6 3.3 4.8 1.0

6. 2.5 4.0 6.1 1.7 2.0 4.5 1.4

Richter magnitude values corresponding to the linear acceleration values for three
technologies are given below. With subtracting of an arithmetic mean of the
magnitude values corresponding to values from phone on the shake table and an
arithmetic mean of the magnitude values from the phone on the products, average
decreasing magnitude values were calculated Richter magnitude values for the base
isolation technology are shown in Table 4.21; Richter magnitude values for the
seismic damper technology are shown in Table 4.22; Richter magnitude values for

the tuned mass damper technology are shown in Table 4.23.

Table 4.21. Richter Magnitude Values for Students’ Products with the Base Isolation

Technology
Richter Magnitude Values for Base Isolation Technology
Values from Phone on the Values from Phone on the
Shake Table Product

First 10 Second Third10 First10 Second Third 10 "
2 (LR
S Seconds 10 Seconds Seconds 10 Seconds ? §
© (<5} —
& Seconds  (collapse) Seconds (collapse) £ &

. 4.7 6.9 7.2 2.5 49 55 1.96

5 6.4 7.2 8.9 4.4 5.1 6.7 2.13

3 5.6 6.4 7.2 4.5 5.0 6.2 1.16
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Table 4.21 (continued)

4 4.6 5.0 5.6 3.6 4.2 5.0 0.8
5 5.6 6.4 8.1 37 4.9 7.0 1.5
6 4.7 6.2 7.4 2.8 5.2 6.3 1.33

Table 4.22. Richter Magnitude Values for the Students’ Products with the Tuned

Mass Damper Technology

Richter Magnitude Values for Tuned Mass Damper Technology

Values from Phone on the Values from Phone on the
Shake Table Product
First 10 Second Third10 First10 Second Third 10 "
+— <] [<5]
§ Seconds 10 Seconds  Seconds 10 Seconds & 3
[<5) —
% Seconds (collapse) Seconds (collapse) <>,; g
5.6 6.4 7.2 4.3 5.1 5.8 1.33
2. 5.9 7.2 7.8 4.2 55 5.9 1.77
3. 6.4 7.2 8.7 5.3 5.8 7.3 1.63
4. 5.6 6.7 7.6 3.4 4.6 5.8 2.03
5. 5.6 7.2 9.1 26 5.4 6.1 2.2
6. 6.6 7.5 8.1 5.2 5.6 6.5 1.63
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Table 4.23. Richter Magnitude Values for the Students’ Products with the Seismic
Damper Technology

Richter Magnitude Values for Seismic Damper Technology

Values from Phone on the Values from Phone on the
Shake Table Product
First 10 Second Third10 First10 Second Third 10 "
— [<8) (b}
3 Seconds 10  Seconds Seconds 10  Seconds & 8
(<5 —
% Seconds (collapse) Seconds (collapse) 5: g
5.6 6.4 7.9 4.6 5.2 6.5 1.03
2. 4.7 6.9 8.5 2.7 5.0 6.7 1.9
3. 5.8 7.0 7.7 3.7 5.4 5.8 15
4. 4.8 6.2 7.4 3.3 5.2 6.2 1.6
5. 3.6 7.0 8.0 2.6 5.8 7.1 1.2
6. 5.2 6.4 8.2 45 4.7 6.8 1.3

Since all the students were satisfied with their products, no one made any changes in
their products. According to the researcher’s observation, during the testing step, the
students have enjoyed and were excited about whether their products would collapse
or not. According to the observation of the researcher, it was the most enjoyable and
the easiest step for the students. Allocated time for this step was 15 minutes but, as
aresult of the researcher’s observation, the duration of this step has lasted 30 minutes

during the activity. Therefore, the allocated time had been revised.
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Day 8
G. Evaluation

In this part, the products have been evaluated according to values that have been
obtained from the test part. The students’ products have been evaluated based on the
evaluation form which had been prepared by the participants and the instructor
during the developing solutions part of the activity. To evaluate the students’
products, the videos including moments of collapse and overturning of all the
products were watched. According to the results, the best products were determined
for applied three technologies.

Among six products with the base isolation technology, the second students’ product,
which was made by putting marbles under the shoe box, was chosen since it
collapsed in 7.0 m/s2 which corresponded to 8.9 Richter magnitude value and
reduced the magnitude of the earthquake the most with 2.13 Richter magnitude
value. Among six products with the tuned mass damper technology, the fifth
student’s product, which was made by holding stone to the ceiling of the shoe box,
collapsed in 7.2 m/s2 which corresponded to above the 9.1 Richter magnitude value
and reduced the magnitude of the earthquake the most with 2.2 Richter magnitude
value. Among six students’ products with the seismic damper technology, the second
students’ product, which was made by inserting syringes inside of the shoe box,
collapsed in 6.5 m/s2 which corresponded to 8.5 Richter magnitude value and
reduced the magnitude of the earthquake the most with 1.9 Richter magnitude value.
45 minutes was not enough for that part so revision was made with changing time to

60 minutes.

According to the researcher’s observation, both the students and the teacher were
more active physically and mentally. Especially, in the determining the solution part,
the students and the teacher generated genuine solutions and they presented creative
thinking skills mostly. As a result of the researcher’s observation, both the students
and the teacher participated actively to the activity and they were eager to produce

products. The male and female students have almost equally engaged in the seven
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steps of the activity. According to the researcher’s observation, both the students and

the teacher had pretty good times and forced themselves to think more and tried to

make the best of their products. The students’ communication with the instructor and

the teacher communication with the researcher were highly strong. According to the

researcher’s observation, there was no problem in the timing, allocated times were

almost enough for each section.

In this activity, allocated times were edited and revised in some parts so total time

decreased from 445 minutes to 450 minutes. Timing of the technologies design to

prevent buildings from earthquake activity is presented in Table 4.24.

Table 4.24. Timing of the Technologies Design to Prevent Buildings from

Earthquake Activity

Seven Steps of the
STEM Activity

Timing Before
Implementation of the

Activity (minutes)

Timing After
Implementation of the

Activity (minutes)

7.

Identify the Problem
Collect Information
Develop Solutions

Choose the Best
Solution
Construct a Product

Test the Product and
Redesign

Evaluate

Total Timing

30

175

40

20

120

15

45

445

20

170

40

20

120

30

60

460
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4.3.2. Results of the Interviews with the Students and the Teacher for the Third
Activity

A group interview with the six students and the interview with the teacher were
conducted after the implementation of the activity. The students and the teacher were
asked six questions (see Appendix D for the students’ interview questions and see

Appendix E for the teacher’s interview questions).

The participants have responded to the first question, “Could you associate the
problem situation in the STEM activity with daily life?” Two male students have
stated that they had no difficulty in associating the problem with daily life since the
instructor presented the photo of a building with an earthquake technology. Also, the
teacher said that she had associated the problem with daily life since she had heard

many times earthquake technologies applied to the buildings before.

The second question was asked “Were there any most challenging steps in the STEM
activity?” on the contrary to the first and the second activity, all the students and the

teacher stated that there were not any challenging parts in the activity.

The next question was “During the STEM activity, did you have any sections where
you progress most comfortably?” All the students and the teacher said that all the

steps were easy to progress.

Based on the question “Were the handouts distributed to you understandable?”, all

the participants expressed that distributed handouts were clear and helpful.

“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked to the participants and all of them said that no part needed to
be changed.

The participants have responded to the final question “What are your general views
and opinions about the STEM activity participated in?”” Answers on which the most
of the students and the teacher agree have presented as follows. Lessons were passing

fast. During the activity, thinking more and producing were possible. Inquiry
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processes were dominant in every step of the activity. Opportunities for increasing
awareness about earthquake technologies applied to the buildings existed. Also, the
teacher declared that they had opportunities for experiencing in earthquake waves
and for increasing awareness about earthquake resistant buildings.

4.3.3. Results of the Interviews with the Instructor for the Third Activity

The interview with the instructor was conducted after the implementation of the first
activity and the six questions were asked to the instructor (see Appendix F for the
instructor’s interview questions). The instructor, who had been in STEM studies
before, responded to the first question, “During the STEM activity, were there any
parts that you had difficulties applying and the students had difficulties in
progressing?” The instructor said that on the contrary to the first and the second
activity, the students had no difficulties about doing search and they could reach

information easily.

The next question was “During the STEM activity, did you have any sections where
you progress most comfortably?” The instructor said that defining the problem,
determining the research questions, determining the criteria for the product,
producing product and evaluation were the sections that were easier. Generally, all

the parts were easy to progress.

“Are there any parts of the STEM activity that you think need to be corrected or
changed?” was asked by the instructor. She said that, like the previous activities, the
part of determining the criteria and the limitations was reached quickly, and the
allocated time could be longer.

The other question asked to the instructor was “Have the lesson plan, the teacher
guide sheet and the handout been prepared suitable for the objectives? The instructor

said that all the instruments were suitable with the objectives.
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Finally, the instructor responded to the question “How was your communication with
the students?” The instructor said that her communication with the students was

strong.

4.3.4. Results of the Observations for the Instructor for the Third Activity

In order to directly monitor whether developed STEM activities have STEM
principles and how the instructor reflects the nature of STEM education into practice,
the researcher used the observation form to observe the instructor. The observation
form (see Appendix G for the observation form) consists of 12 items and inside of
the form, there are expressions to show the situations expected from the instructor
during the student-centered activity. If the instructor applied the expected situation
to the desired extent, the tick was put in the "Applied” section and if did not apply,
"Not Applied" section was marked. According to the observations of the researcher
based on the observation form, deficiencies and the problematic points in the activity
were determined. The researcher results are presented for the third STEM activity as

follows.

The instructor applied 11 items of 12 expected situations. It was expected from the
instructor to divide students into groups but did not, since the activity was conducted
as online lessons and each student attended to the lessons individually due to the
pandemic. Therefore, 1 item could not be observed.

According to the researcher’s observation for the third activity, the instructor
discussed the problems in the scenarios with the students. In the identify the problem
part of the activity, with examining the given scenario, the instructor and the students
examined scenarios detailed and found the problems, the needs, the criteria, and the

limitations.

In the third activity, according to the researcher’s observation, the instructor had
discussed the goal of the activity with the students and asked the questions to the

students clearly. Also, the instructor has guided the students rather than answering
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the questions directly. Also, since the instructor directed the students to inquiry, the
students were able to learn by themselves and they have corrected their mistakes by
making searches. According to the researcher’s observation, the instructor made the
explanations clearly and helped students by giving feedback. In the construct a
product step of the activity, the students send the photos of the constructed parts of
their products to the instructor daily and then feedbacks were given by the instructor.
At the end of the activity, the instructor carefully examined the products produced
by the students.

During the activity, according to the researcher’s observation, the instructor guided
students with open-ended questions. The students could not easily determine the
research questions and they needed the instructor's guidance. As a result of the
researcher’s observation for the third activity, the instructor paid attention to the
times stated in the activity plan but in the third activity, she has overrun the time a
little. The instructor has finished the third activity 15 minutes later than the adjusted

time.

4.4. Summaries of the Results

Here, in each section, results obtained from the researcher observations for the
students and the teachers, the interviews with the students and the teachers, the
interviews with the instructor, and the researcher’s observations for the instruction

for three activities are summarized for seven steps of the activities in below
A. Identify the problem

In this part, it is expected from the participants to examine the given scenario in
detail. The participants should be able to determine the problem described in the
scenario and identify the need to solve the problem. Also, criteria and limitations

should be found with analyzing the scenario. Results are as the following:

» According to the observations of the researcher for the students and the teachers,

in the first activity, the students couldn’t differentiate the criteria and the limitations.
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After the instructor explained what the differences between the criteria and the
limitations, they could determine. Therefore, since some students couldn’t
differentiate limitations from criteria, “The limitations” item was changed with “The
restrictions and the limitations” item in the three lesson plans, handouts and activity
guide sheets. Due to this revision, in the second and the third activity, the students
were able to determine the criteria, the restrictions and the limitations without any
problems. According to the observations of the researcher, each student gave
answers and was actively involved in the lessons. Also, both the students and the

teacher could easily proceed in identifying the problem in the three activities.

Moreover, in the second activity, the teacher had a problem putting herself in the
position of a civil engineer mentioned in the scenario. She needed help to understand
that being an engineer is an assumption. Therefore, the following sentence in the
scenarios “If you are a civil engineer working in this company...” was changed with

“Assuming you are a civil engineer working for this company...”

« According to the interviews with the students and the teachers, in the second
activity, one female student has stated that she had difficulty in associating the
problem with daily life since she has not seen any wooden buildings in daily life.
Due to that, the researcher added photos of a rough construction of the concrete
building, a wooden building and a building with an earthquake technology were
added into the instructional materials which are lesson plans, the students’ handouts

and the teacher guide sheets of each activity.

« According to the interviews with the instructor, since the scenario was a clear and
understandable issue that also concerns the agenda of our country, the students were
able to easily identify the problem and produce solutions.

« According to the observations for the instructor, in all three activities, the instructor
discussed the problems in the scenarios with the students. In the identify the problem
part of the activities, with examining the given scenario, the instructor and the
students examined scenarios detailed and found the problems, the needs, the criteria,

and the limitations.
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This step has lasted 15 minutes in the first activity, 20 minutes in the second activity

and 20 minutes in the third activity.
B. Collect information

In this stage, what is expected from the participants are determining research
questions, making search, answering research questions, determining disciplines and
objectives of disciplines, finding variables and testing the variables. Results are as

the following:

« According to the observation of the researcher for the students and the teachers, in
the first and the second activity, the students could not easily determine the research
questions and they needed the instructor's guidance. Therefore, guiding questions
were added to the lesson plans like “What do we need to know to make an earthquake
resistant building?” “Did you build any real buildings before? If you have all the

materials, can you make a building immediately?”

Also, in the first activity, as a result of the researcher observations, the teacher mostly
focused on the construction of the building and she did not determine the research
question related to the definition and the meaning of the earthquakes. Like the
students, the teacher needed guidance to determine the research questions. Therefore,
the importance of the guidance about the determining the research question was
written elaborately to the relevant part of the lesson plans.

According to the observation of the researcher, unlike the students, the teacher had
no difficulties in making searches and accessing the needed information. Also, the
researcher observed that while the students conducted research only on the internet,

the teacher also used the physics book as a resource.

According to the researcher observation, in the first activity, the students didn’t hear
the disciplines before and they had difficulties thinking. To make clear, “Courses”
word was written in parenthesis near the “Disciplines” word in the students’ handout.
Due to this revision, in the second and the third activity, the students were able to
determine the disciplines easily.
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As a result of the observation of the researcher, during the finding variables and
testing the variables process in the first and the second activities, some students had
problems from the fragility of spaghetti. It was difficult to attach spaghetti with tape.
Therefore, the students used materials from their homes which are thin wooden sticks
and pipettes. Also, some students wrapped spaghetti with insulating tape to make it
stronger. Like the students, the teacher had a problem about attaching spaghetti with
tape so she used wooden sticks rather than spaghetti. Therefore, in the lesson plans,
this step was revised by announcing that because of the fragility of spaghetti, there
may be difficulties in making models, so other materials like wooden sticks or
pipettes can be used. Moreover, according to the observation of the researcher, both
the students and the teacher had problems making spaghetti models with three floors
so the number of floors was revised with two for spaghetti models in the lesson plans.

« According to the interviews with the students and the teachers, the collecting

information parts of the three activities were one of the easiest parts.

« According to the interviews with the instructor, in three activities, the students were
inexperienced in doing search and they did research without knowing which source
was reliable or not, and were unable to interpret the information they found. After
studying what is a short secure source, how to access it, and the importance of
interpreting the information they obtained, the students had searched trusted sites.
Therefore, the following sentence has been added to this section: In order to get
information from reliable sites, make sure that the websites you search have "edu”
or "gov" extensions. As a result of the interviews with the instructor, in three
activities, the students had difficulties understanding the meaning of the educational
terms like disciplines, curriculums, and objectives. Therefore, in the lesson plans,
this step was revised by emphasizing that the terms should be explained to the
students before they were asked. Also, this step forced the participants to think more

since they should choose proper objectives among many objectives.

» According to the observations for the instructor, in the first activity, the instructor

had discussed the goal of the activity with the students and asked the questions to the
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students clearly. Also, in three activities, the instructor has guided the students rather
than answering the questions directly. In the collect information part of the activity,
to specify the objectives of the disciplines, it was asked “Which subjects and
objectives do you need to produce solutions and where to find objectives?”” The
students said that objectives can be found from the internet. The instructor let the
students search the objectives in a minute then they found that objectives are
obtainable from the curriculums. As a result, the instructor has directed the students
instead of saying the answers immediately.

Also, in the three activities, the instructor guided students with open-ended
questions. The students could not easily determine the research questions and they
needed the instructor's guidance. Therefore, guiding questions were added to three
lesson plans like “What do we need to know to make an earthquake resistant
building?” “Did you build any real buildings before? If you have all the materials,

can you make a building immediately?”

This step has lasted 295 minutes in the first activity, 275 minutes in the second
activity and 170 minutes in the third activity. The third activity has the less timing
for this part since while variables was tested by making spaghetti building models in
the first and the second activities, variables was tested during the construction of the

products in the third activity.
C. Develop solutions

Here, what is expected from the participants are to determine evaluation criteria and
to make scaling calculations, to create a product evaluation form and solutions.

Results are as the following:

« According to the observation of the researcher for the students and the teachers, in
the first and the second activities, both the students and the teacher had difficulties
in scaling of the amounts of the materials and the sizes of the building. They had

problems making calculations. With guidance of the instructor to the students and
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guidance of the researcher to the teacher, the problem has been eliminated. In three

activities, the participants had a problem carrying through mathematics objectives.

According to the observation of the researcher, compared to the previous activities,
in the third activity, during the finding solutions, the students and the teacher were
more productive and each participant were able to present different and original
ideas. In this part, the students shared opinions willingly, and the students and the
teacher actively engaged in the process.

» According to the interviews with the students and the teachers, all the students and
the teacher stated that they had difficulties in making calculations for scaling about
the amount of the materials and the sizes of the buildings in the first and the second
activity. In the third activity, all the participants stated that they had no problem in
this step.

« According to the interviews with the instructor, in the first and the second activities,
the students have a little difficulty in calculating the scaling, the time allocated for
this section can be given more. However, in the third activity, the students had no
difficulties in the developing solutions step.

« According to the observations for the instructor, in the three activities, the instructor
guided students to the scaling part. The students could not easily calculate the scaling
and they needed the instructor's guidance.

This step has lasted 90 minutes in the first activity, 90 minutes in the second activity
and 40 minutes in the third activity. The number of the research questions to search
in the first and the second activities are more than in the third activity. Therefore,

timing for this part is less for thr third activity.
D. Choose the best solution

In this section, the participants determined the appropriate solution among the
solutions and they have previously produced according to paying attention to criteria

and limitations. Results are as the following:
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« According to the observation of the researcher for the students and the teachers, in
the first activity, before the students drew the product drafts, they have exchanged
the ideas and decided together to shape the product so all drafts became similar to
each other. In this section in three activities, the students worked within the harmony

and the objectives related to social skills were acquired predominantly.

« According to the interviews with the students and the teachers, choosing the best

solution parts of the three activities was one of the easiest parts.

« According to the interviews with the instructor, the students had no difficulties in

this step.

« According to the observations for the instructor, choosing the best solution step

was the easy progress for the instructor.

This step has lasted 20 minutes in the first activity, 20 minutes in the second activity

and 20 minutes in the third activity.
E. Construct a product

The participants were expected to develop products based on the variables and also
based on the limitations and the criteria. Results are as the following:

« According to the observation of the researcher for the students and the teachers, in
the first activity, both the students and the teacher had difficulties in construction of
the concrete products because they have not experienced before but all the
participants have been able to make the desired products. According to the
observation of the researcher, in the first activity, the teacher had more difficulty in
the concrete building product construction than the students so she built the product
with 2-floors rather than 3-floors. The students finished the construction phase in
less time than the teacher. In the second and the third activity, the students and the

teachers had no problem in construction of the products.

Also, in three activities, for handcraft, the students were more enthusiastic than the

teacher by designing the products. Both the male and the female students were very
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excited about creating their own products and they had a good time. According to
the researcher’s observation, the students and the teachers were able to reveal their
creativity skills with finding different materials from their home to produce their
products. As a result of the researcher’s observation, in three activities, the
participants have completed the process by considering the variables, the criteria,

and the limitations.

« According to the interviews with the students and the teachers, for the first activity,
all the participants said that bending iron wires and making floors of the concrete
products were the most challenging parts. For the second and the third activity, all
the participants said that producing the product part was one of the easiest parts of
the activities. Also, the students stated that the activities forced the students to think

critically and improved their creativity perspectives by construction of the products.

« According to the interviews with the instructor, students had problems making a
concrete building in the first activity, but in the second and the third activity, they

proceeded easily.

« According to the observations for the instructor, in three activities, the instructor
made the explanations clearly and helped students by giving feedback. In the
construction a product step of the activity, the students send the photos of the
constructed parts of their products to the instructor daily and then feedback was given
by the instructor.

This step has lasted 720 minutes in the first activity, 180 minutes in the second
activity and 120 minutes in the third activity. In the first activity, the concrete
building made in the activity were expected to dry so it took a long time.

F. Test the product and redesign

In this step, the participants were expected to check whether their products have the
requirements and to test their concrete building products themselves by putting them
on the shake table. In this section, if concrete building products were earthquake

resistant, the participants could pass the next step. If their products were not working,
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the participants could go through previous steps to redesign of the products. are as

the following:

« According to the observation of the researcher for the students and the teachers, in
three activities, since all the students were satisfied with their products, no one made
any changes in their products. According to the observation of the researcher, each
student was able to construct earthquake resistant products with the expected features
in their measurements. Also, during the testing step, the students had enjoyed and
were excited about whether their products would collapse or not. It was one of the

most enjoyable and easiest steps for them.

« According to the interviews with the students and the teachers, testing the product

parts of the three activities was one of the easiest parts.

« According to the interviews with the instructor, the students had no difficulties in
this step.

« According to the observations for the instructor, this step was the easy progress for
the instructor.

This step has lasted 15 minutes in the first activity, 15 minutes in the second activity
and 30 minutes in the third activity.

G. Evaluate

In this part, the products have been evaluated according to values that have been

obtained from the test part. Results are as the following:

« According to the observation of the researcher for the students and the teachers, in
the three activities, the students and the teachers had no difficulties during the

evaluating of the products.

» According to the interviews with the students and the teachers, evaluating the

product parts of the three activities was one of the easiest parts.
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« According to the interviews with the instructor, the students had no difficulties in

this step.

« According to the observations for the instructor, this step was the easy progress for

the instructor.

This step has lasted 45 minutes in the first activity, 45 minutes in the second activity
and 60 minutes in the third activity. In the first and the second activities, one product
for each student was evaluated but in the third activity, 3 products were evaluated

for each student. Therefore, the third activity has lasted more than others.

Generally, in the three activities, each student has made an effort to respond to the
questions willingly. The students actively participated in the lessons both mentally
and physically. Besides, in due course of the whole activity, the teacher acted timidly
because she was worried about not being able to answer correctly. Also, the teachers
were excited at the beginning of the activities but after a little progress in the
activities, they beat their excitement and answered questions more relaxed. While
the students were eager to produce the products, the teacher was not as enthusiastic
as the students. The students and the teachers paid attention to each step of the
activities rather than just focusing to produce products. Also, the students and the
teachers had difficulties in carrying out the mathematics objectives but they were
more successful during performing the engineering objectives. Both the students and
the teacher had pretty good time and forced themselves to think critically and
improved their creativity perspectives by construction of the products. The students
worked within the harmony and the objectives related to social skills and creativity
were acquired predominantly. The students’ communication with the instructor and

the teacher communication with the researcher were highly strong.

Allocated times for the first and second activities were sufficient, but it was
insufficient a little bit for the third activity. In the first activity, time set for activity
decreased from 1220 minutes to 1200 minutes. In the second activity, the total time
allocated to the activity decreased from 680 minutes to 670 minutes. In the third

activity, the time set for activity increased from 445 minutes to 460 minutes.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATION

The purpose of this study is to develop STEM Engineering Design Process by using
an ADDIE Model for 10" grade students. In the study, three STEM EDP activities
have been developed based on the high school physics topic. As a context,
earthquake was determined. As a result, an earthquake resistant concrete building
design, an earthquake resistant wooden building design, and the technologies
design to prevent buildings from earthquake STEM EDP activities were formed.
Three STEM EDP activities consist of lesson plans, teacher guide sheets, and the
student activity handouts. Each activity was tested with six different students and
the instructor led the three activities applied on the students. The instructor
conducted every process of the activities and guided the students. During the
implementations of the activities, the researcher made classroom observation and
provided support to the instructor. Apart from the students, each activity was
implemented to a physics teacher by the researcher. Due to the pandemic, all the
implementations were carried out in the online platform. The researcher observed
the students, the teachers, and the instructors. The researcher noted the activity
processes and filled the observation form for each activity. The interviews were
conducted with the students, the teachers, and the instructor in order to acquire their
opinions about the activities. After finishing the implementation of each activity,
the researcher did the interview with the students, the teachers, and the instructor
separately. The interviews with the students were conducted as a group but the
interviews with the teachers and the instructors were done one by one. For the three
activities, the instructor attended to three interviews. During the interview, while
the same questions were asked to the students and to the teachers, different
guestions were asked to the instructor. The interview with the students took about

15 minutes and the interview with the teachers took approximately 20 minutes.
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Also, the interview with the instructor lasted about 20 minutes for each activity.
Thanks to feedbacks from 18 students, 3 physics teachers and 1 instructor, the

activities were revised and made feasible.

In this section, the results obtained based on the research findings are discussed
with the related literature and suggestions are made for similar studies to be
conducted in the future. Discussion of the results, conclusions, implications and

suggestions for further researches are explained in below.

5.1. Discussion of the Results

In this study, the Educational Design Based Research (DBR) method was used for
the purpose of developing activities based on STEM principles and
implementations. Yin (2011) claimed that observations, interviews, feeling and
collecting are data collection method types for qualitative studies. In this study, the
researcher observations and the semi-structured interviews were determined as data
collection tools and to ensure the validity and reliability of these tools, certain
methods have been used. Initially, in terms of the internal validity, triangulation
method has been used. Patton (2015) stated that triangulation refers to use various
data sources to understand the phenomena comprehensively. Due to that, this study
includes more than one data source which are the researcher’s observations,
interviews with the students, the physics teachers, and the instructor. Besides that,
the study was supported by doing detailed literature review, making discussion
with the supervisor and getting feedback from the supervisor of the study to
enhance the strengthening of the study. For objectivity of the study and the
reliability of the data, the researcher conducted the study objectively and made

impartial observation.

Since being systematical is one of the characteristics of STEM activities, activities
have been developed and conducted systematically by the researcher. The activities
were created to include science, technology, engineering, mathematics and social

skills objectives. While conducting this study, seven steps of the EDP were
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followed which are identifying the problem, collecting information, development
solutions, choosing the best solution, construction a product, testing product and
redesigning, and evaluation. Also, to be systematic, the researcher has carried out
the activities in separated days and required time intervals for each step in the
lesson plans has specified. The first activity has divided into eight days, the second
activity has divided into four days and the third activity has divided into three days.
Likewise, the Sink or Float activity developed by Drey (2016) has the same STEM
characteristics. Besides of the science, mathematics, technology, engineering and
social study disciplines, the language arts objectives are integrated to the activity.
Therefore, optionally, the language art objectives can be inserted to the other
studies. Moreover, the Sink or Float activity consists of six steps. These six steps
are respectively; discussion, brainstorming, construction, testing and redesign,
judgement, and presentation. Also, the activity is applied in six consecutive days
and each step is implemented in a day. In addition, the activity includes handouts,
scenario, rubrics and summative assessment tools. However, in this study, rather
than rubrics for peer evaluation and tools for summative assessment, the
researcher’s observation and the interviews were available. Therefore, rubrics and

summative assessment tools could be added to the further studies.

According to the observation, the researcher aware that the students had difficulties
understanding the meaning of the educational terms like disciplines, curriculums,
and objectives. To make clear, “Courses” word was written in parenthesis near the
“Disciplines” word in the students’ handout. Also, in the lesson plans, it was
emphasized the importance of the explanations of the educational terms to the
students before those were asked. When looking at the studies, it is seen that same
results have emerged. Gustiani, Widodo, and Suwarna (2017) conducted a study
by developing simple machines instructional material and they found that students
had difficulties to understand some science terminologies like radius and ulna
inside the instructional materials. After those terms have defined using single

synonyms, instructional materials became clear and easy to read.
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The researcher observed that described problems in the activities were made more
understandable by using visuals. Therefore, the photos related with the given
scenarios were inserted to the instructional materials and the students were able to
visualize the problem situations. Similarly, thanks to the Picture STEM Project,
Tank, Moore, and Pettis (2013) observed that images used in the text content have
provided a deep and flexible understanding and helped to the students’ broader

perspectives on the content.

The researcher observed and the instructor stated that the participants had
difficulties in carrying out the mathematics objectives but they were more
successful during performing the engineering objectives. Also, the participants
have enjoyed mostly during the hands-on activity processes. This view is consistent
with the following study. According to the Christensen, Knezek, and Wood (2015),
the students have positive interest towards the hands-on and active learning stages

of the STEM programs which are related with the real world.

The study conducted by Giil (2019) has determined that STEM education has an
effect on the development of teachers' field knowledge. In this study, a same result
has been reached. The teachers participated to the activities declared that they had
opportunities for experiencing in earthquake waves and for increasing awareness

about earthquake resistant buildings.

In the activity process, the students and the teachers had pretty good time and
forced themselves to think more. The students actively participated in the lessons
both mentally and physically. The students worked within the harmony and the
objectives related to social skills and creativity were acquired predominantly.
When looking at the studies, it is seen that same results have emerged. Siew (2015)
carried out a study to evaluate the learning experience of students with integrating
STEM to the EDP and results have obtained from science teachers’ field notes and
interviews. According to the interviews with the students, 96% of 89 10" grade
students stated that STEM-EDP activities forced them to create many science

products and 93% of them expressed that they were challenged to think critically.
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Also, 78% of the science teachers noted that the constructing a model parts of the
STEM activities provided opportunities to the students to enhance creative thinking

and problem solving skills.

In addition, timing is a substantial process for the STEM activities. In this study,
while allocated times for the first and second activities were sufficient, it was
insufficient a little bit for the third activity. As a results of the implementation of
the activities, times for each step have been revised in the lesson plans. When the
literature has been examined, an activity having a detailed time revision was not

encountered.

5.2. Conclusions

The conclusion of the study is that STEM Engineering-Design Process activities,
which were developed by using ADDIE Model, were applied according to the 7-
step implementation model without any problem within the scope of the

Educational Design Based Research method design.

5.3.Implications

The implications can be made from the findings of the current study as following:

e Systematically development of the STEM activities on the basis of STEM
principles is a significant issue. Therefore, in this study, to be systematic, the
ADDIE instructional model were used to develop STEM activities. According
to the researcher, ADDIE model provided convenience to the researcher to
develop the activities incrementally and the activities have been created as
desired. Also, while the applying the activities, any problem was not observed.
Hereby, the teachers and the researchers can develop STEM activities by using
ADDIE model.
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Another important issue is to implement STEM activities correctly. As a result
of the detailed literature review, STEM-EDP activities were formed with seven
steps and they have been applied by following EDP model. During the
implementations of the activity, thanks to the steps of EDP model, the students,
the teachers and the instructor were able to progress in the activities easily and
reach a product-oriented result. As a result, STEM-EDP activities have been
applied without any problem. In this regard, other researchers can apply the
STEM activities by using EDP model.

It is significant to determine a proper research methodology for studies
involving instructional materials development process. In this study, the
Educational Design Based Research (DBR) method was used for the purpose
of developing STEM-EDP activities. Since Design Based Research provided a
systematic and flexible order to the researcher, STEM-EDP activities have been
developed without any problem. For this reason, other researchers can develop
STEM education-based activities by using DBR.

One of the main characteristics of the STEM activities is integration of the
disciplines. In this study, science, technology, engineering, mathematics and
the social studies disciplines were integrated to the activities by incluiding the
objectives belonging to those disciplines to all the stages of the activities.
During the implementation of the activities, the students and the teachers
reached the objectives related with the disciplines without any problem. As a
result, integration of the disciplines to the STEM activities has been made
successfully by the researcher and other researchers can also use
interdisciplinary approaches in STEM activities.

Plenty of STEM activities are available in literature and most of them have
been formed in a way to present the objectives directly to the learners.
However, in this study, activities were created by enabling the students to reach
the objectives in the procees. Thanks to this, since the students determined the
competencies expected from them, they could be aware of the expected changes

in their knowledge and skills at the end of the learning process. Also,
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determining the objectives forced both the students and the teacher to think
more since they should choose proper objectives among many objectives
belonging to the physics, mathematics, technology and engineering disciplines.
Therefore, other researches could prepare STEM activities in a way that the
students reach the objectives by themselves.

STEM-EDRP activities developed for this study were implemented not only to
the students but also to the physics teachers. Hereby, the activities were
evaluated from the perspectives of the teachers and revised comprehensively
thanks to the teachers’ feedback about the activities. Thus, other researchers
can apply activities to educators due to educators’ useful contributions to
STEM activities.

It is important that STEM activities should develop 21% century skills of the
learners. For this, the researcher has designed the activities focusing on
innovation, creativity, critical thinking, problem solving and inquiry processes.
The students attended to the STEM activities for this study expressed that the
activities forced them to think critically and improved their creativity
perspectives by construction of the products. Also, improving of the social
skills is another important reason underlying STEM education. The activities
were created according to this basis but due to the pandemic, contribution of
the activities to the social skill were not able to observed. Other researchers
should examine the activities according to whether they provide social skills or

not.

5.4.Suggestions for Further Researches

The suggestions can be made by considering the results of the current study as

following:

| observed that the physics teachers who participated in the activities
enhanced their awareness about STEM education, and as a result of their

responds to the interview questions, they had an idea of how STEM activities
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should be applied in the classes. In this direction, it may be recommended to
use these activities within the scope of in-service teacher training programs
so that physics teachers gain competence in applying STEM education in
their professional life.

When | examined the physics curriculum, I observed that there are many
objectives applicable for writing STEM activities. However, in this research,
STEM activities are limited by earthquake waves objectives. Further
researches can include STEM education activities which are developed based
on different physics subjects and objectives.

Since the participants in the research are limited to physics teachers and
Anatolian high school students, | could not include interpretations and
feedback of students studying at different school levels. In this context, it is
thought that studies including activities revised by applying to different study
groups could contribute to the literature.

In this study, STEM-EDP activities were improved according to the findings
obtained from the students and teachers. However, it was not tested whether
the activities enhance the students’ achievement or not. Therefore, I observed
that the activities could not be improved and revised according to this point.
In further studies, after STEM activities are developed, the impact of the

activities on students' success can be measured.
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APPENDICES

A. Pilot Study of Earthquake Resistant Concrete Building Design
STEM-EDP Activity Lesson Plan

STEM Etkinlik Plam

1. Smmf: 10
2. Siire : 420 dakika (9 ders saati + 4 giin)
3. Hedef Kazanimlar
3.1 Bilissel Siire¢c Kazanimlari
» Fizik (MEB, 2018)
10.3.5.1. Deprem dalgasini tanimlar.
a) Depremin biiytikliigii ve siddeti ile ilgili bilgi verilir.
b) Depremlerde dalga gesitlerine girilmez.
10.3.5.2. Deprem kaynakli can ve mal kayiplarini 6nlemeye yonelik ¢oziim
oOnerileri gelistirir.
9.2.2.1. Dayaniklilik kavramini agiklar.
» Matematik (MEB, 2018)
M.7.1.4.4. Dogru orantil1 iki ¢cokluk arasindaki iliskiyi ifade eder.
M.7.1.4.6. Gergek hayat durumlarini inceleyerek iki coklugun ters orantilt
olup olmadigina karar verir.
M.5.2.3.1. Uzunluk 6l¢gme birimlerini tanir.
M.5.3.1.1. Veri toplamay1 gerektiren arastirma sorular1 olusturur.
M.5.3.1.2. Arastirma sorularina iligkin verileri toplar
» Miihendislik / Tasarim (MEB, 2018), (Tiirk, 2019)
7. A. 2. 4. Cevresindeki bir tasarim {irliniinii yeniden yorumlar.
7.A. 2. 5. Sanat/tasarim elemanlarin1 ve tasarim ilkelerini kullanarak bir
tasarim olusturur.
7. B. 1. 3. Belirledigi probleme yonelik gelistirdigi ¢6ziim Onerisini paylasir.

7. B. 1. 7. Tasarimi olusturmak i¢in gerekli agamalari agiklar
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7. B. 1. 9. Tasarim tirtinlerinin tiretim siireclerini agiklar.

7. B. 1. 13. Tasarimi degerlendirdikten sonra elde ettigi verilerden hareketle
tasarimini yeniden yapilandirir.

7. B. 2. 1. Tasarimi i¢in taslak ¢izimler yapar.

7. C. 2. 1. Tasarimin kullanicinin ihtiyacina ve begenisine gore
sekillendirildigini ifade eder.

7. C. 2. 7. Bir tasarim i¢in gerekli yapisal 6zellikleri agiklar.

7. C. 2. 8. Yapisal ozellikleri dikkate alarak bir tasarim yapar.

7. D. 1. 4. Tasarimin modelini veya prototipini olusturur.

M.1. Tasarim eyleminin bir problem tanimlama ve ¢dziim Onerme siireci
oldugunu kavrar.

M.2. Glinliik hayattan bir problemi tanimlar.

M.3. Problem i¢in muhtemel ¢oziimler tiretir.

M.4. Muhtemel ¢oziimler arasindan belli kriterleri dikkate alarak en uygun
¢Ozumu seger.

M.5. Tasarim i¢in dngordiigii diistinceleri tasarimina yansitir.

M.6. Uriinii test eder.

M.7. Uriin testinden elde edilen verilere ve belirlenen kriterlere gore iiriinii
degerlendirir.

M.8. Tasarim yaparken gerekli giivenlik 6nlemlerini alir.

Teknoloji (MEB, 2019)

T.1. Geri bildirim almak i¢in uygulamalarinm gelistirdigi teknolojiyi
kullanir.

T.2. Mevcut teknolojileri se¢me, kullanma ve sorun giderme yeteneklerini
gosterir.

T.3. Tasarim kisitlamalarin1 ve hesaplanan riskleri dikkate alan bir tasarim
stirecini planlamak ve yonetmek i¢in dijital araglar1 seger ve kullanir.

T.4. Bilgi, medya, veri veya diger kaynaklarin dogrulugunu, bakis agisini,
giivenilirligini ve uygunlugunu degerlendirir

T.5. Bilegenleri tasarlamak i¢in ¢esitli teknolojiler kullanir.
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T.6. Uygun araglar kullanir.

T.7. Fikir tiretmek, teorileri test etmek, yenilik¢i eserler yaratmak veya
gercek problemleri ¢cozmek i¢in bilingli bir sekilde tasarim stirecini kullanir.
T.8. Gergek diinya sorunlarini ve problemlerini aktif olarak kesfederek fikir
ve teoriler gelistirerek, cevaplar ve ¢oziimler tizerinde durarak bilgi havuzu

olusturur.

3.2 Sosyal Uriin Kazamimlar1

S.1. Grup arkadasiyla is birligi yapar. Grup iginde aldigi sorumlulugu yerine
getirme becerisi kazanir (Benjamin, Bessant & Watts, 1997)

S.2. Fikirleri, diisiinceleri ve sorunlari tartigir (Benjamin et al., 1997)

S.3. Ozgiin iiriinler ortaya koyar ve olusturdugu ozgiin prototipini
arkadaslariyla birlikte sunar (Benjamin et al., 1997).

S.4. Elestirel diisiinme, problem ¢dzme, yaraticilik ve sorgulama gibi 21.
yiizyil becerileri gelisir (English & Gainsburg, 2016; Partnership for 21st
Century Skills, 2011).

S.5. Konular giincel hayat ile iliskilendirir (Gokbayrak & Karisan, 2017).

4. Egitsel Malzeme, Teknoloji ve Medya

Akillh Tahta: Ders ile alakali videolar1 gostermek i¢in akilli tahta
kullanilacaktir.

Beyaz tahta ve kalemi: Ders esnasinda yapilan gerekli agiklamalari
yazmak i¢in beyaz tahta ve kalemi kullanilacaktir.

MEB Kitaplari, Okul Bilgisayarlari: Ders esnasinda o6grencilerin
arastirma yapmast i¢in kullanilacaktir.

Cahsma Kagidi: Ogrencilerin ders esnasinda &nemli noktalart not
almalari, aktivite i¢in yonlendirilmeleri ve dersten sonra konu ile ilgili
alistirmalar yapmalar1 i¢in hazirlanmstir.

Uriin Degerlendirme Formu: Gruplarin tasarimlarini degerlendirmek
i¢cin hazirlanmistir.

Ogrenci Degerlendirme Formu: Ogrencileri degerlendirmek igin

hazirlanmastir.
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e Arac ve Gerecler: Kullanilacak malzemelerin 6grenciler tarafindan karar
verilip, belirlenmesi beklenmektedir.

5. Senaryo
Tiirkiye deprem bolgeleri haritasina bakildiginda biiyiik 6l¢iide can ve mal kaybina
sebep olan birinci dereceden deprem kusaginin genis alan kapladigr gortilmektedir.
Son 100 y1l i¢erisinde bu kusakta kaydedilen en biiylik deprem Kandilli G6zlemevi
verilerine gore 1976 yilinda Van’in Caldiran bucaginda gerceklesen 7,6
blytikliglindeki depremdir. Caldiran depremi sonucunda 3840 kisi yasamini

yitirmis, 497 kisi yaralanmis ve 9232 konut agir hasara ugramistir.
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Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi lizerinde bulunan Van’da depreme
dayanikli binalarin yapimi biiyiik 6nem tagimaktadir. Bu ytizden, bir ingaat firmasi
bu ilde depreme dayanikli betonarme binalar yapmak i¢in goniillii oluyor. Firma
sahibi, deprem esnasinda asansorlerin, kabin sikigmasi ya da diismesi gibi tehlike
arz eden olaylara sebep olmasindan dolayi, binalar1 asansore ihtiya¢ duymayacak
en bliylik yiikseklikte olmasini istiyor. Siz bu firmada calisan bir ingaat miithendisi
olsaniz, binalardaki asansor yonetmeliginin en fazla ti¢ katli binalara izin verdigini
dikkate alarak ve herhangi bir sarsint1 azaltic1 deprem teknolojisi kullanmayarak

Van’a depreme dayanikli nasil bir betonarme bina yaparsiniz?

e Not: Depreme dayanikh yapi tasariminda siddet dl¢iisii olarak depremin

biiyiikliigii esdegeri olarak yatay yer ivmesi kullanilacaktir (Suncuoglu,
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2019). Bunun i¢in “Google Science Journal” uygulamasindaki ivme olcer
kullamlacaktir. Ogretmen tarafindan daha onceden yapilmis sarsinti
masasina 6grencilerin yaptigi iiriinler koyulur ve sarsinti masasinin iizerine,
“Google Science Journal” uygulamasinin oldugu akilh telefon yerlestirilir.
Sarsinti masas1 asagidaki tablodaki deprem biiyiikliigii 7,0 — 7,4
degerlerinden baslayarak (4,70 yer ivmesi degerinden baslanip 10 saniye
icerisinde diizenli olarak 5,20 degerine artirilacaktir) degerlerine gore
sarsilacaktir. Ogrenciler, “Google Science Journal” uygulamasinda
okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden richter
biiyiikliigiine doniistiirerek iriinlerinin kag¢ biiyiikliigiindeki depreme
dayanikh oldugunu test eder. Ogrenciler, iiriinleri yikilincaya kadar bir iist

degeri denemeye devam edeceklerdir.

Richter Biiyiikliigii Yer Ivmesi (m/s?)

0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,026 - 0,08
25-34 0,10-0,25
35-44 0,26 - 0,80
45-49 0,90 - 1,40
50-54 1,50 - 2,50
55-59 2,6 - 3,15
6,0-6,4 3,20 - 4,00
6,5-6,9 4,10-5,10
70-74 4,70 - 5,20
75-79 5,30 - 5,80
8,0-84 5,90 - 6,40
8,5-89 6,50 - 7,00

9,0 ve tstii 7,10 ve tisti
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Ogretmen &grencileri gruplara ayirir ve her dgrenciye “Calisma Kagidi” verir.
Dagitilan kagidi tanitir ve okumalarini ister.

“Her sey anlasildiysa gruplara ayriabiliriz. Ben daha dnceden gruplart
olusturdum. Grup tiyelerinin isimlerini okuyorum, aym gruba ait olanlar bir
arada otursun liitfen. Simdi her birinize ¢calisma kagidr dagitacagim. Dagittigim
kagitlara bir goz atin ve isimlerinizi yazin. Calisma kdgidi ders esnasinda onemli
noktalar: not almaniz ve aktivite esnasinda yonlendirilmeniz igin hazirlanmistir.
Kdgidr dersimiz siiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi
dersimiz esnasinda size ben sdyleyecegim.” (S.1)

5.1 Problemi Tanimlama (Siire: 30 dakika)

Ogretmen calisma kagidindaki senaryoyu okumalarmi ve anladiklarim
arkadaglariyla paylagsmalarini sdyler ve bu esnada Ogretmen Ogrencileri
gozlemler. “Size dagittigim kagitta bir senaryo var. Her biriniz onu okuyunuz ve
anladigimizi grup arkadaslarinizla paylasiniz. Bunun igin size 7 dakika siire
veriyorum. Baglayabilirsiniz.” (S.1.), (S.2.), (S.4)

Grup tartismasindan sonra ogretmen sorar: “Okudugunuz senaryo hakkinda ne
diistintiyorsunuz? Daha once depremi yasayaniniz ya da depremin yikic etkisine
sahit olaminiz oldu mu?”. (S.4.) (S.5.)

Ogretmen senaryodaki problemi &grencilere sorar ve verilen cevaplar ve
ogrencilerin belirledigi problemi tahtaya yazar ve Ogrencilerden calisma
kagidindaki “Problem nedir?” bdliimiine yazmalarini ister.

“Arkadaslar, senaryoda problem / sorun var mi? Problem nedir? Ogrenciler su
cevabi verene kadar 6gretmen rehberlik eder: “Problem, Birinci derece deprem

kusaginda bulunan Van ilinde depreme dayanikli olmayan binalarin yikilmasi ve

bunun sonucunda can ve mal kayplarimin olmasi.” (S.4.), (8.5.), (M.1.) , (M.2.)

Sonra 6gretmen probleme yonelik ihtiyact belirlemelerini ister ve belirledikleri
ihtiyac1 tahtaya yazar ve Ogrencilerden de c¢alisma kagidindaki “Ihtiyag”

boliimiine yazmalarini ister.
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“Bu problemi ¢ozmek icin neye ihtiyag var? Ogrenciler su cevabi verene kadar
Ogretmen rehberlik eder: “Van bdlgesindeki depremlere dayanabilecek

betonarme binalar yapmaya ihtiyag var.” (M.2.) (S.4.)

Buraya kadar “Problem ve ihtiya¢” ana hatlariyla belirlenmistir. Fakat problem
“Tam tanimlanmamis problem” oldugu icin detayli incelenmelidir. Bundan
dolay1, 6gretmen ve Ogrenciler tartisarak / beyin firtinasi yaparak problemi
detayli incelemeli ve problemde belirtilen kriteleri ve sinirlamalart belirleyip
aktivite kdgidina not etmelidirler. Boylelikle problem tanimlanmis ve iirlinde
istenilen detaylar belirlenmis olur. Ogretmen 10 dakika siire verir ve grup
igerisinde tartigsarak sinirlamalari ve kriterleri bulmalarini ister. “Simdi senaryoyu
detayli inceleme zamani. Senaryoyu tekrardan okuyarak su sorulara cevap
vermenizi istiyorum. Senaryo bize sinirlamalar koyuyor mu? Senaryonun istedigi
kriterler nelerdir? Grup arkadaslarinizla sorulari cevaplamaniz igin 10
dakikaniz var. Siirenin sonunda bulduklarinizi beraber tartisacagiz.” (M.2.),

(S.1.), (S:2), (S.4.), (M5.3.1.1.)

Ogrenciler bulduklarmi 6gretmenle tartisir ve ogretmen gruplardan aldig
cevaplar1 basliklara ayirarak tahtaya yazar. Ogrencilerden, belirlenen kriterleri
ve smirlamalari, ¢alisma kagidindaki “Kriterler ve Sinirlamalar” boliimiine
yazmalarm ister. “Istenilen kriterler ve stmirlamalar nelerdir?” Ogrencilerden
su cevaplar alinana kadar 6gretmen senaryoyu bir kag kez okutarak dgrencileri
yonlendirir: “Kriterler: Binalar, Van ilinde bu zamana kadar 6l¢iilmiis en yiiksek
biiyiikliik olan 7,6 biiyiikliigiindeki depremde yikilmadan durabilmelidir. Binalar
betonarme olmalidir. Swumirlamalar: Bina asansér yonetmeligi, asansorsiiz
binalart 3 kat ile simrlandirmaktadir. Sarsinti azaltici deprem teknolojisi
kullanmilmamalidir. Bunlarin yaninda, Van'da yasayan her tiirlii ekonomik
seviyeye sahip insanlarin binalara sahip olabilmesi icin kullanilan malzemelerin
hem kaliteli hem de ekonomik olmasi gerekir.” (M.2.), (S.2.), (S.4.)

5.2 Bilgi Toplama (Siire: 100 dakika)

Ogretmen arastirma yapmalar1 igin grencilere, siniflarda bulunan internet

erisimine sahip akilli tahtalar1, miimkiinse akilli telefon ve tablet gibi cihazlar
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ve MEB fizik kitabim kaynak olarak saglar. Ogrenciler kendi baslarma

arastirma yaparak gerekli bilgiye ulasir. “Problemi ve ihtiyaci belirledigimize

gore, simdi arastirma yapma zamani. Size 60 dakika siire verecegim. Bu siire

zarfinda problemin ¢oziimiine yonelik arastirmalar yapacaksiniz.”

Arastirma yapmadan oOnce neleri arastiracaklarina Ogretmen ve Ogrenciler

birlikte karar verir. Ogretmen “Sizce depreme dayanikli betonarme bina yapmak

icin neleri bilmek gerekiyor, neleri arastirmaliyiz?” der ve birlikte belirlenen

aragtirma sorularini tahtaya yazar ve Ogrencilerden de calisma kagidindaki

“Aragtirma Sorular1” béliimiine yazmalarm ister. Ogrenciler asagidaki arastirma

sorularina ya da benzerlerine ulasana kadar 6gretmen rehberlik eder :

1.

Depreme dayanikli betonarme binalarda olmasi gereken ozellikler
nelerdir? / Bu binalarin depreme dayanikli olmasi i¢in nasil insa edilmesi
gerekir?

Depreme dayanikli betonarme binalarinin insa asamalart nelerdir? (Ne
zaman temele beton dokiiliir?, Kolon ne zaman yerlestirilir?, Beton
kolona ne zaman dokiiliir? Beton kolona dokiilmeden once ne yapilir?...)
Ug katl betonarme binalarin él¢iileri nelerdir? (Katlar aras: yiikseklik
ka¢ metredir?, Katlarin yiizey alanlart kag m?°dir?, Katlarin zemin
kalinliklart ka¢ metredir?, Kolonlarin en, boy ve yiikseklikleri kacar
metredir?...)

Depreme dayanikli betonarme binalarin kaba insaati esnasinda hangi
malzemeler kullanilir?

Betonarme iic katli binalarin kaba insaatinda kullanilan malzemelerin

miktarlar ve élciileri nelerdir?

NOT: Ogrenciler gercek hayatta inga edilebilecek binalari élceklendirerek

prototip yapacaklaru igin ii¢ katli binalarin minimum boyutlarinin referans

alinmast tavsiye edilir - her katinda birer tane 1+1 dairelerin oldugu

binalar- fakat égretmen ya da ogrenciler isterse farkli boyutlart referans

alarak arastirma yapabilirler.

6.

Depremde yikilan betonarme binalar neden yikilryor?
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7. Daha énce depreme dayanikli tasarlanan prototipler/modeller yapilirken
nelere dikkat edilmis?
Ogretmen “Arastirmalarimiz icin simiflarda bulunan internet erigimine sahip
akilly tahtalar, akilli telefonlart ya da tabletleri ve MEB fizik kitabin
kullanabilirsiniz. Ayrica yanhs bilgiye ulagmanizi onlemek icin liitfen
arastirmalarinizi bir ka¢ kaynaktan yapiniz ve bulduklarinizin dogrulugunu
farkli internet sitelerinde de arastirarak teyit ediniz. Sorulariniz olursa bana
sorabilirsiniz. Arastrma sonucunda bulduklarimizi ¢alisma kdgidindaki
“Bulduklarim” béliimiine yaziniz.” der. (M.5.3.1.1.), (7. A. 2. 4.), (T.1.), (T.2)),
(T.3),(T4)
Ogrencilerin arastirmalari bittikten sonra, 6gretmen sorar “Neler buldunuz?”’
Ogrenciler asagidaki bilgileri bulana kadar arastirma yapmaya tesvik edilir.
Verilen siire yeterli olmazsa ek siire taninabilir. Siireler doldugunda hala yeterli
bilgiye ulasilmadiysa geri kalanin1 6gretmen 6grencilere sunar:
Yerkiire 'nin icerisinde bulunan magmanin ¢evresindeki levhalarin hareketi
sonucunda enerji agiga ¢ikar ve boylece deprem dalgalari olusur. Depremin
biiyiikliigii 1’den 9°a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin ol¢iistidiir.

1. Betonarme, betonun c¢elik kullanilarak gii¢lendirilmis yapi malzemesidir.
Betonarme binalar, kirisleri, kolonu ve tavant beton olan yapilardir. Beton
ve demir birbirlerinin eksik ozelliklerini tamamlayarak dayanikl yapilarin
insa edilebilmesini saglar. Depreme dayanikli betonarme binalarda dikkat
edilmesi gereken bes temel unsur vardur:

a) Zemin: Binalar saglam zemine yapimalidr.

b) Taswici sistemler / Kolonlar: Giiclii kolonlar insa edilmelidir. Kolonlar

capraz destekler ile birbirine baglanmalidir.
c) Simetriklik: Kolonlar esit dagilimlr olmalidir.
d) Kaliteli / nitelikli malzeme: Hafif (katlarin tasvyabilecegi) ve kaliteli

malzemeler kullaniimalidir.
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e) Siineklik / esneklik: Bina deprem esnasinda salimim hareketi yaparak

enerjiyi sontimlemelidir. Betonarme binalarda kirilgan olan beton, demir

kullanilarak siinek hale getirilir.

2. Depreme dayaniklt betonarme binalarin kaba insaatlarinin basit yapim

asamalart su sekildedir:

a)

b)

d)

Zemin: Saglam ve diiz bir zemin olusturulur. Bunun i¢in zemin kazilir
ya da diizlestirilir. (Ogrencilerin zemini kazmalart miimkiin olmadig
icin bellirlenen derinlikte diiz bir kalip kullanacaklarini diisiinmeleri
beklenir.)

Temel: Temel, yapimin ayaklart ve yapi ile zemin arasindaki gegis
elemant oldugu igin saglam bir sekilde yapilmalidir. Bunun igin
oncelikle zemine demirler dosenir ve bu demirler birbirine baglanarak
saglamlastirilir.

(https://www.youtube.com/watch?v=c3JsgnB5FY8 TEMELE NASIL
BASLANIR?)

Tasynct sistemler: Temele beton dokiilmeden once kolonlarin yerleri
belirlenir ve kolonlar yerlestirilir. En az dort adet demirin belli
araliklarla birbirine baglanmas: ile kolon olusur. Kesit alan
dikdortgen ya da dairesel olabilir. Demirden yapilan kolonlar
zemindeki demirlere sabitlenirler.

(https://www.sanalsantiye.com/kolon-turleri/

https://www.youtube.com/watch?v=0TLdaxC-V9s Building / House

Construction Process step by step Upto SLAB
https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-
yapilir
https://www.youtube.com/results?search_query=kolon+yap%C4%B1
m%C4%B1 KOLONA HAZIRLIK NASIL YAPILIR?)

Beton dokiimii: Temelin demirleri ve kolonlar yerlestirildikten sonra

temele beton dokiiliir ve donmast icin beklenir.
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https://www.youtube.com/watch?v=c3JsgnB5FY8
https://www.sanalsantiye.com/kolon-turleri/
https://www.youtube.com/watch?v=oTLdaxC-V9s
https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-yapilir
https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-yapilir
https://www.youtube.com/results?search_query=kolon+yap%C4%B1m%C4%B1
https://www.youtube.com/results?search_query=kolon+yap%C4%B1m%C4%B1

(https://www.youtube.com/watch?v=ZFLnsG8pM3k RADYE TEMEL
BETON DOKUMU)

e) Kolon kaplama ve beton dokiimii: Kolonlara beton dokebilmek icin
oncelikle kolonlar gegici olarak kaplanir daha sonra beton dokiiliir.
Beton kuruduktan sonra kaliplar ¢ikartilir.

(https://www.youtube.com/watch?v=9STmkKzyArU

Kolon Yapimi)

a) Kat tabanlart: Tasvyici sistemlerin iizerine kalip olusturulur. Demirler
dosenir ve bu demirler birbirine baglanarak saglamlastirilir. Kalip
tizerine beton dokiilerek kat yapulir.

Not: Buraya kadar binanin temelinin, kolonlarimin ve bir katinin kaba
insaatinin nasil yapilacag 6grenilmistir. Aym islemler takip edilerek diger

katlar insa edilir.

Not: Ogretmen betonarme binalarin yapim asamalar1 hakkinda 6grencileri

yetersiz gordiigii takdirde asagidaki linklerden videolari izletebilir.

(https://www.youtube.com/watch?v=2ecgslgwXLQ How to Make Awesome

Mini House from Concrete

https://www.youtube.com/watch?v=6_1yf44xkdw BETONDAN MAKET EV
VE YAPIM ASAMASI

https://www.youtube.com/watch?v=MVLRpZgwn3w Ahsap, Demir, Kum ve

Cimento'dan Maket Ev Yap
https://www.youtube.com/watch?v=1nEQKWJkiUQ Gergek Insaat

Malzemeleriyle Mini Maket Ev Yapan Adam)
3. U¢ katli betonarme bir binamn bir katimn élgiileri asagidaki tablodaki
gibidir:

Binanin Bir Katinin Olciileri

Yapilan is Boyutlar

En Boy Yiikseklik
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https://www.youtube.com/watch?v=ZFLnsG8pM3k
https://www.youtube.com/watch?v=9STmkKzyArU
https://www.youtube.com/watch?v=2ecqslqwXLQ
https://www.youtube.com/watch?v=6_1yf44xk4w
https://www.youtube.com/watch?v=MVLRpZqwn3w
https://www.youtube.com/watch?v=1nEQKWJkiUQ

Temel 700 cm 400 cm 100 cm

Kat Tabanm 700 cm 400 cm 50 cm

Kolon 50 cm 50 cm 300 cm

Dairenin yiizey | 28 m? (1+1 dairenin sahip olabilecegi minimum deger)

alanm1 = 280.000 cm?

Kolon sayis1 4 adet

Not: Bu tablodaki ol¢iiler her katinda sadece bir tane 1+1 daire olan bir binanin
sahip olabilecegi minimum degerler goz 6niine alinarak bir insaat mithendisinin
onayi ile belirlenmistir. Ogretmen isterse bu tablodaki degerleri 6grencilere
sunabilir ya da o6grencilerin arastirarak bulmasmm isteyebilir. Ogrenciler
kendileri bulacaksa 6gretmen bulunan degerleri bu tablo ile kiyaslayarak
degerlerin dogrulugunu teyit etmelidir. Ayrica ogrenciler isterse 1+1 daire

olciileri yerine farkh daire olciileri kullanabilir.

4. Betonarme binalarin kaba insaati icin kullanilan malzemeler:
o (imento
e Kum
e Su
o [Insaat demiri
o Kolonu olusturan demirleri birbirine baglamak icin kullanilan demir
(Etriye)
e Kolon kaliplar
o Katlar: desteklemek icin kereste
5. Insaattan once yapimn élgiilerini goz oniinde bulundurarak malzeme miktar:
hesaplanir. Ug katli betonarme binalarin bir katimn kaba insaatinda kullanilan

malzemelerin miktarlar: ve élgiileri soyledir:
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Temel

Bir Kolon

Kat Tabanm

Beton miktar

(m°)

28 m®

(Temelin hacmi
kadar beton

0,75 m®

(Kolonun hacmi
kadar beton
gereklidir; 0,5 m x

14 m®

(Tabanlarin hacmi
kadar beton

gereklidir 28 m? 0.5mx3m= gereklidir; 28 m?
x 1m =28 m?) 0,75 md) x 0,5 m =14 m?)
Cimento miktar1 2.8m?d 0,075 m® 1,4md
(m°)
3v 0 -
228 e (0,75 m3x %10 = | (14 m? x %10=
8 M) 0,075 m?) 1,4 md)
(Beton %10
oraninda ¢imento
igerir.)
Kum miktar1 (m®) | 19,6 m® 0,52 m® 9,8 m®
(Beton %70 (28 m® x %70 = (0,75 m*x %70 = | (14 m®x %70 =
oraninda kum 19,6 m*) 0,52 m?) 9,8 m®)
igerir.)
Su miktart (litre) ~6md ~2m3 ~3m3
(Beton %20 (28 m*x %20= | (0,75 m*x %20 =" | (14 m®x %20 =
3 0,15 m?) 2,8 m3)
oraninda su 5,6 m°) ’ '
igerir.)
Demir miktar1 980 kg 32 adet 728 kg

(kg)

(1 m?‘ye 35 kg
demir gereklidir.
28 m? x 35 kg/m?
=980 kg )

(1 m?‘ye 26 kg
demir gereklidir.
28 m? x 26 kg/m?
=728 kg)
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Demirin kalinligi

(mm)

14 mm

12 mm

10 mm

http://www.imo.org.tr/resimler/dosya ekler/dcdca973649730a ek.pdf?tipi=79&tur

u=X&sube=7

Not: Bu tablodaki degerler bir onceki tablodaki olciilere gore insaat mithendisi
tarafindan belirlenmistir. Ogretmen isterse tabloyu 6grencilerine sunar ya da
ogrencilerinin arastirip bulmalarim ister. Ogrenciler kendileri bulacaksa

ogretmen bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu

teyit eder.

(7.A.2.4),(T.5),(T.6.),(S.2),(S4)(M53.1.2)

Ogretmen sorar “Arastirma yaparken hangi iiniteleri incelediniz? Coziim
tiretmek igin hangi iinite ya da konu size yardimci oldu?” Bu asamada
Ogrenciler problemin ¢oziimiinde hangi bilgilere / kazamimlara ihtiyag

duyduklarin1 belirler. Ogrenciler istenilen kazammlara ulasamamislarsa

ogretmen rehberlik ederek yonlendirir.

Ogrencilerden beklentiler su sekildedir:

- “Depreme dayanikli bina tasarlamak icin oncelikle depremi bilmeleri

gerektigini bu yiizden depremi ve deprem dalgalarimi arastirdiklarini,
ayrica depremlerin can ve mal kaybina sebep olmamasi igin ¢oziimler
tiretmeleri gerektiginden depreme dayanikli binalarin nasil oldugunu
arastirdiklarini, ayrica deprem kavraminin hangi iinitede oldugunu
arastirdiklarinda  fizik dersinin  “Dalgalar” iinitesindeki “Deprem
Dalgalart”  konusuna ulastiklarini” soylemeleri beklenir. (10.3.5.1.
Deprem dalgasim1 tanimlar.), (10.3.5.2. Deprem kaynakh can ve mal
kayiplarim1 6nlemeye yonelik ¢oziim onerileri gelistirir.)

“Dayanikli bina yapabilmek icin dayaniklihik kavramint bilmeye ihtiya¢

duyduklarimi bunun icin fizik dersinin “Madde ve Ozellikleri” iinitesindeki
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“Dayaniklilik” konusunu incelediklerini” sdylemeleri beklenir. (9.2.2.1.
Dayanmikhihik kavramini a¢iklar.)

- “Problemin ¢oziimii igin betonarme bina yapilmas: istenildiginden
betonarme binalarmmin yapisal ozelliklerini ve hangi asamalari takip
ederek yapuldiklarini  bilmeye ihtiya¢ duyduklarini ve ona gore
arastrmalar yaptiklarini” séylemeleri beklenir. (7. C. 2. 7. Bir tasarim
icin gerekli yapisal ozellikleri aciklar, 7. B. 1. 7. Tasarim olusturmak
icin gerekli asamalan aciklar, 7. B. 1. 9. Tasarim iiriinlerinin iiretim
siireclerini aciklar. T.3. Tasarim kisitlamalarini ve hesaplanan riskleri
dikkate alan bir tasarim siirecini planlamak ve yonetmek icin dijital
araclar secer ve kullanir.)

- “Bir miihendis gibi kendi binalarini insa edecekleri igin insaat
miihendislerinin ~ depreme  dayanikli  betonarme  binalari  nasil
tasarladiklarint ve daha onceden yapilan depreme dayanikli betonarme
binalarin  nasil  yapildiklarini  incelemeye ihtiya¢ duyduklarini”
sOylemeleri beklenir. (7. A. 2. 4. Cevresindeki bir tasarim iiriiniinii
yeniden yorumlar. 7.A. 2. 5. Sanat/tasarim elemanlarini ve tasarim
ilkelerini kullanarak bir tasarim olusturur. 7. C. 2. 1. Tasarimin
kullanicinin ihtiyacina ve begenisine gore sekillendirildigini ifade
eder.)

- “Gergek bir depreme dayanmikli bina yapilacagi ic¢in bir binanin
boyutlarimin élgiileri, malzemeleri ve malzeme miktarlar: bilinmeli bu
yiizden insaat miihendislerinin projelerindeki olgiiler kullanilarak bina
tasarlamali” kanisina varmalar1 beklenir. (M.5.2.3.1. Uzunluk 6l¢cme
birimlerini tamir. 7. C. 2. 8. Yapisal ozellikleri dikkate alarak bir
tasarim yapar. M.7.1.4.4. Dogru orantili iki ¢cokluk arasindaki iliskiyi
ifade eder. M.7.1.4.6. Gercek hayat durumlarini inceleyerek iki
coklugun ters orantili olup olmadigina karar verir.)

Not: Eger ogrenciler iiniteyi ve/ya konuyu bulamazlarsa ya da farkh

bulurlarsa, 6gretmen “MEB fizik kitabinda deprem ya da dayaniklhihik
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konusu nerede geciyor beraber bakalim.” diyerek Kkitab1 égrenciler ile
birlikte inceler. Ogrenciler diger kazanimlara ulasamazlarsa 6gretmen ile
beraber internet iizerinden arastirir.

Ogretmen “Liitfen bulduklarimzi ¢alisma kdgidindaki ““Unite ve Konu”

béliimiine yaziniz. "der.

5.3 Coziimler Uretme (Siire: 60 dakika)

Coziim iiretmeye gecmeden Once Ogrencilerin  binalarinin  nasil
degerlendirilecegine dgretmen ve dgrenciler beraber karar verir. Ogretmen
“Bildiginiz iizere en az 7,6 biiyiikliigiindeki depreme dayanabilecek 3 kath
betonarme bina tasarlayacaksiniz. Gergek olgiilerine gore 3 katli binalart
yapmaniz miimkiin mii? Peki gercegini yapamiyorsak ne yapacagiz?”
Ogrencilerin binanin maketini / prototipini yapacaklari ¢ikarimina varmalari
beklenir. Ogretmen devam eder “Yapacaginiz binalar kullanilan malzemeler,
katlar aras1 mesafe, katlarin yiizey alanlart ve binanin uzunlugu bakimindan
gergegini en ¢ok yansitan olmali. Ne kadar gergegine benzerse o kadar yiiksek
puan alrsiniz.” Ogrenciler bu asamada binalar1 gercek binalarm uzunluk
degerlerine gore Olceklendirecekleri c¢ikarimin1 yapmalidir bunun ig¢in
Ogretmen asagidaki tabloyu gostererek rehberlik eder. Boylelikle 6grenciler
yapacaklart binanin her uzunlugunun ve malzemelerinin ayni oranda
6l¢eklendirileceginin farkina varir.

Not: Ogretmen tablodaki her degeri vermez, 6rnek deger verdikten sonra
ogrencilerin bulmasi icin zaman tanir.

Ogretmen sorar “Mesela bir katin uzunlugu ortalama ka¢ metredir? Hemen az
once hazirladigimiz tabloya bakip bulalim. 3 metre. 1/50 oraninda kiiciiltsek bir
kolonun yiiksekligi 6cm olur. Peki bir katin yiizey alanmi ortalama ne kadar?
Buna da hemen bakalim. 1+1 olan evlerin yiizey alam 28m? ise onu da ayni
oranda kiigiilttiigiimiizde 56 cm? olur. Gordiigiiniiz gibi her uzunlukta aym

kiiciiltmeyi yaptik ki gercegine yakin olsun.”
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Not: Bir katin uzunlugu ya da minimum bir dairenin yiizey alan1 degerleri
ve diger degerler “Bilgi Toplama” boliimiinde olusturulan tablodan alinir.
Ogretmen “Baska hangi oranlarda kiiciiltme yapabiliriz ~ belirleyelim.
Hesaplamalarini sizlerin yapmasint istiyorum.” der.

Ogrenciler tablodaki 6lgeklendirmelerden daha farkli degerler verebilir Snemli
olan &gretmenin ve Ogrencilerin verilen Olg¢eklendirme degerlerine gore
yapabilecekleri alt ve list siirlari belirlemeleridir.

Not: Asagidaki tabloya gore alt simir 1/50 orani iist simir 1/5 oram olarak
belirlenmistir. Bu degerler 6grenciler ile 6gretmenler arasinda istenildigi

gibi degistirilebilir.

Gercek Binalarin Olgiilerinin, Binalarda Kullanilan Malzeme Miktarlarinin

ve Malzeme Olg¢iilerinin Ol¢eklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | dl¢eklendir | dlgeklendir | Olgeklendir | dl¢eklendir
me me me me me

Temelin | 112 cm? 448 cm? 700 cm? 1244 cm? | 11.200 cm?

ve

Katlarm (~10cmx |(~21lcmx |(~26cmx | (~35cmXx | (~105cm

Yiize 21 cm) 35cm)

Y 11 cm) 26 cm) x 106 cm)

Alani

(28 m? =

700 cm X

400 cm)

Temelin 2cm 4cm 5cm ~7cm 20 cm

Kalinlig1

(100 cm)
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Temel
i¢in
Gerekli
Beton
Miktari

(28.
000.000
cm?®)

224 cm?®

1.792 cm?®

3.500 cm?®

~8.708

224.000

cm?®

Temel
i¢in
Gerekli
Cimento
Miktari
(cm®)

(2,8md=
2.800.000
cm?)

~22cm?

~179 cm?®

350 cm?®

~ 829 cm?

22.400 cm?

Temel
i¢in
Gerekli
Kum
Miktar1
(cm®)

(19,6 m®
19.600.00
0cmd)

~ 156 cm?®

~1.254

cm

2.450 cm?®

~5.807

cm

156.800

cm?

Temel
i¢cin
Gerekli
Su
Miktari
(cm®)

48 cm?®

384 cm?

750 cm?

~1.777 cm?®

48.000 cm?
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(6m=
6.000.000
cmd)

Temel
icin
Kullanilac
ak Demir
Miktari

(980 kg)

~ 20 kg

39 kg

49 kg

65 kg

196 kg

Temel
i¢in
Kullanilac
ak
Demirin
Kalinhigi

(14 mm)

~0,3mm

~0,6 mm

0,7 mm

~1mm

~3mm

Kolon
Uzunlugu
/ Katlar
Arasi
Mesafe

(300cm)

6cm

12 cm

15cm

20 cm

60 cm

Kolonun
En ve Boy
Uzunlukla
I1

(En 50 cm
x Boy 50
cm)

lcmx1

cm

2cmx 2

cm

2,5¢cm x

25 cm

~3cmx3

cm

10cm x 10

cm

Kolon i¢in
Gerekli
Demir
Sayisi

4 adet

4 adet

4 adet

4 adet

4 adet
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(Enaz 4
adet demir
kullanilir.)

Kolon igin
Kullanilac
ak
Demirin
Kalinlig

(12mm)

~0,3mm

~0,5mm

0,6 mm

0,8 mm

~3mm

Kolon igin
Gerekli
Beton
Miktar1

(750.000
cm?®)

6cm

48 cm?®

94 cm?®

222 cm?®

6.000 cm?®

Kolon igin
Gerekli
Cimento
Miktar1
(cm?)

(0,075 m?
=75.000
cm?®)

~1cm?®

~5c¢cm?d

~9cm?d

~22cm?

600 cm?®

Kolon i¢in
Gerekli
Kum
Miktari
(cm®)

(0,52 m?
=520.000
cm?®)

~4cm?®

~33cm?®

65 cm?®

154 cm?®

4.160 cm?®

Kolon i¢in
Gerekli
Su

16 cm®

128 cm?®

250 cm?®

~ 592 cm?

16.000 cm?®
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Miktari
(cm?)

2m3=
2.000.000
cmd)

Kat
Tabanlar1
nin
Kalinlig

(50 cm)

1cm

2cm

2,5cm

~3cm

5cm

Kat
Tabanlar1
i¢in
Gerekli
Beton
Miktari

(14.000.0
00 cm?)

112 cm?®

896 cm?®

1.750 cm?®

~3.732

cm

56.000 cm?

Kat
Tabanlar1
i¢cin
Gerekli
Cimento
Miktari
(cm®)

(1,4md=
1.400.000
cm?)

11 cm®

90 cm?®

175 cm®

415 cm?®

11. 200

cm?®

Kat
Tabanlari
i¢in
Gerekli
Kum

78 cm®

627 cm?®

1.225 cm?

2.903 cm?®

78.400 cm?
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Miktari
(cm?)

(9,8 m3 =
9.800.000
cmd)

Kat
Tabanlar1
i¢in
Gerekli
Su
Miktari
(cm®)

Bmi=
3.000.000
cm?®)

24 cm®

192 cm?®

375 cm?®

889 cm?

24.000 cm?®

Kat
Tabanlar1
i¢in
Kullanilac
ak Demir
Miktari

(728 kg)

~15kg

~30 kg

~36 kg

~48 kg

~ 145 kg

Kat
Tabanlari
i¢in
Kullanilac
ak
Demirin
Kalinhig:

(20 mm)

0,2 mm

0,4 mm

0,5 mm

~0,6 mm

2 mm

Not: Alan ol¢eklendirmesi yaparken ol¢ceklendirme oraninin karesini, hacim

ol¢ceklendirmesi

unutmayiniz.
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Olgeklendirme anlasildiktan sonra degerlendirme kriterlerini belirlemeye
devam edilir. Ogretmen sorar “Degerlendirme kriterlerimizden birini
olceklendirme olarak belirledik sizce binalarimizi baska hangi ozelliklere gére
degerlendirelim?” Ogrenciler “7,6 biiyiikliigiindeki depreme en uzun siire
dayanabilen, 7,6 biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen ve
ekonomik malzeme ile yapilmuis olan en yiiksek puani almali.” sonucuna ulasana
kadar ogretmen rehberlik eder. Bu kriterler disinda baska kriterler de
degerlendirmeye alinabilir. Ogretmen “Degerlendirme yaparken 1 puan, 2 puan
ve 3 puan kullanirsak bu puanlart hangi kriterlere gére verecegimizi beraber
belirleyelim. Mesela bir binay: belli bir saniye salladigimizda tamamen
vikilvyorsa, ya da tamamen yikilmayip katlarinda kopmalar oluyorsa ya da
sapasaglam duruyorsa bu binalart nasil puanlayalim?” der. Boylelikle
asagidaki tabloya yakin iiriin degerlendirme formu olusturuluna kadar 6gretmen

rehberlik eder.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri

1 puan 2 puan 3 puan
Bina 7,6 10 saniyeden 10 saniyeden daha | 10 saniye boyunca
biiyiikliigiindeki | daha az siirede az stirede katta herhangi bir bozukluk
depremde tamamen yikildi | kopmalar oldu olmadi ve yikilmadi
yikilmadan
durabildi mi?
Binanin Hig bir boyut ve | Sadece boyut ya Her boyutta ve
boyutlar1 ve malzeme da sadece malzeme
malzeme miktarlar malzeme miktarlarinda
miktarlari Olgeklendirilmedi | miktarlar Olgeklendirilme
gercek bina Olceklendirildi yapildi
degerlerine
gore
Olceklendirildi
mi?
Uriin i¢in Toplam tutar Toplam tutar Toplam tutar
kullanilan gruplarin gruplarin ortalama | gruplarin ortalama
malzemeler ortalama masraflarinda masraflarinin altinda
ekonomik mi? | masraflarinin
(Gruplarin iistiinde
malzeme
masraflari

hesaplanir ve

grup sayisina

bolinerek
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ortalama miktar

belirlenir.)

7,6
biiyiikliigiinde
yikilmayan
binalar en fazla
hangi
biyiikliikteki
depreme
dayand1?
(Uriinler
arasinda esitlik
varsa sarsinti
siddeti
arttirilarak

eleme yapilir.)

8,0-8,4

8,5-8,9

9,0 ve uisti

Toplam puan

Ogretmen devam eder “Grup olarak beyin firtinasi yapacaksiniz ve belirlenen
kriterlere ve simirlamalara gorve ¢oziimler tireteceksiniz. Planladiginiz tiriiniin
taslagim  ¢alisma  kdagidindaki  “Modelin  Taslagini  Ciz”  boliimiine
detaylandirmadan ¢iziniz. Ayrica, tirtiniiniizde olmasint planladiginiz ozellikleri
“Modelin Ozellikleri” boliimiine yaziniz ve son olarak, bu iiriinii yapabilmek
icin ihtiya¢ duydugunuz malzemeleri “Istedigin Malzemeler” boliimiine yaziniz.
Daha sonra ¢oziimlerinizi tartisip en iyi ¢oziime karar verecegiz. Siireniz 45

dakika olacaktir.” der. (10.3.5.2.), (T.8.), (S.1.), (S.4.)
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5.4 Coziimleri Analiz Etme ve Uygun Olanim Se¢me (Siire: 20 dakika)

Grup icerisinde yapilan beyin firtinasindan sonra gruplar ¢éziimlerini aciklar,

ogretmen tahtaya yazar. Ogretmen sorar “Bu ¢oziimlere nasil karar verdiniz?”

Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve

senaryodaki kriter ve sinirlamalara gore su ¢ikarimlar1 yapmalar1 beklenir:

- Bina 3 katli ve betonarme olacak

- 7,6 buiyiikliigiindeki sarsintida yikilmadan kalabilecek

- Bina saglam ve diiz bir zemine insa edilecek

- Bina simetrik olacak.

- Kolonlar esit dagitilacak

- Binamin sarsinti esnasinda kirtlmamasi i¢in binayr olusturan yapi
elemanlarinda demir kullanarak beton esnek hale getirilecek

- Kaliteli ve ekonomik malzeme kullanilacak.

Not: Ogrenciler bu asamada sikint1 yasarlarsa 6gretmen “Bilgi Toplama”

boliimiinde bulunanlar1 hatirlatir.

(10.3.5.1.), (9.2.2.1.), (7.B.1.3), (7. C.2.7.), (M.3.), (S.2.), (S.4.)

Ogretmen sorar “Séylediginiz ¢oziimlerden hangisi en iyi ¢oziim?” Ogrenciler
nedenleriyle birlikte en iyi ¢dziimii belirtir. Ogretmen ve 6grenciler tartisarak
fikirlerini sunarlar ve toplu alinan karar sonucunda en iyi goriilen ¢oziimler
belirlenir. Her grup ayni {irlinii ¢ikarmak zorunda degildir. Grup iiyelerinin ortak
karar1 hangi ¢oziimden yanaysa o ¢dziim yapilir. Ogretmen en iyi goriilen
coziimleri tahtaya yazar ve Ogrencilerden de yazmalarimi ister “Calisma
kagidindaki  “Plan Yapma” boliimiinii ¢oziimiiniize gore doldurunuz.
Planladiginiz diriiniiniizii  “Modelini Ciz” béliimiine ¢iziniz, sahip oldugu
ozellikleri “Modelin Ozellikleri” béliimiine ve malzeme listesini de “Istedigin
Malzemeler” boliimiine yaziniz. Ayrica “Modelin Yapim Asamalart” kismina
olusturacaginiz triinii yaparken hangi asamalari takip edeceginizi yaziniz.”
(M.7.1.4.4),(M.7.14.6.),(M4.), (T.7.),(T.8.),(S.2)

Ogretmen sorar “Problemin degiskenleri var mi?” Ogrenciler degiskenleri su

sekilde bulana kadar 6gretmen rehberlik eder: “Problemdeki bagimli degisken
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depreme dayaniklilik; bagimsiz degiskenler binanin yiiksekligi, binanin genisligi,

binanin simetrikligi, kolonlarin yerleri, kolonlarin sayisi, sarsintimin stiresi;

sabit degiskenler ise binamin kat sayist ve sarsintimin biiyiikliigiidiir.” (T.8.),

(S.4))

Ogretmen “Coziim igin iireteceginiz iiriiniin ihtiya¢ duydugu malzemeleri grup

arkadaglarinizla belirleyip bana soyleyiniz. Ben size istediginiz malzemeleri

temin edecegim.” der. (T.5), (T.6), (S.1.), (S.4.)

Ogrencilerden beklenen malzemeler sunlardir:

- Cimento

- Ince kum

- Su

- Kalin celik tel (Temel, kat tabanlar: ve kolonlar icin farkh kalinliklardaki
demirlerin olceklendirme degerlerine gore belirlenen teller)

- Ince celik tel (Kaln telleri birbirine baglamak icin)

- Ince mdf / sunta / kontraplak (Binamn temelini ve kolonlarin kaliplarin:
yapmak i¢in)

- Kil testere (Mdf ya da sunta kesimi igin)

- Pense (Telleri biikmek i¢gin)

- Silikon tabanca (Kolon kaliplarini yapistirmak igin)

- Elektrik banti (Kolon kaliplarint tutturmak icin)

- Bos plastik kap (Cimento kum ve su karisimini yapmak igin)

- Dereceli silindir

- Spatula

- Dijital hassas tarti

- Serit metre

NOT: Ogrenciler bazi malzemeleri séylemediklerinde 6gretmen rehberlik

ederek ihtiyaclarimi bulmalarim saglar.

NOT: Malzemelerin miktarlar1 ve olcilleri o6grencilerin kullandig:

olceklendirme oranmma gore degisecegi icin hangi grup hangi oranda
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olceklendirme yapti ise O08retmen o orandaki malzeme miktarim ve

olciilerini simifa getirir.

NOT: Istenilen malzemelerin alinmasi icin aktiviteye ara verilir. Bir sonraki
ders saatinde tekrardan toplanilir.
5.5 Uriin Gelistirme: (Siire: 180 dakika+ 3 giin)
Ogretmen dgrencilerin 6ngdrdiigii malzemeleri sinifa getirir. Tehlike arz eden
malzemeler i¢in 6grencilere gerekli uyarilart yapar. (M.8.)
NOT: Uriin gelistirme esnasinda ihtiya¢c duyulan malzemeler icerisinde
bulunan Kkesici ve delici aletlerden (Kil testere) sadece bir tane alinir ve
ogretmen gozetiminde kullandirilir.
Gruplar olusturduklar1 planlart takip ederek kendi prototiplerini yaparlar.
Ogretmen 6grencilere rehberlik eder. Sorulari varsa cevaplandirir.
“Artik tiriin olugturma zamani. Malzemelerinizi aldiniz ve hangi asamalart takip
edeceginizi biliyorsunuz. Simdi ¢oziim se¢me asamasinda belirlediginiz
degiskenleri kullanarak itiriiniiniizii olusturacaksiniz. Bu degiskenleri ¢alisma
kdgidinda tablo seklinde olugturdum. Benim tablodaki ornekte yaptigim gibi siz

de tabloyu doldurarak iiriiniiniizii gelistiriniz. Mesela, binanin yiiksekligi

arttirilsa, depreme dayanmiklihigi azalir mi artar mi bulup tabloya yaziniz.”

(M.5.2.3.1)

Bagimh Bagimsiz Sabit Gozlemlerimi
Degisken Degisken Degisken z
Ome |e Depreme |e Binamin |e Katsayisi
k dayaniklil yiikseklig | @  Sarsinti
k [ biiytikliig
i
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Ogrenciler en olas1 ¢dziimii gerceklestirmek icin cesitli degiskenleri dener.
Ogrenciler arastirmalar1 sonucu bazi teorik bilgilere ulastiklari igin tiim
degiskenleri test etmek zorunda degildir. Ogretmen sorular sorarak dogruyu
bulmalarina yardimci olur. Sorulara dogru cevaplar vermiyorlarsa o zaman
degiskenleri test etmeleri gerekir.
(F.7.7.1.6.), (7.A25), (7.B.1.5), (7.B.1.9.), (7. B.2.1.), (7. C.2.8),
(7.D.1.4),(M.5), (T.6.),(T.7.9,(S.1.), (S.3)
NOT: Ogrenciler iiriinlerini yaparken binalarinin katlarina ve kolonlarina
doktiikleri betonun kurumasim en az bir giin beklemelidir. Bu sebepten
dolay1r her bir katin ve kolonlarimin betonu dokiildiikten sonra bir giin
beklenilmeli, aktiviteye bir sonraki ders saatinde devam edilmelidir (3 kath

bir bina icin en az 3 giine ihtiya¢ bulunmaktadir.)

5.6 Test Etme ve Yeniden Yapma (Siire: 15 dakika)

Ogretmen aciklama yapar “Uriinleri test etme zaman: geldi. Uriinlerin depreme
dayanikliligini belirlemek icin tekerlekli sarsinti masasini kullanacagiz. Sarsinti
masasina taktigimiz matkap sayesinde sabit ivmeli yani diizgiin hizlanan sarsinti
olusturacagiz. Her grup yaptigi binalar: sarsinti masasinda test edebilir. Testiniz
sonucunda binanmiz istediginiz gibiyse arkadagslarimiza sunabilirsiniz. Binaniz
istenilen gibi olmadiysa ya da eksik yonleri varsa dersin basinda belirledigimiz
kriterlere ve simirlamalara tekrardan goz atarak iiriiniiniiziin eksik ve hatali
kisstmlarimi  yeniden yapabilirsiniz.  Simdi iiriinlerinizi test ediniz ve
diizenlemelerini yapiniz. Her sey tamamlandiktan sonra sinif igerisinde
sunacaksiniz.” (1.C.2.1.), (7.C.2.7.), (M.6.), (S.3)

Binanin depreme dayanikliligini 6lgmek icin “Google Science Journal”
uygulamasinda bulunan ivme dlger kullanilir. Ogretmen tarafindan daha énceden
yapilmis sarsintt masasina liriin koyulur. Sarsinti masasinin {izerine, “Google
Science Journal” uygulamasinin oldugu akilli telefon yerlestirilir. Sarsintt masasi
10 saniye sarsilir. “Google Science Journal” uygulamasi dogrusal ivme
degerlerini verdigi icin, depremin biiyiikliigiinden ziyade yatay ivme

degerlerine gore test edilir. Gruplar binalarinin 7,6 biiyiikliigiindeki
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depreme dayanmikh olup olmadigimi olgecekleri icin, bu biiyiikliige denk
gelen ivme degerlerinde (Tablo “Senaryo” kisminda verilmistir.) 10 saniye
sallayip test etmeleri yeterlidir. Ogretmen, aktivitenin basinda 6grencilerine
sundugu Richter Biiyiikliigii - Yer Ivmesi tablosunu o6grencilerine
gostererek hangi degerlerde test edecekleri konusunda yardimci olur.

5.7 Degerlendirme (Siire: 15 dakika)

Biitiin gruplar olusturduklari iiriinii sinif igerisinde arkadaslarma tanitirlar. Uriinii
hangi amagla yaptiklarindan ve hangi malzemeleri kullandiklarindan
bahsederler. Ogretmen “Her grup kendi iiriiniinii ¢ikardi. Simdi swrasiyla her
grup iriiniinii  tamitacak. Hangi amagla yaptiginizi, hangi malzemeleri
kullandiginizi, yaparken takip ettiginiz asamalart ve tirtiniiniiziin ozelliklerini
anlatmanizy istiyorum.” der. (M.7.)

Ogretmen bu asamada iiriinlerin nasil degerlendirilecegini agiklar: “Yaptiginiz

’

iiriinler beraber olusturdugumuz “Uriin Degerlendirme Formu” igerisinde
bulunan kriterlere gére degerlendirilecektir. Her grup, hem kendi grup tiriiniinii
hem de diger gruplarin tiriinlerini form iizerinden degerlendirecek. Ayrica ben
de formu dolduracagim. Bu puanlamalara gore en yiiksek puan alan grup birinci
secilecek.

Ogretmen ortaya ¢ikan iiriiniin ekonomikligini degerlendirmek icin asagidaki
malzemelerin birim fiyatlarinin yazili oldugu tabloyu Ogrencilerine sunar.
Tablodaki bos kisimlar 6grenciler tarafindan doldurulur boylelikle her grubun
yaptig1 total harcamalar bulunur. “Ayrica iiriinlerinizin ekonomikligini
degerlendirmek icin kullanilan malzemelerin birim fiyatlarini iceren bir tablo
hazirladim. Sizler kullandiginiz malzemelerin miktarlarini birim fiyatlar: ile
carparak ne kadar harcama yaptiginizi hesaplayacaksiniz. Her grubun yaptigi

’

hesaplama sonucunda puanlamamizi yapacagiz.’
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Malzemeler Birim fiyat Kullanilan Total
miktar

Cimento (1 kg) 0,56 TL

Ince Kum (1 kg) 1,2TL

Mdf / Sunta / 0,09 TL

Kontraplak (1cm?)

0,5mmtel (1 metre) |1TL

1 mm tel (1 metre) 15TL

2 mm tel (1 metre) 25TL

3 mm tel (1 metre) 3TL

Toplam fiyat:

Ogretmen devam eder: “Formlari dagitiyorum. Liitfen kagidin iizerine
degerlendirdiginiz grubun iiyelerinin isimlerini yaziniz. Sirayla baslayabiliriz.”
Uriinii tamtan grup, diger gruplarin ve 6gretmenin sorulari varsa cevaplar.

Degerlendirme yapilir. Ogretmen dersi bitirir.
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A.l. Revised Earthquake Resistant Concrete Building Design STEM-
EDP Activity Lesson Plan

STEM ETKINLIiK PLANI

Depreme Dayanikli Betonarme Bina Tasarimi
1. Smf: 10,11 ve 12
2. Siire : 13 giinde toplam 1200 dakika (30 ders saati)
3. Egitsel Malzeme, Teknoloji ve Medya

e Akillh Tahta: Ders ile alakali videolar1 gostermek i¢in akilli tahta
kullanilacaktir.

e Beyaz tahta ve kalemi: Ders esnasinda yapilan gerekli agiklamalar1 yazmak
icin beyaz tahta ve kalemi kullanilacaktir.

e MEB Kitaplar1: Ogrencilerin aragtirma yapmasi i¢in kullanilacaktir.

e Okul Bilgisayarlari: Ogrencilerin aragtirma yapmast igin kullanilacaktir.

e Akill Telefon: Ogrencilerin arastirma yapmast i¢in kullanilacaktir.

e Laptop: Ogrencilerin arastirma yapmasi i¢in kullanilacaktir.

e Calsma Kagidi: Ogrencilerin ders esnasinda dnemli noktalar1 not almalari,
aktivite icin yonlendirilmeleri ve dersten sonra konu ile ilgili alistirmalar
yapmalari i¢in hazirlanmistir.

e Uriin Degerlendirme Formu: Gruplarin tasarimlarini degerlendirmek icin
ogrenciler ile birlikte hazirlanmasi beklenmektedir.

e Arac ve Gerecler: Kullanilacak malzemelerin 6grenciler tarafindan karar
verilip, belirlenmesi beklenmektedir.

4. Taslak ve zamanlama

» Problemi tanimlama (30 dk)
- Problemi belirleme (5 dk)
- Probleme yonelik ihtiyaclar belirleme (5 dk)
- Kiriterleri ve sinirlamalar1 belirleme (20 dk)

» Bilgi Toplama (295 dk)
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YV YV V

>

- Arastirma sorularini belirleme (20 dk)

- Arastirma yapma (90 dk)

- Arastirma sorularini cevaplandirma (60 dk)

- Disiplinleri ve disiplinlere ait kazanimlar1 belirleme (30 dk)
- Degiskenleri bulma (5 dk)

- Degiskenleri test etme (90 dk)

Coziimler Uretme (90 dk)

- Olgeklendirme hesaplari yapma ve degerlendirme kriterleri belirleme (40 dk)
- Uriin degerlendirme formu olusturma (20 dk)

- Cozlime yonelik iiriin plan1 yapma (30 dk)

Coziimleri Analiz Etme ve Uygun Olanin1 Se¢me (20 dk)
Uriin Gelistirme (720 dk)

Test Etme ve Yeniden Yapma (15 dk)

Degerlendirme (45 dk)

5. Senaryo

Tiirkiye deprem bolgeleri haritasina bakildiginda biiytik 6l¢iide can ve mal kaybina

sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.

Son 100 y1l igerisinde bu kusakta kaydedilen en biiylik deprem Kandilli G6zlemevi

verilerine gore 1939 yilinda Erzincan ilinde gergeklesen 7,9 biiylikliigiindeki

depremdir. Erzincan depremi sonucunda 32.986 kisi yasamin yitirmis ve 116.720

konut agir hasara ugramistir.
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Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi tizerinde bulunan Erzincan’da depreme
dayanikl1 binalarin yapimi biiylik 6nem tagimaktadir. Bu yiizden, bir ingaat firmast
Erzincan’da yasayan her tiirli ekonomik seviyedeki insanlarin sahip olabilecegi
depreme dayanikli betonarme binalar yapmaya goniillii oluyor. Firma sahibi, deprem
esnasinda asansorlerin, kabin sikismasi ya da diismesi gibi tehlike arz eden olaylara
sebep olmasindan dolayi, binalar1 asansore ihtiyag duymayacak en biiyiik
yiikseklikte olmasini istiyor. Siz bu firmada c¢alisan bir ingaat miihendisi olsaniz,
binalardaki asansor yonetmeliginin en fazla ti¢ kath binalara izin verdigini dikkate
alarak ve herhangi bir sarsint1 azaltici deprem teknolojisi kullanmayarak Erzincan’a

depreme dayanikli nasil bir betonarme bina yaparsiniz?

Not: Depreme dayanikhh yapi1 tasariminda siddet olgiisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” wuygulamasindaki ivme olger
kullamlacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmus sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina égrencilerin yaptigi
iiriinler koyulacak ve sarsinti masasinin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki

tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
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ivmesi degerinden baslanip 10 saniye icerisinde diizenli olarak 5,8 m/s? degerine
artirllacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
uygulamasinda okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin kac¢ biiyiikliigiindeki depreme
dayanmikli oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikihncaya kadar

bir iist degeri denemeye devam edeceklerdir.

Richter Biiyiikliigii Yer Ivmesi (m/s?)

0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0/4
25-34 05-1,0
35-44 11-16
45-49 1,7-2.2
50-54 23-28
55-59 29-34
6,0-6,4 3,5-4,0
6,5-6,9 41-46
70-74 47-5,2
75-79 53-58
8,0-8/4 59-6,4
8,5-8,9 6,5-7,0

9,0 ve ustii 7,1 ve usti

6. Ders icerigi

Ogretmen dgrencileri gruplara ayirir ve her dgrenciye “Caligma Kagidi” verir.
Dagitilan kagidi tanitir ve okumalarini ister. “Bu ¢alismayr grup halinde yapacagiz.
Grup iiyelerinin isimlerini okuyorum, aynt gruba ait olanlar bir arada otursun
liitfen. Simdi her birinize ¢alisma kagidr dagitacagim. Dagittigim kagitlara bir goz

atin ve isimlerinizi yazin. Calisma kdgidi ders esnasinda onemli noktalart not
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almaniz ve aktivite esnasinda yonlendirilmeniz igin hazirlanmistir. Kdgidi dersimiz
stiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz esnasinda size

ben séyleyecegim.”

6.1 Problemi Tanimlama

Ogretmen calisma kagidindaki senaryoyu okumalarmi  ve anladiklarini
arkadaslariyla paylasmalarini sdyler ve bu esnada 6gretmen 6grencileri gdzlemler.
“Size dagittigim kdgitta bir senaryo var. Her biriniz onu okuyunuz ve anladiginizi

grup arkadaslarinizla paylasiniz. Baslayabilirsiniz.”

6.1.1 Problemi belirleme (5 dk)

Grup tartismasindan sonra dgrenciler senaryodan genel olarak neler anladiklarimi
smif igerisinde sdyler. Ogretmen sorar: “Okudugunuz senaryodan neler anladiniz?”’
Ogrencilerin cevaplar1 alindiktan sonra senaryo detayli incelenir. Senaryoda bulunan
problem ve problemi ¢dzmek igin neye ihtiya¢ duyuldugu belirlenir. Ogretmen
senaryodaki problemi o6grencilere sorar ve verilen cevaplari ve Ogrencilerin
belirledigi problemi tahtaya yazar ve dgrencilerden ¢alisma kagidindaki “Problem
nedir?” boliimiine yazmalarini ister. “Arkadaslar, senaryoda problem / sorun var
mi? Problem nedir? Ogrenciler su cevabi verene kadar 6gretmen rehberlik eder:
“Problem; Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
dayanikli olmayan binalarin yitkilmast ve bunun sonucunda can ve mal kayplarinin

olmasi.’

6.1.2 Probleme yonelik ihtiyaci belirleme (5 dk)

Sonra 6gretmen probleme yonelik ihtiyaci belirlemelerini ister ve belirledikleri
ihtiyac1 tahtaya yazar ve dgrencilerden de galisma kagidindaki “Ihtiyag™ boliimiine
yazmalarini ister. “Bu problemi ¢ozmek icin neye ihtiyac var? Ogrenciler su cevabi
verene kadar 6gretmen rehberlik eder: “Erzincan’daki depremlere dayanabilecek

betonarme binalar yapmaya ihtiyag¢ var.”
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6.1.3 Kriterleri ve simirlamalari belirleme (20 dk)

Buraya kadar “Problem ve ihtiya¢” ana hatlariyla belirlenmistir. Fakat problem
“Tam tanimlanmamis problem” oldugu i¢in detayli incelenmelidir. Bundan dolayi,
Ogretmen ve Ogrenciler tartisarak / beyin firtinasi yaparak problemi detayli
incelemeli ve problemde belirtilen kriteleri ve sinirlamalari / kisitlamalar1 belirleyip
aktivite kagidina not etmelidirler. Boylelikle problem tanimlanmis ve {iriinde
istenilen detaylar belirlenmis olur. Ogretmen grup icerisinde tartisarak siirlamalar
ve kriterleri bulmalarini ister. “Simdi senaryoyu detayli inceleme zamani. Senaryoyu
tekrardan okuyarak su sorulara cevap vermenizi istiyorum. Senaryo bize
smirlamalar  koyuyor mu? Senaryonun istedigi kriterler nelerdir? Grup
arkadaslarinizla sorulari cevaplaymniz, daha sonra bulduklarinizi  beraber
tartisacagiz.”

Ogrenciler bulduklarini 6gretmenle tartisir ve dgretmen gruplardan aldigi cevaplar
basliklara ayirarak tahtaya yazar. Ogrencilerden, belirlenen kriterleri ve
sinirlamalari, ¢alisma kagidindaki “Kriterler ve Sinirlamalar / Kisitlamalar”
boliimiine yazmalarini istenir. “Istenilen kriterler ve simirlamalar / kisitlamalar
nelerdir? ” Ogrencilerden su cevaplar almana kadar 6gretmen senaryoyu bir kag kez
okutarak ogrencileri yonlendirir: “Kriterler: Binalar, Erzincan ilinde bu zamana
kadar 6l¢iilmiis en yiiksek biiyiikliik olan 7,9 biiyiikliigiindeki depremde yikilmadan

durabilmelidir. Binalar betonarme olmalidir. Swmirlamalar / Kisitlamalar: Bina

asansor yonetmeligi, asansorsiiz binalart 3 kat ile simirlandirmaktadir. Sarsinti
azaltict deprem teknolojisi kullanilmamalidir. Bunlarin yaminda, Erzincan’da
yvasayan her tiirlii ekonomik seviyeye sahip insanlarin binalara sahip olabilmesi igin

kullanilan malzemelerin hem kaliteli hem de ekonomik olmasi gerekir.’

6.2 Bilgi Toplama

Ogretmen arastirma yapmalari igin dgrencilere, siniflarda bulunan internet erisimine
sahip akilli tahtalari, diziistii bilgisayarlari, miimkiinse akilli telefon ve tablet gibi
cihazlart ve MEB fizik kitabin1 kaynak olarak saglar. Ogrenciler kendi baslarina
arastirma yaparak gerekli bilgiye ulasir. “Problemi ve ihtiyact belirledigimize gore,

simdi problemin ¢éziimiine yonelik arastirmalar yapma zamani.”
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6.2.1 Arastirma sorularini belirleme (20 dk)

Arastirma yapmadan once neleri arastiracaklarina ogretmen ve 6grenciler birlikte
karar verir. Ogretmen “Sizce depreme dayanikli betonarme bina yapmak icin neleri
bilmek gerekiyor, neleri arastirmalyyiz?” der ve birlikte belirlenen arastirma
sorularin1 tahtaya yazar ve oOgrencilerden de c¢alisma kagidindaki “Arastirma
Sorularr” bdliimiine yazmalarmi ister. Ogrenciler asagidaki arastirma sorularina ya

da benzerlerine ulasana kadar 6gretmen rehberlik eder:

1. Deprem nedir? Depremin biiyiikliigii ile siddeti arasindaki fark nedir?

2. Depreme dayanikli betonarme binalarda olmasi gereken ozellikler nelerdir?
/ Bu binalarin depreme dayanikli olmasi icin nasil insa edilmesi gerekir?

3. Depreme dayaniklt betonarme binalarinin insa asamalart nelerdir? (Ne
zaman temele beton dokiiliir?, Kolon ne zaman yerlestirilir?, Beton kolona
ne zaman dokiiliir? Beton kolona dékiilmeden 6nce ne yapilir?...)

4. Ug kath betonarme binalarin él¢iileri nelerdir? (Katlar arasi yiikseklik kag¢
metredir?, Katlarin yiizey alanlart ka¢ m?'dir?, Katlarin zemin kalinliklar:
kag¢ metredir?, Kolonlarin en, boy ve yiikseklikleri kagar metredir?...)

5. Depreme dayanikli betonarme binalarin kaba insaati esnasinda hangi
malzemeler kullanilir?

6. Betonarme ti¢ katlh binalarin kaba insaatinda kullanilan malzemelerin

miktarlar ve élciileri nelerdir?

NOT: Ogrenciler gercek hayatta insa edilebilecek binalart élceklendirerek
prototip yapacaklart icin ii¢ kath binalarin minimum boyutlarinin referans
alinmasi tavsiye edilir - her katinda birer tane 1+1 dairelerin oldugu binalar - fakat
ogretmen ya da ogrenciler isterse farkl olgiilerdeki daire tiplerini (2+1, 3+1...

daireler) referans alarak arastirma yapabilirler.

Aktiviteye bir sonraki ders gilinlinde devam edilir.
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6.2.2 Arastirma yapma (90 dk)

Ogretmen “Arastirmalarimz icin simiflarda bulunan internet erisimine sahip akilli
tahtalar, akilli telefonlari, diziistii bilgisayarlart ya da tabletleri ve MEB fizik
kitabini kullanabilirsiniz. Ayrica yanls bilgiye ulagmanizi énlemek icin liitfen
arastirmalarimizt bir kag kaynaktan yapiniz ve bulduklarinizin dogrulugunu farkl
kaynak cesitlerinden de arastirarak teyit ediniz. Ayrica, giivenilir sitelerden bilgi
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almak igin, arastirma yaptiginiz internet sitelerinin “edu” ve ‘“gov” uzantili
olmasina dikkat ediniz. Sorulariniz olursa bana sorabilirsiniz. Arastirma sonucunda
bulduklarinizi ¢alisma kdgidindaki “Bulduklarim” boliimiine yaziniz.” der.

Aktiviteye bir sonraki ders giliniinde devam edilir.

6.2.3 Arastirma sorularini cevaplandirma (60 dk)

Ogrencilerin aragtirmalar1 bittikten sonra, dgretmen sorar “Neler buldunuz?”
Ogrenciler asagidaki bilgileri bulana kadar arastirma yapmaya tesvik edilir. Verilen
stire yeterli olmazsa ek siire taninabilir. Siireler doldugunda hala yeterli bilgiye

ulagilmadiysa geri kalanini 6gretmen 6grencilere sunar:

1. Yerkiire 'nin icerisinde bulunan magmanin ¢evresindeki levhalarin hareketi
sonucunda enerji agiga ¢ikar ve boylece deprem dalgalart olusur. Depremin
biiyiikliigii 1’den 9’a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin ol¢iisiidiir.

2. Betonarme, betonun c¢elik kullamlarak giiclendirilmis yapr malzemesidir.
Betonarme binalar, kirisleri, kolonu ve tavani beton olan yapilardir. Beton ve

demir birbirlerinin eksik ozelliklerini tamamlayarak dayanikli yapilarin insa
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edilebilmesini saglar. Depreme dayanikli betonarme binalarda dikkat edilmesi

gereken bes temel unsur vardur:

Zemin: Binalar saglam zemine yapilmalidir.

Taswyict sistemler / Kolonlar: Giiclii kolonlar insa edilmelidir. Kolonlar
capraz destekler ile birbirine baglanmalidir.

Simetriklik: Kolonlar esit dagilimli olmalidr.

Kaliteli / nitelikli malzeme: Hafif (katlarin tasiyabilecegi) ve kaliteli
malzemeler kullaniimalidir.

Siineklik / esneklik: Bina deprem esnasinda salinim hareketi yaparak
enerjiyi soniimlemelidir. Betonarme binalarda kirilgan olan beton, demir

kullanilarak siinek hale getirilir.

3. Depreme dayanikli betonarme binalarin kaba insaatlarimin basit yapim

asamalari su sekildedir:

Zemin: Saglam ve diiz bir zemin olusturulur. Bunun i¢in zemin kazilir ya
da diizlestirilir. (Ogrencilerin zemini kazmalar: miimkiin olmadigi icin
belirlenen derinlikte diiz bir kalip kullanacaklarini diisiinmeleri beklenir.)
Temel: Temel, yapinin ayaklart ve yapi ile zemin arasindaki gegis elemant
oldugu icin saglam bir sekilde yapiimalidir. Bunun igin oncelikle zemine

demirler dosenir ve bu demirler birbirine baglanarak saglamlastiriir.

(https://www.youtube.com/watch?v=c3JsgnB5FY8 TEMELE NASIL
BASLANIR?)

Taswrct sistemler: Temele beton dokiilmeden énce kolonlarin yerleri
belirlenir ve kolonlar yerlestirilir. En az dort adet demirin belli araliklarla
birbirine baglanmasi ile kolon olusur. Kesit alani dikdortgen ya da
dairesel olabilir. Demirden yapilan kolonlar zemindeki demirlere

sabitlenirler. (https://www.sanalsantiye.com/kolon-turleri/

https://www.youtube.com/watch?v=0TLdaxC-V9s Building / House

Construction Process step by step Upto SLAB
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https://www.youtube.com/watch?v=c3JsgnB5FY8
https://www.sanalsantiye.com/kolon-turleri/
https://www.youtube.com/watch?v=oTLdaxC-V9s

https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-
yapilir
https://www.youtube.com/results?search_query=kolon+yap%C4%B1m%
C4%B1 KOLONA HAZIRLIK NASIL YAPILIR?)

o Beton dokiimii: Temelin demirleri ve kolonlar yerlestirildikten sonra
temele beton dokiiliir ve donmasi icin beklenir.

(https://www.youtube.com/watch?v=ZFLnsG8pM3k Radye Temel Beton

Dékiimii)

o Kolon kaplama ve beton dokiimii. Kolonlara beton dékebilmek icin
oncelikle kolonlar gegici olarak kaplanir daha sonra beton dokiiliir. Beton
kuruduktan sonra kaliplar ctkartilir.

(https://www.youtube.com/watch?v=9STmkKzyArU Kolon Yapimi)

o Kat tabanlari: Tasiyici sistemlerin iizerine kalip olusturulur. Demirler
dosenir ve bu demirler birbirine baglanarak saglamlastirilir. Kalip tizerine

beton dokiilerek kat yapilir.
(M.1 Tasarim olusturmak icin gerekli asamalar acgiklar.)

Buraya kadar binanin temelinin, kolonlarinin ve bir katinin kaba ingaatinin nasil
yapilacagi ogrenilmistir. Ayni islemler takip edilerek diger katlarin insa edilecegi
bilinir.

Ogretmen betonarme binalarin yapim asamalar1 hakkinda &grencileri yetersiz
gordiigii takdirde asagidaki linklerden videolar: izletebilir.

(https://www.youtube.com/watch?v=2ecgslgwXLQ How to Make Awesome Mini

House from Concrete

https://www.youtube.com/watch?v=6_1yf44xkdw BETONDAN MAKET EV VE
YAPIM ASAMASI

https://www.youtube.com/watch?v=MVLRpZgwn3w Ahsap, Demir, Kum ve

Cimento'dan Maket Ev Yap
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https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-yapilir
https://www.gninsaat.com.tr/bina-insaat-yapim-asamalari-insaat-nasil-yapilir
https://www.youtube.com/results?search_query=kolon+yap%C4%B1m%C4%B1
https://www.youtube.com/results?search_query=kolon+yap%C4%B1m%C4%B1
https://www.youtube.com/watch?v=ZFLnsG8pM3k
https://www.youtube.com/watch?v=9STmkKzyArU
https://www.youtube.com/watch?v=2ecqslqwXLQ
https://www.youtube.com/watch?v=6_1yf44xk4w
https://www.youtube.com/watch?v=MVLRpZqwn3w

https://www.youtube.com/watch?v=1nEQKWJKiUQ Gercek Insaat Malzemeleriyle

Mini Maket Ev Yapan Adam)

4. Uc katl betonarme bir binamn bir katimin élciileri asagidaki tablodaki gibidir:

Binamin Bir Katimn Olgiileri

Yapilan is Boyutlar
En Boy Yiikseklik
Temel 400 cm 700 cm 100 cm
Kat Taban1 400 cm 700 cm 50 cm
Kolon 50 cm 300 cm 50 cm
Dairenin  yiizey | 28 m? (1+1 dairenin sahip olabilecegi minimum deger) =
alan1 280.000 cm?
Kolon sayisi 4 adet

Bu tablodaki 6lgiiler her katinda sadece bir tane 1+1 daire olan bir binanin sahip

olabilecegi minimum degerler gbz dniine alinarak bir ingaat miihendisinin onay1 ile

belirlenmistir. Ogretmen isterse bu tablodaki degerleri dgrencilere sunabilir ya da

ogrencilerin aragtirarak bulmasini isteyebilir. Ogrenciler kendileri bulacaksa

ogretmen bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu teyit

etmelidir. Ayrica 6grenciler isterse 1+1 daire Olgiileri yerine farkli daire ol¢iileri

kullanabilir. Ogrencilerin tabloyu Excel programinda yapmalar1 beklenir.

5. Betonarme binalarin kaba insaati icin kullanilan malzemeler:

e (imento

e Kum

e Su
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https://www.youtube.com/watch?v=1nEQKWJkiUQ

Insaat demiri

Kolon kaliplart

Katlar: desteklemek icin kereste

Kolonu olusturan demirleri birbirine baglamak icin kullanilan demir (Etriye)

6. Insaattan once yapimn él¢iileri goz oniinde bulundurularak malzeme miktar:

hesaplamyr. U katli betonarme binalarin bir katinin kaba insaatinda kullanilan

malzemelerin miktarlar: ve ol¢iileri soyledir:

Betonarme Binamin Bir Kat1 i¢in Gerekli Malzemelerin Miktarlari

Temel Bir Kolon Kat Tabani
Beton 28 m? 0,75 m? 14 m®
miktar1 (m®)
(Temelin  hacmi | (Kolonun hacmi | (Tabanlarin  hacmi
kadar beton | kadar beton | kadar beton
gereklidir 28 m? | gereklidir; 0,5 m x | gereklidir; 28 m? x
x 1m =28 md) 05mx3m=0,75|05m=14md
md)
Cimento 2,8m? 0,075 m® 1,4 md
miktar1 (m°)
(Beton %10 | (28 m®x %10= 2,8 | (0,75 m®x %10= | (14 m3x %10= 1,4
oraninda m3) 0,075 md) md)
¢imento
igerir.)
Kum miktar | 19,6 m® 0,52 m® 9,8 m?

(m°)
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(Beton %70 | (28 m® x %70 = (0,75 m®x %70 = (14 m®x %70=9,8

oraninda 19,6 m?) 0,52 md) md)

kum igerir.)

Su  miktar1 | ~6m? ~2m? ~3m?

(litre)
(28 m® x %20 =| (0,75m3x %20= | (14 m®Xx %20 = 2,8

(Beton %20 | 5,6 m®) 0,15m?) m°)

oraninda su

igerir.)

Demir 980 kg 32 adet 728 kg

miktar1 (kg)
(1 m? ‘ye 35 kg (1 m? ‘ye 26 kg
demir  gereklidir. demir gereklidir. 28
28 m? x 35 kg/m? = m? x 26 kg/m? = 728
980 kg ) kg )

Demirin 14 mm 12 mm 10 mm

kalinlig

(mm)

Bu tablodaki degerler bir dnceki tablodaki 6l¢iilere gore insaat miithendisi tarafindan

belirlenmistir. Ogretmen isterse tabloyu dgrencilerine sunar ya da dgrencilerinin

aragtirip bulmalarin1 ve bulduklarini Excel dosyasina yazmalarin ister. Ogrenciler

kendileri bulacaksa 6gretmen bulunan degerleri bu tablo ile kiyaslayarak degerlerin

dogrulugunu teyit eder.

Aktiviteye bir sonraki ders giliniinde devam edilir.
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6.2.4 Disiplinleri ve disiplinlere ait kazanimlari belirleme (30 dk)

Arastirma sorular1 cevaplandirildiktan sonra problemin ¢6ziimiinde hangi
disiplinlere ihtiyag duyuldugu belirlenir. Ogrencilerin belirlediklerini 6gretmen
tahtaya, 6grenciler ise ¢aligma kagidindaki “Disiplinler” ve “Kazanimlar” boliimiine
yazar. Ogretmen sorar “Depreme dayanikli bina tasarlamak icin hangi disiplinlere
ihtiyaciniz var?” Ogrenciler bes disipline -fizik, matematik, miihendislik, teknoloji
ve sosyal beceriler- ulasana kadar 6gretmen rehberlik eder. Ogrencilerin “Dalga
bilgisi icin fizik; 6l¢iim ve hesaplama yapmak i¢in matematik, binanin plani ve
dizaynmi i¢in miihendislik; arastirma yapmak ve binayi tasarlamak igin teknoloji;
grup calismast ve iiriin ¢itkarma stireci igin sosyal beceriler disiplinine ihtiyag
vardir.” demeleri beklenir.

Ogrenciler fizik, matematik ve miihendislik disiplinlerini bulurken, teknoloji ve
sosyal becerileri disiplin olarak bulamayabilirler. Ogretmen bu asamada bu iki
disiplini buldurmadan bu disiplinlere ait kazanimlar1 6n plana ¢ikarmak i¢in
rehberlik eder. Ogretmen sorar “Arastirma yaparken hangi konular: incelediniz?
Coziim tiretmek icin hangi konular / kazamimlar size yardimci oldu?” Bu asamada
ogrenciler problemin c¢oziimiinde bes disipline ait hangi kazanimlara ihtiyag
duyduklarin1 ve bu kazanimlar1 nereden bulacaklarin belirler. Ogrencilerin “Fizik
kazamimlar fizik ogretim programindan ve matematik kazanimlart matematik
ogretim programindan bulunabilir” demeleri beklenir. Ogrencilere ortadgretim
miifredatinin yaninda ortaokul miifredatindan da yaralanabilecekleri hatirlatilir.
Ayrica, teknoloji, mithendislik ve sosyal beceriler disiplinine ait ders programi
olmadig1 icin 68retmen referanslar sunarak 6grencilerin kazanimlari belirlemesi i¢in
rehberlik eder. (Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii,
Kazanim Merkezli STEM Uygulamalari,
https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019_01/29164143_STEM_KitapYKk.
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https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019_01/29164143_STEM_KitapYk.pdf

pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,
Miihendislik ve Matematik (STEM) Ogretim Programmin Tasarlanmasi,
Uygulanmasti ve Degerlendirilmesi,

https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmasi1 beklenen bes disipline ait kazamimlar ve kisaltmalar1 su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3, M.5.2.3.1),
Teknoloji (T.1), Miihendislik (M.1, M.2, M.3) ve Sosyal Beceriler (S.1, S.2).
Ogrenciler, farkli disiplinler altinda ayni kazanimi bulabilirler ya da kazanimlar:
birebir ayni bulamayabilirler bu durumda istenilen kazanimlara yakin kazanimlar
bulunana kadar 6gretmen rehberlik eder. Ogrencilerden beklenen kazanimlar su
sekildedir:

- “Depreme dayanikli bina tasarlamak igin oncelikle depremi bilmeleri
gerektigini diistindiiklerini bu yiizden depremi ve deprem dalgalarim
arastirdiklarini, ayrica depremlerin can ve mal kaybina sebep olmamasi igin
¢oziimler iiretmeleri gerektiginden depreme dayanikli binalarin nasil
oldugunu arastirmaya ihtiya¢ duyduklarini, ayrica deprem kavraminin hangi
tinitede oldugunu arastirdiklarinda fizik dersindeki “Deprem Dalgalart”
konusuna ulagtiklarini” sdylemeleri beklenir. (F.10.3.5.1. Deprem dalgasin
tamimlar.), (F.10.3.5.2. Deprem kaynakl can ve mal kayiplarin1 6nlemeye
yonelik ¢oziim onerileri gelistirir.)

- “Problemin ¢oziimii icin betonarme bina yapilmasi istenildiginden bir
miihendis gibi betonarme binalarimin yapisal ozelliklerini ve hangi agamalart
takip ederek yapiudiklarini bilmeye ihtiya¢ duyduklarint ve ona gore
arastirmalar yaptiklarini” sOylemeleri beklenir. (M.1 Tasarim olusturmak
icin gerekli asamalar1 aciklar.), (M.2 Bir tasarim icin gerekli yapisal
ozellikleri aciklar.)

- “Bir miihendis gibi kendi binalarini insa edecekleri icin ingaat
miihendislerinin depreme dayanikli betonarme binalar: nasil tasarladiklarin
ve daha onceden yapilan depreme dayanikli betonarme binalarin nasil

vapildiklarint incelemeye ihtiya¢ duyduklarini ve incelemeler sonucunda

229


https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019_01/29164143_STEM_KitapYk.pdf
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp

ogrendikleri yapt ozelliklerine gore tasarimlarini yapacaklarini” sdylemeleri
beklenir. (M.3 Yapisal ozellikleri dikkate alarak bir tasarim yapar.)

- “Gergek bir depreme dayanikli bina yapilacagi igin bir binanin boyutlarinin
olciileri, malzemeleri ve malzeme miktarlar: bilinmeli bu yiizden insaat
miihendislerinin projelerindeki olciileri kullanmalar: gerektiginin ve gercek
Olgiileri  uygulanabiliv  hale doniistiimek i¢cin matematik kullanarak
olceklendirilme yapmalarimin ve uzunluk birimlerinde doniisiimler yaparak
binay: tasarlamalar: gerekiginin” kanisina varmalar1 beklenir. (M.5.2.3.1
Uzunluk 6l¢me birimlerini tanir.), (M.6.1.5.3 Bir dogal say1 ile bir kesrin
carpma islemini yapar ve anlamlandirir.)

- “Gergegine benzer prototip yapilacagi i¢in kullanilan malzeme miktarlari ve
vapt olciileri gercek bina olgiileriyle orantili olmali ve bu degerler excel
tizerinde toplanmali ve degerlere gore prototipin plani yapilmali” demeleri
beklenir. (T.1 Bilgiyi kaydetmek, yonetmek, ve iliskilendirmek i¢in dijital
teknolojileri uygun bir sekilde kullanir.)

- “Uriinii tasarlarken beceri odakli calismak gerektigini ve senaryoda verilen
problem icin ¢oziimler iiretme, i¢lerinde uygun olamini belirleme ve iiriin
gelistirebilme gibi becerilere sahip olmak gerektigini” sdylemeleri beklenir.
(S.1 Elestirel diisiinme, problem ¢6zme, yaraticilik ve sorgulama gibi 21.
yiizy1l becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st
Century Skills, 2011)

- “Uriin tasaruim yaparken grup halinde ¢ahisilacag icin grup iginde gérev
dagilimi yapilmasi ve iiriiniin olusmast igin tistlenilen gorevierin eksiksiz
yerine getirilmesi gerektigini” sdylemeleri beklenir. (S.2 Grup arkadasiyla
is birligi yapar. Grup i¢inde aldig1 sorumlulugu yerine getirme becerisi
kazanir; Benjamin, Bessant & Watts, 1997)

Ogretmen “Liitfen bulduklarimzi ¢alisma kagidindaki “Konu ve Kazammlar”
béliimiine yaziniz. "der.

Aktiviteye bir sonraki ders giliniinde devam edilir.
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6.2.5 Degiskenleri bulma (5 dk)

Kazanimlarin belirlenmesinden sonra bagimli, bagimsiz ve sabit degiskenler
belirlenir ve &gretmen tarafindan tahtaya yazilir. Ogretmen sorar “Problemin
degiskenleri var mi?” Ogrenciler degiskenleri su sekilde bulana kadar 6gretmen
rehberlik eder: “Problemdeki bagimli degisken depreme dayamiklilik; bagimsiz
degiskenler binann yiiksekligi, binanin genigligi (Kat yiizey alani), binanin sekli,
simetrikligi, kolonlarin sayisi, sarsintinin stiresi, kullanilan malzemeler ve oranlari;
sabit degiskenler ise binamn kat sayisi ve sarsintimin biiyiikliigiidiir.” Ogretmen
“Calisma kagidindaki “Degiskenler” béliimiine yaziniz.” der.

Belirlenen degiskenlerin bir kisminin 6grenciler tarafindan iiriin gelistirme esnasinda
yaparak test edilmesi beklenir fakat bu aktivitede Ogrenciler gercek betonarme
prototipi yapacaklari i¢in degiskenleri iirlin tizerinde test etmeleri zor olacaktir. Bu
sebepten Otiirli, baz1 degiskenler kitaptan ya da internetten bilgi alarak bazilari ise
ogretmenin getirdigi alternatif malzemelerin kullanilmas1 ile test edilir ve
gozlemlenir. Belirlenen degiskenlerin binalarin depreme dayanikliligini nasil
etkiledigi O6grencilerin gozlemleri sonucunda ve arastirarak 6grendikleri bilgiler
dogrultusunda 6grenciler tarafindan yorumlanir. Bagimsiz degiskenlerden binanin
yiiksekligi, genisligi ve sekli 6gretmenin daha dnceden smifa getirdigi alternatif
malzemeler ile olusturabilecekleri prototip iizerinde test edilir. Degiskenlerin test
edilmesi i¢in gerekli alternatif malzemeler cubuk makarna, bant, cetvel ve
kronometredir. (Istege bagli olarak karton, mukavva, tahta cubuk... gibi farkl
malzemeler kullanilabilir.)

6.2.6 Degiskenleri test etme (90 dk)

Bu boliimde degiskenler Ogrenciler tarafindan c¢ubuk makarnalarla yapilan
prototipler ile test edilecektir. Ogretmen aktiviteye baslamadan &nce yaninda bir
paket ¢ubuk makarna, bant ve cetvel getirmelidir (gubuk makarna yerine baska

secenekler de kullanilabilir). Ogretmen “Simdi degiskenlerin iiriiniiniiziin depreme
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dayanikliligini nasil etkiledigini test edeceksiniz. Bunun i¢in sizlere cubuk makarna,
bant, cetvel ve kronometre (telefon) verecegim. Makarnadan olusturdugunuz
prototipler sonucunda degiskenleri gozlemleyebileceksiniz. Degiskenleri ¢alisma
kdgidinda tablo seklinde olusturdum. Benim tablodaki érnekte yaptigim gibi siz de
tabloyu doldurucaksiniz.” der. Ogretmen kendi 6rnek tablosunu gdsterir ve

ogrencilerden ¢alisma kagitlarinda bulunan tabloyu vakti geldiginde doldurmasini

ister.
Bagimh Bagimsiz Sabit Degisken | Yorumlarimz /
Degisken Degisken Gozlemleriniz
Ornek | o  Depreme e Binanin e Kat sayisi
dayaniklilik yiiksekligi | e Sarsinti
biiytikligii

Ogretmen devam eder “Bagimsiz degiskenleri test etmeye baslayalim. Ilk olarak bina
viiksekligini inceleyelim. Bina yiiksekligi depreme dayanmiklihigi nasil etkiler?”
Ogrencilerin tahminleri alindiktan sonra dgretmen sorar “Bina yiiksekliginin etkisini
nasil test edebilirsiniz?” Ogrencilerden “Diger tiim degiskenler sabit tutularak farkl:
uzunlukta ii¢ katli prototipler olusturulmali” cevabi beklenir. Ogretmen sorar “Peki
olusturdugunuz prototiplerin depreme dayaniliklarint nasil kiyaslayacaksiniz?”
Ogrencilerden  “Olusturulan prototipler esit sarsinti ile sallanmali. Ayni
biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha dayaniklidir.”
cevabi beklenir. Gruplar esit genislige ve ayni sekle sahip iki tane ii¢ katlt makarna
prototiplerini kendi istedikleri dl¢iilerde yapar ve 6gretmenin sinifa getirdigi sarsinti

masasinda istedikleri biiyiikliikte sallar. Kronometre ile hangi prototipin daha uzun
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siire dayandigim1 Olger ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak
ogrencilerden beklenen “Bina yiiksekligi arttikca depreme dayamiklilik azalir.”
yoniindedir. Ogretmen “Sonucunuzu tabloya yazin lLitfen.” der. (M.3 Yapisal
ozellikleri dikkate alarak bir tasarim yapar.), (S.1 Elestirel diisiinme, problem
¢ozme, yaraticilik ve sorgulama gibi 21. yiizy1l becerileri gelisir; English &
Gainsburg, 2016; Partnership for 21st Century Skills, 2011)

Sonra bina genisliginin (Kat yiizey alanlarinin) etkisi gdzlemlenir. Ogretmen
“Bagimsiz degiskenlerimizi test etmeye devam edelim. Bina genisligi depreme
dayanikliligi nasil etkiler? ” Ogrencilerin tahminleri alindiktan sonra dgretmen sorar
“Bina genisliginin etkisini nasil test edebilirsiniz?” Ogrencilerden “Diger tiim
degiskenler sabit tutularak farkli yiizey genisliginde 1ii¢ katli prototipler
olusturulmali” cevab1 beklenir. Ogretmen sorar “Olusturdugunuz prototiplerin
depreme dayanmiliklarint nasil kiyaslayacaksimz?” Ogrencilerden “Olusturulan
prototipler esit sarsintt ile sallanmali. Ayni biiyiikliikteki sarsintiya daha uzun siire
dayanabilen depreme daha dayaniklidir.” cevabi beklenir. Gruplar esit yiikseklige
ve ayni sekle sahip iki tane liger katli makarna prototiplerini kendi istedikleri
Olgiilerde yapar ve Ogretmenin sinifa getirdigi sarsinti masasinda istedikleri
biiyiikliikte sallar. Kronometre ile hangi prototipin daha uzun siire dayandigin dlger
ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak ogrencilerden beklenen
“Bina genisligi arttikca depreme dayanikhiik artar.” yoniindedir. Ogretmen
“Sonucunuzu tabloya yazin litfen.” der. (M.3 Yapisal ozellikleri dikkate alarak
bir tasarim yapar.), (S.1 Elestirel diisiinme, problem c¢ézme, yaraticihk ve
sorgulama gibi 21. yiizyll becerileri gelisir; English & Gainsburg, 2016;
Partnership for 21st Century Skills, 2011)

NOT: Bagmmsiz degiskenlerden bina seklinin depreme dayamkhihgi test
edilirken bir hususa dikkat edilmesi gerekir. Ogrenciler bina sekli olarak
sayisiz secenekler sunabilir ve gercek ¢cikarimlar yapabilmek icin her sekle etki
eden riizgar kuvvetlerinin hesaplanmasi gerekir. Bu durum o6grencinin

seviyesini asacagindan dolayr binanin seklinin depreme dayamikhih@ini test
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ederken bazi simirlamalar getirilmelidir. Sinirlama su sekilde olabilir: Her grup
kendi betonarme binasini hangi iki farkh sekilde yapmayi planhyorsa o sekilleri
makarna prototipinde deneyip daha dayanikhi olan sekli asil betonarme
prototipinde uygulamahdir. Boylelikle iki sekil arasindan daha dayamikh olan
kesfedilmis olur.

Daha sonar, bina seklinin etkisi gdzlemlenir. Ogretmen “Bina sekli depreme
dayanikliligi etkiler mi?” Ogrencilerin tahminleri alindiktan sonra 6gretmen sorar
“Bina seklinin etkisini nasil test edebilirsiniz?” Ogrencilerden “Diger tiim
degiskenler sabit tutularak farkli sekillere sahip (Ucgen, dortgen, besgen, daire, T
sekli, V sekli, U sekli...) ii¢ katli prototipler olusturulmali” cevabi beklenir.
Ogretmen sorar “Olusturdugunuz prototiplerin depreme dayamiliklarini nasil
kiyaslayacaksiniz?” Ogrencilerden “Olusturulan prototipler esit sarsinti ile
sallanmali. Aym biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha
dayanmikhidir.” cevabi beklenir. Gruplar esit yiikseklige ve esit yiizey alanina sahip
iki tane (Herhangi iki sekli kullanabilir) ticer katli makarna prototiplerini kendi
istedikleri oOlgiilerde yapar ve Ogretmenin sinifa getirdigi sarsinti masasinda
istedikleri biiytikliikte sallar. Kronometre ile hangi prototipin daha uzun siire
dayandigin1 Olcer ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak
ogrencilerden beklenen “Binanin sekli deprem dayanikliligini etkiler.” yoniindedir.
Ogretmen “Sonucunuzu tabloya yazin liitfen.” der. (M.3 Yapisal ozellikleri dikkate
alarak bir tasarim yapar.), (S.1 Elestirel diisiinme, problem ¢ézme, yaraticiik
ve sorgulama gibi 21. yiizy1ll becerileri gelisir; English & Gainsburg, 2016;
Partnership for 21st Century Skills, 2011)

Ogretmen devam eder. “Kullanilan malzemeler ve oranlari, sarsintinin siiresi,
simetriklik ve kolon sayisi deprem dayamikhiligim nasil etkiler? Ogrenciler
arastirmalar1 sonucu bazi teorik bilgilere ulasabilecekleri i¢in her degiskeni test
etmek zorunda degildir. Ogrenciden bu degiskenlerin etkisini internetten arastirarak
bulabilecegini soylemesi beklenir. Sonug¢ olarak,”Nitelikli ve kaliteli malzeme

kullanmak ve malzemelerin katlarin tasiyabilecegi oranda olmast deprem
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dayanmikhiigini arttirir; sarsinti siiresi artarsa depremin yikici etkisi de artar;
simetrik cisimler daha ¢ok dengede kalir, bina yeterli kolon ile desteklenirse binanin
depreme dayanikliligi artar” gibi ¢ikarimlar yapmalari beklenir. (M.2 Bir tasarim
icin gerekli yapisal ozellikleri aciklar.)

Aktiviteye bir sonraki ders giiniinde devam edilir.

6.3 Coziimler Uretme

6.3.1 Olgeklendirme hesaplari yapma ve degerlendirme Kkriterleri
belirleme (40 dk)

Cozliim liretmeye gegmeden dnce dgrencilerin binalarinin nasil degerlendirilecegine
ogretmen ve dgrenciler beraber karar verir. Ogretmen “Bildiginiz iizere en az 7,9
biiyiikliigiindeki depreme dayanabilecek 3 katli betonarme bina tasarlayacaksiniz.
Gergek olgiilerine gore 3 katli binalart yapmaniz miimkiin mii? Peki gergegini
yapamiyorsak ne yapacagiz?” Ogrencilerin  binanin maketini / prototipini
yapacaklar1 ¢ikarimma varmalar1 beklenir. Ogretmen devam eder “Yapacaginiz
binalar kullanilan malzemeler, katlar arasi mesafe, katlarin yiizey alanlar: ve
binanin uzunlugu bakimindan gergegini en ¢ok yansitan olmali. Ne kadar gercegine
benzerse o kadar yiiksek puan alirsiniz.” Ogrenciler bu asamada binalar1 gercek
binalarin uzunluk degerlerine gore 6lceklendirecekleri ¢ikarimini yapmalidir bunun
icin Ogretmen asagidaki tabloyu gostererek rehberlik eder. Boylelikle dgrenciler
yapacaklart binanin her uzunlugunun ve malzemelerinin ayni1 oranda
Olceklendirileceginin farkina varir. (M.5.2.3.1. Uzunluk 6l¢me birimlerini tanir.),
(M.6.1.5.3. Bir dogal say1 ile bir kesrin carpma islemini yapar ve
anlamlandirir.)
Ogretmen tablodaki her degeri vermez, ornek deger verdikten sonra dgrencilerin
bulmasi igin zaman tanir. Ogretmen sorar “Mesela bir katin uzunlugu ortalama kag

metredir? Hemen az once hazirladigimiz tabloya bakip bulalim. 3 metre. 1/50
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oramnda kiigtiltsek bir kolonun yiiksekligi 6 cm olur. Peki bir katin yiizey alani
ortalama ne kadar? Buna da hemen bakalim. 1+1 olan evlerin yiizey alant 28 m? ise
onu da ayni oranda kiigiilttiigiimiizde 56 cm? olur. Gérdiigiiniiz gibi her uzunlukta

ayni kiictiltmeyi yaptik ki gercegine yakin olsun.”

Not: Bir katin uzunlugu ya da minimum bir dairenin yiizey alam1 degerleri ve

diger degerler “Bilgi Toplama” boliimiinde olusturulan tablodan alinir.

Ogretmen “Baska hangi oranlarda kiiciiltme yapabiliriz belirleyelim. Hesaplamalart
sizlerin yapmamzi istiyorum.” der. Ogrencilerin dlceklendirme degerlerini Excel
programinda  tablolayarak  yapmalar1  beklenir.  Ogrenciler  tablodaki
olgeklendirmelerden daha farkli degerler verebilir onemli olan Ogretmenin ve
ogrencilerin verilen Olgeklendirme degerlerine gore yapabilecekleri alt ve iist
sinirlart belirlemeleridir. Bu tablodaki degerler sayesinde 6grenciler kullanmalari
gereken malzeme miktarlarini ve yapacaklar1 prototipin boyutlarini bilirler.
Ogrenciler asagidaki tabloyu {iriin ortaya ¢ikarmadan &nce model planlamasini
yaparken kullanir. Daha Once test ettigi bagimsiz degiskenlerden ¢ikardiklari
sonuglara gore asagidaki 6lgeklendirme oranlarindan birini depreme dayanikli iiriin
icin uygun goriirler ve prototipi o dlgiilerde yapacagini planlar. Asagidaki tabloya
gore alt sinir 1/50 orami iist simir 1/5 orani olarak belirlenmistir. Bu degerler

ogrenciler ile 6gretmenler arasinda istenildigi gibi degistirilebilir.

Gercek Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarinin

ve Malzeme Ol¢iilerinin Olgeklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | 6lgeklendir | 6lgeklendir | dlgeklendir | dlgeklendir

me me me me me
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Temelin
ve
Katlarin
Yiizey
Alam

(28 m? =
700 cm X
400 cm)

112 cm?
(~ 10 cm x

11 cm)

448 cm?

(~21cmx
21 cm)

700 cm?
(~ 26 cm X

26 cm)

1244 cm?

(~35cmx
35 cm)

11.200 cm?
(~105cmx

106 cm)

Temelin
Kalinlig

(100 cm)

2cm

4cm

5cm

~7cm

20 cm

Temel i¢in
Gerekli
Beton
Miktari

(28.
000.000
cm?)

224 cm?

1.792 cm?®

3.500 cm?®

~8.708 cm®

224.000

cm?®

Temel i¢in
Gerekli
Cimento
Miktari
(cm®)

(28 m® =
2.800.000
cm?®)

~ 22 cm?®

~179 cm?®

350 cm?®

~ 829 cm?®

22.400 cm?®

Temel i¢in
Gerekli
Kum
Miktar1
(cm®)

(19,6 m® =
19.600.00
0cmd)

~ 156 cm®

~1.254cm?

2.450 cm?

~5.807 cm®

156.800

cm?®
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Temel i¢in
Gerekli Su
Miktari
(cm?)

6 m =
6.000.000
cm?)

48 cm?®

384 cm?®

750 cm?®

~1.777 cm®

48.000 cm?®

Temel i¢in
Kullanilac
ak Demir
Miktari

(1 m? ‘ye
35 kg
demir

gereklidir)

~0,4 kg

2 kg

2,45 kg

~45Kkg

40 kg

Temel i¢in
Kullanilac
ak
Demirin
Kalinlig

(14 mm)

~0,3mm

~ 0,6 mm

0,7 mm

~1mm

~3mm

Kolon
Uzunlugu
/  Katlar
Arasi
Mesafe

(300cm)

6cm

12 cm

15cm

20cm

60 cm

Kolonun
En ve
Yiikseklik
Uzunlukla
11

(En 50 cm
X

Icmx1lcm

2cmx2cm

25 cm X

2,5 cm

~3cmx3

cm

10 cm x 10

cm
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Yikseklik
50 cm)

Bir Kolon
icin
Gerekli
Demir
Sayisi

(En az 4
adet 12
mm

kalinligin
da x 300
cm

uzunlugun
da demir
kullanilir.)

4 adet
~ 0,3 mm x

6.cm

4 adet
~ 0,5 mm X

12 cm

4 adet
0,6 mm x

15cm

4 adet
0,8 mm x

20cm

4 adet

~ 3 mm X

60 cm

Bir Kolon
i¢in
Kullanilac
ak
Demirin
Kalinhig:

(12mm)

~0,3mm

~ 0,5 mm

0,6 mm

0,8 mm

~3mm

Bir Kolon
i¢in
Gerekli
Beton
Miktar1

(750.000
cm?®)

6cm

48 cm?®

94 cm?®

222 cm?®

6.000 cm?®

Bir Kolon
i¢in
Gerekli
Cimento
Miktari
(cm®)

~1cm?

~5cm?

~9cm?d

~22cm?

600 cm?®
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(0,075 m®
= 75.000
cmd)

Bir Kolon
icin
Gerekli
Kum
Miktar1
(cm®)
(0,52 md =
520.000
cm?)

~ 4 cm?®

~33cm?

65 cm?®

154 cm?®

4.160 cm®

Bir Kolon
i¢in
Gerekli Su
Miktar1
(cm®)

2 m* =
2.000.000
cm?)

16 cm?®

128 cm?®

250 cm?®

~592 cm?®

16.000 cm?®

Kat
Tabanlar1
nin
Kalinlig

(50 cm)

1cm

2cm

2,5cm

~3cm

5cm

Bir Kat
Tabani
i¢cin
Gerekli
Beton
Miktar1

(14.000.0
00 cm?)

112 cm?®

896 cm?®

1.750 cm?®

~3.732cm?

56.000 cm?

Bir Kat
Tabanm

11 cm®

90 cm?®

175 cm®

415 cm?

11. 200 cm?®
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i¢in
Gerekli
Cimento
Miktari
(cm?)

(1,4 m® =
1.400.000
cm?®)

Bir Kat
Tabam
i¢in
Gerekli
Kum
Miktari
(cm®)

(9,8 m® =
9.800.000
cm?)

78 cm®

627 cm?®

1.225 cm?®

2.903 cm?®

78.400 cm?®

Bir Kat
Tabam
i¢cin
Gerekli Su
Miktari
(cm®)

B md =
3.000.000
cm?)

24 cm?®

192 cm?®

375 cm?®

889 cm?®

24.000 cm®

Bir Kat
Tabani
i¢cin
Kullanilac
ak Demir
Miktar1

(1 m? ‘ye
26 kg

~0,3 kg

~1kg

~2kg

~ 3 kg

~30 kg

241




demir
gereklidir)

Kat 0,2 mm 0,4 mm 0,5mm ~0,6 mm 2 mm
Tabanlar1
i¢in
Kullanilac
ak
Demirin
Kalinlig

(10 mm)

Not: Alan olgeklendirmesi yaparken ol¢eklendirme oranmmmin karesini, hacim
olceklendirmesi yaparken de olceklendirme oranimin Kkiipiinii almayi

unutmayiniz.
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Gercek Binalarin Olciilerinin, Binalarda Kullamilan Malzeme Miktarlarinin

ve Malzeme Olciilerinin Ol¢eklendirilmis Degerlerinin Toplamlar

1/50
oraninda
Olgeklendir

me

1/25
oraninda
Olgeklendir

me

1/20
oraninda
Olgeklendir
me

1/15
oraninda
Olgeklendir

me

1/5
oraninda
Olgeklendir

me

3 kath
bina
i¢in
gerekli
toplam
beton
miktar1

(Temel:
28 m?,
16
Kolon:
12md, 3
Taban :
42 m®=
82 md)

656 cm?®

5.248 cm?®

10.250 cm?®

24.296 cm®

656.000

cm?®

3 kath
bina
i¢cin
gerekli
toplam
¢imento
miktari
(6m°)
a m
¢imento

~1300
kg)

66 cm?®

(0,5 kg)

525 cm?®

(1 kg)

1.025 cm?®

(1,5 ko)

2.430 cm?®

(3 kg)

65.600 cm?

(85 ko)
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3 kath
bina
icin
gerekli
toplam
kum
miktari
(Betonu
n %
70’1
kum)

(1 md=
1.500
ko)

459 cm?®

(1 kg)

3.673cm?®

(6 kg)

7.175 cm3

(11 kg)

17.007 cm?®

(25,5 kg)

459.200
cm?®

(688 kg)

3 Kath
bina
i¢in
gerekli
toplam
su
miktari
(Betonu
n %
20’s1
su)

(1
litre=
1000
cm?)

131 cm?

(0,13 litre)

1.049 cm?®

(1 litre)

2.050 cm?®

(2 litre)

4.859 cm?®

(5 litre)

131.200
cm?®

(130 litre)

3 kath
bina
i¢cin
gerekli
toplam
demir
miktari
(Temel
igin 1

1,3 kg

5kg

8,45 kg

45 kg

130 kg
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m? ‘ye
35 kg
demir,
taban
ve
kolonla
r icin 1
m? ‘ye
26 kg
demir
gerekli)
Toplam | ~5Kkg ~15 kg ~25 kg ~78,5 kg ~1.000 kg
Bina
Kiitlesi
Toplam | 656 cm3 5.248 cm® | 10.250 cm® | 24.296 cm® | 656.000
Bina
Hacmi cm?®

Uriin yapildiktan sonra sarsintt masasina tasinip test edilmesi gerektigi igin yapilacak
riinlin tagmabilir kiitlede olmas1 gerekmektedir. 1/50, 1/25 ve 1/20 oranlarinda
Olceklendirmeler yapildiginda kismen daha tasinabilir kiitle degerleri oldugu i¢in
ogrencilerin bu oranlarda 6l¢eklendirme yapmalari beklenir.

6.3.2 Uriin degerlendirme formu olusturma (20 dk)
Olgeklendirme anlasildiktan sonra degerlendirme kriterlerini belirlemeye devam
edilir. Ogretmen sorar “Degerlendirme kriterlerimizden birini él¢eklendirme olarak
belirledik sizce binalarimizi baska hangi ozelliklere gore degerlendirelim?”
Ogrencilerin “7,9 biiyiikliigiindeki depreme en uzun siire dayanabilen ve 7,9
biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen yiiksek puan almali.” ¢ikarimin
yapmalar1 beklenir. Ayrica binanin ekonomik olmasi tizerinde durulur ve 6grenciler
“Ekonomik malzeme ile yapilmis olan en yiiksek puani almali.” sonucuna ulasana
kadar oOgretmen rehberlik etmelidir. Bu kriterler diginda bagka kriterler de
degerlendirmeye almabilir. Ogretmen “Degerlendirme yaparken I puan, 2 puan ve

3 puan kullamirsak bu puanlari hangi kriterlere goére verecegimizi beraber
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belirleyelim. Mesela bir binay: belli bir saniye salladigimizda tamamen yikiliyorsa,
va da tamamen yikilmayip katlarinda kopmalar oluyorsa ya da sapasaglam
duruyorsa bu binalart nasil puanlayalim? Ya da ekonomik oldugunu nasil
belirleyelim?” der. Boylelikle asagidaki tabloya yakin {iriin degerlendirme formu

olusturulana kadar 6gretmen rehberlik eder.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri

1 puan 2 puan 3 puan
Bina 7,5 - 79|10 saniyeden | 10 saniyeden daha | 10 saniye boyunca
biiyiikliigiindeki | daha az siirede | az siirede Kkatta | herhangi bir bozukluk
(5,3 m/s?> - 5,8 | tamamen yikild1 | kopmalar oldu olmadi ve yikilmadi
m/s?
ivmelerdeki)
depremde
yikilmadan
durabildi mi?
Binanin Hig¢ bir boyut ve | Sadece boyut ya | Her ~ boyutta  ve
boyutlari ve | malzeme da sadece | malzeme
malzeme miktarlar malzeme miktarlarinda
miktarlari Olgeklendirilmedi | miktarlari Olgeklendirilme
gercek bina Olceklendirildi yapildi
degerlerine gore
Olceklendirildi
mi?
Uriin i¢in | Toplam tutar | Toplam tutar | Toplam tutar
kullanilan Olceklendirme Olceklendirme Olceklendirme
malzemeler fiyatlarinin fiyatlarina esit fiyatlarinin altinda
ekonomik mi? | Gistiinde

(Gruplarin
malzeme
masraflari

hesaplanir  ve
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gercek binalarin
Olceklendirme
fiyatlariyla

kiyaslanir)

7,5 - 7,9 8,0-8,4 8,5-8,9 9,0 ve iistii
biiyilikliigiinde
(5,3 m/s* - 5,8
m/s? ivmelerde)
yikilmayan
binalar en fazla
hangi
biiyiikliikteki
depreme
dayand1?
(Uriinler
arasinda esitlik
varsa  sarsinti
siddeti
arttirilarak

eleme yapilir.)

Toplam puan

6.3.3 Coziime yonelik iiriin plam yapma (30 dk)
Ogretmen devam eder “Grup olarak beyin firtinasi yapacaksiniz ve belirlenen
kriterlere, simirlamalara, test ettiginiz degiskenlere gére ¢oziimler iireteceksiniz.
Uriin malzeme miktarini ve élciilerini belirlerken yukarida hazirladigimiz “Gergek

Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarimin ve Malzeme
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’

Olciilerinin  Olceklendirilmis Degerleri” bashkli tabloyu kullanimiz. Ayrica,
liriiniiniizde olmasim planladiginiz ézellikleri “Modelin Ozellikleri” béliimiine
yvaziniz ve son olarak, bu iiriinii yapabilmek icin ihtiya¢ duydugunuz malzemeleri
“Gerekli Malzemeler” boliimiine yaziniz. Liitfen malzemelerin ekonomik olmasina
dikkat ediniz. Coziimlerinizi tartisip en iyi ¢oziime karar verecegiz. Siireniz 30 dakika
olacaktir.” der. (F.10.3.5.2 Deprem kaynakli can ve mal kayiplarini 6nlemeye
yonelik c¢oziim onerileri gelistirir.), (S.1 Elestirel diisiinme, problem ¢ézme,
yaraticilik ve sorgulama gibi 21. yiizy1l becerileri gelisir; English & Gainsburg,
2016; Partnership for 21st Century Skills, 2011), (S.2 Grup arkadasiyla is birligi
yapar. Grup icinde aldigi sorumlulugu yerine getirme becerisi kazanir;
Benjamin, Bessant & Watts, 1997)

6.4 Coziimleri Analiz Etme ve Uygun Olanim1 Se¢me

Grup igerisinde yapilan beyin firtinasindan sonra gruplar c¢oziimlerini agiklar,
Ogretmen tahtaya yazar. Ogretmen sorar “Bu ¢oziimlere nasiu karar verdiniz?”
Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve senaryodaki
kriter ve sinirlamalara gore su ¢ikarimlart yapmalart beklenir:

- Bina 3 katli ve betonarme olacak

- 7,9 biiyiikliigiindeki sarsintida yitkilmadan kalabilecek

- Bina saglam ve diiz bir zemine inga edilecek

- Bina simetrik olacak.

- Kolonlar esit dagitilacak

- Binamin sarsinti esnasinda kirilmamast igin binayt olusturan yapi

elemanlarinda demir kullanarak beton esnek hale getirilecek

- Kaliteli ve ekonomik malzeme kullanilacak.

(M.1 Tasarimi olusturmak icin gerekli asamalar aciklar.), (M.2 Bir tasarim

icin gerekli yapisal ozellikleri aciklar.)

Ogrenciler bu asamada sikint1 yasarlarsa 6gretmen “Bilgi Toplama” bdliimiinde
bulunanlar1 hatirlatir. Ogretmen sorar “Séylediginiz ¢oziimlerden hangisi en iyi
¢oziim?” Ogrenciler nedenleriyle birlikte en iyi ¢dziimii belirtir. Ogretmen ve

ogrenciler tartisarak fikirlerini sunarlar ve toplu alinan karar sonucunda en iyi
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goriilen ¢oziimler belirlenir. Her grup aymi {iriinii ¢ikarmak zorunda degildir. Grup
iiyelerinin ortak karar1 hangi ¢dziimden yanaysa o ¢oziim yapilir. Ogretmen en iyi
goriillen ¢Ozlimleri tahtaya yazar ve Ogrencilerden de yazmalarini ister
“Planladiginiz iriiniiniizii ¢calisma kagidindaki ““Uriiniinii Ciz” béliimiine ¢iziniz,
sahip oldugu ozellikleri “Uriiniin Ozellikleri” béliimiine ve malzeme listesini de
“Istedigin Malzemeler” béliimiine yazimz. Ogretmen “Céziim igin iireteceginiz
vriiniin  ihtiva¢ duydugu malzemeleri grup arkadaglarimizla belirleyip bana
soyleyiniz. Ben size istediginiz malzemeleri temin edecegim.” der. (S.2 Grup
arkadasiyla is birligi yapar. Grup icinde aldig1 sorumlulugu yerine getirme

becerisi kazanir; Benjamin, Bessant & Watts, 1997)

Ogrencilerden beklenen malzemeler sunlardir:

- Cimento

- Ince kum

- Su

- Kalin ¢elik tel (Temel, kat tabanlart ve kolonlar i¢in farklh kalinliklardaki

demirlerin olceklendirme degerlerine gore belirlenen teller)

- Ince celik tel (Kaln telleri birbirine baglamak icin)

- Kiigiik testere (Mdf ya da sunta kesimi i¢in)

- Pense / kargaburun pense (Telleri biikmek igin)

- Silikon tabanca (Kolon kaliplarini yapistirmak igin)

- Elektrik banti (Kolon kaliplarini tutturmak igin)

- Bos plastik kap (Cimento kum ve su malzemelerini karistirmak igin)

- Dereceli silindir

- Spatula

- Dijital hassas tarti

- Serit metre
Bu malzemelerin yaninda prototipin temelini ve kolonlarin kaliplarini yapmak icin
ince mdf / sunta / kontrplak gibi malzeme 6gretmen tarafindan ogrencilere hazir
verilir. Ogrenciler bazi malzemeleri sdylemediklerinde dgretmen rehberlik ederek

ithtiyaclarin1 bulmalarini saglar. Malzemelerin miktarlar1 ve 6lgiileri 6grencilerin
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kullandig1 olgeklendirme oranina gore degisecegi i¢in hangi grup hangi oranda
Olceklendirme yapti ise 6gretmen o orandaki malzeme miktarini ve 6l¢iilerini sinifa
getirir.

Istenilen malzemelerin alinmas: igin aktiviteye ara verilir. Bir sonraki ders saatinde

tekrardan toplanilir.

6.5 Uriin Gelistirme:

Ogretmen dgrencilerin 6ngordiigii malzemeleri sinifa getirir. Tehlike arz eden

malzemeler i¢in 6grencilere gerekli uyarilart yapar.

NOT: Uriin gelistirme esnasinda ihtiya¢ duyulan malzemeler igerisinde
bulunan Kkesici ve delici aletlerden (Kiig¢iik testere) sadece bir tane alimir ve

ogretmen gozetiminde kullandirilir.

Gruplar olusturduklar planlar takip ederek kendi prototiplerini yaparlar. Ogretmen
ogrencilere rehberlik eder. Sorular1 varsa cevaplandirir. Ogretmen “Artik iiriin
olusturma zamani. Malzemelerinizi aldiniz ve hangi agsamalar: takip edeceginizi
biliyorsunuz. Simdi bilgi toplama asamasinda belirlediginiz degiskenleri kullanarak
tirtintintizii olusturunuz” der. (M.3 Yapisal ozellikleri dikkate alarak bir tasarim
yapar.), (S.1. Elestirel diisiinme, problem ¢6zme, yaraticilik ve sorgulama gibi
21. yiizy1l becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st
Century SKkills, 2011), (S.2 Grup arkadasiyla is birligi yapar. Grup icinde aldig:
sorumlulugu yerine getirme becerisi kazanir; Benjamin, Bessant & \Watts,
1997)

Ogrenciler dlgiimlerini yapar, malzemeleri 6lgiilerine gore ayarlar, birinci (temel)
katin zeminine demir kafesleri doser ve bina kolonlarmin demir iskeletlerini

olusturur. Gruplar {riinlerini taginabilir hale getirmek i¢in 0gretmenin temin ettigi
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sunta / kontrplak gibi malzemeden yapilmis kalip iizerine insa ederler. Uriinler test
asamasina geldiginde 6grencilerden iirlinlerini sarsint1 masasinin iizerine koymalar1
beklenir fakat iirtinlerin kiitleleri bu aktivitede alinan 6lgeklere gore 5 kg, 15 kg, 25
kg, 78,5 kg ve 1.000 kg olacagindan dolay1 iriinleri tasimak zor olacaktir. Test
asamasi esnasinda okulda bulunan gorevli ¢alisanlardan ya da diger 6gretmenlerden
yardim istenmesi ve birlikte sarsinti masasinin {izerine koyulmasi tavsiye edilir (78,5
kg igin). Ayrica, 100 kg kiitleli {irlinii tasimak miimkiin olmadigi i¢in, bu dlgiilerde
bir {irlin yapilmamasi tavsiye edilir. Eger iirlinii tasima ihtiyacit olmadan, {iriiniin
depreme dayanikliliginin test edilebilecegi uygun laboratuvarlar ve sarsinti masast
diizenekleri var ise bu olgiide {irlin yapilabilir.

Olgiimler yapilip binanm ilk katinin demirleri ve kolon demirleri yapilip

yerlestirildikten sonra aktiviteye ara verilir.

Kolonlarin kaliplar1 ve taban kalib1 dl¢iilerine gore ayarlanir ve kolon demirlerinin
cevresine ve tabana, olgiilere dikkat ederek yerlestirilir. Daha sonra kolonlara ve kat
tabanina beton dokiiliir. Kurumasi icin bir giin beklenir. Ogrenciler iiriinlerini
yaparken binalarinin katlarina ve kolonlarina doktiikleri betonun kurumasini en az
bir giin beklemelidir. Bu sebepten dolayr her bir katin ve kolonlarin betonu
dokiildiikten sonra bir giin beklenilmeli, aktiviteye bir sonraki ders saatinde devam
edilmelidir (3 katli bir bina i¢in en az 3 giine ihtiya¢ duyulmaktadir. Bekleme giin
sayis1 dokiilen betonun kivamina gore daha da uzayabilir). Beton dokme islemi
yapildiktan sonra betonlar kuruyana kadar iiriinler hareket ettirilmemelidir. Bu
yiizden, {liriinler diger dersleri ya da Ogrencileri etkilemeyecek mekanlarda ve
masalarin lizerinde yapilmalidir. Bekleme siireci oldugundan, {irlinlerin okulun
laboratuvarinda ya da miisait bir odasinda / sinifinda yapilmasi ve saklanmasi tavsiye
edilir. Prototipin yapildig1 her giiniin sonunda, aktivitenin yapildigi mekani temiz
birakmak i¢in mekanin zemini 6grenciler tarafindan faras ile siipiiriilmeli, masalar

ise bez ile silinmelidir. Ogrenciler, temizlik yaptiktan sonra aktiviteye ara vermelidir.
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Uriiniin kurudugundan emin olduktan sonra ikinci kat insa edilir. Kat taban
Olciilerine gore olusturulur ve katin zeminine demirler yerlestirilir. Kolon kaliplari
yapildiktan sonra kolonlara ve kat tabanina beton dokiiliir. Kurumasi i¢in bir giin

beklenir.

Uriiniin kurudugundan emin olduktan sonra iigiincii kat insa edilir. Kat tabani
Olciilerine gore olusturulur ve katin zeminine demirler yerlestirilir. Kolon kaliplar
yapildiktan sonra kolonlara ve kat tabanina beton dokiiliir. Kurumasi icin bir giin

beklenir.

Uriiniin kurudugundan emin olduktan sonra son kat (tavan) insa edilir. Tavan
Olciilerine gore olusturulur ve iizerine demirler yerlestirilir. Tavana beton dokiiliir.

Kurumasi i¢in bir giin beklenir.

6.6 Test Etme ve Yeniden Yapma

Her grubun iiriinii bittikten ve iirlinlerin kurudugundan emin olduktan sonra
Ogretmenin getirdigi sarsinti masasinin {izerine Uriinler oturtulur ve test islemi
yapilir. Ogretmen aciklama yapar “Uriinleri test etme zamam geldi. Uriinlerin

depreme dayanikliligint belirlemek icin tekerlekli sarsinti masasini kullanacagiz.
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Sarsinti masasina taktigimiz matkap sayesinde sabit ivmeli yani diizgiin hizlanan
sarsinti olusturacagiz. Her grup yaptigi binalar: sarsinti masasinda test edebilir.
Testiniz sonucunda binaniz istediginiz gibiyse arkadaglariniza sunabilirsiniz.
Binaniz istenilen gibi olmadiysa ya da eksik yonleri varsa dersin basinda
belirledigimiz kriterlere ve simirlamalara tekrardan goz atarak tirtiniiniiziin eksik ve
hatali  kisimlarint  yeniden yapabilirsiniz. Simdi iiriinlerinizi test ediniz ve
diizenlemelerini  yapumiz. Her sey tamamlandiktan sonra sinif igerisinde
sunacaksiniz.” Binanin depreme dayanikliligini 6lgmek i¢in “Google Science
Journal” uygulamasinda bulunan ivme 6lger kullanilir. Ogretmen tarafindan daha
onceden yapilmis sarsintt masasina Uriin koyulur. Sarsinti masasinin {izerine,
“Google Science Journal” uygulamasinin oldugu akilli telefon yerlestirilir. Sarsinti
masast 10 saniye sarsilir. “Google Science Journal” uygulamasi dogrusal ivme
degerlerini verdigi icin, depremin biiyiikliigiinden ziyade yatay ivme degerlerine
gore test edilir. Uriinler, 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer ivmesi
degerinden baslanip 10 saniye igerisinde diizenli olarak 5,8 m/s? degerine artirilir)

sarsilir.

6.7 Degerlendirme

Biitiin gruplar olusturduklar1 {riinii smif icerisinde arkadaslarina tanitirlar.
Ogrenciler, {iriinlerinin diger gruplarin iiriinlerinden ayimran &zelliklerinden
bahsederler. Ogretmen bu asamada iiriinlerin nasil degerlendirilecegini agiklar:
“Yaptiginiz iiriinler beraber olusturdugumuz “Uriin Degerlendirme Formu”
icerisinde bulunan kriterlere gore degerlendirilecektir. Her grup, hem kendi grup
viriiniinii hem de diger gruplarn tiriinlerini form tizerinden degerlendirecek. Ayrica
ben de formu dolduracagim. Bu puanlamalara gére en yiiksek puan alan grup birinci

secilecek. Ogretmen ortaya cikan iiriiniin ekonomikligini degerlendirmek icin

asagidaki malzemelerin birim fiyatlarinin yazili oldugu tabloyu 6grencilerine sunar.
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Tablodaki bos kisimlar Ogrenciler tarafindan doldurulur boylelikle her grubun
yaptig1 toplam harcamalar bulunur. Daha sonra, 6grencilerin toplam harcamalari
asagida ikinci olarak verilen tablodaki ger¢ek bir betonarme bina maliyetinin
dlceklendirme fiyatlariyla kiyaslanir. Olgeklendirme fiyatlarina yakin ve daha diisiik
harcama yapan gruplar ekonomik tiriin ¢ikarmis kabul edilirken, 6lg¢eklendirme
fiyatlarinin ¢ok iistiinde harcama yapan gruplar ekonomik {iriin ¢ikarmamis kabul
edilir. Ogretmen asagidaki iki tabloyu gostererek aciklama yapar “Uriinlerinizin
ekonomikligini degerlendirmek igin kullanilan malzemelerin birim fiyatlarini iceren
bir tablo hazirladim. Sizler kullandiginiz malzemelerin miktarlarint birim fiyatlar
ile ¢arparak ne kadar harcama yaptiginizi hesaplayacaksiniz. Her grubun yaptigi
hesaplama sonucunda ortaya ¢ikan toplam fiyatlar: ger¢ek bina fiyatlarinin

ol¢eklendirmeleriyle kiyaslayacagiz ve puanlamamizi ona gérve yapacagiz.”

Uriin Maliyet Formu

Malzemeler Birim fiyat | Kullanmilan miktar | Total
Cimento (1 kg) 0,56 TL
Ince Kum (1 kg) 1,2TL

Mdf / Sunta / Kontrplak (1cm?) | 0,09 TL

0,5 mm ¢elik tel (1 metre) 1TL

1 mm g¢elik tel (1 metre) 15TL
2 mm g¢elik tel (1 metre) 25TL
3 mm celik tel (1 metre) 3TL
Toplam fiyat:

Asagidaki tabloda 3 katli betonarme bir bina i¢in maliyet hesaplamasi yapilmis ve
toplam fiyat dlgeklendirilmistir. Ogretmen ve dgrenciler bu tabloyu referans alarak

ogrencilerin {irlinlerinin ekonomikligini degerlendirmelidir. Fakat, aktiviteyi
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hazirlama ve uygulama arasinda zaman farki olacagindan dolayr malzemelerin,

ozellikle ingaat demirinin, fiyatinda degisiklikler olabilir. Degisiklikleri diizeltmek

3 Kath Bir Betonarme Binanin Maliyeti

Malzemeler Birim fiyat Kullanilan miktar Total
Cimento (1 m®) 220 TL 6 m? 1.320 TL
Kum (1 m®) 45 TL 40 m? 1.800 TL
Su (1 md) 33TL 20 m? 66 TL
Demir (1 ton) 4200 TL 2,5ton 10.500 TL

Toplam fiyat: 13.686 TL
(Toplam fiyatin;

1/50 orani: 273 TL

1/25 orant: 547 TL

1/20 oran1: 684 TL

1/15 orani: 912 TL

1/5 orani: 2.737 TL)

icin 6gretmen malzemelerin giincel fiyatlarini aragtirip 6grencilere sunmalidir.

Ogretmen devam eder: “Degerlendirme formlarimi dagitiyorum. Liitfen kdgidin
tizerine degerlendirdiginiz  grubun iiyelerinin isimlerini yazimiz. Sirayla
baslayabiliriz.” Uriinii tanitan grup, diger gruplarin ve dgretmenin sorular1 varsa
cevaplar. Degerlendirme yapilir. Ogretmen dersi bitirir.

7. Aktivitede belirlenen malzemeler, fiyatlar1 ve resimleri

Aktivitede ortaya cikarilacak iirlinlin Olciileri ve malzeme miktarlar1 aktivite

esnasinda Ogrencilerin kullanacaklar1 olceklendirme degerlerine gore degisiklik
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gostermektedir. Bu yiizden malzeme miktar1 olarak 3 katli betonarme bir prototipin
tamaminin yapiminda gerekli olan toplam malzeme miktar1 ve masrafi her bir
Olceklendirme degerine gore hesaplanmalidir. Bu aktivitede sadece en az (1/50
oraninda dl¢eklendirme) ne kadar malzemeye ve biitgeye ihtiya¢ varsa o degerler
yazilmistir. Diger olgeklendirmeler sonucunda ihtiya¢ duyulan malzeme miktarlar

ve masraflar1 agagidaki bilgiler 1s181nda hesaplanabilir.
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1/50 oranminda ol¢eklendirilmis ii¢ kath prototip icin gerekli olan malzeme

miktarlar: ve fiyatlari (Tek grup i¢in)

Malzemeler Birim fiyat Kullanilan Total
miktar
Cimento (1 kg) 0,56 TL 0,624 kg ~0,5
TL
Ince Kum (1 kg) 1,2TL 4 kg 5STL
Su (1 ) 2TL 0,16 It 0,5 TL
Mdf / Sunta / Kontrplak | 0,09 TL 500 cm? 45 TL
(1cm?)
0,5 mm c¢elik tel (1|1TL 1m 1TL
metre)
1 mm ¢elik tel (1 metre) | 1,5 TL 4m 6TL
Kiigiik testere 25TL 1 25TL
Silikon tabanca 20 TL 1 20 TL
Pense / kargaburun pense | 20 TL 1 20 TL
Spatula 5TL 1 5TL
Plastik kap 2TL 1 2TL
Dereceli silindir Okuldan temin | 1 -
edilebilir
Dijital hassas tart Okuldan / evden temin | 1 -
edilebilir
Serit metre 10TL 1 10 TL
Makas 1TL 1 1TL
Elektrik Bant1 3TL 1 3TL
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Bant 1TL 1 1TL
Cetvel 1TL 1 1TL
Cubuk makarna 5STL 2 paket 10 TL

Toplam fiyat: 156 TL
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Malzemeler ve Resimleri

Malzemeler Resimler

Cimento (1 kg) p i

Ince Kum (1 kg)

Su (L It)

Mdf / Sunta /
Kontrplak

(1cm?)
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0,5 mm ¢elik tel

(1 metre)

1 mm celik tel (1

metre)

Kiigiik testere
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Silikon tabanca

Pense /
kargaburun

pense

Spatula

Plastik kap
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Dereceli silindir

Dijital hassas

tarti

Serit metre

Makas
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Elektrik bant1

Sarsint1 masast

Bant

Cetvel

Cubuk makarna
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A.2. Revised Earthquake Resistant Concrete Building Design STEM-EDP
Activity Student Handout

OGRENCI CALISMA KAGIDI

Isim — Soyisim: Tarih:
Sinif:
Depreme Dayanikli Betonarme Bina Tasarim

Tiirkiye deprem bolgeleri haritasina bakildiginda biiyiik 6lciide can ve mal kaybina
sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiylik deprem Kandilli G6zlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biiylikliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamin1 yitirmis ve 116.720

konut agir hasara ugramistir.

[ 1. derece deprem kusag
[ 1. derece deprem kusag:
[ v. derece deprem kusag
[ V. derece deprem kusags

—»x

200 300 km
1 1

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusag lizerinde bulunan Erzincan’da depreme
dayanikli binalarin yapimi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat firmasi
Erzincan’da yasayan her tiirlii ekonomik seviyedeki insanlarin sahip olabilecegi
depreme dayanikli betonarme binalar yapmaya goniillii oluyor. Firma sahibi, deprem

esnasinda asansorlerin, kabin sikigmasi ya da diismesi gibi tehlike arz eden olaylara
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sebep olmasindan dolayi, binalar1 asansére ihtiyag duymayacak en biiyilik
yiikseklikte olmasini istiyor. Siz bu firmada calisan bir insaat miihendisi olsaniz,
binalardaki asansor yonetmeliginin en fazla ii¢ kath binalara izin verdigini dikkate
alarak ve herhangi bir sarsint1 azaltici deprem teknolojisi kullanmayarak Erzincan’a

depreme dayanikli nasil bir betonarme bina yaparsiniz?

Not: Depreme dayanikhh yapr tasariminda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” uygulamasindaki ivme olcer
kullamilacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin yaptig
iiriinler koyulacak ve sarsinti masasimin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki
tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
ivmesi degerinden baslamip 10 saniye i¢erisinde diizenli olarak 5,8 m/s? degerine
artinlacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
uygulamasinda okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin kag¢ biiyiikliigiindeki depreme
dayamkl oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikilincaya kadar

bir iist degeri denemeye devam edeceklerdir.
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Richter Biiyiikliigii Yer Ivmesi (m/s?)

0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-04
25-34 05-1,0
35-44 1,1-16
45-49 1,7-2.2
50-54 2,3-28
55-59 29-34
6,0-6,4 3,5-4,0
6,5-6,9 41-4,6
70-74 47-5,2
75-79 53-5,8
80-8,4 59-64
8,5-89 6,5-7,0

9,0 ve ustii 7,1 ve usti

. Okudugunuz senaryoda belirtilen problem nedir?

. Problemi ¢6zmek i¢in neye ihtiyac vardir?

TREIVAG: ... oo
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3. Istenilen kriterler ve sinirlamalar / kisitlamalar nelerdir?

Simirlamalar |

KISTHIAIMALAT oottt e e e ettt e e e e e e e e e eee e e e eeeeeeennnas

4. Depreme dayanikli betonarme bina yapabilmek i¢in hangi bilgilere ihtiyag
vardir?

Arastirma

NYe) 271 (77 TR
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Binanin Bir Katinin Olgiileri

Yapilan is Boyutlar

En Boy Yiikseklik

Temel

Kat Tabanm

Kolon

Dairenin yiizey alani

Kolon sayis1

Betonarme Binamin Bir Kat1 I¢in Gerekli Malzemelerin Miktarlari

Temel Bir Kolon Kat Tabam

Beton miktar1 (m°)

Cimento  miktar1
(m°)

(Beton %10
oraninda ¢imento
igerir.)

Kum miktar1 (m?)

(Beton %70
oraninda kum
igerir.)

Su miktar1 (litre)
(Beton %20
oraninda su igerir.)

Demir miktar1 (kg)

Demirin  kalinlig
(mm)
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Not: Binanin olgiilerini ve malzeme miktarlarini Excel dosyasinda tablo haline
getiriniz.

6. Depreme dayanikli bina tasarlamak i¢in hangi disiplinlere ve kazanimlara ihtiyag
vardir?

Disiplinler (Dersler):

7. Problemin degiskenleri nelerdir?

Bagimli

DIEGIFKOI ... e

Bagimsiz
DEZISKENICE ...
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Bagimh

Degisken

Bagimsiz

Degisken

Sabit

Degisken

Yorumlariniz

/

Gozlemleriniz

Ornek

e Depreme .

Binanin

e Kat sayisi

dayaniklilik

yiiksekligi

e Sarsinti
buytkligi

8. Olgeklendirme hesaplar

ve Malzeme Ol¢iilerinin Olgeklendirilmis Degerleri

Gercek Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarmin

1/50
oraninda
Olgeklendir

me

1/25
oraninda
Olgeklendir

me

1/20
oraninda
Olgeklendir

me

1/15

oraninda

Olgeklendir

me

1/5
oraninda
Olgeklendir

me

Temelin
ve
Katlarin
Yiizey
Alam

(28 m? =
700 cm X
400 cm)

Temelin
Kalinlig

(100 cm)
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Temel i¢in
Gerekli
Beton
Miktari

(28.
000.000
cm?)

Temel i¢in
Gerekli
Cimento
Miktari
(cm®)

(28 m® =
2.800.000
cm?)

Temel i¢in
Gerekli
Kum
Miktari
(cm®)

(19,6 m® =
19.600.00
0cmd)

Temel i¢in
Gerekli Su
Miktari
(cm®)

6 m® =
6.000.000
cm?®)

Temel i¢in
Kullanilac
ak Demir
Miktari
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(1 m? ‘ye
35 kg
demir

gereklidir)

Temel i¢in
Kullanilac
ak
Demirin
Kalinlig

(14 mm)

Kolon
Uzunlugu
[/ Katlar
Arasi
Mesafe

(300cm)

Kolonun
En ve
Yikseklik
Uzunlukla
I1

(En 50 cm
X
Yiikseklik
50 cm)

Bir Kolon
i¢cin
Gerekli
Demir
Sayisi

(En az 4
adet 12
mm

kalinligin
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da x 300
cm

uzunlugun
da demir
kullanilir.)

Bir Kolon
i¢in
Kullanilac
ak
Demirin
Kalinlig

(12mm)

Bir Kolon
i¢in
Gerekli
Beton
Miktar1

(750.000
cm?)

Bir Kolon
i¢cin
Gerekli
Cimento
Miktari
(cm®)

(0,075 m?
= 75.000
cm?®)

Bir Kolon
i¢cin
Gerekli
Kum
Miktari
(cm®)
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(052 m® =
520.000
cmd)

Bir Kolon
icin
Gerekli Su
Miktar1
(cm®)

2 md® =
2.000.000
cm?®)

Kat
Tabanlar1
nin
Kalinhigi

(50 cm)

Bir Kat
Tabam
i¢in
Gerekli
Beton
Miktari

(14.000.0
00 cm?)

Bir Kat
Tabani
i¢cin
Gerekli
Cimento
Miktari
(cm®)

(1,4 m® =
1.400.000
cmd)
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Bir Kat
Tabani
icin
Gerekli
Kum
Miktari
(cm®)

(9,8 m® =
9.800.000
cm?®)

Bir Kat
Tabam
igin
Gerekli Su
Miktari
(cm®)

B md =
3.000.000
cm?)

Bir Kat
Tabani
i¢cin
Kullanilac
ak Demir
Miktari

(1 m? ‘ye
26 kg
demir

gereklidir)

Kat
Tabanlar1
i¢in
Demirin
Kalinlig
(10 mm)
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9. Uriin degerlendirme kriterleri nelerdir?

URUN DEGERLENDIRME FORMU

Grup iiyeleri

... puan ... puan ... puan

Toplam
puan

10. Probleme yonelik ¢6ziim Onerileriniz nelerdir?

Modelin
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11. Probleme y6nelik ¢oziimleriniz arasinda en iyi gordiigiinliz ¢6ziim nedir?
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A.3. Revised Earthquake Resistant Concrete Building Design STEM-EDP
Activity Teacher Guide Sheet

STEM AKTIVITESIi OGRETMEN REHBER KAGIDI
Smif: 10, 11 ve 12 Tarih:

Ders : Fizik Siire: 30 ders saati

Depreme Dayanikh Betonarme Bina Tasarim

Tiirkiye deprem bdlgeleri haritasina bakildiginda biiytik 6l¢iide can ve mal kaybina
sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli G6zlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biiylikliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramistir.

12/N30<393,

R

e deprem kusagi
e deprem kusagi

—»x

[ v. derece deprem kusag

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi lizerinde bulunan Erzincan’da depreme
dayanikli binalarin yapimi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat firmasi
Erzincan’da yasayan her tiirli ekonomik seviyedeki insanlarin sahip olabilecegi
depreme dayanikli betonarme binalar yapmaya goniillii oluyor. Firma sahibi, deprem
esnasinda asansorlerin, kabin sikismasi ya da diismesi gibi tehlike arz eden olaylara

sebep olmasindan dolayi, binalar1 asansore ihtiya¢ duymayacak en biiyiik

281



yiikseklikte olmasini istiyor. Siz bu firmada calisan bir ingaat miihendisi olsaniz,
binalardaki asansor yonetmeliginin en fazla {i¢ katli binalara izin verdigini dikkate
alarak ve herhangi bir sarsint1 azaltici deprem teknolojisi kullanmayarak Erzincan’a

depreme dayanikli nasil bir betonarme bina yaparsiniz?

Not: Depreme dayanmikli yapr tasariminda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” uygulamasindaki ivme olcer
kullamilacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin yaptig
iiriinler koyulacak ve sarsinti masasinin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki
tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
ivmesi degerinden baslamip 10 saniye i¢erisinde diizenli olarak 5,8 m/s? degerine
artirlacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
uygulamasinda okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin kac¢ biiyiikliigiindeki depreme
dayamkl oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikilincaya kadar

bir iist degeri denemeye devam edeceklerdir.
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Richter Biiyiikliigii Yer Ivmesi (m/s?)
0-04 < 0,008
05-1,4 0,009 - 0,025
1,5-2,4 0,03 - 0,4
25-34 05-1,0
35-4,4 1,1-16
4,5-49 1,7-22
5,0-5,4 2,3-28
55-5,9 2,9-34
6,0 - 6,4 3,5-4,0
6,5 - 6,9 4,1-46
70-74 4,7-52
75-79 53-58
8,0-84 59-6,4
8,5-89 6,5-7,0

9,0 ve usti 7,1 ve usti

Ogrencileri her grupta en az ii¢ dgrenci olacak sekilde gruplara ayiriniz. Calisma
kagidin1 her Ogrenciye veriniz ve calisma kagidindaki senaryoyu okuyup
anladiklarii grup arkadaslariyla tartismalarini isteyiniz. “Bu ¢alismayr grup halinde
yvapacagiz. Grup tiyelerinin isimlerini okuyorum, ayn gruba ait olanlar bir arada
otursun liitfen. Simdi her birinize ¢calisma kagidi dagitacagim. Dagittigim kdagitlara
bir géz atin ve isimlerinizi yazin. Calisma kdagidi ders esnasinda onemli noktalar
not almaniz ve aktivite esnasinda yonlendirilmeniz icin hazirlanmistir. Kagid
dersimiz siiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz
esnasinda size ben soyleyecegim. Size dagittigim kdagitta bir senaryo var. Her biriniz
onu okuyunuz ve anladiginizi grup arkadaglarinizla paylasiniz. Baslayabilirsiniz.”
aciklamasmi yapmiz. “Okudugunuz senaryodan neler anladimiz?” sorusunu
sorunuz. Ogrencilerin cevaplarin1 aldiktan sonra senaryoyu detayli inceleyip

senaryoda bulunan problem ve problemi ¢ézmek i¢in neye ihtiya¢ duyuldugunu
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ogrencilere sorunuz ve verilen cevaplarini tahtaya yazimz. Ogrencilerden de
cevaplar1 c¢alisma kagidindaki “Problem nedir?” ve “Ihtiya¢” béliimlerine
yazmalarini isteyiniz. “Senaryodaki problem nedir ve bu problemi ¢ozmek i¢in neye
ihtiyag¢ vardir? sorusunu sorunuz.

Problem: Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
dayanikli olmayan binalarin yikilmasi ve bunun sonucunda can ve mal kayiplarinin
olmasi.

Ihtiyac: Erzincan bolgesindeki depremlere dayanabilecek betonarme binalar
yapmak

Ogrenciler cevaplar1 verene kadar rehberlik ediniz.

Problemi tanimlanmak ve iiriinde istenilen detaylar1 belirlenmek i¢in 10 dakika siire
veriniz ve Ogrencilerden simirlamalar1 ve kriterleri bulmalarini, bulduklarini
“Kriterler ve Smirlamalar / Kisitlamalar” boliimiine yazmalarini isteyiniz ve siz de
tahtaya yazimiz. “Simdi senaryoyu detayli inceleme zamani. Senaryoyu tekrardan
okuyarak su sorulara cevap vermenizi istiyorum. Senaryo bize simwrlamalar |
kisitlamalar  koyuyor mu? Senaryonun istedigi kriterler nelerdir? Grup
arkadaslarinizla sorulart cevaplamaniz igin 10 dakikaniz var. Siirenin sonunda
bulduklarinizi beraber tartisacagiz.” agiklamasim yapmmz. “Istenilen kriterler ve
siirlamalar nelerdir?” sorusunu sorunuz.

Kriterler: Binalar, Erzincan ilinde bu zamana kadar 6l¢iilmiis en yiiksek biiytikliik
olan 7,9 biiyiikliigiindeki depremde yikilmadan durabilmelidir. Binalar betonarme
olmalidir.

Sinirlamalar: Bina asansor yonetmeligi, asansorsiiz binalart 3 kat ile
sinirlandirmaktadir. Sarsint1 azaltic1 deprem teknolojisi kullanilmamalidir. Bunlarin
yaninda, Erzincan’da yasayan her tiirlii ekonomik seviyeye sahip insanlarin binalara
sahip olabilmesi i¢in kullanilan malzemelerin hem kaliteli hem de ekonomik olmasi
gerekir. Ogrencilerden cevaplar alana kadar senaryoyu bir ka¢ kez okutarak
ogrencileri yonlendiriniz.

Arastirma yapmadan 6nce 0grencilerin neleri arastiracaklarina 6grencilerle birlikte

karar veriniz. “Sizce depreme dayanikli betonarme bina yapmak icin neleri bilmek
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gerekiyor, neleri arastirmaliyiz? ” sorusunu sorunuz ve birlikte belirlenen arastirma
sorulari tahtaya yaziniz ve ogrencilerden de calisma kagidindaki “Arastirma
Sorular1” boliimiine yazmalarini isteyiniz.

Arastirma Sorulari:

1. Deprem nedir? Depremin biiytlikliigii ile siddeti arasindaki fark nedir?

2. Depreme dayanikli betonarme binalarda olmasi gereken 6zellikler nelerdir? / Bu
binalarin depreme dayanikli olmasi i¢in nasil insa edilmesi gerekir?

3. Depreme dayanikli betonarme binalarinin inga agamalar1 nelerdir? (Ne zaman
temele beton dokiiliir?, Kolon ne zaman yerlestirilir?, Beton kolona ne zaman
dokiiliir? Beton kolona dokiilmeden 6nce ne yapilir?...)

4. Ug kath betonarme binalarn dlciileri nelerdir? (Katlar arasi yiikseklik kag
metredir?, Katlarin yiizey alanlar1 ka¢ m2’dir?, Katlarin zemin kalinliklar1 kag
metredir?, Kolonlarin en, boy ve yiikseklikleri kagar metredir?...)

5. Depreme dayanikli betonarme binalarin kaba insaati esnasinda hangi
malzemeler kullanilir?

6. Betonarme ii¢ katli binalarin kaba insaatinda kullanilan malzemelerin miktarlari
ve Olgiileri nelerdir?

Aragtirma sorularina ya da benzerlerine ulasana kadar rehberlik ediniz.

Arastirma sorularimi belirledikten sonra arasgtirma yapmalar1 i¢in Ogrencilere,
siniflarda bulunan internet erisimine sahip akilli tahtalari, diziistii bilgisayarlari,
akill telefon ve tablet gibi cihazlar1 ve MEB fizik kitabini1 kaynak olarak saglayimiz.
“Simdi aragtirma yapma zamani. Size 60 dakika siire verecegim. Bu siire zarfinda
problemin ¢oziimiine yonelik arastirmalar yapacaksiniz. Arastirmalariniz igin
siniflarda bulunan internet erisimine sahip akilli tahtalari, akilli telefonlari, diziistii
bilgisayarlart ya da tabletleri ve MEB fizik kitabimi kullanabilirsiniz. Ayrica yanlig
bilgiye ulagsmanizi 6nlemek igin liitfen arastirmalarinizi bir ka¢ kaynaktan yapiniz

ve bulduklarimizin dogrulugunu farkli kaynak cesitlerinden de arastirarak teyit
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ediniz. Sorularmmiz olursa bana sorabilirsiniz. Arastirma sonucunda bulduklarinizi
calisma kagidindaki “Bulduklarim” béliimiine yaziniz.” agiklamasini yapiniz.
Arastirma i¢in verilen slire yeterli olmazsa ek siire veriniz. Ek siireye ragmen
ogrenciler yeterli bilgiye ulasamazlarsa eksik bilgiyi 6grenciye sununuz.
Ogrencilere neler bulduklarini sorunuz ve arastirma sorularmin cevaplarina ulasiniz.
“Neler buldunuz?” sorusunu sorunuz.

Bulunanlar:

1. Yerkiire’'nin igerisinde bulunan magmanin c¢evresindeki levhalarin hareketi
sonucunda enerji agiga cikar ve bdylece deprem dalgalar1 olusur. Depremin
bliylikliigii 1’den 9’a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin dl¢iisiidiir.

2. Betonarme, betonun celik kullanilarak gili¢lendirilmis yap1 malzemesidir.
Betonarme binalar, kirisleri, kolonu ve tavani beton olan yapilardir. Beton ve
demir birbirlerinin eksik ozelliklerini tamamlayarak dayanikli yapilarin insa
edilebilmesini saglar. Depreme dayanikli betonarme binalarda dikkat edilmesi
gereken bes temel unsur vardir:

e Zemin: Binalar saglam zemine yapilmalidir.
e Tasiyia sistemler / Kolonlar: Giiglii kolonlar inga edilmelidir. Kolonlar

capraz destekler ile birbirine baglanmalidir.

e Simetriklik: Kolonlar esit dagilimli olmalidir.

o Kaliteli / nitelikli malzeme: Hafif (katlarin tasiyabilecegi) ve kaliteli
malzemeler kullanilmalidir.

e Siineklik / esneklik: Bina deprem esnasinda salimim hareketi yaparak
enerjiyi soniimlemelidir. Betonarme binalarda kirilgan olan beton, demir

kullanilarak siinek hale getirilir.

3. Depreme dayanikli betonarme binalarin kaba ingaatlarinin basit yapim asamalari

su sekildedir:
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e Zemin: Saglam ve diiz bir zemin olusturulur. Bunun i¢in zemin kazilir ya da
diizlestirilir. (Ogrencilerin zemini kazmalar1 miimkiin olmadigi i¢in belirlenen
derinlikte diiz bir kalip kullanacaklarini1 diisiinmeleri beklenir.)

e Temel: Temel, yapinin ayaklar1 ve yapi ile zemin arasindaki gegis elemani
oldugu i¢in saglam bir sekilde yapilmalidir. Bunun ig¢in oncelikle zemine
demirler dosenir ve bu demirler birbirine baglanarak saglamlastirilir.

e Tasiyia sistemler: Temele beton dokiilmeden oOnce kolonlarin yerleri
belirlenir ve kolonlar yerlestirilir. En az dort adet demirin belli araliklarla
birbirine baglanmasi ile kolon olusur. Kesit alan1 dikdortgen ya da dairesel
olabilir. Demirden yapilan kolonlar zemindeki demirlere sabitlenirler.

e Beton dokiimii: Temelin demirleri ve kolonlar yerlestirildikten sonra temele
beton dokiiliir ve donmasi icin beklenir.

e Kolon kaplama ve beton dokiimii: Kolonlara beton dokebilmek igin
oncelikle kolonlar gecici olarak kaplanir daha sonra beton dokiiliir. Beton
kuruduktan sonra kaliplar ¢gikartilir.

e Kat tabanlarr: Tasiyic1 sistemlerin iizerine kalip olusturulur. Demirler
dosenir ve bu demirler birbirine baglanarak saglamlastirilir. Kalip {izerine
beton dokiilerek kat yapilir.

4. Ug katli betonarme bir binanin bir katinin &lgiileri asagidaki tablodaki gibidir:

Binanimn Bir Katinin Olciileri

Yapilan is Boyutlar

En Boy Yiikseklik
Temel 400 cm 700 cm 100 cm
Kat Taban1 400 cm 700 cm 50 cm
Kolon 50 cm 300 cm 50 cm
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Dairenin yiizey alani 28 m? (1+1 dairenin sahip olabilecegi minimum deger)

= 280.000 cm?

Kolon sayis1 4 adet

5. Betonarme binalarin kaba insaati i¢in kullanilan malzemeler:

e (Cimento
e Kum
e SU
e Insaat demiri
e Kolonu olusturan demirleri birbirine baglamak icin kullanilan demir (Etriye)
e Kolon kaliplari
e Katlar desteklemek icin kereste
6. Insaattan 6nce yapmn olgiileri géz oniinde bulundurularak malzeme miktari
hesaplanir. Ug katli betonarme binalarin bir katinin kaba insaatinda kullanilan

malzemelerin miktarlar1 ve dl¢iileri soyledir:

Betonarme Binanmin Bir Kati i¢cin Gerekli Malzemelerin Miktarlari

Temel Bir Kolon Kat Tabani

Beton miktar1 (m®) | 28 m® 0,75 m3 14 m?

(Temelin  hacmi (Kolonun  hacmi (Tabanlarin hacmi

kadar beton kagar — beton kadar beton
. , | gereklidir; 0,5 m x _— 9
gereklidir 28 m 05mx3m=0.75 gereklidir; 28 m* x

X 1m =28 m?) m?3) 0,5m =14 m°)

Cimento miktar | 2,8 m® 0,075 m? 1,4 m?

(m°)
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(28 m® x %10=

(0,75 m® X %10 =

(14 m3x %10=

(mm)

2,8 m°) 0,075 m®) 1,4 m3)

(Beton %10

oraninda ¢imento

icerir.)

Kum miktar1 (m®) | 19,6 m® 0,52 m3 9,8m3

(Beton %70 | (28 m® x %70 = (0,75m3x %70 = | (14 m*x %70 =

oraninda kum | 19,6 m?) 0,52 m%) 9,8 m%)

igerir.)

Su miktari (litre) ~6m? ~2md ~3m?

(Beton %20 | (28 m® x %20 = | (0,75 m*x %20 = | (14 m®x %20 =

oraninda su icerir.) | 5,6 m°) 015m°) 2,8 m’)

Demir miktari (kg) | 980 kg 32 adet 728 kg
(1 m? ‘ye 35 kg (1 m? ‘ye 26 kg
demir gereklidir. demir gereklidir.
28 m? x 35 kg/m? 28 m? x 26 kg/m?
=980 kg) =728kg)

Demirin kalinligi | 14 mm 12 mm 10 mm

Isterseniz tabloyu 6grencilere sunabilir ya da 6grencilerin arastirip bulmalarimni ve

bulduklarmi1 Excel dosyasina yazmalarim isteyebilirsiniz. Ogrenciler kendileri

bulacaksa bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu teyit

ediniz.
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Problemin ¢oziimiinde hangi disiplinlere ihtiyag oldugunu belirlemek icin “Depreme
dayanikl bina tasarlamak igin hangi disiplinlere ihtiyaciniz var?” sorusunu sorun
ve cevabi tahtaya yazin. Ogrencilerden de c¢alisma kagidindaki “Disiplinler”
boliimiine yazmalarini isteyin.
Disiplinler:

1. Dalga bilgisi i¢in fizik

2. Olgiim ve hesaplama yapmak i¢in matematik

3. Binanin plan1 ve dizayn1 i¢in miihendislik

4. Arastirma yapmak ve binayi tasarlamak i¢in teknoloji

5. Grup ¢alismasi ve lirlin ¢ikarma siireci i¢in sosyal beceriler disiplinleri
Ogrenciler bes disipline -fizik, matematik, miihendislik, teknoloji ve sosyal
beceriler- ulasana kadar rehberlik ediniz. Ayrica dgrenciler fizik, matematik ve
miihendislik disiplinlerini bulurken, teknoloji ve sosyal becerileri disiplin olarak
bulamayabilirler. Bu asamada bu iki disiplini buldurmadan bu disiplinlere ait

kazanimlar1 6n plana ¢ikarmak i¢in rehberlik ediniz.

Ogrenciler problemin ¢oziimiinde bes disipline ait hangi kazammlara ihtiyag
duyduklarimi ve bu kazanimlar1 nereden bulacaklarini belirler. “Arastirma yaparken
hangi konulart incelediniz? Coziim tiretmek igin hangi kazanmimlar size yardimci
oldu?” sorusunu sorunuz. Ogrencilerin “Fizik kazamimlar: fizik Ogretim
programindan ve matematik kazamimlart matematik o6gretim programindan
bulunabilir” demelerini bekleyiniz. Ogrencilere ortadgretim miifredatinin yaninda
ortaokul miifredatindan da yaralanabilecekleri hatirlatimiz. Ayrica, teknoloji,
miihendislik ve sosyal beceriler disiplinine ait ders programi olmadigi icin
referanslar sunarak Ogrencilerin kazanimlar1 belirlemesi i¢in rehberlik ediniz.
(Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii, Kazanim Merkezli
STEM Uygulamalari,
https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019 01/29164143 STEM_KitapYKk.
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pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,

Miihendislik ve Matematik (STEM) Ogretim Programimnin Tasarlanmasi,

Uygulanmasti ve Degerlendirilmesi,

https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmasi beklenen bes disipline ait kazammlar ve kisaltmalar1 su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3, M.5.2.3.1),
Teknoloji (T.1), Miihendislik (M.1, M.2, M.3) ve Sosyal Beceriler (S.1, S.2).

Ogrenciler, farkli disiplinler altinda ayni kazanimi bulabilirler ya da kazanimlar:

birebir ayni bulamayabilirler bu durumda istenilen kazanimlara yakin kazanimlar

bulunana kadar rehberlik ediniz ve bulunanlar1 ¢alisma kagidindaki “Kazanimlar”

boliimiine yazmalarini isteyiniz.

Kazamimlara yvonelik 68rencilerden beklentiler:

Depreme dayanikli bina tasarlamak i¢in 6ncelikle depremi bilmeleri gerektigini
diisiindiiklerini bu ylizden depremi ve deprem dalgalarini arastirdiklarini, ayrica
depremlerin can ve mal kaybina sebep olmamasi igin ¢dziimler iiretmeleri
gerektiginden depreme dayanikli binalarin nasil oldugunu arastirmaya ihtiyag
duyduklarmi, ayrica deprem kavraminin hangi {initede oldugunu
arastirdiklarinda fizik dersindeki “Deprem Dalgalar1’” konusuna ulagtiklarim
soylemeleri beklenir. (F.10.3.5.1. Deprem dalgasim tamimlar.), (F.10.3.5.2.
Deprem kaynakl can ve mal kayiplarim1 6nlemeye yonelik ¢6ziim onerileri
gelistirir.)

Problemin ¢6ziimii i¢in betonarme bina yapilmasi istenildiginden bir miihendis
gibi betonarme binalarinin yapisal 6zelliklerini ve hangi asamalari takip ederek
yapildiklarini bilmeye ihtiya¢ duyduklarini ve ona gore arastirmalar yaptiklarini
sOylemeleri beklenir. (M.1 Tasarim olusturmak icin gerekli asamalari
aciklar.), (M.2 Bir tasarim icin gerekli yapisal ézellikleri aciklar.)

Bir miihendis gibi kendi binalarini insa edecekleri i¢in insaat miihendislerinin
depreme dayanikli betonarme binalar1 nasil tasarladiklarin1 ve daha dnceden
yapilan depreme dayanikli betonarme binalarin nasil yapildiklarini incelemeye

ihtiya¢ duyduklarini ve incelemeler sonucunda 6grendikleri yap1 6zelliklerine
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gore tasarimlarin1 yapacaklarini sdylemeleri beklenir. (M.3 Yapisal o6zellikleri
dikkate alarak bir tasarim yapar.)

Gergek bir depreme dayanikli bina yapilacag: i¢in bir binanin boyutlariin
Olgiileri, malzemeleri ve malzeme miktarlart bilinmeli bu yilizden insaat
mihendislerinin projelerindeki olgiileri kullanmalar1 gerektiginin ve gercek
Olciileri  uygulanabilir hale doniistiimek i¢in matematik kullanarak
Olceklendirilme yapmalarinin ve uzunluk birimlerinde doniisiimler yaparak
binay1 tasarlamalar1 gerekiginin kanisina varmalart beklenir. (M.5.2.3.1
Uzunluk 6l¢gme birimlerini tanir.), (M.6.1.5.3 Bir dogal say1 ile bir kesrin
carpma islemini yapar ve anlamlandirir.)

Gergegine benzer prototip yapilacagi i¢in kullanilan malzeme miktarlari ve yap1
Olgiileri gerg¢ek bina Olgiileriyle orantili olmali ve bu degerler excel iizerinde
toplanmali ve degerlere gére prototipin plant yapilmali demeleri beklenir. (T.1
Bilgiyi kaydetmek, yonetmek, ve iliskilendirmek icin dijital teknolojileri
uygun bir sekilde kullanir.)

Uriinii tasarlarken beceri odakli ¢aligmak gerektigini ve senaryoda verilen
problem icin ¢oziimler iiretme, iglerinde uygun olanini belirleme ve {iriin
gelistirebilme gibi becerilere sahip olmak gerektigini sdylemeleri beklenir. (S.1
Elestirel diisiinme, problem ¢6zme, yaraticilik ve sorgulama gibi 21. yiizyil
becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st Century
Skills, 2011)

Uriin tasarimi yaparken grup halinde galisilacagi i¢in grup i¢inde gorev dagilimi
yapilmast ve {irliniin olugmast i¢in TUstlenilen gorevlerin eksiksiz yerine
getirilmesi gerektigini s6ylemeleri beklenir. (S.2 Grup arkadasiyla is birligi
yapar. Grup icinde aldig1 sorumlulugu yerine getirme becerisi kazanir;

Benjamin, Bessant & Watts, 1997)
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Kazanimlarin belirlenmesinden sonra bagimli, bagimsiz ve sabit degiskenler
belirlemek i¢in “Problemin degiskenleri var mi?” sorusunu sorunuz ve cevaplari
caligma kagidindaki “Degiskenler” boliimiine yazmalarini isteyiniz.

Bagimh Degisken: Depreme dayaniklilik

Bagimsiz Degiskenler: Binanin yiiksekligi, binanin genisligi (Kat yiizey alani),

binanin sekli, simetrikligi, kolonlarin sayisi, sarsintinin siiresi, kullanilan malzemeler
ve oranlari

Sabit Degiskenler: Binanin kat sayis1 ve sarsintinin bliyiikligii

Ogrenciler degiskenleri bulana kadar 6gretmen rehberlik ediniz.

Belirlenen degiskenlerin bir kisminin 6grenciler tarafindan iiriin gelistirme esnasinda
yaparak test edilmesi beklenir fakat bu aktivitede Ogrenciler gercek betonarme
prototipi yapacaklari i¢in degiskenleri tirlin lizerinde test etmeleri zor olacaktir. Bu
sebepten Otiirli, baz1 degiskenler kitaptan ya da internetten bilgi alarak bazilari ise
Ogretmenin getirdigi alternatif malzemelerin kullanilmas1 ile test edilir ve
gozlemlenir.

Belirlenen degiskenlerin binalarin depreme dayanikliligini nasil etkiledigi
ogrencilerin gézlemleri sonucunda ve arastirarak 6grendikleri bilgiler dogrultusunda
ogrenciler tarafindan yorumlanir. Bagimsiz degiskenlerden binanin yiiksekligi,
genisligi ve sekli 6gretmenin daha 6nceden sinifa getirdigi alternatif malzemeler ile
olusturabilecekleri prototip iizerinde test edilir. Degiskenlerin test edilmesi i¢in
gerekli alternatif malzemeler cubuk makarna, bant, cetvel ve kronometredir. (Istege
bagli olarak karton, mukavva, tahta ¢ubuk... gibi farkli malzemeler kullanilabilir.)
Ogrencilerin cubuk makarnalar ile prototipler yaparak degiskenleri test etmelerini
isteyiniz. Aktiviteye baslamadan 6nce yaninizda bir paket cubuk makarna, bant ve
cetvel gotirmeyr unutmaymiz (Cubuk makarna yerine baska segenekler de
kullanabilirsiniz.). Degiskenleri test ederken ¢alisma kagidinda bulunan degisken
tablosunu doldurmasini isteyiniz. “Simdi degiskenlerin iiriiniiniiziin depreme

dayanikliligini nasul etkiledigini test edeceksiniz. Bunun i¢in sizlere cubuk makarna,
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bant, cetvel ve kronometre (telefon) verecegim. Makarnadan olusturdugunuz
prototipler sonucunda degiskenleri gozlemleyebileceksiniz. Degiskenleri ¢alisma
kdgidinda tablo seklinde olusturdum. Benim tablodaki érnekte yaptigim gibi siz de
tabloyu doldurucaksiniz.” agiklamasini yapiniz.

Bagimsiz degiskenleri su sira ile test ettirebilirsiz:

Bina Yiiksekligi: “Bina yiiksekligi depreme dayanikliligr nasil etkiler?” sorusunu
sorunuz. Ogrencilerin tahminlerini aldiktan sonra “Bina yiiksekliginin etkisini nasil
test edebilirsiniz?” sorusunu sorunuz. Ogrencilerden “Diger tiim degiskenler sabit
tutularak farkl uzunlukta ii¢ kath prototipler olusturulmali” cevabini alinca “Peki
olusturdugunuz prototiplerin depreme dayaniliklarint nasil kiyaslayacaksiniz?”
sorusunu sorunuz. Ogrencilerden “Olusturulan prototipler esit sarsinti ile
sallanmali. Ayni biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha
dayanmiklidir.” cevabi beklenir. Gruplar esit genislige ve ayni sekle sahip iki tane iic
katlh makarna prototiplerini kendi istedikleri Olgiilerde yapar ve sizin sinifa
gotiirdiigiiniiz sarsint1 masasinda istedikleri biiytikliikte sallar. Kronometre ile hangi
prototipin daha uzun siire dayandigini 6lger ve gézlemlerini agagidaki tabloya yazar.
Sonug olarak 6grencilerden beklenen “Bina yiiksekligi arttik¢a depreme dayaniklilik
azalir.” yoniindedir. “Sonucunuzu tabloya yazin litfen.” diyerek tabloyu
doldurmalart gerektigini hatirlatiniz.

Bina genisligi (Kat yiizey alanlari): “Bina genisligi depreme dayanikliligi nasil
etkiler?” sorusunu sorunuz. Ogrencilerin tahminlerini aldiktan sonra “Bina
genisliginin etkisini nasil test edebilirsiniz?” sorusunu sorunuz. Ogrencilerden
“Diger tiim degiskenler sabit tutularak farkl: yiizey genisliginde ii¢ katli prototipler
olusturulmali” cevabmi aldiktan sonra “Olusturdugunuz prototiplerin depreme
dayambiklarint  nasil  kiyaslayacaksiniz?”  sorusunu  sorunuz. Ogrencilerden
“Olusturulan prototipler esit sarsinti ile sallanmali. Ayni biiyiikliikteki sarsintiya

1

daha uzun siire dayanabilen depreme daha dayanmiklidir.” cevabmi bekleyiniz.
Gruplar esit yiikseklige ve ayni sekle sahip iki tane tiger katlt makarna prototiplerini
kendi istedikleri olgiilerde yapar ve sizin sinifa gotiirdiigiiniiz sarsinti masasinda

istedikleri biiylikliikte sallar. Kronometre ile hangi prototipin daha uzun siire

294



dayandigin1 Olcer ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak
ogrencilerden beklenen “Bina genisligi arttikca depreme dayamikhilik artar.”
yoniindedir.

NOT: Bagimsiz degiskenlerden bina seklinin depreme dayamkhihg test
edilirken bir hususa dikkat edilmesi gerekir. Ogrenciler bina sekli olarak
sayisiz secenekler sunabilir ve gercek ¢ikarimlar yapabilmek icin her sekle etki
eden riizgar kuvvetlerinin hesaplanmasi gerekir. Bu durum oégrencinin
seviyesini asacagindan dolayr binanin seklinin depreme dayaniklihi@ini test
ederken bazi sinirlamalar getirilmelidir. Sinirlama su sekilde olabilir: Her grup
kendi betonarme binasin1 hangi iki farkh sekilde yapmay1 planhyorsa o sekilleri
makarna prototipinde deneyip daha dayamkh olan sekli asil betonarme
prototipinde uygulamahdir. Boylelikle iki sekil arasindan daha dayanikh olan
kesfedilmis olur.

Bina sekli: “Bina sekli depreme dayaniklihigi etkiler mi?” sorusunu sorunuz.
Ogrencilerin tahminlerini aldiktan sonra “Bina seklinin etkisini nasil test
edebilirsiniz?” sorusunu sorunuz. Ogrencilerden “Diger tiim degiskenler sabit
tutularak farkl sekillere sahip (i Uggen, dortgen, besgen, daire, T sekli, V sekli, U
sekli...) ii¢ katli prototipler olusturulmali” cevab1 beklenir. “Olusturdugunuz
prototiplerin depreme dayaniliklarini nasil kiyaslayacaksiniz?” sorusunu sorunuz.
Ogrencilerden  “Olusturulan prototipler egit sarsinti ile sallanmal. Aym
biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha dayanikhidir.”
cevabini bekleyiniz. Gruplar esit ylikseklige ve esit ylizey alanina sahip iki tane
(Herhangi iki sekli kullanabilir) licer katli makarna prototiplerini kendi istedikleri
Olciilerde yapar ve sizin smifa gotiirdiigliniiz sarsintt masasinda istedikleri
biiyiikliikte sallar. Kronometre ile hangi prototipin daha uzun siire dayandigini dlger
ve gozlemlerini yukaridaki tabloya yazar. Sonu¢ olarak Ogrencilerden beklenen
“Binanin sekli deprem dayanikliligini etkiler.” yoniindedir.

Kullanilan malzemeler ve oranlari, sarsintinin siiresi, simetriklik ve kolon
sayisi: “Kullanilan malzemeler ve oranlari, sarsintinin siiresi, simetriklik ve kolon

sayist  deprem dayamikliligini nasil etkiler? sorusunu sorunuz. Ogrenciler
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arastirmalar1 sonucu bazi teorik bilgilere ulagabilecekleri i¢in her degiskeni test
etmek zorunda degildir. Ogrencilerin bu degiskenlerin etkisini internetten arastirarak
bulabilecegini sdylemesi bekleyiniz. Sonug olarak,”Nitelikli ve kaliteli malzeme
kullanmak ve malzemelerin katlarin tasiyabilecegi oranda olmast deprem
dayanmikhiligimi arttirir; sarsinti siiresi artarsa depremin yikict etkisi de artar;
simetrik cisimler daha ¢ok dengede kalir, bina yeterli kolon ile desteklenirse binanin

depreme dayanmikliligi artar” gibi ¢ikarimlar yapmalarini bekleyiniz.

Bagimh Degisken | Bagimsiz Sabit Degisken | Yorumlarmmiz /
Degisken Gozlemleriniz
e Depreme e Binanin e Kat sayisi Bina yiiksekligi
dayaniklilik yiiksekligi e Sarsinti arttikca depreme
biiytikligi dayanmklilik
(Kontrol azalir.
Degiskenler:

Bina  genisligi,
Bina sekli,

sarsint1 stiresi)

» Depreme e Bina genigligi | e Kat sayisi Bina genisligi
dayaniklilik e Sarsinti arttikca depreme
biiyikligi dayaniklilik artar

(Kontrol

Degiskenler:

Bina yiiksekligi,

Bina sekli,

Sarsinti stiresi)
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e Depreme e Bina sekli * Kat sayis1 Binanin sekli
dayaniklilik Sarsint1 deprem
biyiikligii dayanikliligin
(Kontrol etkiler.
Degiskenler:
Bina yiiksekligi,
Bina  genisligi,
Sarsint1 siiresi)
e Depreme e Kullanilan * Kat sayis1 Nitelikli ve
dayaniklilik malzemeler ve | *Sarsinti kaliteli malzeme
oranlar1 blytkligi kullanmak ve
(Kontrol malzemelerin
Degiskenler: katlarin
Bina ytiksekligi, | tasiyabilecegi
Bina  genisligi, | oranda olmas1
Bina sekli, | deprem
Sarsint1 siiresi,) | dayanikliligini
arttirir
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Depreme
dayaniklilik

Sarsint1 sliresi

* Kat sayisi
Sarsinti
biyiikligii
(Kontrol
Degiskenler:
Bina yiiksekligi,
Bina  genisligi,
Bina sekli)

Sarsinti suresi
artarsa depremin

yikici etkisi artar

Depreme
dayaniklilik

Simetriklik

* Kat sayisi
Sarsinti
buiyiikligii
(Kontrol
Degiskenler:
Bina ytiksekligi,
Bina  genisligi,
Bina sekli,

Sarsinti stiresi)

Simetrik cisimler

daha ¢ok dengede
kalir
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e Depreme e Kolon sayisi » Kat sayis1 Bina yeterli kolon

dayaniklilik eSarsinti ile desteklenirse
biliytkligi binanin depreme
(Kontrol dayaniklilig: artar
Degiskenler:

Bina yiiksekligi,
Bina  genisligi,
Bina sekli,

Sarsinti1 siiresi)

Ogrenciler ile birlikte degerlendirme kritelerinden biri olan &lgeklendirmeden
bahsediniz ve gercek yapilarin 6lgeklendirilmesini yapiniz. “Bildiginiz iizere en az
7,6 biiyiikliigiindeki  depreme  dayanabilecek 3  katli  betonarme  bina
tasarlayacaksiniz. Gergek olgiilerine gore 3 katlh binalar: yapmaniz miimkiin mii?
Peki gercegini yapamiyorsak ne yapacagiz?” sorusunu sorunuz. Ogrencilerin
binanin maketini / prototipini yapacaklart ¢ikarimina varmalarmi bekleyiniz.
“Yapacaginiz binalar kullanilan malzemeler, katlar arasi mesafe, katlarin yiizey
alanlart ve binanin uzunlugu bakimindan gergegini en ¢ok yansitan olmali. Ne kadar
gercegine benzerse o kadar yiiksek puan alirsiniz.” agiklamasim yapmmz. Ogrenciler
bu asamada binalar1 gercek binalarin uzunluk degerlerine gore dlgeklendirecekleri
cikarimin1  yapmalidir bunun ig¢in asagidaki Olgeklendirme tablosunu tabloyu
gostererek rehberlik ediniz. Boylelikle 6grenciler yapacaklari binanin her
uzunlugunun ve malzemelerinin aym1 oranda Ol¢eklendirileceginin farkina varir.
Tablodaki her degeri vermeyiniz, 6rnek deger verdikten sonra §grencilerin bulmasi

icin zaman tamyiz. “Mesela bir katin uzunlugu ortalama kag¢ metredir? Hemen az
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once hazirladigimiz tabloya bakip bulalim. 3 metre. 1/50 oraminda kiiciiltsek bir
kolonun yiiksekligi 6 cm olur. Peki bir katin yiizey alani ortalama ne kadar? Buna
da hemen bakalim. 1+1 olan evlerin yiizey alani 28 m? ise onu da aym oranda
kiigiilttiigiimiizde 56 cm? olur. Gordiigiiniiz gibi her uzunlukta aym kiiciiltmeyi yaptik
ki gergegine yakin olsun.” 6lgeklendirme 6rnegini veriniz.

Not: Bir katin uzunlugu ya da minimum bir dairenin yiizey alan1 degerleri ve
diger degerler “Bilgi Toplama” boliimiinde olusturulan tablodan aliniz.
“Baska hangi oranlarda kiigiiltme yapabiliriz belirleyelim. Hesaplamalar: sizlerin
vapmamnizt istiyorum.” diyerek Olgeklendirme degerlerini Excel programinda
tablolayarak yapmalarini ister. Ogrenciler tablodaki dlgeklendirmelerden daha farkls
degerler verebilir Onemli olan verilen Ol¢eklendirme degerlerine gore
yapabilecekleri alt ve {ist sinirlar1 belirlenmesidir.

Bu tablodaki degerler sayesinde oOgrenciler kullanmalar1 gereken malzeme
miktarlarim ve yapacaklari prototipin boyutlarm bilirler. Ogrenciler asagidaki
tabloyu iiriin ortaya ¢ikarmadan dnce model planlamasin1 yaparken kullanir. Daha
once test ettigi bagimsiz degiskenlerden c¢ikardiklart sonuglara gore asagidaki
Olg¢eklendirme oranlarindan birini depreme dayanikli {irlin i¢in uygun goriirler ve
prototipi o dlgiilerde yapacagini planlar.

Asagidaki tabloya gore alt sinir 1/50 orani tist sinir 1/5 orani olarak belirlenmistir.

Bu degerler istenildigi gibi degistirilebilir.

Gercek Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarinin
ve Malzeme Ol¢iilerinin Olgeklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5

oraninda oraninda oraninda oraninda oraninda

Olceklendir | dlg¢eklendir | dlgeklendir | dlgeklendir | 6lgeklendir

me me me me me
Temelin | 112 cm? 448 cm? 700 cm? 1244 cm? | 11.200 cm?
ve (~10cmx|(~2lcmx |[(~26cm x| (~35cmx | (~105cm x
Katlarin 11 cm) 21 cm) 26 cm) 35cm) 106 cm)
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Yiizey
Alani

(28 m? =
700 cm X
400 cm)

Temelin

Kalinlig

(100 cm)

2cm

4cm

5cm

~7cm

20 cm

Temel i¢in
Gerekli
Beton
Miktar1

(28.
000.000

cm?)

224 cm?

1.792 cm?®

3.500 cm?®

~8.708 cm?®

224.000

cm?

Temel i¢in
Gerekli
Cimento
Miktar1
(cm?)

(28 m® =
2.800.000

cm?®)

~ 22 cm?®

~179 cm?®

350 cm?®

~ 829 cm?®

22.400 cm?®

Temel i¢in
Gerekli

Kum

~ 156 cm®

~1.254cm?

2.450 cm?

~5.807 cm®

156.800

cm?
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Miktari

(cm®)

(19,6 m3 =
19.600.00

0 cm®)

Temel i¢in
Gerekli Su
Miktari

(cm?)

6 m* =
6.000.000

cm?)

48 cm?®

384 cm?®

750 cm?®

~1.777 cm?®

48.000 cm?®

Temel i¢in
Kullanilac
ak Demir
Miktar1

(1 m? ‘ye
35 kg
demir

gereklidir)

~0,4 kg

2 kg

2,45 kg

~4,5Kkg

40 kg

Temel i¢in
Kullanilac
ak
Demirin

Kalinlig1

(14 mm)

~0,3mm

~0,6 mm

0,7 mm

~1mm

~3mm
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Kolon
Uzunlugu
| Katlar
Arasi
Mesafe
(300cm)

6.cm

12 cm

15cm

20cm

60 cm

Kolonun
En
Yikseklik

Uzunlukla

Ve

I1

(En 50 cm
X
Yiikseklik
50 cm)

lcmxlcm

2cmx2cm

25 cm X

25 cm

~3cmx3

cm

10 cm x 10

cm

Bir Kolon
i¢in
Gerekli
Demir

Sayist

(En az 4
adet 12
mm
kalinligin
da x 300
cm

uzunlugun

4 adet
~ 0,3 mm X

6cm

4 adet
~0,5mm x

12 cm

4 adet
0,6 mm x

15cm

4 adet
0,8 mm x
20 cm

4 adet
~ 3 mm X
60 cm
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da demir
kullanilir.)

Bir Kolon
icin
Kullanilac
ak
Demirin

Kalinlig

(12mm)

~0,3mm

~0,5mm

0,6 mm

0,8 mm

~3mm

Bir Kolon
i¢in
Gerekli
Beton
Miktar1
(750.000

cm?)

6 cm®

48 cm?®

94 cm?

222 cm?®

6.000 cm?®

Bir Kolon
i¢in
Gerekli
Cimento
Miktar1
(cm?)
(0,075 m?
= 75.000

cm?®)

~1cm?d

~5¢cm?®

~9cm?d

~22cm?

600 cm?®

Bir Kolon
i¢in

Gerekli

~4.cm?

~33cm?

65 cm?®

154 cm?

4.160 cm?®
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Kum
Miktar1
(cm?)
(0,52 m® =
520.000

cmd)

Bir Kolon
i¢in
Gerekli Su
Miktar1

(cm?)

2 md® =
2.000.000

cm?)

16 cm?®

128 cm?®

250 cm?®

~592 cm?®

16.000 cm?®

Kat
Tabanlar
nin

Kalinlig

(50 cm)

lcm

2cm

2,5¢cm

~3cm

5cm

Bir  Kat
Tabani
i¢cin
Gerekli
Beton
Miktar1

(14.000.0
00 cm®)

112 cm?

896 cm?

1.750 cm®

~3.732cm?

56.000 cm®
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Bir Kat
Tabani
icin
Gerekli
Cimento
Miktar1

(cm®)

(1,4 m® =
1.400.000

cm?®)

11 cm?

90 cm?®

175 cm?®

415 cm?

11. 200 cm?®

Bir Kat
Tabani
i¢in
Gerekli
Kum
Miktar1

(cm?)

(9,8 m® =
9.800.000

cm?)

78 cm?®

627 cm?®

1.225 cm?

2.903 cm?®

78.400 cm®

Bir  Kat
Tabani
i¢cin
Gerekli Su
Miktar1

(cm®)

24 cm?®

192 cm®

375 cm?®

889 cm?

24.000 cm?®
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B md =
3.000.000
cmd)

Bir Kat | ~0,3kg ~1kg ~2kg ~3kg ~ 30 kg
Tabani

icin
Kullanilac
ak Demir
Miktar1

(1 m? ‘ye
26 kg
demir

gereklidir)

Kat 0,2 mm 0,4 mm 0,5mm ~0,6 mm 2 mm
Tabanlar1
i¢in
Kullanilac
ak
Demirin
Kalinlig

(10 mm)

Not: Alan ol¢eklendirmesi yaparken ol¢ceklendirme oranmnin karesini, hacim
olceklendirmesi yaparken de olceklendirme oranmmin Kkiipiinii almayi

unutmayiniz.
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Gergek Binalarin Olgiilerinin, Binalarda Kullanilan Malzeme Miktarlarinin

ve Malzeme Olgiilerinin Olceklendirilmis Degerlerinin Toplamlar

1/50
oraninda
Olgeklendir

me

1/25
oraninda
Olgeklendir

me

1/20
oraninda
Olgeklendir

me

1/15
oraninda
Olgeklendir

me

1/5
oraninda
olceklendir

me

3 kath
bina
i¢in
gerekli
toplam
beton
miktari

(Temel:
28 m?,
16
Kolon:
12m?3, 3
Taban :
42 md =
82 m°)

656 cm?®

5.248 cm?®

10.250 cm?®

24.296 cm?®

656.000

cm?®

3 kath
bina
i¢in
gerekli
toplam
¢imento
miktar1
(6 m®)
1 m
¢imento

~1300
kg)

66 cm?®

(0,5 ko)

525 cm?

(1 kg)

1.025 cm®

(1,5 kg)

2.430 cm?®

(3 kg)

65.600 cm?

(85 kg)
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3 kath
bina
icin
gerekli
toplam
kum
miktari
(40 m®)
(Betonu
n %
70’1
kum)
(1md=

1.500
kg)

459 cm?®

(1 kg)

3.673cm?®

(6 kg)

7.175 cm3

(11 kg)

17.007 cm?®

(25,5 kg)

459.200
cm?®

(688 kg)

3 Kath
bina
i¢in
gerekli
toplam
su
miktari
(Betonu
n %
20’s1
su)

(1
litre= 1
dm?)

131 cm?®

(0,13 litre)

1.049 cm®

(1 litre)

2.050 cm?®

(2 litre)

4.859 cm?®

(5 litre)

131.200

cm?

(130 litre)

3 kath
bina
i¢in
gerekli
toplam
demir
miktar1

1,3 kg

5 kg

8,45 Kg

45 kg

130 kg
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(Temel
igin 1
m? ‘ye
35 kg
demir,
taban
ve
kolonla
r icin 1
m? ‘ye
26 kg
demir
gerekli)
Toplam | ~5Kkg ~15 kg ~25 kg ~78,5 kg ~1.000 kg
Bina
Kiitlesi
Toplam | 656 cm® 5.248 cm® | 10.250 cm® | 24.296 cm® | 656.000
Bina
Hacmi

cm?®

Uriin yapildiktan sonra sarsintt masasina tasinip test edilmesi gerektigi igin yapilacak
triiniin tagmabilir kiitlede olmasi1 gerekmektedir. 1/50, 1/25 ve 1/20 oranlarinda
Olceklendirmeler yapildiginda kismen daha tasinabilir kiitle degerleri oldugu i¢in
ogrencilerin bu oranlarda 6lgeklendirme yapmalar1 beklenir.

Olgeklendirmeden sonra degerlendirme kriterlerini 6grencilerle beraber belirleyiniz.
“Degerlendirme kriterlerimizden birini olgeklendirme olarak belirledik sizce
binalarimizi baska hangi ozelliklere gore degerlendirelim?” sorusunu sorunuz.
Ogrencilerin “7,6 biiyiikliigiindeki depreme en uzun siire dayanabilen ve 7,6
biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen yiiksek puan almali. ” ¢gikarimini
yapmalar1 bekleyiniz. Ayrica binanin ekonomik olmasi {izerinde durunur ve
ogrenciler “Ekonomik malzeme ile yapilmis olan en yiiksek puant almali.” sonucuna

ulasana kadar rehberlik ediniz. Bu kriterler disinda baska kriterleri de

310



degerlendirmeye alabilirsiniz. “Degerlendirme yaparken I puan, 2 puan ve 3 puan
kullanmirsak bu puanlart hangi kriterlere géore verecegimizi beraber belirleyelim.
Mesela bir binayr belli bir saniye salladigimizda tamamen yikiliyorsa, ya da
tamamen yikilmayip katlarinda kopmalar oluyorsa ya da sapasaglam duruyorsa bu
binalari nasil puanlayalim? Ya da ekonomik oldugunu nasil belirleyelim? ” sorusunu

sorarak asagidaki tabloya yakin iirtin degerlendirme formu olusturunuz.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri

1 puan 2 puan 3 puan
Bina 7,5 - 7,9 |10 saniyeden | 10 saniyeden daha | 10 saniye boyunca
biyiikliigiindeki | daha az siirede | az siirede katta | herhangi bir bozukluk
(5,3 m/s? - 5,8 | tamamen yikild1 | kopmalar oldu olmadi ve yikilmadi
m/s?
ivmelerdeki)
depremde
yikilmadan
durabildi mi?
Binanin Hi¢ bir boyut ve | Sadece boyut ya | Her  boyutta ve
boyutlari ve | malzeme da sadece | malzeme
malzeme miktarlari malzeme miktarlarinda
miktarlart Olceklendirilmedi | miktarlart Ol¢eklendirilme
gercek bina olgeklendirildi yapildi
degerlerine gore
olgeklendirildi
mi?
Uriin i¢in | Toplam tutar | Toplam tutar | Toplam tutar
kullanilan Olceklendirme Olceklendirme Olceklendirme
malzemeler fiyatlarinin fiyatlarina esit fiyatlarinin altinda
ekonomik mi? | Gistiinde

(Gruplarin
malzeme

masraflari
hesaplanir  ve
gercek binalarin

Olceklendirme
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fiyatlariyla

kiyaslanir)

7,5 - 7,9 8,0-8,4 8,5-8,9 9,0 ve tistii
biiytikligiinde

(5,3 m/s* - 5,8

m/s? ivmelerde)
yikilmayan
binalar en fazla
hangi
biiyiikliikteki
depreme
dayand1?
(Uriinler
arasinda esitlik
varsa  sarsinti
siddeti
arttirilarak

eleme yapilir.)

Toplam puan

“Grup olarak beyin firtinasi yapacaksiniz ve belirlenen kriterlere, sinirlamalara, test
ettiginiz degiskenlere gére ¢oziimler iireteceksiniz. Uriin malzeme miktarini ve
olciilerini  belirlerken yukarida hazirladigimiz “Gercek Binalarin Olgiilerinin,
Binalarda Kullamilan Malzeme Miktarlarimin  ve Malzeme  Olciilerinin
Olgeklendirilmis Degerleri” bashkli tabloyu kullamniz. Planladiginiz iiriiniin
taslagint ¢caliyma kdgidindaki “Model Taslagint Ciz” béliimiine detaylandirmadan
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ciziniz. Ayrica, iiriiniiniizde olmasim planladiginiz ézellikleri “Modelin Ozellikleri”
boliimiine yaziniz ve son olarak, bu iiriinii yapabilmek icin ihtiya¢ duydugunuz
malzemeleri  “Gerekli Malzemeler” béliimiine yazimiz. Liitfen malzemelerin
ekonomik olmasina dikkat ediniz. Coziimlerinizi tartisip en iyi ¢oziime karar
verecegiz. Siireniz 45 dakika olacaktir.” agiklamasini yaparak 6grencilerin ¢oziimler
bulmasina olanak saglayiniz.
Grup icerisinde yapilan beyin firtinasindan sonra gruplarin agikladigi ¢oziimleri
tahtaya yazimz. “Bu c¢oziimlere nasil karar verdiniz?” sorusunu sorunuz.
Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve senaryodaki
kriter ve sinirlamalara gore su ¢ikarimlar: yapmalarini bekleyiniz:

- Bina 3 katli ve betonarme olacak

- 7,6 biiyiikliigiindeki sarsintida yikilmadan kalabilecek

- Bina saglam ve diiz bir zemine inga edilecek

- Bina simetrik olacak.

- Kolonlar esit dagitilacak

- Binamin sarsinti esnasinda kirilmamasi i¢in binayr olusturan yapi

elemanlarinda demir kullanarak beton esnek hale getirilecek

- Kaliteli ve ekonomik malzeme kullanilacak.

Ogrenciler bu asamada sikint1 yasarlarsa “Bilgi Toplama” béliimiinde bulunanlar

hatirlatiniz.

En iyl ¢0ziimii belirlemek i¢in G&g8rencilere sorunuz “Séylediginiz ¢oziimlerden
hangisi en iyi ¢oziim?” Ogrenciler nedenleriyle birlikte en iyi ¢oziimii belirttikten
sonra Ogrencilerle beraber tartisarak en olasi goriilen ¢dziimleri belirleyiniz ve
tahtaya yaziniz, 6grencilerin de yazmalarini isteyiniz. “Planladiginiz iiriiniiniizii
calisma kigidindaki “Uriiniinii Ciz” béliimiine ¢iziniz, sahip oldugu ozellikleri
“Uriiniin Ozellikleri” béliimiine ve malzeme listesini de “Istedigin Malzemeler”
boliimiine yaziniz.” agiklamasini yapiniz. Bu asamada her grup ayni iiriinii ¢ikarmak
zorunda degildir. Grup iiyelerinin ortak karari hangi ¢oziimden yanaysa o ¢éziim

yapilir.
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“Coziim igin iireteceginiz tirtiniin  ihtiya¢  duydugu malzemeleri  grup
arkadaglarinizla belirleyip bana soyleyiniz. Ben size istediginiz malzemeleri temin
edecegim.” aciklamasini yaparak oOgrencilerin {rlinleri i¢in belirledikleri
malzemeleri 6greniniz.

Osgrencilerden beklenen malzemeler :

- Cimento

- Ince kum

- Su

- Kalin celik tel (Temel, kat tabanlar: ve kolonlar icin farklh kalinliklardaki
demirlerin ol¢eklendirme degerlerine gore belirlenen teller)

- Ince celik tel (Kaln telleri birbirine baglamak icin)

- Kiiciik testere (Mdf ya da sunta kesimi i¢in)

- Pense / kargaburun pense (Telleri biikmek igin)

- Silikon tabanca (Kolon kaliplarini yapistirmak igin)

- Elektrik banti (Kolon kaliplarini tutturmak igin)

- Bos plastik kap (Cimento kum ve su malzemelerini karistirmak igin)

- Dereceli silindir

- Spatula

- Dijital hassas tarti

- Serit metre

Bu malzemelerin yaninda prototipin temelini ve kolonlarin kaliplarin1 yapmak i¢in
ince mdf / sunta / kontrplak gibi malzeme 6grencilere hazir verilir. Ogrenciler bazi
malzemeleri sdylemediklerinde rehberlik ederek ihtiyaclarini bulmalarini saglayimiz.

Malzemelerin miktarlar1 ve Olgiileri 6grencilerin kullandig1 6lgeklendirme oranina
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gore degisecegi i¢in hangi grup hangi oranda dl¢eklendirme yapti ise o orandaki
malzeme miktarini ve 6l¢iilerini sinifa getiriniz.
Istenilen malzemelerin alinmas: igin aktiviteye ara verilir. Bir sonraki ders saatinde

tekrardan toplanilir.

Obgrencilerin 6ngdrdiigii malzemeleri smifa getiriniz. Tehlike arz eden malzemeler
icin 0grencilere gerekli uyarilar1 yapiniz.

NOT: Uriin gelistirme esnasinda ihtiyac duyulan malzemeler icerisinde
bulunan kesici ve delici aletlerden (Kiiciik testere) sadece bir tane alimir ve
ogretmen gozetiminde kullandirilir.

Gruplar olusturduklari planlari takip ederek kendi prototiplerini yaparlar. “Artik iiriin
olusturma zamami. Malzemelerinizi aldiniz ve hangi asamalari takip edeceginizi
biliyorsunuz. Simdi bilgi toplama asamasinda belirlediginiz degiskenleri kullanarak
tiriiniiniizii olusturunuz” aciklamasini yapiniz ve Ogrenciler iirlinlerini yaparken
onlara rehberlik ediniz ve sorulart varsa cevaplandiriniz. Gruplar iriinlerini
tagiabilir hale getirmek i¢in &gretmenin temin ettigi sunta / kontrplak gibi
malzemeden yapilmis kalip iizerine insa ederler. Uriinler test asamasina geldiginde
ogrencilerden trilinlerini sarsinti masasinin iizerine koymalar1 beklenir fakat
tirtinlerin kiitleleri bu aktivitede alinan 6lgeklere gore 5 kg, 15 kg, 25 kg, 78,5 kg ve
1.000 kg olacagindan dolay1 tiriinleri tagimak zor olacaktir. Test agamasi esnasinda
okulda bulunan gorevli ¢alisanlardan ya da diger 6gretmenlerden yardim istenmesi
ve birlikte sarsintt masasinin iizerine koyulmasi tavsiye edilir (78,5 kg i¢in). Ayrica,
1000 kg kiitleli {iriinii tagimak miimkiin olmadig1 icin, bu Olgiilerde bir {iiriin
yapilmamasi tavsiye edilir. Eger iiriinii tasima ihtiyac1 olmadan, {riiniin depreme
dayanikliliginin test edilebilecegi uygun laboratuvarlar ve sarsinti masasi

diizenekleri var ise bu dlgiilerde iiriin yapilabilir.
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Ogrencilereden beklenen iiriin vapim asamalari:

Ogrenciler iiriinlerini yaparken binalarmin katlarina ve kolonlarina déktiikleri
betonun kurumasini en az bir giin beklemelidir. Bu sebepten dolay1 her bir katin ve
kolonlarin betonu dokiildiikten sonra bir giin beklenilmeli, aktiviteye bir sonraki ders
saatinde devam edilmelidir. (3 katli bir bina i¢in en az 3 giine ihtiya¢ duyulmaktadir.
Bekleme giin sayis1 dokiilen betonun kivamina gore daha da uzayabilir.) Beton
dokme islemi yapildiktan sonra betonlar kuruyana kadar {iriinler hareket
ettirilmemelidir. Bu yiizden, triinler diger dersleri ya da 6grencileri etkilemeyecek
mekanlarda ve masalarin iizerinde yapilmalidir. Bekleme siireci oldugundan,
iriinlerin okulun laboratuvarinda ya da miisait bir odasinda / sinifinda yapilmasi ve
saklanmasi tavsiye edilir. Prototipin yapildigi her giinlin sonunda, aktivitenin
yapildig1 mekani temiz birakmak i¢in mekanin zemini 6grenciler tarafindan faras ile
siipiiriilmeli, masalar ise bez ile silinmelidir. Ogrenciler, temizlik yaptiktan sonra

aktiviteye ara vermelidir.

[lk olarak dgrenciler l¢iimlerini yapar, malzemeleri lgiilerine gore ayarlar, birinci
(temel) katin zeminine demir kafesleri doser ve bina kolonlarinin demir iskeletlerini
olusturur. Olgiimler yapilip binanin ilk katinin demirleri ve kolon demirleri yapilip

yerlestirildikten sonra aktiviteye ara verilir.

Af‘/
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8. GUN

Kolonlarin kaliplar1 ve kat tabanlarinin kaliplar1 6lgiilerine gore ayarlanir ve kolon
demirlerinin ¢evresine ve tabana, Olciilere dikkat ederek yerlestirilir. Daha sonra

kolonlara ve kat tabanina beton dokiiliir. Kurumasi icin bir giin beklenir.
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9. GUN

Uriiniin kurudugundan emin olduktan sonra ikinci kat insa edilir. Kat tabam
Ol¢iilerine gore olusturulur ve katin zeminine demirler yerlestirilir. Kolon kaliplar

yapildiktan sonra kolonlara ve kat tabanina beton dokiiliirKurumasi icin bir giin

beklenir

10.GUN

Uriiniin kurudugundan emin olduktan sonra iiciincii kat insa edilir. Kat tabam
oOlgiilerine gore olusturulur ve katin zeminine demirler yerlestirilir. Kolon kaliplari

yapildiktan sonra kolonlara ve kat tabanina beton dokiiliir. Kurumasi i¢in bir giin

beklenir.
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11.GUN

Uriiniin kurudugundan emin olduktan sonra son kat (tavan) insa edilir. Tavan
Olciilerine gore olusturulur ve iizerine demirler yerlestirilir. Tavana beton dokiiliir.

Kurumasi i¢in bir giin beklenir.
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12.GUN

Her grubun {iriinii bittikten ve iirlinlerin kurudugundan emin olduktan sonra sizin
getirdiginiz sarsintt masasinin iizerine triinleri oturtunuz ve test islemini yapiniz.
“Uriinleri test etme zamamn geldi. Uriinlerin depreme dayanikliigini belirlemek icin
tekerlekli sarsinti masasimi kullanacagiz. Sarsinti masasina taktigimiz matkap
sayesinde sabit ivmeli yani diizgiin hizlanan sarsintt olusturacagiz. Her grup yaptigi
binalar: sarsinti masasinda test edebilir. Testiniz sonucunda binaniz istediginiz
gibiyse arkadaslariniza sunabilirsiniz. Binaniz istenilen gibi olmaduysa ya da eksik
yonlerivarsa dersin basinda belirledigimiz kriterlere ve sinirlamalara tekrardan goz

atarak iiriiniintiziin eksik ve hatali kisimlarini yeniden yapabilirsiniz. Simdi
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tiriinlerinizi test ediniz ve diizenlemelerini yapiniz. Her sey tamamlandiktan sonra
swnif icerisinde sunacaksiniz.” agiklamasini yapiniz.

Binanin depreme dayanikliligint 6lgmek icin  “Google Science Journal”
uygulamasinda bulunan ivme &lger kullanilir. Ogretmen tarafindan daha énceden
yapilmis sarsinti masasina iriin koyulur. Sarsinti masasinin lizerine, “Google
Science Journal” uygulamasinin oldugu akilli telefon yerlestirilir. Sarsinti1 masasi 10
saniye sarsilir. “Google Science Journal” uygulamasi dogrusal ivme degerlerini
verdigi i¢in, depremin biiyilikliigiinden ziyade yatay ivme degerlerine gore test edilir.
Uriinler, 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer ivmesi degerinden baslanip

10 saniye icerisinde diizenli olarak 5,8 m/s? degerine artirilir) sarsilir.
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Biitiin gruplar olusturduklar1 {riinii smif igerisinde arkadaslara tanitirlar.
Ogrenciler, iriinlerinin diger gruplarin iiriinlerinden ayiran &zelliklerinden
bahsederler. Bu asamada iriinlerin nasil degerlendirilecegini agiklayiniz:
“Yaptigimz iiriinler beraber olusturdugumuz “Uriin Degerlendirme Formu”
icerisinde bulunan kriterlere gore degerlendirilecektir. Her grup, hem kendi grup
tiriiniinii hem de diger gruplarn tiriinlerini form tizerinden degerlendirecek. Ayrica
ben de formu dolduracagim. Bu puanlamalara gore en yiiksek puan alan grup birinci
secilecek.” agiklamasini yapiniz.

Ortaya cikan iriiniin ekonomikligini degerlendirmeki¢in asagidaki malzemelerin
birim fiyatlarinin yazili oldugu tabloyu 6grencilere sununuz. Tablodaki bos kisimlar
ogrenciler tarafindan doldurulur boylelikle her grubun yaptigi toplam harcamalar
bulunur. Daha sonra, 6grencilerin toplam harcamalar1 asagida ikinci olarak verilen
tablodaki gercek bir betonarme bina maliyetinin Ol¢eklendirme fiyatlariyla
kiyaslanir. Olgeklendirme fiyatlarina yakin ve daha diisiik harcama yapan gruplar
ekonomik iriin ¢ikarmig kabul edilirken, 6l¢eklendirme fiyatlarinin ¢ok {istiinde
harcama yapan gruplar ekonomik {riin ¢ikarmamis kabul edilir. Asagidaki iki
tabloyu gostererek aciklama yapiniz “Uriinlerinizin ekonomikligini degerlendirmek
icin kullanmilan malzemelerin birim fiyatlarini igceren bir tablo hazirladim. Sizler
kullandiginiz malzemelerin miktarlarint birim fiyatlar: ile ¢arparak ne kadar
harcama yaptiginizi hesaplayacaksiniz. Her grubun yaptigi hesaplama sonucunda
ortaya ¢ikan toplam fiyatlart gergcek bina fiyatlarimin olgeklendirmeleriyle

kiyaslayacagiz ve puanlamamizi ona gére yapacagiz.”
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Uriin Maliyet Formu

Malzemeler Birim fiyat Kullanilan Total
miktar

Cimento (1 kg) 0,56 TL

Ince Kum (1 kg) 1,2TL

Mdf / Sunta / Kontrplak | 0,09 TL

(1cm?)

0,5 mm ¢elik tel (1 metre) | 1 TL

1 mm celik tel (1 metre) 15TL

2 mm celik tel (1 metre) 25TL

3 mm ¢elik tel (1 metre) 3TL

Toplam fiyat:

Asagidaki tabloda 3 katli betonarme bir bina i¢in maliyet hesaplamas1 yapilmis ve
toplam fiyat dl¢eklendirilmistir. Bu tabloyu referans alarak 6grencilerin {iriinlerinin

ekonomikligini degerlendiriniz.
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3 Kath Bir Betonarme Binanin Maliyeti

Malzemeler Birim fiyat Kullanilan Total
miktar

Cimento (1 m®) 220 TL 6 m? 1.320 TL

Kum (1 m3) 45 TL 40 m3 1.800 TL

Su (1 md) 33TL 20 m® 66 TL

Demir (1 ton) 4200 TL 2,5ton 10.500 TL

Toplam fiyat: 13.686 TL
(Toplam fiyatin;

1/50 oran1: 273 TL

1/25 oran1: 547 TL

1/20 orant: 684 TL

1/15 orant: 912 TL

1/5 orani: 2.737 TL)

Degerlendirme formlarini dagitiniz ve sonuca gore birinci grubu belirleyip dersi
bitiriniz.  “Degerlendirme formlarint  dagitryyorum. Liitfen kdgidin  iizerine
degerlendirdiginiz grubun tiyelerinin isimlerini yaziniz. Strayla baglayabiliriz.”
Aktivitede belirlenen malzemeler, fiyatlar1 ve resimleri

Aktivitede ortaya cikarilacak iiriinlin Olgiileri ve malzeme miktarlar1 aktivite
esnasinda Ogrencilerin kullanacaklar1 dlgeklendirme degerlerine gore degisiklik
gostermektedir. Bu yilizden malzeme miktar1 olarak 3 katli betonarme bir prototipin
tamaminin yapiminda gerekli olan toplam malzeme miktar1 ve masrafit her bir
Olgeklendirme degerine gore hesaplanmalidir. Bu aktivitede sadece en az (1/50
oraninda dlgeklendirme) ne kadar malzemeye ve biitceye ihtiyag varsa o degerler

yazilmistir. Diger olgeklendirmeler sonucunda ihtiya¢ duyulan malzeme miktarlar

ve masraflari asagidaki bilgiler 15181nda hesaplanabilir.
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1/50 oranminda ol¢eklendirilmis ii¢ kath prototip icin gerekli olan malzeme

miktarlar: ve fiyatlari (Tek grup i¢in)

Malzemeler Birim fiyat Kullanilan Total
miktar
Cimento (1 kg) 0,56 TL 0,624 kg ~0,5TL
Ince Kum (1 kg) 1,2TL 4 kg 5TL
Su (11t 2TL 0,16 It 0,5 TL
Mdf / Sunta / Kontrplak | 0,09 TL 500 cm? 45 TL
(1cm?)
0,5 mm ¢elik tel (1 metre) | 1 TL 1m 1TL
1 mm ¢elik tel (1 metre) 15TL 4m 6TL
Kiigiik testere 25TL 1 25TL
Silikon tabanca 20 TL 1 20 TL
Pense / kargaburun pense | 20 TL 1 20 TL
Spatula 5TL 1 5TL
Plastik kap 2TL 1 2TL
Dereceli silindir Okuldan temin | 1 -
edilebilir
Dijital hassas tart Okuldan / evden |1 -
temin edilebilir
Serit metre 10TL 1 10 TL
Makas 1TL 1 1TL
Elektrik Bant1 3TL 1 3TL
Bant 1TL 1 1TL
Cetvel 1TL 1 1TL

327




Cubuk makarna

5TL

2 paket

10 TL

Toplam fiyat: 156 TL
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Malzemeler ve Resimleri

Malzemeler Resimler

Cimento (1 kg)

Ince Kum (1 kg)

Su(Lly

Mdf [/ Sunta [/

Kontrplak (1cm?)
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0,5 mm ¢elik tel (1

metre)

1 mm ¢elik tel (1

metre)

Kiiciik testere
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Silikon tabanca

Pense / kargaburun

pense

Spatula

Plastik kap
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Dereceli silindir

Dijital hassas tarti

Serit metre

Makas
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Elektrik bant1

Sarsint1 masast

Bant

Cetvel

Cubuk makarna
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B.1. Revised Earthquake Resistant Wooden Building Design STEM-EDP

Activity Lesson Plan

STEM ETKINLIiK PLANI

Depreme Dayanmikhh Ahsap Bina Tasarim

1. Smmf: 10, 11 ve 12
2. Siire : 9 giinde toplam 670 dakika (17 ders saati)

3. Egitsel Malzeme, Teknoloji ve Medya

Akillh Tahta: Ders ile alakali videolar1 gostermek icin akilli tahta
kullanilacaktir.

Beyaz tahta ve kalemi: Ders esnasinda yapilan gerekli agiklamalari yazmak
icin beyaz tahta ve kalemi kullanilacaktir.

MEB Kitaplari: Ogrencilerin arastirma yapmast icin kullanilacaktir.

Okul Bilgisayarlar: Ogrencilerin arastirma yapmasi igin kullanilacaktir.
Akilh Telefon: Ogrencilerin arastirma yapmasi i¢in kullanilacaktir.
Laptop: Ogrencilerin arastirma yapmasi i¢in kullanilacaktir.

Cahsma Kagidi: Ogrencilerin ders esnasinda énemli noktalar1 not almalari,
aktivite icin yonlendirilmeleri ve dersten sonra konu ile ilgili alistirmalar
yapmalari i¢in hazirlanmistir.

Uriin Degerlendirme Formu: Gruplarin tasarimlarini degerlendirmek icin
ogrenciler ile birlikte hazirlanmasi beklenmektedir.

Arac ve Geregler: Kullanilacak malzemelerin 6grenciler tarafindan karar

verilip, belirlenmesi beklenmektedir.

4. Taslak ve zamanlama

» Problemi tanimlama (20 dk)
- Problemi belirleme (5 dk)
- Probleme yonelik ihtiyaclar belirleme (5 dk)
- Kiiterleri ve sinirlamalari belirleme (10 dk)
» Bilgi Toplama (275 dk)

- Arastirma sorularini belirleme (20 dk)
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- Aragtirma yapma (70 dk)

- Aragtirma sorularini cevaplandirma (60 dk)

- Disiplinleri ve disiplinlere ait kazanimlari belirleme (30 dk )

- Degiskenleri bulma (5 dk)

- Degiskenleri test etme (90 dk)

Coziimler Uretme (90 dk)

- Olgeklendirme hesaplari yapma ve degerlendirme Kriterleri belirleme (40
dk)

- Uriin degerlendirme formu olusturma (20 dk)

- Coziime yonelik iiriin plan1 yapma (30 dk)

Coziimleri Analiz Etme ve Uygun Olanint Segme (45 dk)

Uriin Gelistirme (180 dk)

Test Etme ve Yeniden Yapma (15 dk)

Degerlendirme (45 dk)

5. Senaryo

Tiirkiye deprem bolgeleri haritasina bakildiginda biiytik 6l¢iide can ve mal kaybina

sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.

Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli Gézlemevi

verilerine gore 1939 yilinda Erzincan ilinde gergeklesen 7,9 biiytlikliiglindeki

depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramistir.

Q;Edl(lne

Klrklareh \

- i [ 1. derece deprem kusag
[ 1. derece deprem kusag:
[ 1. derece deprem kusags
D IV. derece deprem kusagi
E V. derece deprem kusadi
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Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi tizerinde bulunan Erzincan’da depreme
dayanikl1 binalarin yapimi biiylik 6nem tagimaktadir. Bu yiizden, bir ingaat firmast
Erzincan’da yasayan her tiirlii ekonomik seviyedeki insanlarin sahip olabilecegi
depreme dayanikli ahsap binalar yapmak icin goniillii oluyor. Siz bu firmada ¢alisan
bir ingaat miihendisi olsaniz, deprem yonetmeliginin bodrum kati dahil en fazla {i¢
katl1 ahsap binalarin yapilmasina izin verdigini dikkate alarak ve herhangi bir sarsint1
azaltict deprem teknolojisi kullanmayarak Erzincan’a depreme dayanikli nasil bir

ahsap bina yaparsiniz?

Not: Depreme dayanikhi yap1 tasariminda siddet olciisii olarak deprem
biiyiikligiine esdeger olan yatay yer ivmesi kullamlacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” wuygulamasindaki ivme olger
kullanmilacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin yaptig
iiriinler koyulacak ve sarsinti masasinin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki
tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
ivmesi degerinden baglamip 10 saniye i¢erisinde diizenli olarak 5,8 m/s? degerine

artirllacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
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uygulamasinda okuduklar: ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin ka¢ biiyiikliigiindeki depreme
dayamkl oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikilincaya kadar

bir iist degeri denemeye devam edeceklerdir.

Richter Biiyiikliigii Yer Ivmesi (m/s?)
0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0/4
25-3/4 05-1,0
35-44 11-16
45-49 1,7-22
50-54 2,3-2,8
55-59 29-34
6,0-6,4 3,5-4,0
6,5-6,9 41-4,6
70-74 4,7-5,2
75-79 53-58
8,0-84 59-6,4
8,5-8,9 6,5-7,0

9,0 ve ustii 7,1 ve usti

6. Ders Icerigi

Ogretmen grencileri gruplara ayirir ve her dgrenciye “Calisma Kagidi” verir.
Dagitilan kagidi tanitir ve okumalarini ister. “Bu ¢alismayr grup halinde yapacagiz.
Grup iiyelerinin isimlerini okuyorum, aynt gruba ait olanlar bir arada otursun
liitfen. Simdi her birinize ¢alisma kagidr dagitacagim. Dagittigim kagitlara bir goz
atin ve isimlerinizi yazin. Caliyma kdagidi ders esnasinda onemli noktalart not

almaniz ve aktivite esnasinda yonlendirilmeniz icin hazirlanmistir. Kagidi dersimiz

337



stiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz esnasinda size

ben soyleyecegim.”

6.1 Problemi Tanimlama

Ogretmen calisma kagidindaki senaryoyu okumalarmi  ve anladiklarini
arkadaslariyla paylasmalarini sdyler ve bu esnada 6gretmen 6grencileri gdzlemler.
“Size dagitigim kagitta bir senaryo var. Her biriniz onu okuyunuz ve anladiginizi

grup arkadagslarinizla paylasiniz. Baglayabilirsiniz.”

6.1.1 Problemi belirleme (5 dk)

Grup tartismasindan sonra dgrenciler senaryodan genel olarak neler anladiklarini
smif igerisinde sdyler. Ogretmen sorar: “Okudugunuz senaryodan neler anladimiz?”’
Ogrencilerin cevaplar1 alindiktan sonra senaryo detayli incelenir. Senaryoda bulunan
problem ve problemi ¢dzmek igin neye ihtiya¢ duyuldugu belirlenir. Ogretmen
senaryodaki problemi Ogrencilere sorar ve verilen cevaplari ve Ogrencilerin
belirledigi problemi tahtaya yazar ve grencilerden ¢alisma kagidindaki “Problem
nedir?” boliimiine yazmalarini ister. “Arkadaslar, senaryoda problem / sorun var
mi? Problem nedir? Ogrenciler su cevabi verene kadar 6gretmen rehberlik eder:
“Problem,; Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
dayanikli olmayan binalarin yitkilmas: ve bunun sonucunda can ve mal kayiplarinin
olmasi.”

6.1.2 Probleme yonelik ihtiyaci belirleme (5 dk)

Sonra 6gretmen probleme yonelik ihtiyaci belirlemelerini ister ve belirledikleri
ihtiyaci tahtaya yazar ve 6grencilerden de calisma kagidindaki “Ihtiya¢” boliimiine
yazmalarini ister. “Bu problemi ¢ozmek icin neye ihtiyac var? Ogrenciler su cevabi
verene kadar 6gretmen rehberlik eder: “Erzincan ilindeki depremlere dayanabilecek

ahsap binalar yapmaya ihtiyag var.”
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6.1.3 Kriterleri ve simirlamalari belirleme (10 dk)

Buraya kadar “Problem ve ihtiya¢” ana hatlariyla belirlenmistir. Fakat problem
“Tam tanimlanmamis problem” oldugu i¢in detayli incelenmelidir. Bundan dolayi,
Ogretmen ve Ogrenciler tartisarak / beyin firtinasi yaparak problemi detayli
incelemeli ve problemde belirtilen kriterleri ve sinirlamalart belirleyip aktivite
kagidina not etmelidirler. Boylelikle problem tanimlanmis ve iirlinde istenilen
detaylar belirlenmis olur. Ogretmen 10 dakika siire verir ve grup igerisinde tartisarak
sinirlamalar1 ve kriterleri bulmalarini ister. “Simdi senaryoyu detayli inceleme
zamani. Senaryoyu tekrardan okuyarak su sorulara cevap vermenizi istiyorum.
Senaryo bize simirlamalar koyuyor mu? Senaryonun istedigi kriterler nelerdir? Grup
arkadaglarinizla sorular:t cevaplamaniz i¢in 10 dakikaniz var. Siirenin sonunda
bulduklarinizi beraber tartisacagiz.” Ogrenciler bulduklarin1 6gretmenle tartisir ve
Ogretmen gruplardan aldigi cevaplart baslhiklara ayirarak tahtaya yazar.
Ogrencilerden, belirlenen kriterleri ve siirlamalari, calisma kagidindaki “Kriterler
ve Smirlamalar” béliimiine yazmalarm istenir. “Istenilen kriterler ve stmrlamalar
nelerdir?” Ogrencilerden su cevaplar aliana kadar 6gretmen senaryoyu bir kac kez
okutarak ogrencileri yonlendirir: “Kriterler: Binalar, Erzincan ilinde bu zamana
kadar 6l¢iilmiis en yiiksek biiyiikliik olan 7,9 biiyiikliigiindeki depremde yikilmadan
durabilmelidir. Binalar ahsap olmalidir. Stnirlamalar: Deprem yonetmeligi, ahsap
binalart bodrum kati dahil 3 kat ile simirlandirmaktadir. Sarsinti azaltici deprem
teknolojisi kullaniimamalidir. Bunlarin yanminda, Erzincan’da yasayan her tiirlii
ekonomik seviyeye sahip insanlarin binalara sahip olabilmesi igin kullanilan
malzemelerin hem kaliteli hem de ekonomik olmasi gerekir.” Ogretmen ekler
“Sizden bu kriterler ve sumirlamalar dogrultusunda gercegine en yakin depreme
dayanikll ahsap ev iskeleti (kaba insaaty) yapmanizi iStiyorum. Cati, pencere, kapt
gibi elemanlar: kullanmadan ve ince ingaatina girmeden ev yapacaginizi
unutmayniz.”
6.2 Bilgi Toplama
Ogretmen arastirma yapmalari igin dgrencilere, siniflarda bulunan internet erisimine

sahip akilli tahtalar, diziistii bilgisayarlari, miimkiinse akilli telefon ve tablet gibi
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cihazlar1 ve MEB fizik kitabin1 kaynak olarak saglar. Ogrenciler kendi baslarina
arastirma yaparak gerekli bilgiye ulasir. “Problemi ve ihtiyact belirledigimize gore,

simdi arastirma yapma zamani.’

6.2.1 Arastirma sorularim belirleme (20 dk)

Arastirma yapmadan Once neleri arastiracaklarina dgretmen ve 6grenciler birlikte
karar verir. Ogretmen “Sizce depreme dayanikli ahsap bina yapmak icin neleri
bilmek gerekiyor, neleri arastrmaliyiz?” der ve birlikte belirlenen arastirma
sorularini tahtaya yazar ve oOgrencilerden de c¢alisma kagidindaki “Arastirma
Sorular1” boliimiine yazmalarm ister. Ogrenciler asagidaki arastirma sorularma ya

da benzerlerine ulagana kadar 6gretmen rehberlik eder:

1. Deprem nedir? Depremin biiyiikliigii ile siddeti arasindaki fark nedir?

2. Depreme dayanikli ahsap binalarda olmast gereken ozellikler nelerdir?
/ Bu binalarin depreme dayanikli olmasi i¢in nasil insa edilmesi gerekir?

3. Depreme dayanikli ahsap binalarinin inga asamalar: nelerdir?

4. Uc katl ahsap binalarin élciileri nelerdir? (Katlar arasi yiikseklik kag¢
metredir?, Katlarin yiizey alanlart ka¢ m?’dir?, Katlarin zemin
kalinliklar: ka¢ metredir?, Kolonlarin en, boy ve yiikseklikleri kacar
metredir?...)

5. Depreme dayanikli ahsap binalarin kaba insaati esnasinda hangi
malzemeler kullanilir?

6. Ahsap ii¢ katli binalarin kaba insaatinda kullanilan malzemelerin

miktarlart ve olciileri nelerdir?

NOT: Ogrenciler gercek hayatta insa edilebilecek binalar1 6lgeklendirerek
prototip yapacaklar icin ii¢ kath binalarin minimum boyutlarinin referans
alinmasi tavsiye edilir - her katinda birer tane 1+1 dairelerin oldugu binalar -
fakat 6gretmen ya da 6grenciler isterse farkh olgiilerdeki daire tiplerini (2+1,

3+1... daireler) referans alarak arastirma yapabilirler.
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6.2.2 Arastirma yapma (70 dk)

Ogretmen “Arastirmalarimz icin simiflarda bulunan internet erisimine sahip akilli
tahtalar, akilli telefonlar, diziistii bilgisayarlar: ya da tabletleri ve MEB fizik
kitabini kullanabilirsiniz. Ayrica yanls bilgiye ulagmanizi énlemek icin liitfen
arastirmalarimizi bir ka¢ kaynaktan yapmiz ve bulduklarimizin dogrulugunu farkl
kaynak cesitlerinden de arastirarak teyit ediniz. Ayrica, giivenilir sitelerden bilgi
almak i¢in, arastirma yaptiginiz internet sitelerinin “edu” ve “gov” uzantili
olmasina dikkat ediniz. Sorulariniz olursa bana sorabilirsiniz. Arastirma sonucunda
bulduklarinizi ¢alisma kagidindaki “Bulduklarim” boliimiine yaziniz.” der.

6.2.3 Arastirma sorularini cevaplandirma (60 dk)

Ogrencilerin aragtirmalar1 bittikten sonra, ogretmen sorar “Neler buldunuz?”
Ogrenciler asagidaki bilgileri bulana kadar arastirma yapmaya tesvik edilir. Verilen
stire yeterli olmazsa ek siire tanimabilir. Siireler doldugunda hala yeterli bilgiye

ulasilmadiysa geri kalanin1 6gretmen 6grencilere sunar:

1. Yerkiire nin icerisinde bulunan magmanin ¢evresindeki levhalarin hareketi
sonucunda enerji agiga ¢ikar ve béylece deprem dalgalari olugur. Depremin
biiyiikliigii 1’den 9°a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin ol¢iistidiir.

2. Depreme dayanikli ahsap binalarda dikkat edilmesi gereken bes temel unsur
vardir:

e Zemin: Binalar saglam zeminin iizerine yapiimalidir.

o Simetriklik: Tasiyict duvarlar simetrik ve diizenli yerlestirilmelidir.

o Taswyici sistemler (Tasiyict Duvarlar ve Dikmeler / Direkler): Kuvvet
aktarumi olmast igin yiik tasiyan dikey ve yatay elemanlar birbirine iyi

baglanmalidir. Bunun igin iskelete yerlestirilen dikmeler diyagonal
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olarak ist yatay elemanlara baglanarak saglamlastiriimalidir. Ayrica,
dikmelerin yiik altinda egilmesini veya biikiilmesini onlemek icin
dikmeler arasina yatay kisa ahsap pargalart koyulmalidir. Ayrica,
taswyict duvarlar duvar boyunca birbirine ¢apraz baglanmalidir.
Kaliteli / nitelikli malzeme: Kaliteli malzeme kullanilmalidir.
Siineklik / esneklik: Bina deprem esnasinda salinim hareketi yaparak
enerjiyi soniimlemelidir. Ahsap binalarda siinekligi saglamak icin
dikmeler tasiyict duvarlara ge¢meli olarak baglanmali ve c¢ivi ile
pekistirilmelidir. Gegmeli olamadig1 durumlarda dikmeler c¢ivili kose

takozlari ile tasiyict duvarlara baglanmalidir.

3. Depreme dayanikli ahsap binalarin iskelet yapisinin basit yapim asamalart

su sekildedir:

Zemin: Saglam ve diiz bir zemin olusturulur. Bunun i¢in binanin
iizerine koyulacag yer / zemin diizlestirilir. (Ogrencilerin zemin icin
diiz bir yiizey kullanacaklarini diisiinmeleri beklenir.)

Giris kat / Birinci kat tabani:. Oncelikle zemin iizerine ahsaplardan
cerceve olusturulur. Cergevenin i¢ kismina yatay ve dikey olarak
ahsap doseyerek 1zgaralar olusturulur.

Taswyici sistemler: Tasvyict duvarlart olusturmak igin dikmeler birinci
katin tabant icin olusturulan ¢evgenin tizerine simetrik olacak sekilde
ve belirlenen araliklara gore dikilir. Dikmeler arasina yatay kisa
ahsap parcalart koyulur. Binamin birinci katinin tabaninda yapildig
gibi ahsap c¢erceve yapilarak dikmelerin iist kismina yerlestirilir
(Boylelikle bir tist katin tabani da olusmusg olur.).
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o Tasiyicr sistemlerin saglamlastirilmasi: Her dikme koselerinden
divagonal olacak sekilde iist c¢ercevelere ahsap parcalar ile
desteklenir (payanda / elibogriinde / egik destek kullanmak). Ayrica

taswyict duvarlar duvar boyunca ahsaplarla birbirine ¢apraz baglanir.

e e E = ]

(M.1 Tasarim olusturmak i¢in gerekli asamalar acgiklar.)

Buraya kadar binanin bir katinin iskelet yapisinin nasil yapilacagi dgrenilmistir.
Ayni islemler takip edilerek diger katlarin insa edilecegi bilinir. Ogretmen depreme
dayanikli ahsap binalarin yapim asamalar1 hakkinda 6grencileri yetersiz gordiigi
takdirde asagidaki linklerden videolar1 izletebilir.

(https://www.youtube.com/watch?v=8yvCBPhnKdl Ahsap Ev Yapimi, 3. Boliim
Zemin; https://www.youtube.com/watch?v=h5ZL DOsChSA Kalas Ev Yapimi

/agagtanvillalar.com / Ahsap Ev;
https://video.piri.net/resim/upload/video/2017/02/26/3efe85376e12432cafc95afc9c

c790b9.mp4 Asir kolay yeni nesil ahsap ev yapimi,
https://www.youtube.com/watch?v=Wq16altrIMM Ahsap Ev Yapimi, Ana Iskelet;

https://www.youtube.com/watch?v=ChAAmcBhzFE How to Frame a House;

https://www.youtube.com/watch?v=qz1FCUN4A8w Frame a Quality Shed in 5

hours - Side Hustle Ideas; https://www.youtube.com/watch?v=1etXhJg2vgw&t=3s

Making eartquake proof wooden house 3:14-3:20 saniye)
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4. Ug katli ahsap bir binanin bir katimin él¢iileri asagidaki tablodaki gibidir:

Binanin Bir Katimn Olgiileri

Yapilan is Boyutlar
En Boy Yiikseklik

Kat Tabanlar1 400 cm 700 cm 20 cm

Dikme 10 cm 300 cm 10 cm

Dikme sayisi 1,5 metrede (150 cm’de) bir adet dikme (Taban 1zgaralari
icin de gecerlidir.)

Dikme egik | 20’ser cm boyunda olmalar1 idealdir

destekleri (payanda)

Dikmeler aras1 yatay | 2,74 m yiikseklige kadar tek bir sira yatay ahsap ddsenir.

ahsap Daha uzun duvarlarda iki sira désenir.

Dairenin yiizey alan1 | 28 m? (1+1 dairenin sahip olabilecegi minimum deger) =
280.000 cm?

Bu tablodaki 6lgiiler her katinda sadece bir tane 1+1 daire olan bir binanin sahip

olabilecegi degerler g6z Oniine alinarak bir ingaat miihendisinin onay1 ile

belirlenmistir. Ogretmen isterse bu tablodaki degerleri 6grencilere sunabilir ya da

ogrencilerin aragtirarak bulmasini isteyebilir. Ogrenciler kendileri bulacaksa

ogretmen bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu teyit

etmelidir. Ayrica 6grenciler isterse 1+1 daire Olgiileri yerine farkli daire Slgiileri

kullanabilir. Ogrencilerin tabloyu Excel programinda yapmalar1 beklenir.

5. Ahsap binalarin iskelet yapist i¢in kullanilan malzemeler:

o Kereste
o Ahsap diibel
o (ivi

o Kose takozlar
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6. Insaattan once yapimn élgiileri goz oniinde bulundurularak malzeme miktar

hesaplanir. U¢ katli ahsap binalarin bir katimn iskeleti icin kullanilan

malzemelerin miktarlart ve ol¢iileri soyledir:

Uc Kath Ahsap Binann Bir Kat iskeleti Icin Kullanilan Malzeme Cesitleri,

Miktarlar1 Ve Olgiileri
Kat Tabani Tastyic1 Duvar | Duvar Ara | Dikme Egik
(Cergeve  + Baglantilari Destekleri
1zgara) (Payandalar)

Kereste 5x20cm 10x 10cm 5x10cm 5x10

Cesidi

(En X

yiikseklik)

Kereste 4 metrelik ve 7 | 3 metrelik 2 metrelik | 6 metrelik

Cesidi metrelik (Kesilecegi i¢in | (Kesilecegi

(Uzunluk) farketmez) i¢in

farketmez)

Kereste 330. 000 cm® | 420.000 cm?® 200.000 cm® 30.000 cm?®

Miktart (Cergeve igin | (Her LS m’ye | (Her  duvarda | (Her bir dikme

(cm?) 2 adet 4 m | DPir adet dlkﬁlB iki swra ara | i¢in sag ve sol
uzunlugunda | ©lacagt  i¢in | pasianglar olmak tizere 2
ve 2 adet 7 m | §°T¢CVE Ve olacag icin | adet 20’ser cm
uzunlugunda | dikmeler i¢in | a6 v16y destek
kereste) 14 ade:‘t 3 M| quvarlara 4 adet | gerekir.)
(Izgara igin 3 | Yzunlugunda |7 ve 4 adet 3 | (Toplamda 14
adet 4 m | kereste) m uzunlugunda | dikme igin 560
uzunlugunda kereste) cm uzunlukta
ve 2 adet 7 m kereste.)
uzunlugunda
kereste)

Toplam 980.000 cm®=0,98 m*

Kereste
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Miktari (Ug kat icin 980.000 cm® x 3 = 2.940.000 cm?® = 2,94 m? kereste)

Toplam 252.000.000 cm?® = 252 m3

Hacim (28 m?x9m=252m?)

Toplam 2,94 m*® x 500 kg / m®=1.470 kg
Bina Kiitle
(3 kat)
(Kereste | (eam kereste = 500 kg / m?)
hacim X
kereste

yogunluk)

Bu tablodaki degerler bir énceki tablodaki 6lgiilere gore belirlenmistir. Ogretmen
isterse tabloyu Ogrencilerine sunar ya da Ogrencilerinin arastirip bulmalarin1 ve
bulduklarin1 Excel dosyasina yazmalarmi ister. Ogrenciler kendileri bulacaksa
ogretmen bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu teyit

eder.

6.2.4 Disiplinleri ve disiplinlere ait kazanimlari belirleme (30 dk)

Arastirma sorular1 cevaplandirildiktan sonra problemin ¢oziimiinde hangi
disiplinlere ihtiya¢ duyuldugu belirlenir. Ogrencilerin belirlediklerini gretmen
tahtaya, 6grenciler ise ¢alisma kagidindaki “Disiplinler” ve “Kazanimlar” boliimiine

yazar. Ogretmen sorar “Depreme dayanikli bina tasarlamak icin hangi disiplinlere
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ihtiyaciniz var?” Ogrenciler bes disipline -fizik, matematik, miihendislik, teknoloji
ve sosyal beceriler- ulasana kadar 6gretmen rehberlik eder. Ogrencilerin “Dalga
bilgisi icin fizik; olgiim ve hesaplama yapmak i¢in matematik, binanin plani ve
dizaymi i¢in miihendislik; arastirma yapmak ve binayt tasarlamak igin teknoloji;
grup calismasi ve tirtin ¢ikarma stireci igin sosyal beceriler disiplinine ihtiyag
vardir.” demeleri beklenir. Ogrenciler fizik, matematik ve miihendislik disiplinlerini
bulurken, teknoloji ve sosyal becerileri disiplin olarak bulamayabilirler. Ogretmen
bu asamada bu iki disiplini buldurmadan bu disiplinlere ait kazanimlar1 6n plana
¢ikarmak icin rehberlik eder.

Ogretmen sorar “Arastirma yaparken hangi konulart incelediniz? Coziim iiretmek
icin hangi konular / kazamimlar size yardimct oldu?” Bu asamada Ogrenciler
problemin ¢oziimiinde bes disipline ait hangi kazanimlara ihtiya¢ duyduklarini ve bu
kazanimlar1 nereden bulacaklarini belirler. Ogrencilerin “Fizik kazammlar fizik
ogretim programindan ve matematik kazanimlar: matematik ogretim programindan
bulunabilir’ demeleri beklenir. Ogrencilere ortadgretim miifredatinin yaninda
ortaokul miifredatindan da yararlanabilecekleri hatirlatilir. Ayrica, teknoloji,
miihendislik ve sosyal beceriler disiplinine ait ders programi olmadig1 i¢in 6gretmen

referanslar sunarak dgrencilerin kazanimlar1 belirlemesi icin rehberlik eder.

(Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii, Kazanim Merkezli
STEM Uygulamalari,
https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019_01/29164143_STEM_KitapYk.

pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,
Miihendislik ve Matematik (STEM) Ogretim Programinin Tasarlanmast,

Uygulanmasi ve Degerlendirilmesi,

https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmasi beklenen bes disipline ait kazamimlar ve kisaltmalar1 su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3, M.5.2.3.1),
Teknoloji (T.1), Miihendislik (M.1, M.2, M.3) ve Sosyal Beceriler (S.1, S.2).

Ogrenciler, farkli disiplinler altinda ayni kazanimi bulabilirler ya da kazanimlari
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birebir ayn1 bulamayabilirler bu durumda istenilen kazanimlara yakin kazanimlar
bulunana kadar &gretmen rehberlik eder. Ogrencilerden beklenen kazanimlar su
sekildedir:

- “Depreme dayanikli bina tasarlamak igin oncelikle depremi bilmeleri
gerektigini  diigiindiiklerini bu yiizden depremi ve deprem dalgalarin
arastirdiklarini, ayrica depremlerin can ve mal kaybina sebep olmamasi igin
¢oziimler fiiretmeleri gerektiginden depreme dayanmikli binalarin nasil
oldugunu arastirmaya ihtiya¢ duyduklarini, ayrica deprem kavraminin hangi
tinitede oldugunu arastirdiklarinda fizik dersindeki “Deprem Dalgalart”
konusuna ulagtiklarini” sdylemeleri beklenir. (F.10.3.5.1. Deprem dalgasim
tamimlar.), (F.10.3.5.2. Deprem kaynakl can ve mal kayiplarin1 6nlemeye
yonelik ¢oziim onerileri gelistirir.)

- “Problemin ¢oziimii i¢in ahsap bina yapilmasi istenildiginden bir miihendis
gibi ahsap binalarinin yapisal ozelliklerini ve hangi asamalar: takip ederek
vapuldiklarint  bilmeye ihtiya¢ duyduklarini ve ona goére arastirmalar
yaptiklarini” sdylemeleri beklenir. (M.1 Tasarimi olusturmak icin gerekli
asamalan agiklar.), (M.2 Bir tasarim icin gerekli yapisal ozellikleri
aciklar.)

- “Bir miihendis gibi kendi binalarini insa edecekleri icin ingaat
miihendislerinin depreme dayanikli ahsap binalari nasil tasarladiklarini ve
daha onceden yapilan depreme dayanikli ahsap binalarin nasil yapildiklarin
incelemeye ihtiya¢ duyduklarint ve incelemeler sonucunda égrendikleri yapt
ozelliklerine gore tasarimlarim yapacaklarini” séylemeleri beklenir. (M.3
Yapisal ozellikleri dikkate alarak bir tasarim yapar.)

- “Gergek bir depreme dayanikli bina yapilacag: i¢in bir binanin boyutlarinin
olciileri, malzemeleri ve malzeme miktarlar: bilinmeli bu yiizden insaat
miihendislerinin projelerindeki ol¢iileri kullanmalari gerektiginin ve gercek
olciileri  uygulanabilir  hale doniistiirmek i¢cin  matematik kullanarak
olgeklendirilme yapmalarinin ve uzunluk birimlerinde doniisiimler yaparak

binayr tasarlamalari gerektiginin” kanisina varmalar1 beklenir. (M.5.2.3.1
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Uzunluk 6l¢me birimlerini tanir.), (M.6.1.5.3 Bir dogal sayi ile bir kesrin
carpma islemini yapar ve anlamlandirir.)

- “Gergegine benzer prototip yapilacagi i¢in kullanilan malzeme miktarlar: ve
vapi Olgiileri gercek bina olgiileriyle orantili olmalit ve bu degerler excel
tizerinde toplanmall ve degerlere gore prototipin plant yapilmali” demeleri
beklenir. (T.1 Bilgiyi kaydetmek, yonetmek, ve iliskilendirmek icin dijital
teknolojileri uygun bir sekilde kullanir.)

- “Uriinii tasarlarken beceri odakli calismak gerektigini ve senaryoda verilen
problem icin ¢oziimler iiretme, i¢lerinde uygun olanini belirleme ve iiriin
gelistirebilme gibi becerilere sahip olmak gerektigini” sdylemeleri beklenir.
(S.1 Elestirel diisiinme, problem ¢6zme, yaraticilik ve sorgulama gibi 21.
yiizyil becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st
Century Skills, 2011)

- “Uriin tasarumi yaparken grup halinde ¢alisilacag icin grup iginde gérev
dagilimi yapilmasi ve iiriiniin olusmast igin tistlenilen gorevierin eksiksiz
verine getirilmesi gerektigini” sdylemeleri beklenir. (S.2 Grup arkadasiyla
is birligi yapar. Grup i¢inde aldig1 sorumlulugu yerine getirme becerisi
kazanir; Benjamin, Bessant & Watts, 1997)

Ogretmen  “Liitfen  bulduklarimizi  ¢alisma  kdgidindaki ~ “Disiplinler”  ve
“Kazammlar” boliimlerine yaziniz. "der.

Yogun igerikten dolay1 aktiviteye bir sonraki ders giiniinde devam edilir.

6.2.5 Degiskenleri bulma (5 dk)
Kazanimlarin belirlenmesinden sonra bagimli, bagimsiz ve sabit degiskenler
belirlenir ve &gretmen tarafindan tahtaya yazilir. Ogretmen sorar “Problemin
degiskenleri var mi?” Ogrenciler degiskenleri su sekilde bulana kadar dgretmen
rehberlik eder: “Problemdeki bagimli degisken depreme dayanmikhilik; bagimsiz
degiskenler binann yiiksekligi, binanin genigligi (Kat yiizey alani), binanin sekli,
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simetrikligi, dikme sayisi, sarsintinin siiresi, kullanilan malzemeler ve oranlari; sabit
degiskenler ise binanin kat sayisi ve sarsintinin biiyiikliigiidiir.” Ogretmen “Calisma
kagidindaki “Degiskenler” boliimiine yazimiz.” der. Belirlenen degiskenlerin bir
kisminin 6grenciler tarafindan iirlin gelistirme esnasinda yaparak test edilmesi
beklenir fakat bu aktivitede Ogrenciler gergcek ahsap prototipi yapacaklari icin
degiskenleri {iriin lizerinde test etmeleri zor olacaktir. Bu sebepten Otiirii, bazi
degiskenler kitaptan ya da internetten bilgi alarak bazilar1 ise 6gretmenin getirdigi
alternatif malzemelerin kullanilmasi ile test edilir ve gozlemlenir. Belirlenen
degiskenlerin binalarin depreme dayanikliligin1 nasil etkiledigi 6grencilerin
gozlemleri sonucunda ve arastirarak 6grendikleri bilgiler dogrultusunda 6grenciler
tarafindan yorumlanir. Bagimsiz degiskenlerden binanin yiiksekligi, genisligi ve
sekli Ogretmenin daha Onceden smifa getirdigi alternatif malzemeler ile
olusturabilecekleri prototip iizerinde test edilir. Degiskenlerin test edilmesi i¢in
gerekli alternatif malzemeler cubuk makarna, bant, cetvel ve kronometredir. (Istege
bagli olarak karton, mukavva, tahta ¢ubuk... gibi farkli malzemeler kullanilabilir.)

6.2.6 Degiskenleri test etme (90 dk)

Bu bolimde degiskenler ogrenciler tarafindan c¢ubuk makarnalarla yapilan
prototipler ile test edilecektir. Ogretmen aktiviteye baglamadan &nce yaninda bir
paket cubuk makarna, bant ve cetvel getirmelidir (cubuk makarna yerine baska
secenekler de kullanilabilir). Ogretmen “Simdi degiskenlerin iiriiniiniizdeki depreme
dayanikliligi nasil etkiledigini test edeceksiniz. Bunun i¢in sizlere ¢ubuk makarna,
bant, cetvel ve kronometre (telefon) verecegim. Makarnadan olusturdugunuz
prototipler sonucunda degiskenleri gozlemleyebileceksiniz. Degiskenleri ¢alisma
kagidinda tablo seklinde olusturdum. Benim tablodaki 6rnekte yaptigim gibi siz de
tabloyu dolduracaksiniz.” der. Ogretmen kendi 6rnek tablosunu gosterir ve
ogrencilerden ¢aligma kagitlarinda bulunan tabloyu vakti geldiginde doldurmasinm

ister.
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Bagimh Bagimsiz Sabit Yorumlarimz /

Degisken Degisken Degisken Gozlemleriniz
Ornek | e Depreme e Binanmn e Kat sayisi
dayaniklilik yiiksekligi | e Sarsinti
buytikligi

Ogretmen devam eder “Bagimsiz degiskenleri test etmeye baslayalim. Ilk olarak bina
yiiksekligini inceleyelim. Bina yiiksekligi depreme dayanmikliligi nasil etkiler?”
Ogrencilerin tahminleri alindiktan sonra dgretmen sorar “Bina yiiksekliginin etkisini
nasil test edebilirsiniz?” Ogrencilerden “Diger tiim degiskenler sabit tutularak farkl
uzunlukta ii¢ katli prototipler olusturulmali” cevabi beklenir. Ogretmen sorar “Peki
olusturdugunuz prototiplerin depreme dayaniliklarimi nasil kiyaslayacaksiniz?”
Ogrencilerden  “Olusturulan prototipler esit sarsinti ile sallanmal. Aym
biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha dayanikhidir.”
cevabi beklenir.

Gruplar esit genislige ve ayni sekle sahip iki tane ii¢ katli makarna prototiplerini
kendi istedikleri olgiilerde yapar ve 6gretmenin sinifa getirdigi sarsinti masasinda
istedikleri biiytikliikte sallar. Kronometre ile hangi prototipin daha uzun siire
dayandigin1 Olcer ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak
ogrencilerden beklenen “Bina yiiksekligi arttikca depreme dayamiklilik azalir.”
yoniindedir. Ogretmen “Sonucunuzu tabloya yazin lLitfen.” der. (M.3 Yapisal
ozellikleri dikkate alarak bir tasarim yapar.), (S.1 Elestirel diisiinme, problem
cozme, yaraticilik ve sorgulama gibi 21. yiizy1l becerileri gelisir; English &

Gainsburg, 2016; Partnership for 21st Century Skills, 2011)
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Sonra bina genisliginin (Kat yiizey alanlarinin) etkisi gdzlemlenir. Ogretmen
“Bagimsiz degiskenlerimizi test etmeye devam edelim. Bina genisligi depreme
dayaniklilig nasil etkiler? ” Ogrencilerin tahminleri alindiktan sonra dgretmen sorar
“Bina genisliginin etkisini nasil test edebilirsiniz?” Ogrencilerden “Diger tiim
degiskenler sabit tutularak farkli yiizey genisliginde ti¢ katli prototipler
olusturulmali” cevabr beklenir. Ogretmen sorar “Olusturdugunuz prototiplerin
depreme dayanmiliklarim nasil kiyaslayacaksimiz?” Ogrencilerden “Olusturulan
prototipler esit sarsintt ile sallanmali. Ayni biiyiikliikteki sarsintiya daha uzun siire
dayanabilen depreme daha dayaniklhidir.” cevabi beklenir. Gruplar esit ylikseklige
ve ayni sekle sahip iki tane liger katli makarna prototiplerini kendi istedikleri
Olgiilerde yapar ve Ogretmenin sinifa getirdigi sarsinti masasinda istedikleri
biiytikliikte sallar. Kronometre ile hangi prototipin daha uzun siire dayandigini dlger
ve gozlemlerini yukaridaki tabloya yazar. Sonu¢ olarak Ogrencilerden beklenen

1)

“Bina genisligi arttikca depreme dayamkhilik artar.” yoniindedir. Ogretmen
“Sonucunuzu tabloya yazin liitfen.” der. (M.3 Yapisal ozellikleri dikkate alarak
bir tasarim yapar.), (S.1 Elestirel diisiinme, problem ¢6zme, yaraticiik ve
sorgulama gibi 21. yiizy1l becerileri gelisir; English & Gainsburg, 2016;

Partnership for 21st Century Skills, 2011)

NOT: Bagimsiz degiskenlerden bina seklinin depreme dayamkhhg test
edilirken bir hususa dikkat edilmesi gerekir. Ogrenciler bina sekli olarak
sayisiz secenekler sunabilir ve gercek ¢cikarimlar yapabilmek i¢in her sekle etki
eden riizgar kuvvetlerinin hesaplanmasi gerekir. Bu durum dégrencinin
seviyesini asacagindan dolayr binanin seklinin depreme dayamkhihgim test
ederken bazi sinirlamalar getirilmelidir. Sinirlama su sekilde olabilir: Her grup
kendi ahsap binasim hangi iki farkh sekilde yapmay1 planhyorsa o sekilleri
makarna prototipinde deneyip daha dayanikh olan sekli asil ahsap prototipinde
uygulamahdir. Boylelikle iki sekil arasindan daha dayanikh olan kesfedilmis

olur.
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Daha sonra bina seklinin etkisi gdzlemlenir. Ogretmen “Bina sekli depreme
dayamklilig: etkiler mi?” Ogrencilerin tahminleri alindiktan sonra dgretmen sorar
“Bina seklinin etkisini nasil test edebilirsiniz?” Ogrencilerden “Diger tiim
degiskenler sabit tutularak farkli sekillere sahip (Ucgen, dortgen, besgen, daire, T
sekli, V sekli, U sekli...) ii¢ katli prototipler olusturulmali” cevabi beklenir.
Ogretmen sorar “Olusturdugunuz prototiplerin depreme dayaniliklarini nasil
kiyaslayacaksiniz?” Ogrencilerden “Olusturulan prototipler esit sarsinti ile
sallanmali. Aym biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha
dayanmiklidir.” cevabi beklenir. Gruplar esit yiikseklige ve esit yilizey alanina sahip
iki tane (Herhangi iki sekli kullanabilir) licer katli makarna prototiplerini kendi
istedikleri oOlgiilerde yapar ve Ogretmenin sinifa getirdigi sarsinti masasinda
istedikleri biiyiikliikte sallar. Kronometre ile hangi prototipin daha uzun siire
dayandigin1 Olger ve gozlemlerini yukaridaki tabloya yazar. Sonug olarak
ogrencilerden beklenen “Binanin sekli deprem dayanikliligini etkiler.” yoniindedir.
Ogretmen “Sonucunuzu tabloya yazin litfen.” der. (M.3 Yapisal ozellikleri dikkate
alarak bir tasarim yapar.), (S.1 Elestirel diisiinme, problem ¢6zme, yaraticihik
ve sorgulama gibi 21. yiizy1ll becerileri gelisir; English & Gainsburg, 2016;
Partnership for 21st Century Skills, 2011)

Ogretmen devam eder. “Kullanilan malzemeler ve oranlari, sarsintimin siiresi,
simetriklik ve dikme sayisi deprem dayamkhiligini nasil etkiler? Ogrenciler
aragtirmalar1 sonucu bazi teorik bilgilere ulagabilecekleri i¢in her degiskeni test
etmek zorunda degildir. Ogrenciden bu degiskenlerin etkisini internetten arastirarak
bulabilecegini soylemesi beklenir. Sonug¢ olarak,”Nitelikli ve kaliteli malzeme
kullanmak ve malzemelerin katlarin tasiyabilecegi oranda olmasi deprem
dayamkhligini arttirir; sarsinti siiresi artarsa depremin yikici etkisi de artar,
simetrik cisimler daha ¢ok dengede kalir, bina yeterli kolon ile desteklenirse binanin
depreme dayanikliligi artar” gibi ¢ikarimlar yapmalar1 beklenir. (M.2 Bir tasarim

icin gerekli yapisal 6zellikleri aciklar.)
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6.3 Coziimler Uretme
6.3.1 Olceklendirme hesaplar1 yapma ve degerlendirme Kriterleri

belirleme (40 dk)

Coziim iiretmeye gegcmeden Once 68rencilerin binalarinin nasil degerlendirilecegine
dgretmen ve dgrenciler beraber karar verir. Ogretmen “Bildiginiz iizere en az 7,9
biiyiikliigiindeki depreme dayanabilecek 3 katli ahsap bina tasarlayacaksiniz.
Gergek olciilerine gore 3 kath binalari yapmanz miimkiin mii? Peki gercegini
yapamiyorsak ne yapacagiz?” Ogrencilerin binanin maketini / prototipini
yapacaklar1 ¢ikarimma varmalar1 beklenir. Ogretmen devam eder “Yapacaginiz
binalar kullanilan malzemeler, katlar arasi mesafe, katlarin yiizey alanlar: ve
binanin uzunlugu bakimindan gercegini en ¢ok yansitan olmali. Ne kadar gergegine
benzerse o kadar yiiksek puan alirsiniz.” Ogrenciler bu asamada binalar1 gergek
binalarin uzunluk degerlerine gore dl¢eklendirecekleri ¢ikarimini yapmalidir bunun
icin Ogretmen asagidaki tabloyu gostererek rehberlik eder. Boylelikle dgrenciler
yapacaklart binanin her uzunlugunun ve malzemelerinin ayni1 oranda
Olceklendirileceginin farkina varir. (M.5.2.3.1. Uzunluk 6l¢me birimlerini tanir.),
(M.6.1.5.3. Bir dogal sayr ile bir kesrin carpma islemini yapar ve
anlamlandirir.)

Ogretmen tablodaki her degeri vermez, 6rnek deger verdikten sonra dgrencilerin
bulmast igin zaman tanir. Ogretmen sorar “Mesela bir katin uzunlugu ortalama kag
metredir? Hemen az once hazirladigimiz tabloya bakip bulalim. 3 metre. 1/50
oraninda kiigiiltsek bir kolonun yiiksekligi 6 cm olur. Peki bir katin yiizey alani
ortalama ne kadar? Buna da hemen bakalim. 1+1 olan evlerin yiizey alant 28 m? ise
onu da ayni oranda kiigiilttiigiimiizde 56 cm? olur. Gordiigiiniiz gibi her uzunlukta

ayni kiictiltmeyi yaptik ki gercegine yakin olsun.”
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Not: Bir katin uzunlugu ya da bir dairenin yiizey alami degerleri ve diger

degerler “Bilgi Toplama” boliimiinde olusturulan tablodan alinir.

Ogretmen “Baska hangi oranlarda kiiciiltme yapabiliriz belirleyelim. Hesaplamalar
sizlerin yapmamizi istiyorum.” der. Ogrencilerin dlgeklendirme degerlerini Excel
programinda  tablolayarak  yapmalar1  beklenir.  Ogrenciler  tablodaki
Olgeklendirmelerden daha farkli degerler verebilir onemli olan Ogretmenin ve
ogrencilerin verilen Ol¢eklendirme degerlerine gore yapabilecekleri alt ve iist
sinirlart belirlemeleridir.

Bu tablodaki degerler sayesinde Ogrenciler kullanmalar1 gereken malzeme
miktarlarim ve yapacaklar1 prototipin boyutlarmi bilirler. Ogrenciler asagidaki
tabloyu iiriin ortaya ¢ikarmadan dnce model planlamasini yaparken kullanir. Daha
once test ettigi bagimsiz degiskenlerden c¢ikardiklar1 sonuglara gore asagidaki
Olceklendirme oranlarindan birini depreme dayanikli iiriin icin uygun goriirler ve
prototipi o dlgiilerde yapacagini planlarlar.

Asagidaki tabloya gore alt sinir 1/50 orani {ist sinir 1/5 orani olarak belirlenmistir.

Bu degerler 6grenciler ile 6gretmenler arasinda istenildigi gibi degistirilebilir.

Gercek Binalarin Bir Kat Olgiilerinin, Binalarda Kullamlan Malzeme

Miktarlariin ve Malzeme Olgiilerinin Ol¢eklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | dlgeklendir | dlgeklendir | dlgeklendir | 6lgeklendir

me me me me me

Katlarin 112 cm? 448 cm? 700 cm? 1244 cm? | 11.200 cm?

Yiizey

Alani (~8cmx|(~16cmx | (20cmx35|(~26cmx | (B0 cm X
28 cm) 46 cm)

(28 m? = 14 cm) cm) 140 cm)

700 cm X

400 cm)
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Kat
Tabanlarini
n Kalinlig

(Kullanilan
kerestenin

kalinlig1
kadar)

(20 cm)

0,4cm

0,8 cm

1cm

~15cm

4 cm

Kat
Tabanlar1
i¢in
Kullanilaca
k Kereste
Miktari

(330.000
cm?)

~3cmd

21 cm?®

41 cm?®

98 cm?®

2.640 cm?®

Kat
Tabanlar1
i¢in
Kullanilaca
k
Kerestenin
Kisa Kenar
i¢in
Boyutlari
(en X
yiikseklik x
boy

5 x 20 x
400 cm)

0,1 x04 x

8cm

0,2 x 0,8 x

16 cm

0,25 x 1 x

20 cm

0,3 x1,3x

26 cm

1x4x80

cm

Kat
Tabanlari
i¢in
Kullanilaca
Kk
Kerestenin

0,1 x 0,4x
14 cm

0,2 x 0,8 x

28 cm

0,25 x 1 x

35cm

0,3x1,3x

46 cm

1 x4 x 140

cm

356




Uzun
Kenar icin
Boyutlar1
(en X
yiikseklik x
boy

5 x 20 x
700 cm)

Katlar
Arasi
Mesafe

(Dikme
uzunlugu
kadar)
(300 cm)

6cm

12 cm

15cm

20 cm

60 cm

Dikmeler
i¢in
kullanilaca
k
kerestenin
En,
Yikseklik
ve Boy
Uzunluklar
1

(10 x 10 x
300 cm)

0,2 x 0,2 x

6cm

0,4 x 0,4 x

12 cm

0,5 x 0,5 x

15cm

~ 0,6 x0,6

X 20 cm

2x2x60

cm

Dort  Adet
Tas1yict
Duvar igin
Gerekli
Kereste
Miktari
(420.000
cm?)

~3,5cm?

~27 cm®

52,5 cm?®

125 cm®

28.000 cm®
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Ara
Baglanti
Keresteleri
nin En,
Yikseklik
ve Boy
Uzunluklar
1

(5 x 10 x
200 cm)

0,1 x 0,2 x

4cm

0,2 x 0,4 x

8cm

0,25x0,5x

10 cm

0,3 x 0,6 x

13 cm

1x2x40

cm

Ara
Baglantilar
igin
Gerekli
Kereste
Miktari

(200.000
cm?)

~2cmd

~13cmd
(Bir ara
baglant1

0,64 cm?®)

25 cm?®

~60 cm?®

1.600 cm?®

Dikmeler
Arasi
Mesafe

(150 cm’de
bir adet
dikme)

3cm

6cm

7,5cm

10 cm

30cm

Egik
Destekler
(payanda)
Icin
Kullanilaca
k
Kerestenin
En,
Yiikseklik
ve Boy
Uzunluklar
1

0,1 x 0,2 x

12 cm

0,2 x 0,4 x

24 cm

0,25x 0,5 x

30cm

0,3 x 0,6 x

40 cm

1x2x120

cm
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(5 x 10 x
600 cm)

Egik
Destekler
icin
Gerekli
Kereste
Miktar1

(30.000
cm?®)

0,24 cm?®

~2cm?d

3,75 cm?®

~9cm?®

240 cm?®

Not: Alan olceklendirmesi yaparken olceklendirme oranimmin karesini, hacim

ol¢ceklendirmesi

unutmayiniz.

yaparken de olceklendirme orammmin Kkiipiinii almayi

Gercek Binalarin Olgiilerinin, Binalarda Kullanilan Malzeme Miktarlariin

ve Malzeme Olgiilerinin Olgeklendirilmis Degerlerinin Toplamlar

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | dlgeklendir | 6l¢eklendir | Olgeklendir | 6lgeklendir
me me me me me

3 Kath | ~24cm® ~188cm® | ~ 368 cm?® 871 cm?® 23.520 cm®

Bina I¢in

Gerekli

Toplam

Kereste

Miktari

(2.940.0

00 Cm3)

3 Kath|~12¢ ~94g ~184 g ~436 ¢ ~11.760 g

Bina

Toplam

Kiitlesi
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(dgam
ahsap= 0,5
g/cm?)

3 Kath | ~24cm® ~188cm® |~368cm® | 871cm® 23.520 cm®
Bina
Toplam
Hacim

(Kereste
hacmi
kadar)

6.3.2 Uriin degerlendirme formu olusturma (20 dk)

Olgeklendirme anlasildiktan sonra degerlendirme kriterlerini belirlemeye devam
edilir. Ogretmen sorar “Degerlendirme kriterlerimizden birini él¢eklendirme olarak
belirledik sizce binalarimizi baska hangi ozelliklere gore degerlendirelim?”
Ogrencilerin “7,9  biiyiikliigiindeki depreme en uzun siire dayanabilen, 7,9
biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen ve ekonomik malzeme ile
yapiumis olan en yiiksek puani almali.” ¢ikarimimi yapmalart beklenir. Ayrica
binanin ekonomik olmasi tizerinde durulur ve 6grenciler “Ekonomik malzeme ile
vapilmis olan en yiiksek puani almali.”” sonucuna ulasana kadar 6gretmen rehberlik
etmelidir. Bu kriterler diginda baska kriterler de degerlendirmeye alinabilir.
Ogretmen “Degerlendirme yaparken 1 puan, 2 puan ve 3 puan kullamrsak bu
puanlart hangi kriterlere gore verecegimizi beraber belirleyelim. Mesela bir binayi
belli bir saniye salladigimizda tamamen yikiliyorsa, ya da tamamen yikilmayip
katlarinda kopmalar oluyorsa ya da sapasaglam duruyorsa bu binalart nasil
puanlayalim?” Ya da ekonomik oldugunu nasil belirleyelim?” der. Boylelikle
asagidaki tabloya yakin iirlin degerlendirme formu olusturulana kadar 6gretmen

rehberlik eder.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri

1 puan 2 puan 3 puan
Bina 7,5 - 79|10 saniyeden | 10 saniyeden daha | 10 saniye boyunca
biiyiikliigiindeki | daha az siirede | az siirede katta | herhangi bir bozukluk
(5,3 m/s?> - 5,8 | tamamen yikildi | kopmalar oldu olmadi ve yikilmadi
m/s?
ivmelerdeki)
depremde
yikilmadan
durabildi mi?
Binanin Higbir boyut ve | Sadece boyut ya | Her  boyutta ve
boyutlari ve | malzeme da sadece | malzeme
malzeme miktarlar malzeme miktarlarinda
miktarlari Olgeklendirilmedi | miktarlari Olgeklendirilme
gercek bina Olceklendirildi yapildi
degerlerine gore
Olceklendirildi
mi?
Uriin icin | Toplam tutar | Toplam tutar | Toplam tutar
kullanilan Olgeklendirme Olgeklendirme Olgeklendirme
malzemeler fiyatlarinin fiyatlarina esit fiyatlarinin altinda
ekonomik mi? | iistiinde

(Gruplarin
malzeme

masraflari
hesaplanir  ve
gercek binalarin

Olgeklendirme
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fiyatlariyla

kiyaslanir)

7,5 - 7,9 8,0-8,4 8,5-8,9 9,0 ve tistii
biiytikligiinde

(5,3 m/s®> - 5,8

m/s? ivmelerde)
yikilmayan
binalar en fazla
hangi
biytiklikteki
depreme
dayandi1?
(Uriinler
arasinda esitlik
varsa  sarsinti
siddeti
arttirllarak

eleme yapilir.)

Toplam puan

6.3.3 Coziime yonelik iiriin plan1 yapma (15 dk)

Ogretmen devam eder “Grup olarak beyin firtinast yapacaksimiz ve belirlenen
kriterlere, simirlamalara, test ettiginiz degiskenlere gére ¢oziimler iireteceksiniz.
Uriin malzeme miktarim ve élciilerini belirlerken yukarida hazirladigimiz “Gercek
Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarimin ve Malzeme
Olciilerinin  Olgeklendirilmis DeSerleri” baslikli tabloyu kullanimiz. Ayrica,
lirtiniiniizde olmasini planladiginiz ozellikleri “Modelin Ozellikleri” béliimiine

yvaziniz ve son olarak, bu iiriinii yapabilmek icin ihtiva¢ duydugunuz malzemeleri
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“Gerekli Malzemeler” béliimiine yaziniz. Liitfen malzemelerin ekonomik olmasina
dikkat ediniz. Coziimlerinizi tartisip en iyi ¢oziime karar verecegiz. Siireniz 45 dakika
olacaktir.” der. (F.10.3.5.2 Deprem kaynakh can ve mal kayiplarim 6nlemeye
yonelik c¢oziim onerileri gelistirir.), (S.1 Elestirel diisiinme, problem cézme,
yaraticilik ve sorgulama gibi 21. yiizyil becerileri gelisir; English & Gainsburg,
2016; Partnership for 21st Century SKkills, 2011), (S.2 Grup arkadasiyla is birligi
yapar. Grup icinde aldigi sorumlulugu yerine getirme becerisi kazanir;

Benjamin, Bessant & Watts, 1997)

6.4 Coziimleri Analiz Etme ve Uygun Olanini Se¢me

Grup igerisinde yapilan beyin firtinasindan sonra gruplar ¢oziimlerini agiklar,
Ogretmen tahtaya yazar. Ogretmen sorar “Bu ¢oziimlere nasu karar verdiniz?”
Ogrencilerin “Bilgi Toplama” bdliimiinde bulduklarinin sonucunda ve senaryodaki
kriter ve sinirlamalara gore su ¢ikarimlar: yapmalar1 beklenir:
- Bina 3 katli olacak ve ahsaptan yapilacak
- 7,9 biiyiikliigiindeki sarsintida yikilmadan kalabilecek
- Bina saglam ve diiz bir zemine inga edilecek
- Bina simetrik olacak
- Iskelete yerlestirilen dikmeler diyagonal olarak iist yatay elemanlara
baglanarak saglamlastirilacak
- Dikmelerin yiik altinda egilmesini veya biikiilmesini énlemek i¢in dikmeler
arasina yatay kisa ahsap par¢alar koyulacak
- Taswyict duvarlar duvar boyunca birbirine ¢capraz baglanacak
- Stinekligi saglamak icin dikmeler tasiyici duvarlara geg¢meli olarak
baglanacak. Geg¢meli olamadigr durumlarda dikmeler kése elemanlart ile
tasiyict duvarlara c¢ivilenecek (Citalar: c¢ivilemek c¢italart kiracagu icin

yapistirtlma iglemi yapilmasi tavsiye edilir)
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- Kaliteli ve ekonomik malzeme kullanilacak.

(M.1 Tasarim olusturmak icin gerekli asamalari agiklar.), (M.2 Bir tasarim

icin gerekli yapisal ozellikleri aciklar.)

Ogrenciler bu asamada sikint1 yasarlarsa dgretmen “Bilgi Toplama” boliimiinde
bulunanlar1 hatirlatir. Ogretmen sorar “Séylediginiz ¢oziimlerden hangisi en iyi
coziim?” Ogrenciler nedenleriyle birlikte en iyi ¢oziimii belirtir. Ogretmen ve
ogrenciler tartisarak fikirlerini sunarlar ve toplu alinan karar sonucunda en iyi
goriilen ¢oziimler belirlenir. Her grup ayni irtinii ¢ikarmak zorunda degildir. Grup
tiyelerinin ortak karari hangi ¢oziimden yanaysa o ¢oziim yapilir. Ogretmen en iyi
goriillen ¢oOzlimleri tahtaya yazar ve Ogrencilerden de yazmalarimi ister
“Planladiginiz iriiniiniizii ¢calisma kagidindaki “Uriiniinii Ciz” béliimiine ¢iziniz,
sahip oldugu ozellikleri “Uriiniin Ozellikleri” béliimiine ve malzeme listesini de
“Istedigin Malzemeler” béliimiine yazimiz. Ogretmen “Céziim icin iireteceginiz
riiniin  ihtiva¢ duydugu malzemeleri grup arkadaglarinizla belirleyip bana
soyleyiniz. Ben size istediginiz malzemeleri temin edecegim.” der. (S.2 Grup
arkadasiyla is birligi yapar. Grup icinde aldig1 sorumlulugu yerine getirme

becerisi kazanir; Benjamin, Bessant & Watts, 1997)

Ogrencilerden beklenen malzemeler sunlardir:
- Olgeklendirme oranlarina gore tahtalar (ahsap ¢ita, dil basma cubuklari,
dondurma ¢ubuklari, tahta ¢ay karistiricilari...)
- Kiictik testere
- Hizli ahsap yapistiricist (Cok ince olan c¢italar ¢ivi ¢akma esnasinda
catlayacagt icin ¢ivi yerine ahgap yapistiricisi kullanilmasi tavsiye edilir.)
- Serit metre
Ogrenciler bazi malzemeleri sdylemediklerinde &gretmen rehberlik ederek
ithtiyaclarin1 bulmalarini saglar.
Malzemelerin miktarlar1 ve olgiileri 6grencilerin kullandigi 6l¢eklendirme oranina
gore degisecegi icin hangi grup hangi oranda dlgeklendirme yapti ise 6gretmen o

orandaki malzeme miktarini ve dl¢tilerini sinifa getirir.
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Istenilen malzemelerin alinmast igin aktiviteye ara verilir. Bir sonraki ders saatinde

tekrardan toplanilir.

6.5 Uriin Gelistirme:

Ogretmen Ogrencilerin 6ngordiigii malzemeleri sinifa getirir. Tehlike arz eden

malzemeler i¢in 6grencilere gerekli uyarilart yapar.

NOT: Uriin gelistirme esnasinda ihtiyac duyulan malzemeler icerisinde
bulunan kesici ve delici aletlerden (Kiiciik testere) sadece bir tane alimir ve

ogretmen gozetiminde kullandirilir.

Gruplar olusturduklar planlari takip ederek kendi prototiplerini yaparlar. Ogretmen
ogrencilere rehberlik eder. Sorular1 varsa cevaplandirir. Ogretmen “Artik iiriin
olusturma zamami. Malzemelerinizi aldiniz ve hangi asamalari takip edeceginizi
biliyorsunuz. Simdi bilgi toplama asamasinda belirlediginiz degiskenleri kullanarak
dirtingintizii olugturunuz” der. (M.3 Yapisal ozellikleri dikkate alarak bir tasarim
yapar.), (S.1. Elestirel diisiinme, problem ¢6zme, yaraticihk ve sorgulama gibi
21. yiizy1ll becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st
Century SKkills, 2011), (S.2 Grup arkadasiyla is birligi yapar. Grup i¢inde aldig
sorumlulugu yerine getirme becerisi kazanir; Benjamin, Bessant & Watts,
1997)

[k olarak &grenciler dlgiimlerini yapar ve malzemeleri Slgiilerine gore ayarlar.
Birinci katin tabanin gergevesini ve 1zgaralarinmi 6lgiilerine gore olustururlar. Daha
sonra yan duvarlarin dikmelerini zemine yapistirirlar. Dikmelerin dik durmasi ve
egilmemesi i¢in kat tavanini (ikinci katin tabanini) tabandaki ile ayni 1zgarali gerceve
ile kaplarlar. Depreme dayanikli hale getirmek icin dikmeler payandalar ile tavana

tutturulur, dikmelerin arasinda yatay keresteler koyulur ve tasiyici duvarlar ¢apraz
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baglarla saglamlastirilir. Boylelikle bir katin iskelet yapis1 olusturulmus olur. Aym
sira ile ikinci ve Uglincii katlarin iskelet yapilar1 olusturulur. Hizli yapistirict hemen
kurudugu i¢in {iriinii yaparken bekleme siiresine ihtiya¢ yoktur. Ayni1 giin igerisinde
ogrenciler prototipi bitirebilirler. Prototipin yapildig1 giiniin sonunda, aktivitenin
yapildig1 mekani temiz birakmak i¢in mekanin zemini 6grenciler tarafindan faras ile
stipiiriilmeli, masalar ise bez ile silinmelidir.

Ogrenciler, temizlik yaptiktan sonra aktiviteye ara verilmelidir.

6.6 Test Etme ve Yeniden Yapma

Her grubun {irlini bittikten sonra 6gretmenin getirdigi sarsintt masasinin iizerine
tiriinler oturtulur ve test islemi yapilir. Ogretmen agiklama yapar “Uriinleri test etme
zamam geldi. Uriinlerin depreme dayamkliligini belirlemek icin tekerlekli sarsinti
masasini kullanacagiz. Sarsintt masasina taktigimiz matkap sayesinde sabit ivmeli
yani diizgiin hizlanan sarsinti olusturacagiz. Her grup yaptigi binalari sarsinti
masasinda test edebilir. Testiniz sonucunda binaniz istediginiz  gibiyse
arkadaslariniza sunabilirsiniz. Binaniz istenilen gibi olmadiysa ya da eksik yonleri
varsa dersin basinda belirledigimiz kriterlere ve sinirlamalara tekrardan goz atarak
tirtintiniiziin eksik ve hatali kisstmlarini yeniden yapabilirsiniz. Simdi tirtinlerinizi test
ediniz ve diizenlemelerini yapiniz. Her sey tamamlandiktan sonra sinif igerisinde
sunacaksiniz.”

Binanin depreme dayanikliligini 6l¢gmek icin  “Google Science Journal”
uygulamasinda bulunan ivme 6lger kullanilir. Ogretmen tarafindan daha &nceden
yapilmis sarsintt masasina iirlin koyulur. Sarsinti masasinin iizerine, “Google
Science Journal” uygulamasinin oldugu akilli telefon yerlestirilir. Sarsintt masast 10
saniye sarsilir. “Google Science Journal” uygulamas: dogrusal ivme degerlerini

verdigi i¢in, depremin biiylikliiglinden ziyade yatay ivme degerlerine gore test edilir.
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Uriinler, 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer ivmesi degerinden baslanip

10 saniye igerisinde diizenli olarak 5,8 m/s? degerine artirilir) sarsilir.

6.7 Degerlendirme

Biitiin gruplar olusturduklart {iriinii smif igerisinde arkadaslarina tanitirlar.
Ogrenciler, {iriinlerinin diger gruplarin iiriinlerinden ayrran 6zelliklerinden
bahsederler. Ogretmen bu asamada iiriinlerin nasil degerlendirilecegini agiklar:
“Yaptigimz iiriinler beraber olusturdugumuz “Uriin Degerlendirme Formu”
icerisinde bulunan kriterlere gore degerlendirilecektir. Her grup, hem kendi grup
viriiniinii hem de diger gruplarn tirtinlerini form tizerinden degerlendirecek. Ayrica
ben de formu dolduracagim. Bu puanlamalara gore en yiiksek puan alan grup birinci
secilecek.

Ogretmen ortaya ¢ikan iiriiniin ekonomikligini degerlendirmek icin asagidaki
malzemelerin birim fiyatlarinin yazili oldugu tabloyu 6grencilerine sunar. Tablodaki
bos kisimlar 6grenciler tarafindan doldurulur bdylelikle her grubun yaptig: toplam
harcamalar bulunur. Daha sonra, 6grencilerin toplam harcamalar1 asagida ikinci
olarak verilen tablodaki gergek bir ahgap bina maliyetinin dlgeklendirme fiyatlariyla
kiyaslanir. Olgeklendirme fiyatlara yakin ve daha diisiik harcama yapan gruplar
ekonomik iiriin ¢ikarmis kabul edilirken, 6l¢eklendirme fiyatlarinin ¢ok {istiinde
harcama yapan gruplar ekonomik iiriin ¢tkarmamis kabul edilir. Ogretmen asagidaki
iki tabloyu gostererek aciklama yapar  “Uriinlerinizin  ekonomikligini
degerlendirmek icin kullanilan malzemelerin birim fiyatlarini iceren bir tablo
hazirladim. Sizler kullandiginiz malzemelerin miktarlarini  birim fiyatlar: ile
carparak ne kadar harcama yaptiginizi hesaplayacaksiniz. Her grubun yaptigi
hesaplama sonucunda ortaya ¢ikan toplam fiyatlart gercek bina fiyatlarinin

’

olgeklendirmeleriyle kiyaslayacagiz ve puanlamamizi ona gére yapacagiz.’
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Uriin Maliyet Formu
Malzemeler Birim fiyat Kullanilan Total
miktar
Ahsap ¢ita (cm®) 0,1TL
Yapistirict 10 TL
Testere 15TL
Toplam fiyat:

Asagidaki tabloda 3 katli ahgap bir bina i¢in maliyet hesaplamasi yapilmis ve toplam
fiyat Olceklendirilmistir. Ogretmen ve ogrenciler bu tabloyu referans alarak

ogrencilerin tirtinlerinin ekonomikligini degerlendirmelidir.
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3 Kath Bir Ahsap Binanin Maliyeti

Malzemeler Birim fiyat Kullanilan Total
miktar

Yerli Cam Kereste (m®) 1000 TL 2,94 m? 2940 TL

Kose Takozlar (adet) 3TL 1000 adet 3000 TL

Civi (100 adet) 40 TL 1000 400 TL

Ahsap Diibel (100 Adet) 5TL 500 adet 25TL

Toplam fiyat: 6.365 TL
(Toplam fiyatin;

1/50 oran1:127 TL
1/25 orant: 255 TL
1/20 oran1: 318 TL
1/15 orant: 424 TL

1/5 orani: 1.273 TL)

Ogretmen devam eder: “Degerlendirme formlarimi dagitiyorum. Liitfen kdgidin
lizerine degerlendirdiginiz  grubun iiyelerinin isimlerini yazimiz. Swrayla
baslayabiliriz.” Uriinii tamitan grup, diger gruplarin ve 6gretmenin sorulari varsa
cevaplar. Degerlendirme yapilir.

Ogretmen dersi bitirir.

7. Aktivitede belirlenen malzemeler, fiyatlar1 ve resimleri

Aktivitede ortaya cikarilacak {irtiniin Olglileri ve malzeme miktarlar aktivite
esnasinda Ogrencilerin kullanacaklar1 6l¢eklendirme degerlerine gore degisiklik
gostermektedir. Bu ylizden malzeme miktar1 olarak {i¢ katli ahsap bir prototipin
tamaminin yapiminda gerekli olan toplam malzeme miktar1 ve masrafi her bir

Olceklendirme degerine gore hesaplanmalidir. Bu aktivitede sadece en az (1/50
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oraninda 6l¢eklendirme) ne kadar malzemeye ve biitceye ihtiya¢ varsa o degerler

yazilmistir. Diger 6l¢ceklendirmeler sonucunda ihtiya¢ duyulan malzeme miktarlar

ve masraflar1 agsagidaki bilgiler 15181nda hesaplanabilir.

1/50 oraninda dl¢eklendirilmis ii¢ kath prototip icin gerekli olan malzeme

miktarlar ve fiyatlar1 (Tek grup icin)

Malzemeler Birim fiyat Kullanilan Total
miktar

Ahsap Cam Cita 0,5TL (1 cm®) 24 cm?® 12 TL
Kiigiik testere 25TL 1 25TL
Ahsap yapistiricisi 10 2 20
Serit metre 10 TL 1 10 TL
Makas 1TL 1 1TL
Bant 1TL 1 1TL
Cetvel 1TL 1 1TL

Toplam fiyat: TL: 70 TL
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Malzemeler ve Resimleri

Malzemeler

Resimler

Ahsap Cam Cita

Kiigiik testere

Ahsap yapistiricisi

Serit metre
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Makas

Sarsint1 masasi

Bant

Cetvel

Cubuk makarna
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B.2. Revised Earthquake Resistant Wooden Building Design STEM-EDP
Activity Student Handout

OGRENCI CALISMA KAGIDI

Isim — Soyisim: Tarih:

Sinif:

Depreme Dayanikhi Ahsap Bina Tasarimi
Tiirkiye deprem bolgeleri haritasina bakildiginda biiyiik 6l¢iide can ve mal kaybina

sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli G6zlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biylkliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramistir.

qfaie )

, Kirklareli,
e =Y

>
" [ 1. derece deprem kusag
[: Il. derece deprem kugagdi

:l Il. derece deprem kusagdi K
300 km IV. derece deprem kusagi T
| :l V. derece deprem kugad

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi lizerinde bulunan Erzincan’da depreme
dayanikli binalarin yapimi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat firmasi
Erzincan’da yasayan her tiirlii ekonomik seviyeye sahip insanlarin sahip olabilecegi

depreme dayanikli ahsap binalar yapmak igin goniillii oluyor. Siz bu firmada ¢alisan
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bir ingaat miihendisi olsaniz, deprem yonetmeliginin bodrum kati dahil en fazla {i¢
katli ahsap binalarin yapilmasina izin verdigini dikkate alarak ve herhangi bir sarsint1
azaltici deprem teknolojisi kullanmayarak Erzincan’a depreme dayanikli nasil bir

ahsap bina yaparsiniz?

Not: Depreme dayanikli yap1 tasariminda siddet olciisii olarak deprem
biiyiiklugiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” uygulamasindaki ivme olcer
kullamilacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin yaptigi
iiriinler koyulacak ve sarsinti masasinin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki
tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
ivmesi degerinden baslanip 10 saniye icerisinde diizenli olarak 5,8 m/s? degerine
artirllacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
uygulamasinda okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin kac biiyiikliigiindeki depreme
dayamikh oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikilincaya kadar

bir iist degeri denemeye devam edeceklerdir.
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Richter Biiyiikliigii Yer Ivmesi (m/s?)
0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0,4
25-34 05-1,0
35-44 11-16
45-49 1,7-2.2
50-54 2,3-2,8
55-59 2,9-34
6,0 - 6,4 3,5-4,0
6,5-6,9 41-46
70-74 4,7-5,2
75-79 53-58
8,0-8/4 59-6/4
8,5-8,9 6,5-7,0

9,0 ve usti 7,1 ve usti

1. Okudugunuz senaryoda belirtilen problem nedir?

(2 10] o] [=1 1 ( I TR

3. Istenilen kriterler ve sinirlamalar / kisitlamalar nelerdir?
[N 1 =] L1 RO PRRRPOPRRR
Stmirlamalar |
KISTHIAMALAT ...ttt e e e e ettt e e e e e e e e e eern s
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4. Depreme dayanikli ahsap bina yapabilmek i¢in hangi bilgilere ihtiyag
vardir?

Arastirma
NYo 2T o T
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Binanmin Bir Katimn Olgiileri

Yapilan is Boyutlar

En Boy Yiikseklik
Kat Tabanlari
Dikme

Dikme sayisi

Dikme egik destekleri

boylar1

Dikmeler aras1 yatay

ahsap

Dairenin yiizey alani

Uc Kath Ahsap Binanin Bir Kat Iskeleti Icin Kullamlan Malzeme Cesitleri,
Miktarlar1 Ve Olgiileri

Kat Tabanm

(Cergeve
1zgara)

+

Tasiyic1 Duvar

Duvar Ara
Baglantilar

Dikme Egik
Destekleri
(Payandalar)

Kereste Cesidi
(En X
yiikseklik)

Kereste Cesidi
(Uzunluk)

Kereste
Miktar1 (cm®)

Toplam
Kereste
Miktar1 (m?)

Toplam Bina
Hacim (3 kat)
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Toplam Bina
Kiitle (3 kat)
(Kereste hacim
X kereste
yogunluk)

Not: Binanin olgiilerini ve malzeme miktarlarini Excel dosyasinda tablo haline
getiriniz.

6. Depreme dayanikli bina tasarlamak i¢in hangi disiplinlere ve kazanimlara
ithtiyag vardir?

Disiplinler
(LT 6] [=] o) TSRS SR
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7. Problemin degiskenleri nelerdir?

Bagimh
DIEGISKON. ...t
Bagimsiz
DEGISKOIICE ...t
Sabit
DEGISKENIOF ...t
Bagimh Bagimsiz Sabit Yorumlariniz
Degisken Degisken Degisken /
Gozlemleriniz
Ornek e Depreme e Binanin e Kat sayist
dayaniklilik yiiksekligi | ¢ Sarsinti
biiytkligi

8. Olgeklendirme hesaplari (Excell dosyasinda yapiniz)

Gercek Binalarin Bir Kat Olgiilerinin, Binalarda Kullamlan Malzeme

Miktarlarimin ve Malzeme Olgiilerinin Ol¢eklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | 6lceklendir | 6lceklendir | 6lgeklendir | 6lceklendir

me me me me me
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Katlarin
Yiizey
Alani

(28 m? =
700 cm x
400 cm)

Kat
Tabanlarin
n
Kalinlig

(Kullanila
n
kerestenin
kalinlig
kadar)

(20 cm)

Kat
Tabanlar1
i¢in
Kullanilac
ak Kereste
Miktari

(330.000
cm?)

Kat
Tabanlar1
i¢cin
Kullanilac
ak
Kerestenin
Kisa
Kenar i¢in
Boyutlari
(en X
yiikseklik
X boy
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5 x 20 x
400 cm)

Kat
Tabanlar1
icin
Kullanilac
ak
Kerestenin
Uzun
Kenar icin
Boyutlari
(en X
yiikseklik
X boy

5 x 20 x
700 cm)

Katlar
Arasi
Mesafe

(Dikme
uzunlugu
kadar)
(300 cm)

Dikmeleri

n En,
Yikseklik
ve Boy
Uzunlukla
I1

(10 x 10 x
300 cm)

Dort Adet
Tastyict
Duvar i¢in
Gerekli
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Kereste
Miktari

(420.000
cmd)

Ara
Baglantila
rn En,
Yiikseklik
ve Boy
Uzunlukla
I1

(5 x 10 x
200 cm)

Ara
Baglantila
r i¢cin
Gerekli
Kereste
Miktar1
(200.000
cm?)

Egik
Destekler
icin  En,
Yiikseklik
ve Boy
Uzunlukla
I1

(5 x 10 x
600 cm)

Egik
Destekler
i¢in
Gerekli
Kereste
Miktari
(30.000
cm?®)
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9. Uriin degerlendirme kriterleri nelerdir?

URUN DEGERLENDIRME FORMU

Grup iiyeleri

..puan  |... puan | ... puan

Toplam puan

10. Probleme yonelik ¢6ziim Onerileriniz nelerdir?

Modelin
OZCIITKIC T ... ... e e

Gerekli
MAIZEMEIET ...ttt e
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11. Probleme yonelik ¢ézlimleriniz arasinda en iyi gordiigiiniiz ¢6ziim nedir?

Uriinii

Uriiniin

OZCIlIKIC L. ... e e e e,

Istedigin
ML AIZEMICIET ..ottt e e et eee e eeeeeeeens
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B.3. Revised Earthquake Resistant Wooden Building Design STEM-EDP
Activity Teacher Guide Sheet

STEM AKTIVITESi OGRETMEN REHBER KAGIDI
Smif: 10, 11 ve 12 Tarih:

Ders: Fizik Siire: 17 ders saati

Depreme Dayanikh Ahsap Bina Tasarim
Tiirkiye deprem bolgeleri haritasina bakildiginda biiytik 6l¢iide can ve mal kaybina

sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli Gézlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biiylikliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini1 yitirmis ve 116.720

konut agir hasara ugramistir.

,»),«« K W
<+~ Artvin Aidahbr\
i ’ . 7
_Trabzon Rge™ ~

Q'Edlfne w_\
p K|rklareh\

r Teklrdagh Isca

e a. o

S — / [ 1. derece deprem kusagi

[ 1. derece deprem kusag

[ . derece deprem kusagi

300 km [ wv. derece deprem kusagi T
]

V. derece deprem kugagi

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusag tizerinde bulunan Erzincan’da depreme
dayanikli binalarin yapimi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat firmasi
Erzincan’da yasayan her tiirlii ekonomik seviyeye sahip insanlarin sahip olabilecegi
depreme dayanikli ahgap binalar yapmak i¢in goniillii oluyor. Siz bu firmada ¢alisan

bir ingaat miihendisi olsaniz, deprem yonetmeliginin bodrum kati dahil en fazla ii¢

387



katli ahsap binalarin yapilmasina izin verdigini dikkate alarak ve herhangi bir sarsinti
azaltict deprem teknolojisi kullanmayarak Erzincan’a depreme dayanikli nasil bir

ahsap bina yaparsiniz?

Not: Depreme dayanikli yapr tasariminda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” uygulamasindaki ivme olger
kullamlacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin yaptigi
iiriinler koyulacak ve sarsinti masasinin iizerine, “Google Science Journal”
uygulamasinin oldugu akilh telefon yerlestirilecektir. Sarsinti masasi asagidaki
tablodaki deprem biiyiikliigii 7,5 - 7,9 degerlerinden baslayarak (5,3 m/s? yer
ivmesi degerinden baslanip 10 saniye icerisinde diizenli olarak 5,8 m/s? degerine
artirlacaktir)  sarsilacaktir.  Ogrenciler, “Google Science Journal”
uygulamasinda okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin kac¢ bityiikliigiindeki depreme
dayamikh oldugunu test edeceklerdir. Ogrenciler, iiriinleri yikiincaya kadar

bir iist degeri denemeye devam edeceklerdir.
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Richter Biiyiikliigii Yer Ivmesi (m/s?)
0- 04 < 0,008
05-14 0,009 - 0,025
1,5-2,4 0,03-0,4
2,5-3,4 0,5-1,0
35-4,4 1,1-1,6
45-49 1,7-2,2
5,0-5,4 2,3-2,8
55-5,9 29-34
6,0 - 6,4 3,5-4,0
6,5-6,9 4,1-46
70-74 4,7-52
75-79 53-5,8
8,0 - 8,4 5,9 -6,4
8,5-8,9 6,5-7,0

9,0 ve usti 7,1 ve usti

Ogrencileri her grupta en az ii¢ dgrenci olacak sekilde gruplara ayiriniz. Calisma
kagidint her Ogrenciye veriniz ve c¢alisma kagidindaki senaryoyu okuyup
anladiklarii grup arkadaslariyla tartismalarini isteyiniz. “Bu ¢alismay: grup halinde
vapacagiz. Grup tiyelerinin isimlerini okuyorum, aym gruba ait olanlar bir arada
otursun liitfen. Simdi her birinize ¢alisma kagidi dagitacagim. Dagittigim kdagitlara
bir goz atin ve isimlerinizi yazin. Caliyma kdgidi ders esnasinda énemli noktalar
not almaniz ve aktivite esnasinda yonlendirilmeniz icin hazirlanmistir. Kagid
dersimiz siiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz
esnasinda size ben soyleyecegim. Size dagittigim kagitta bir senaryo var. Her biriniz
onu okuyunuz ve anladiginizi grup arkadaslarimizla paylasiniz. Baslayabilirsiniz.”

aciklamasini yapimiz.

“Okudugunuz senaryodan neler anladiniz?” sorusunu sorunuz. Ogrencilerin

cevaplarini aldiktan sonra senaryoyu detayli inceleyip senaryoda bulunan problem
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ve problemi ¢ozmek i¢in neye ihtiya¢ duyuldugunu O6grencilere sorunuz ve verilen
cevaplarini tahtaya yazimz. Ogrencilerden de cevaplart calisma kagidindaki
“Problem nedir?” ve “Ihtiya¢” boliimlerine yazmalarim isteyiniz. “Senaryodaki

problem nedir ve bu problemi ¢ozmek i¢in neye ihtiyag¢ vardir? sorusunu sorunuz.

Problem: Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
dayanikli olmayan binalarin yikilmast ve bunun sonucunda can ve mal kayiplarinin

olmasi.
Ihtivac: Erzincan ilinde goriilen depremlere dayanabilecek ahsap binalar yapmak
Ogrenciler cevaplari verene kadar rehberlik ediniz.

Problemi tanimlanmak ve iiriinde istenilen detaylar1 belirlenmek i¢in 10 dakika siire
veriniz ve Ogrencilerden sinirlamalar1 ve kriterleri bulmalarini, bulduklarin
“Kriterler ve Smirlamalar / Kisitlamalar” boliimiine yazmalarini isteyiniz ve siz de
tahtaya yaziniz. “Simdi senaryoyu detayli inceleme zamani. Senaryoyu tekrardan
okuyarak su sorulara cevap vermenizi istiyorum. Senaryo bize sinirlamalar koyuyor
mu? Senaryonun istedigi kriterler nelerdir? Grup arkadaglarmmizla sorulari
cevaplamaniz i¢in 10 dakikaniz var. Siirenin sonunda bulduklarimizi beraber
tartisacagiz.” agiklamasi yapimz. “Istenilen kriterler ve simirlamalar nelerdir?”

sorusunu sorunuz.

Kriterler: Binalar, Erzincan ilinde bu zamana kadar 6l¢lilmiis en yiiksek biiyiikliik
olan 7,9 biiyiikliigiindeki depremde yikilmadan durabilmelidir. Binalar ahsap

olmalidir.

Smmirlamalar: Deprem yonetmeligi, ahsap binalar1 bodrum kati1 dahil 3 kat ile
siirlandirmaktadir. Sarsint1 azaltic1 deprem teknolojisi kullanilmamalidir. Bunlarin
yaninda, Erzincan’da yasayan her tiirlii ekonomik seviyeye sahip insanlarin binalara
sahip olabilmesi i¢in kullanilan malzemelerin hem kaliteli hem de ekonomik olmasi

gerekir.

Ogrencilerden cevaplar alana kadar senaryoyu bir kag¢ kez okutarak dgrencileri

yonlendiriniz.
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Kriterler ve sinirlamalar dogrultusunda gercegine en yakin depreme dayanikli ahsap

ev iskeleti (kaba insaat1) yapilmasini istediginizi, ¢ati, pencere, kap1 gibi elemanlari

kullanmadan ve ince ingaata girmeden ev yapilmasmi beklediginizi 6grencilere

hatirlatiniz.

Arastirma yapmadan Once 6grencilerin neleri arastiracaklarina 6grencilerle birlikte

karar veriniz. “Sizce depreme dayanikli ahsap bina yapmak icin neleri bilmek

gerekiyor, neleri aragtirmalyyiz?” sorusunu sorunuz ve birlikte belirlenen aragtirma

sorularini tahtaya yazimiz ve Ogrencilerden de ¢alisma kagidindaki “Arastirma

Sorular1” boliimiine yazmalarini isteyiniz.

Arastirma Sorulari:

1.
2.

Deprem nedir? Depremin biiyiikliigii ile siddeti arasindaki fark nedir?
Depreme dayanikli ahsap binalarda olmasi gereken 6zellikler nelerdir? / Bu
binalarin depreme dayanikli olmasi i¢in nasil insa edilmesi gerekir?
Depreme dayanikli ahsap binalarinin inga agamalari nelerdir?

Ug katli ahsap binalarin Slgiileri nelerdir? (Katlar aras1 yiikseklik kag
metredir?, Katlarmn yiizey alanlar1 ka¢ m?’dir?, Katlarin zemin kalinliklari
kac metredir?, Dikmelerin en, boy ve ylikseklikleri kacar metredir?...)
Depreme dayanikli ahsap binalarin kaba ingaat1 esnasinda hangi malzemeler
kullanilir?

Ahsap ¢ katli binalarin kaba ingaatinda kullanilan malzemelerin miktarlar

ve Olgiileri nelerdir?

Arastirma sorularina ya da benzerlerine ulasana kadar rehberlik ediniz.

Arastirma sorularint belirledikten sonra arastirma yapmalar: icin G6grencilere,

siiflarda bulunan internet erisimine sahip akilli tahtalari, diziistii bilgisayarlari,

akilli telefon ve tablet gibi cihazlar1 ve MEB fizik kitabini1 kaynak olarak saglaymiz.

391



“Simdi arastirma yapma zamani. Problemin c¢oziimiine yonelik arastirmalar
yvapacaksiniz. Arastirmalariniz i¢in siniflarda bulunan internet erisimine sahip akilli
tahtalari, akilli telefonlari, diziistii bilgisayarlart ya da tabletleri ve MEB fizik
kitabini kullanabilirsiniz. Ayrica yanhs bilgiye ulasmanizi onlemek icin liitfen
arastirmalarinizt bir kag¢ kaynaktan yapiniz ve bulduklarimizin dogrulugunu farkl
kaynak cesitlerinden de arastirarak teyit ediniz. Ayrica, giivenilir sitelerden bilgi

’

almak i¢in, arastirma yaptiginiz internet sitelerinin “edu” ve ‘“gov” uzantili
olmasina dikkat ediniz. Sorulariniz olursa bana sorabilirsiniz. Arastirma sonucunda
bulduklarinizi ¢alisma kagidindaki “Bulduklarim” boliimiine yaziniz.” agiklamasin

yapiniz.

Arastirma icin verilen siire yeterli olmazsa ek siire veriniz. Ek siireye ragmen

ogrenciler yeterli bilgiye ulasamazlarsa eksik bilgiyi 6grenciye sununuz.
Ogrencilere neler bulduklarini sorunuz ve arastirma sorularinin cevaplarina ulasimiz.
Bulunanlar:

1. Yerkiire’nin igerisinde bulunan magmanin c¢evresindeki levhalarin hareketi
sonucunda enerji aciga ¢ikar ve boylece deprem dalgalar1 olusur. Depremin
biiyiikliigii 1’den 9’a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin 6l¢iisiidiir.

2. Depreme dayanikli ahsap binalarda dikkat edilmesi gereken bes temel unsur

vardir:
Zemin: Binalar saglam zeminin tizerine yapilmalidir.
Simetriklik: Tastyict duvarlar simetrik ve diizenli yerlestirilmelidir.

Tasiyic1 sistemler (Tasiyict Duvarlar ve Dikmeler / Direkler): Kuvvet
aktarimi olmasi i¢in yiik tasiyan dikey ve yatay elemanlar birbirine iyi
baglanmalidir. Bunun i¢in iskelete yerlestirilen dikmeler diyagonal olarak iist
yatay elemanlara baglanarak saglamlastirilmalidir. Ayrica, dikmelerin yiik

altinda egilmesini veya biikiilmesini 6nlemek i¢in dikmeler arasina yatay kisa
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ahsap pargalar1 koyulmalidir. Ayrica, tastyict duvarlar duvar boyunca birbirine

capraz baglanmalidir.
Kaliteli / nitelikli malzeme: Kaliteli malzeme kullanilmalidur.

Siineklik / esneklik: Bina deprem esnasinda salinim hareketi yaparak enerjiyi
sontimlemelidir. Ahsap binalarda siinekligi saglamak i¢in dikmeler tasiyici
duvarlara gegmeli olarak baglanmali ve ¢ivi ile pekistirilmelidir. Gegmeli
olamadig1r durumlarda dikmeler ¢ivili kose takozlari ile tasiyic1 duvarlara

baglanmalidir.

3. Depreme dayanikli ahsap binalarin iskelet yapisinin basit yapim asamalari

su sekildedir:

Zemin: Saglam ve diiz bir zemin olusturulur. Bunun i¢in binanin {izerine
koyulacag: yer / zemin diizlestirilir. (Ogrencilerin zemin i¢in diiz bir yiizey

kullanacaklarmni diisiinmeleri beklenir.)

Giris kat / Birinci kat tabani:. Oncelikle zemin iizerine ahsaplardan cerceve
olusturulur. Cercevenin i¢ kismia yatay ve dikey olarak ahsap doseyerek

1zgaralar olusturulur.

Tasiyicr sistemler: Tastyici duvarlari olusturmak icin dikmeler birinci katin
tabani i¢in olusturulan ¢evcenin iizerine simetrik olacak sekilde ve belirlenen
araliklara gore dikilir. Dikmeler arasina yatay kisa ahsap pargalar1 koyulur.
Binanin birnci katinin tabaninda yapildigi gibi ahsap cerceve yapilarak
dikmelerin iist kismina yerlestirilir (Boylelikle bir iist katin taban1 da olusmus

olur.).

Tasiyic1 sistemlerin saglamlastirilmasi: Her dikme koselerinden diyagonal
olacak sekilde iist cercevelere ahsap parcalar ile desteklenir (payanda /
elibogriinde / egik destek kullanmak). Ayrica tasiyict duvarlar duvar boyunca

ahsaplarla birbirine ¢apraz baglanir.
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4. Ug katl1 ahsap bir binanin bir katinin 6l¢iileri asagidaki tablodaki gibidir:

Binamn Bir Katimn Olgiileri

Yapilan is Boyutlar

En Boy Yiikseklik
Kat Tabanlar1 400 cm 700 cm 20cm
Dikme 10 cm 300 cm 10 cm

Dikme sayist

1,5 metrede

1zgaralar i¢in de gecerlidir.)

(150 cm’de) bir adet dikme (Taban

Dikme egik destekleri

20’ser cm boyunda olmalari idealdir

Dikmeler aras1 yatay
ahsap

2,74 m yiikseklige kadar tek bir sira yatay ahsap dosenir.

Daha uzun duvarlarda iki sira désenir.

Dairenin yiizey alani

28 m? (1+1 dairenin sahip olabilecegi minimum deger)

= 280.000 cm?

5. Ahsap binalarin iskelet yapisi i¢in kullanilan malzemeler:

e Kereste

e Ahsap diibel

o Civi

o Kose takozlar

6. Insaattan 6nce yapinin dlgiileri géz dniinde bulundurularak malzeme miktar

hesaplanir. Ug katli ahsap binalarm bir katinin iskeleti icin kullanilan

malzemelerin miktarlar1 ve dlciileri soyledir:
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Uc Kath Ahsap Binamin Bir Kat iskeleti Icin Kullanilan Malzeme Cesitleri,

Miktarlar1 Ve Olgiileri
Kat Tabani Tastyict Duvar | Duvar Ara | Dikme Egik
(Cergeve + Baglantilar1 | Destekleri
1zgara) (Payandalar)

Kereste Cesidi | 5x 20 cm 10 x 10 cm 5x10cm 5x10

(En X

yiikseklik)

Kereste Cesidi | 4 metrelik ve 7 | 3 metrelik 2 metrelik | 6  metrelik

(Uzunluk) metrelik (Kesilecegi | (Kesilecegi

igin i¢in
farketmez) | farketmez)

Kereste 330.000 cm® | 420.000 cm?® 200.000 cm?® | 30.000 cm?®

Miktar1 (cm®) (Her 1,5 m’ye
(Cergeve igin 2 | bir adet dikme | (Her (Her bir
adet 4 m | olacag icin | duvarda iki | dikme i¢in
uzunlugunda ve | ¢erceve ve | sira ara | sag ve sol
2 adet 7 m |dikmeler ig¢in | baglantilar olmak iizere
uzunlugunda 14 adet 3 m | olacag igin | 2 adet20’ser
kereste) uzunlugunda tastyici cm  destek
(Izgara igin 3 | kereste) duvarlara 4 | gerekir.)
adet 4 m adet 7mve4 | (Toplamda
uzunlugunda ve adet 3 m |14 dikme
2 adet 7 m uzunlugunda | i¢in 560 cm
uzunlugunda kereste) uzunlukta
kereste) kereste.)

Toplam 980.000 cm®=0,98 m®

Kereste

Miktart (m®) | (Ug kat icin 980.000 cm?® x 3 = 2.940.000 cm?®= 2,94 m? kereste)
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Toplam Bina
Hacim
(3 kat)

252.000.000 cm? = 252 m?

(28 m?x9m=252m?)

Toplam Bina
Kiitle

(3 kat)
(Kereste

hacim X
kereste

yogunluk)

2,94 m® x 500 kg / m® = 1.470 kg

(d(;am kereste — 500 kg / m3)

Isterseniz tabloyu dgrencilere sunabilir ya da égrencilerin arastirtp bulmalarini ve
bulduklarmi1 Excel dosyasina yazmalarimi isteyebilirsiniz. Ogrenciler kendileri

bulacaksa bulunan degerleri bu tablo ile kiyaslayarak degerlerin dogrulugunu teyit

ediniz.

Problemin ¢oziimiinde hangi disiplinlere ihtiya¢ oldugunu belirlemek icin “Depreme
dayanikl bina tasarlamak i¢in hangi disiplinlere ihtiyaciniz var? ”’ sorusunu sorunuz

ve cevabi tahtaya yazimz. Ogrencilerden de calisma kagidindaki “Disiplinler”

boliimiine yazmalarini isteyiniz.

Disiplinler:
1.

o b~ N

Dalga bilgisi i¢in fizik
Olgiim ve hesaplama yapmak i¢in matematik
Binanin plan1 ve dizayni i¢in miihendislik
Aragtirma yapmak ve binayi tasarlamak i¢in teknoloji

Grup calismasi ve liriin ¢ikarma siireci i¢in sosyal beceriler disiplinleri
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Ogrenciler bes disipline -fizik, matematik, miihendislik, teknoloji ve sosyal
beceriler- ulasana kadar rehberlik ediniz. Ayrica Ogrenciler fizik, matematik ve
mithendislik disiplinlerini bulurken, teknoloji ve sosyal becerileri disiplin olarak
bulamayabilirler. Bu asamada bu iki disiplini buldurmadan bu disiplinlere ait

kazanimlar1 6n plana ¢ikarmak i¢in rehberlik ediniz.

Ogrenciler problemin ¢dziimiinde bes disipline ait hangi kazamimlara ihtiyag
duyduklarini ve bu kazanimlar1 nereden bulacaklarini belirler. “Arastirma yaparken
hangi konular: incelediniz? Coziim iiretmek igin hangi kazamimlar size yardimci
oldu?” sorusunu sorunuz. Ogrencilerin “Fizik kazammlar fizik ogretim
programindan ve matematik kazamimlart matematik o6gretim programindan
bulunabilir” demelerini bekleyiniz. Ogrencilere ortadgretim miifredatinin yaninda
ortaokul miifredatindan da yaralanabilecekleri hatirlatiniz. Ayrica, teknoloji,
mithendislik ve sosyal beceriler disiplinine ait ders programi olmadigi igin

referanslar sunarak 6grencilerin kazanimlar1 belirlemesi i¢in rehberlik ediniz.

(Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii, Kazanim Merkezli
STEM Uygulamalari,
https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019 01/29164143_STEM_KitapYKk.

pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,
Miihendislik ve Matematik (STEM) Ogretim Programmin Tasarlanmasi,
Uygulanmasi ve Degerlendirilmesi,

https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmasi beklenen bes disipline ait kazanimlar ve kisaltmalari su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3, M.5.2.3.1),
Teknoloji (T.1), Miihendislik (M.1, M.2, M.3) ve Sosyal Beceriler (S.1, S.2).
Ogrenciler, farkli disiplinler altinda ayni1 kazanimi bulabilirler ya da kazanimlari
birebir ayni bulamayabilirler bu durumda istenilen kazanimlara yakin kazanimlar
bulunana kadar rehberlik ediniz ve bulunanlar1 ¢alisma kagidindaki “Kazanimlar”

boliimiine yazmalarini isteyiniz.
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Kazanmimlara yonelik 68rencilerden beklentiler:

Depreme dayaniklt bina tasarlamak i¢in oOncelikle depremi bilmeleri
gerektigini diisiindiiklerini bu ylizden depremi ve deprem dalgalarini
arastirdiklarini, ayrica depremlerin can ve mal kaybina sebep olmamasi i¢in
cozlimler {iretmeleri gerektiginden depreme dayanikli binalarin nasil
oldugunu arastirmaya ihtiya¢ duyduklarini, ayrica deprem kavraminin hangi
iinitede oldugunu arastirdiklarinda fizik dersindeki “Deprem Dalgalar1”
konusuna ulastiklarini sdylemeleri beklenir. (F.10.3.5.1. Deprem dalgasim
tammmlar.), (F.10.3.5.2. Deprem kaynakli can ve mal Kkayiplarin
onlemeye yonelik ¢oziim onerileri gelistirir.)

Problemin ¢oziimii i¢in ahsap bina yapilmasi istenildiginden bir miihendis
gibi ahsap binalarin yapisal 6zelliklerini ve hangi asamalar1 takip ederek
yapildiklarin1 bilmeye ihtiya¢ duyduklarini ve ona goére arastirmalar
yaptiklarini soylemeleri beklenir. (M.1 Tasarim olusturmak i¢in gerekli
asamalan aciklar.), (M.2 Bir tasarim icin gerekli yapisal ozellikleri
aciklar.)

Bir mihendis gibi kendi binalarin1 insa edecekleri icin ingaat
miihendislerinin depreme dayanikli ahsap binalar1 nasil tasarladiklarini ve
daha 6nceden yapilan depreme dayanikli ahsap binalarin nasil yapildiklarini
incelemeye ihtiya¢ duyduklarini ve incelemeler sonucunda 6grendikleri yap1
ozelliklerine gore tasarimlarini yapacaklarini sdylemeleri beklenir. (M.3
Yapisal ozellikleri dikkate alarak bir tasarim yapar.)

Gergek bir depreme dayanikli bina yapilacag i¢in bir binanin boyutlarinin
oOlgiileri, malzemeleri ve malzeme miktarlar1 bilinmeli bu yiizden ingaat
miihendislerinin projelerindeki olgiileri kullanmalar1 gerektiginin ve gercek
Olciileri uygulanabilir hale doniistimek icin matematik kullanarak
Olceklendirilme yapmalarinin ve uzunluk birimlerinde doniistimler yaparak
binay1 tasarlamalar1 gerekiginin kanisina varmalart beklenir. (M.5.2.3.1
Uzunluk dl¢me birimlerini tamr.), (M.6.1.5.3 Bir dogal say1 ile bir

kesrin ¢carpma islemini yapar ve anlamlandirir.)
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Gergegine benzer prototip yapilacagi i¢in kullanilan malzeme miktarlar1 ve
yap1 Olgiileri gercek bina Olgiileriyle orantili olmali ve bu degerler excel
iizerinde toplanmali ve degerlere gore prototipin plani yapilmali demeleri
beklenir. (T.1 Bilgiyi kaydetmek, yonetmek, ve iliskilendirmek icin
dijital teknolojileri uygun bir sekilde kullanir.)

Uriinii tasarlarken beceri odakl1 calismak gerektigini ve senaryoda verilen
problem i¢in ¢oziimler iiretme, iclerinde uygun olanimi belirleme ve {iriin
gelistirebilme gibi becerilere sahip olmak gerektigini sdylemeleri beklenir.
(S.1 Elestirel diisiinme, problem ¢6zme, yaraticihk ve sorgulama gibi
21. yiizy1l becerileri gelisir; English & Gainsburg, 2016; Partnership for
21st Century Skills, 2011)

Uriin tasarimi yaparken grup halinde calisilacag: igin grup iginde gorev
dagilim1 yapilmasi ve liriinlin olugmasi i¢in tstlenilen gorevlerin eksiksiz
yerine getirilmesi gerektigini sdylemeleri beklenir. (S.2 Grup arkadasiyla
is birligi yapar. Grup icinde aldig1 sorumlulugu yerine getirme becerisi

kazanir; Benjamin, Bessant & Watts, 1997)

Kazanimlarin belirlenmesinden sonra bagimli, bagimsiz ve sabit degiskenler

belirlemek i¢in “Problemin degiskenleri var mi?” sorusunu sorunuz ve cevaplari

caligma

kagidindaki “Degiskenler” boliimiine yazmalarini isteyiniz.

Bagimh Degisken: Depreme dayaniklilik

Bagimsiz Degiskenler: Binanin yiiksekligi, binanin genisligi (Kat ylizey alam),

binanin

oranlari

sekli, simetrikligi, dikme sayisi, sarsintinin siiresi, kullanilan malzemeler ve

Sabit Degiskenler: Binanin kat sayis1 ve sarsintinin biiyiikligi

Ogrenciler degiskenleri bulana kadar 6gretmen rehberlik ediniz.
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Belirlenen degiskenlerin bir kisminin 6grenciler tarafindan {iriin gelistirme esnasinda
yaparak test edilmesi beklenir fakat bu aktivitede 6grenciler ger¢ek ahsap prototipi
yapacaklar1 i¢in degiskenleri {iriin iizerinde test etmeleri zor olacaktir. Bu sebepten
otiirli, baz1 degiskenler kitaptan ya da internetten bilgi alarak bazilari ise 6gretmenin

getirdigi alternatif malzemelerin kullanilmasi ile test edilir ve gézlemlenir.

Belirlenen degiskenlerin binalarin depreme dayanikliligini nasil etkiledigi
ogrencilerin gézlemleri sonucunda ve arastirarak 6grendikleri bilgiler dogrultusunda
Ogrenciler tarafindan yorumlanir. Bagimsiz degiskenlerden binanin yiiksekligi,
genisligi ve sekli 6gretmenin daha dnceden sinifa getirdigi alternatif malzemeler ile
olusturabilecekleri prototip iizerinde test edilir. Degiskenlerin test edilmesi igin
gerekli alternatif malzemeler cubuk makarna, bant, cetvel ve kronometredir. (Istege
bagl olarak karton, mukavva, tahta ¢ubuk... gibi farkli malzemeler kullanilabilir.)

Ogrencilerin ¢ubuk makarnalar ile prototipler yaparak degiskenleri test etmelerini
isteyiniz. Aktiviteye baglamadan 6nce yaninizda bir paket gubuk makarna, bant ve
cetvel gotiirmeyi unutmayiniz (Cubuk makarna yerine bagka segenckler de
kullanabilirsiniz.). Degiskenleri test ederken ¢alisma kagidinda bulunan degisken
tablosunu doldurmasini isteyiniz. “Simdi degiskenlerin iiriiniiniiziin depreme
dayanikliligini nasul etkiledigini test edeceksiniz. Bunun i¢in sizlere cubuk makarna,
bant, cetvel ve kronometre (telefon) verecegim. Makarnadan olusturdugunuz
prototipler sonucunda degiskenleri gozlemleyebileceksiniz. Degiskenleri ¢aligsma
kdgidinda tablo seklinde olusturdum. Benim tablodaki 6rnekte yaptigim gibi siz de

tabloyu doldurucaksiniz. ” agiklamasini yapiniz.
Bagimsiz degiskenleri su sira ile test ettirebilirsiz:

Bina Yiiksekligi: “Bina yiiksekligi depreme dayaniklilig1 nasil etkiler?” sorusunu
sorunuz. Ogrencilerin tahminlerini aldiktan sonra “Bina yiiksekliginin etkisini nasil
test edebilirsiniz?” sorusunu sorunuz. Ogrencilerden “Diger tiim degiskenler sabit
tutularak farkl uzunlukta ii¢ kath prototipler olusturulmali” cevabini alinca “Peki
olusturdugunuz prototiplerin depreme dayaniliklarimi nasil kiyaslayacaksiniz?”

sorusunu sorunuz. Ogrencilerden “Olusturulan prototipler egsit sarsinti ile
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sallanmali. Ayni biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha
dayaniklhidir.” cevabi beklenir. Gruplar esit genislige ve ayni sekle sahip iki tane li¢
katli makarna prototiplerini kendi istedikleri Olgiilerde yapar ve sizin smifa
gotiirdiigiiniiz sarsint1 masasinda istedikleri biiytikliikte sallar. Kronometre ile hangi
prototipin daha uzun siire dayandigini dlger ve gézlemlerini asagidaki tabloya yazar.
Sonug olarak 6grencilerden beklenen “Bina yiiksekligi arttik¢a depreme dayanikiilik

1

azalir.” yoniindedir. “Sonucunuzu tabloya yazin litfen.” diyerek tabloyu

doldurmalar1 gerektigini hatirlatiniz.

Bina genisligi (Kat yiizey alanlari): “Bina genisligi depreme dayanikliligi nasil
etkiler?” sorusunu sorunuz. Ogrencilerin tahminlerini aldiktan sonra “Bina
genisliginin etkisini nasil test edebilirsiniz?” sorusunu sorunuz. Ogrencilerden
“Diger tiim degiskenler sabit tutularak farkl yiizey genisliginde ii¢ katli prototipler
olusturulmali” cevabim aldiktan sonra “Olusturdugunuz prototiplerin depreme
dayaniliklarimi  nasil  kiyaslayacaksimiz?”  sorusunu  sorunuz. Ogrencilerden
“Olusturulan prototipler esit sarsinti ile sallanmali. Aynt biiyiikliikteki sarsintirya
daha uzun siire dayanabilen depreme daha dayaniklidir.” cevabini bekleyiniz.
Gruplar esit yiikseklige ve ayni sekle sahip iki tane liger katli makarna prototiplerini
kendi istedikleri ol¢iilerde yapar ve sizin smifa gotlirdiigiiniiz sarsinti masasinda
istedikleri biiyiikliikte sallar. Kronometre ile hangi prototipin daha uzun siire
dayandigin1 Olger ve gozlemlerini yukaridaki tabloya yazar. Sonug¢ olarak
ogrencilerden beklenen “Bina genisligi arttikca depreme dayamkhilik artar.”

yoniindedir.

NOT: Bagmmsiz degiskenlerden bina seklinin depreme dayamkhihigi test
edilirken bir hususa dikkat edilmesi gerekir. Ogrenciler bina sekli olarak
sayisiz secenekler sunabilir ve gercek ¢cikarimlar yapabilmek i¢in her sekle etki
eden riizgar kuvvetlerinin hesaplanmasi gerekir. Bu durum dégrencinin
seviyesini asacagindan dolayr binanin seklinin depreme dayamiklhih@ini test
ederken bazi sinirlamalar getirilmelidir. Sinirlama su sekilde olabilir: Her grup
kendi ahsap binasimi hangi iki farkh sekilde yapmay1 planhyorsa o sekilleri
makarna prototipinde deneyip daha dayanmikh olan sekli asil ahsap prototipinde
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uygulamahdir. Boylelikle iki sekil arasindan daha dayanikh olan kesfedilmis
olur.

Bina sekli: “Bina sekli depreme dayaniklihigr etkiler mi?” sorusunu sorunuz.
Ogrencilerin tahminlerini aldiktan sonra “Bina seklinin etkisini nasil test
edebilirsiniz?” sorusunu sorunuz. Ogrencilerden “Diger tiim deSiskenler sabit
tutularak farkly sekillere sahip (Uggen, dortgen, besgen, daire, T sekli, V sekli, U
sekli...) ii¢ katli prototipler olusturulmali” cevab1 beklenir. “Olusturdugunuz
prototiplerin depreme dayaniliklarint nasil kiyaslayacaksiniz?” sorusunu sorunuz.
Ogrencilerden  “Olusturulan prototipler esit sarsinti ile sallanmal. Aym
biiyiikliikteki sarsintiya daha uzun siire dayanabilen depreme daha dayanikhdir.”
cevabini bekleyiniz. Gruplar esit ylikseklige ve esit ylizey alanina sahip iki tane
(Herhangi iki sekli kullanabilir) iicer katli makarna prototiplerini kendi istedikleri
Olciilerde yapar ve sizin siifa gotiirdiigiiniiz sarsintt masasinda istedikleri
biiytikliikte sallar. Kronometre ile hangi prototipin daha uzun siire dayandigini 6lger
ve gozlemlerini yukaridaki tabloya yazar. Sonu¢ olarak Ogrencilerden beklenen

“Binanin sekli deprem dayanikliligint etkiler.” yoniindedir.

Kullanilan malzemeler ve oranlari, sarsintinin siiresi, simetriklik ve dikme
sayisi: “Kullanilan malzemeler ve oranlari, sarsintinin siiresi, simetriklik ve dikme
sayist deprem dayamiklihgini nasil etkiler? sorusunu sorunuz. Ogrenciler
aragtirmalar1 sonucu bazi teorik bilgilere ulasabilecekleri i¢in her degiskeni test
etmek zorunda degildir. Ogrencilerin bu degiskenlerin etkisini internetten arastirarak
bulabilecegini sdylemesi bekleyiniz. Sonug olarak,”Nitelikli ve kaliteli malzeme
kullanmak ve malzemelerin katlarin tasiyabilecegi oranda olmasi deprem
dayamkhligini arttirir; sarsinti siiresi artarsa depremin yikici etkisi de artar,
Simetrik cisimler daha ¢ok dengede kalir; bina yeterli dikme ile desteklenirse binanin

depreme dayanikliligi artar” gibi ¢ikarimlar yapmalarini bekleyiniz.
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Bagimh Bagimsiz Sabit Yorumlariniz /
Degisken Degisken Degisken Gozlemleriniz
Ornek | e Depreme e Binanin e Katsayisi | Bina yiiksekligi
dayaniklilik yiiksekligi e Sarsinti arttikga
biiyiikliigii | depreme
(Kontrol dayaniklilik
Degiskenler: | azalir.
Bina genisligi,
Bina sekli,
sarsint1 siiresi)
e Depreme e Bina e Katsayis1 | Bina genisligi
dayaniklilik genisligi . st arttikca
bityiikliigi depreme
(Kontrol dayaniklilik
Degiskenler: K
Bina
yiiksekligi,
Bina sekli,
Sarsinti stiresi)
e Depreme e Bina sekli » Kat sayis1 Binanin  sekli
dayaniklilik *Sarsint1 deprem
biiytkligi dayanikliligim
(Kontrol etkiler.
Degiskenler:
Bina
yiiksekligi,

Bina genisligi,

Sarsintt siiresi)
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e Depreme e Kullanilan | ¢ Kat sayis1 Nitelikli ve
dayaniklilik malzemeler | *Sarsinti kaliteli
ve oranlar1 | biytkligi malzeme
(Kontrol kullanmak ve
Degiskenler: | malzemelerin
Bina katlarin
yiiksekligi, tagiyabilecegi
Bina genigligi, | oranda olmasi
Bina sekli, | deprem
Sarsint dayanikliligin
stiresi,) arttirir
e Depreme e Sarsinti * Kat sayis1 Sarsint1  stiresi
dayaniklilik stiresi *Sarsinti artarsa
buyiikligii depremin yikici
(Kontrol etkisi artar
Degiskenler:
Bina
yiiksekligi,
Bina genisligi,
Bina sekli)
e Depreme e Simetriklik | » Kat say1s1 Simetrik
dayaniklilik eSarsint1 cisimler daha
buytikligi cok  dengede
(Kontrol kalir
Degiskenler:
Bina
yiiksekligi,

Bina genisligi,
Bina sekli,

Sarsint1 siiresi)
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e Depreme e Dikme » Kat sayis1 Bina yeterli
dayaniklilik sayi1sl Sarsint1 dikme ile

biyiikligii desteklenirse
(Kontrol binanin
Degiskenler: | depreme
Bina dayaniklilig1
yiiksekligi, artar
Bina genisligi,
Bina sekli,
Sarsint1 siiresi)

Ogrenciler ile birlikte degerlendirme kritelerinden biri olan &lgeklendirmeden
bahsediniz ve gergek yapilarin dlgeklendirilmesini yapiniz. “Bildiginiz iizere en az
7,9 biiyiikliigiindeki depreme dayanabilecek 3 katli ahsap bina tasarlayacaksiniz.
Gergek olgiilerine gore 3 katli binalart yapmaniz miimkiin mii? Peki gercegini
yapamiyorsak ne yapacagiz?” sorusunu sorunuz. Ogrencilerin binanin maketini /
prototipini yapacaklari1 ¢ikarimina varmalarimi bekleyiniz. “Yapacaginiz binalar
kullanilan malzemeler, katlar arasi mesafe, katlarin yiizey alanlart ve binanin
uzunlugu bakimindan gercegini en ¢ok yansitan olmali. Ne kadar ger¢egine benzerse
o kadar yiiksek puan alirsiniz.” agiklamasimi yapmiz. Ogrenciler bu asamada binalar
gercek binalarin uzunluk degerlerine gore dlgeklendirecekleri ¢ikarimini yapmalidir
bunun icin asagidaki 6lgeklendirme tablosunu tabloyu gostererek rehberlik ediniz.
Boylelikle 6grenciler yapacaklari binanin her uzunlugunun ve malzemelerinin ayni
oranda Ol¢eklendirileceginin farkina varir. Tablodaki her degeri vermeyiniz, 6rnek
deger verdikten sonra dgrencilerin bulmasi i¢in zaman taniyiniz. “Mesela bir katin
uzunlugu ortalama kag¢ metredir? Hemen az once hazirladigimiz tabloya bakip

bulalim. 3 metre. 1/50 oranminda kiigiiltsek bir dikmenin yiiksekligi 6 cm olur. Peki
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bir katin yiizey alani ortalama ne kadar? Buna da hemen bakalim. 1+1 olan evierin
yiizey alam 28 m? ise onu da ayni oranda kiiciilttigiimiizde 56 cm? olur. Gordiigiiniiz
gibi her uzunlukta ayni kiiiiltmeyi yaptik ki gercegine yakin olsun.” 6lgeklendirme

Ornegini veriniz.

Not: Bir katin uzunlugu ya da minimum bir dairenin yiizey alam1 degerleri ve

diger degerler “Bilgi Toplama” boliimiinde olusturulan tablodan aliniz.

“Baska hangi oranlarda kiiciiltme yapabiliriz belirleyelim. Hesaplamalari sizlerin
yvapmanizt istiyorum.” diyerek Olgeklendirme degerlerini Excel programinda
tablolayarak yapmalarm ister. Ogrenciler tablodaki 6lceklendirmelerden daha farkli
degerler wverebilir Onemli olan verilen Ol¢eklendirme degerlerine gore

yapabilecekleri alt ve iist sinirlar1 belirlenmesidir.

Bu tablodaki degerler sayesinde Ogrenciler kullanmalari gereken malzeme
miktarlarmm ve yapacaklari prototipin boyutlarmm bilirler. Ogrenciler asagidaki
tabloyu {iriin ortaya ¢ikarmadan 6nce model planlamasini yaparken kullanir. Daha
once test ettigi bagimsiz degiskenlerden c¢ikardiklar1 sonuglara gore asagidaki
Ol¢eklendirme oranlarindan birini depreme dayanikli iiriin i¢cin uygun goriirler ve

prototipi o dlgiilerde yapacagini planlar.

Asagidaki tabloya gore alt sinir 1/50 orani {ist sinir 1/5 orani olarak belirlenmistir.

Bu degerler istenildigi gibi degistirilebilir.

Gercek Ahsap Binalarin Bir Kat Olciilerinin, Binalarda Kullanilan Malzeme

Miktarlariin ve Malzeme Olgiilerinin Ol¢eklendirilmis Degerleri

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | 6lceklendir | 6lceklendir | 6lgeklendir | 6lgeklendir

me me me me me
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Katlarin
Yiizey
Alani

(28 m? =
700 cm x
400 cm)

112 cm?
(~ 8 cm Xx
14 cm)

448 cm?
(~21cmx
21 cm)

700 cm?
(20cm x 35

cm)

1244 cm?
(~ 26 cm x
46 cm)

11.200 cm?
(80 cm x
140 cm)

Kat
Tabanlarin
n

Kalinlig

(Kullanila
n
kerestenin

kalinlig
kadar)

(20 cm)

0,4 cm

0,8 cm

lcm

~15cm

4 cm

Kat
Tabanlar
i¢in
Kullanilac
ak Kereste
Miktar1

(330.000

cm?®)

~3cm?d

21 cm?®

41 cm?®

98 cm?®

2.640 cm?®
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Kat
Tabanlar
icin
Kullanilac
ak
Kerestenin
Kisa
Kenar i¢in
Boyutlari
(en X
yiikseklik
X boy

5 X 20 X
400 cm)

0,1x0,4x8

cm

0,2 x 0,8 x
16 cm

0,25 x 1 x
20 cm

0,3 x 1,3x
26 cm

1x4x80

cm

Kat
Tabanlar
i¢cin
Kullanilac
ak
Kerestenin
Uzun
Kenar igin
Boyutlari
(en X
yiikseklik
X boy

5 x 20 x
700 cm)

0,1 x 0,4x
14 cm

0,2 x 0,8 x
28 cm

0,25 x 1 x
35¢cm

03 x13x
46 cm

1x4x 140

cm
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Katlar
Arasi

Mesafe

(Dikme
uzunlugu
kadar)

(300 cm)

6.cm

12 cm

15cm

20cm

60 cm

Dikmeleri
n En,
Yiikseklik
ve Boy
Uzunlukla

I1

(10 x 10 x
300 cm)

0,2x0,2x6

cm

0,4 x 0,4 x
12 cm

0,5x 0,5 x
15cm

~ 0,6 x 0,6

X 20 cm

2 X 2Xx60

cm

Dort Adet
Tas1yict
Duvar igin
Gerekli
Kereste
Miktar1

(420.000

cm?®)

~3,5cm®

~27 cm®

52,5 cm?®

125 cm®

28.000 cm®

Ara
Baglantila

rn En

5

0,1x0,2x4

cm

0,2x0,4x8

cm

0,25x0,5x
10 cm

0,3 x 0,6 x
13 cm

1x2x40

cm
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Yikseklik
ve Boy
Uzunlukla

I1

(5 x 10 x
200 cm)

Ara
Baglantila
r igin
Gerekli
Kereste
Miktar1

(200.000

cm?®)

~2cm?d

~13cm?®

25 cm?

~60 cm?®

1.600 cm?®

Egik
Destekler

icin  En,
Yiikseklik
ve Boy
Uzunlukla

I1

(5 x 10 x
20 cm)

0,1 x 0,2 x
0,4 cm

0,2 x 0,4 x
0,8cm

0,25x 0,5 x

1cm

0,3 x0,6 x
1,5¢cm

1x2x4cm

Egik
Destekler

i¢in

0,24 cm?®

~2cmd

3,75 cm?®

~9cm?d

240 cm?®
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Gerekli
Kereste
Miktari

(30.000

cmd)

Not: Alan olceklendirmesi yaparken olceklendirme oranimmin karesini, hacim

ol¢ceklendirmesi

unutmayiniz.

yaparken de olceklendirme oranmmin Kkiipiinii almay:

Gercek Binalarin Olciilerinin, Binalarda Kullanilan Malzeme Miktarlarmin

ve Malzeme Olgiilerinin Olceklendirilmis Degerlerinin Toplamlar

1/50 1/25 1/20 1/15 1/5
oraninda oraninda oraninda oraninda oraninda
Olceklendir | Olgeklendir | dlgeklendir | Slgeklendir | 6l¢eklendir
me me me me me

3 Kath | ~24cm? ~188cm® | ~368cm® | 871cm? 23.520 cm?

Bina I¢in

Gerekli

Toplam

Kereste

Miktar1

(2.940.0

00 cm?)

3 Kath|~12¢ ~94g ~184 ¢ ~436 ¢ ~11.760 g

Bina

Toplam

Kiitlesi
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(dgam
ahsap= 0,5
g/cm?)

3 Kath | ~24cm? ~188cm® |~368cm® | 871cm? 23.520 cm?®

Bina

Toplam
Hacim
Kereste
hacmi
kadar

Olgeklendirmeden sonra degerlendirme kriterlerini dgrencilerle beraber belitleyiniz.
“Degerlendirme kriterlerimizden birini odlgeklendirme olarak belirledik sizce
binalarimizi baska hangi ozelliklere gére degerlendirelim?” sorusunu sorunuz.
Ogrencilerin “7,9 biiyiikliigiindeki depreme en uzun siire dayanabilen ve 7,9
biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen yiiksek puan almali. ” ¢gikarimini
yapmalar1 bekleyiniz. Ayrica binanin ekonomik olmasi iizerinde durunur ve
ogrenciler “Ekonomik malzeme ile yapilmis olan en yiiksek puani almali.” sonucuna
ulasana kadar rehberlik ediniz. Bu kriterler disinda baska kriterleri de
degerlendirmeye alabilirsiniz. “Degerlendirme yaparken 1 puan, 2 puan ve 3 puan
kullanirsak bu puanlari hangi kriterlere gére verecegimizi beraber belirleyelim.
Mesela bir binayr belli bir saniye salladigimizda tamamen yikiliyorsa, ya da
tamamen yikilmayp katlarinda kopmalar oluyorsa ya da sapasaglam duruyorsa bu
binalar: nasil puanlayalim? Ya da ekonomik oldugunu nasil belirleyelim? ” sorusunu

sorarak asagidaki tabloya yakin {iriin degerlendirme formu olusturunuz.

412



URUN DEGERLENDIRME FORMU

Grup iiyeleri

1 puan 2 puan 3 puan
Bina 7,5 - 7,9 |10 saniyeden | 10 saniyeden daha | 10 saniye boyunca
biiyiikliigiindeki | daha az siirede | az siirede katta | herhangi bir bozukluk
(5,3 m/s2 - 5,8 | tamamen yikildi | kopmalar oldu olmadi ve yikilmadi
m/s2
ivmelerdeki)
depremde
yikilmadan
durabildi mi?
Binanin Hicbir boyut ve | Sadece boyut ya | Her  boyutta ve
boyutlari ve | malzeme da sadece | malzeme
malzeme miktarlari malzeme miktarlarinda
miktarlari Olgeklendirilmedi | miktarlar Olgeklendirilme
gercek bina olgeklendirildi yapildi
degerlerine gore
Olceklendirildi
mi?
Uriin i¢in | Toplam tutar | Toplam tutar | Toplam tutar
kullanilan Olgeklendirme Olgeklendirme Olgeklendirme
malzemeler fiyatlarinin fiyatlarina esit fiyatlarinin altinda
ekonomik mi? | iistiinde

(Gruplarin
malzeme

masraflari
hesaplanir  ve

gercek binalarin
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Olgeklendirme
fiyatlariyla

kiyaslanir)

7,5 - 7,9 8,0-8,4 8,5-8,9 9,0 ve tistii
biiyiikliigiinde
(53 m/s2 -58
m/s2 ivmelerde)
yikilmayan
binalar en fazla
hangi
biiyiikliikteki
depreme
dayand1?
(Uriinler
arasinda esitlik
varsa  sarsinti
siddeti
arttirllarak

eleme yapilir.)

Toplam puan

“Grup olarak beyin firtinasi yapacaksiniz ve belirlenen kriterlere, sinirlamalara, test
ettiginiz degiskenlere gore ¢oziimler iireteceksiniz. Uriin malzeme miktarini ve
olciilerini belirlerken yukarida hazirladigimiz “Gergek Binalarmn Olgiilerinin,
Binalarda Kullamilan Malzeme Miktarlarimin  ve Malzeme  Olciilerinin
Olgeklendirilmis Degerleri” bashkli tabloyu kullamniz. Planladiginiz iiriiniin
taslagint ¢caliyma kdgidindaki “Model Taslagint Ciz” béliimiine detaylandirmadan
ciziniz. Ayrica, iiriiniiniizde olmasim planladiginiz ézellikleri “Modelin Ozellikleri”

boliimiine yaziniz ve son olarak, bu iiriinii yapabilmek icin ihtiya¢ duydugunuz
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malzemeleri “Gerekli Malzemeler” boliimiine yaziniz. Liitfen malzemelerin
ekonomik olmasina dikkat ediniz. Coziimlerinizi tartisip en iyi ¢oziime karar
verecegiz. Siireniz 45 dakika olacaktir.” agiklamasini yaparak 6grencilerin ¢oziimler

bulmasina olanak saglayiniz.

Grup icerisinde yapilan beyin firtinasindan sonra gruplarin agikladigi ¢oziimleri
tahtaya yaziniz. “Bu ¢oziimlere nasil karar verdiniz?” sorusunu sorunuz.
Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve senaryodaki

kriter ve sinirlamalara gore su ¢ikarimlari yapmalarini bekleyiniz:

- Bina 3 katli olacak ve ahsaptan yapilacak

- 7,6 buiyiikliigiindeki sarsintida yikilmadan kalabilecek

- Bina saglam ve diiz bir zemine inga edilecek

- Bina simetrik olacak

- Iskelete yerlestirilen dikmeler diyagonal olarak iist yatay elemanlara
baglanarak saglamlastirilacak

- Dikmelerin yiik altinda egilmesini veya biikiilmesini onlemek icin dikmeler
arasina yatay kisa ahsap par¢alar koyulacak

- Taswyict duvarlar duvar boyunca birbirine ¢apraz baglanacak

- Siinekligi saglamak icin dikmeler tasiyici duvarlara gegmeli olarak
baglanacak. Geg¢meli olamadigi durumlarda dikmeler kése elemanlart ile
taswyict duvarlara c¢ivilenecek (Citalari c¢ivilemek c¢italart kiracagi igin
yapistirtlma iglemi yapilmasi tavsiye edilir)

- Kaliteli ve ekonomik malzeme kullanilacak..

Ogrenciler bu asamada sikint1 yasarlarsa “Bilgi Toplama” béliimiinde bulunanlar

hatirlatiniz.

En iyi ¢0ziimii belirlemek i¢in &g8rencilere sorunuz “Séylediginiz ¢oziimlerden
hangisi en iyi ¢oziim?” Ogrenciler nedenleriyle birlikte en iyi ¢oziimii belirttikten
sonra Ogrencilerle beraber tartisarak en olasi goriilen ¢dzlimleri belirleyiniz ve
tahtaya yaziniz, 6grencilerin de yazmalarini isteyiniz. “Planladiginiz iiriiniiniizii

calisma kigidindaki ““Uriiniinii Ciz” boliimiine ¢iziniz, sahip oldugu oézellikleri
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“Uriiniin Ozellikleri” boliimiine ve malzeme listesini de “Istedigin Malzemeler”
boliimiine yaziniz.” agiklamasini yapiniz. Bu asamada her grup ayni iiriinii ¢ikarmak
zorunda degildir. Grup iiyelerinin ortak karari hangi ¢6ziimden yanaysa o ¢oziim
yapilir.

“Coziim igin iireteceginiz tirtiniin  ihtiya¢  duydugu malzemeleri  grup
arkadaglarinizla belirleyip bana soyleyiniz. Ben size istediginiz malzemeleri temin
edecegim.” acgiklamasini yaparak Ogrencilerin iriinleri i¢in belirledikleri

malzemeleri 6greniniz.

Ogrencilerden beklenen malzemeler :

- Olgeklendirme oranlarina gére tahtalar (ahsap ¢ita, dil basma ¢ubuklart,

dondurma ¢ubuklari, tahta ¢ay karistiricilari...)
- Kiiciik testere

- Hizli ahsap yapistiricisi (Cok ince olan citalar ¢ivi ¢akma esnasinda

catlayacag icin ¢ivi yerine ahsap yapistiricisi kullanilmasi tavsiye edilir.)
- Serit metre

Ogrenciler bazi malzemeleri soylemediklerinde rehberlik ederek ihtiyaglarini
bulmalarini saglaymiz. Malzemelerin miktarlar1 ve olgiileri 68rencilerin kullandig:
olgeklendirme oranina gore degisecegi icin hangi grup hangi oranda 6l¢eklendirme

yapti ise o orandaki malzeme miktarini ve Slgiilerini sinifa getiriniz.

Istenilen malzemelerin alinmasi igin aktiviteye ara veriniz. Bir sonraki ders saatinde

tekrardan toplaniniz.

Ogrencilerin 6ngdrdiigii malzemeleri sinifa getiriniz. Tehlike arz eden malzemeler

icin 6grencilere gerekli uyarilar1 yapiniz.
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NOT: Uriin gelistirme esnasinda ihtiya¢ duyulan malzemeler icerisinde
bulunan kesici ve delici aletlerden (Kiiciik testere) sadece bir tane alimir ve

ogretmen gozetiminde kullandirilir.

Gruplar olusturduklari planlari takip ederek kendi prototiplerini yaparlar. “Artik iiriin
olusturma zamani. Malzemelerinizi aldiniz ve hangi asamalar: takip edeceginizi
biliyorsunuz. Simdi bilgi toplama asamasinda belirlediginiz degiskenleri kullanarak
tiriintintizii olusturunuz” agiklamasimi yapiniz ve Ogrenciler {riinlerini yaparken

onlara rehberlik ediniz ve sorular1 varsa cevaplandiriniz.

Osrencilereden beklenen iiriin yapim asamalari;:

1. Ilk olarak 6grenciler dlgiimlerini yapar ve malzemeleri dlgiilerine gore

ayarlar. Birinci katin tabanin ¢ergevesini ve 1zgaralar1n|1 Ol¢iilerine gore

olustururlar.
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2. Daha sonra yan duvarlarin dikmelerini zemine yapistirirlar.

/

3. Dikmelerin dik durmasi ve egilmemesi i¢in kat tavanini (ikinci katin

tabanini) tabandaki ile ayni1 1zgarali ¢erceve ile kaplarlar.
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4. Bir katin iskelet yapisi olusturulmus olur. Ayni sira ile ikinci ve {igiincii

katlarin iskelet yapilar1 olusturulur.
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5. Depreme dayanikli hale getirmek i¢in dikmeler payandalar ile tavana
tutturulur, dikmelerin arasinda yatay keresteler koyulur ve tasiyict duvarlar

capraz baglarla saglamlastirilir.
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Her grubun iiriinii bittikten sonra sizin getirdiginiz sarsintt masasinin iizerine
iiriinleri oturtunuz ve test islemini yapimz. “Uriinleri test etme zamani geldi.
Uriinlerin depreme dayamkliligini belirlemek icin tekerlekli sarsinti masasini
kullanacagiz. Sarsinti masasina taktigimiz matkap sayesinde sabit ivmeli yani
diizgiin hizlanan sarsinti olusturacagiz. Her grup yaptigi binalar: sarsinti masasinda
test edebilir. Testiniz sonucunda binaniz istediginiz gibiyse arkadaslariniza
sunabilirsiniz. Binaniz istenilen gibi olmadiysa ya da eksik yonleri varsa dersin
basinda belirledigimiz kriterlere ve sinmirlamalara tekrardan géz atarak iiriiniiniiziin
eksik ve hatali kistmlarini yeniden yapabilirsiniz. Simdi iiriinlerinizi test ediniz ve
diizenlemelerini yapuiz. Her gsey tamamlandiktan sonra sinif icerisinde

sunacaksiniz.” agiklamasini yapiniz.

Binanin depreme dayanikliligini 6lgmek icin  “Google Science Journal”
uygulamasinda bulunan ivme o6l¢er kullanilir. Sarsinti masasma {iriin koyulur.
Sarsint1 masasinin iizerine, “Google Science Journal” uygulamasinin oldugu akilli
telefon yerlestirilir. Sarsint1 masas1 10 saniye sarsilir. “Google Science Journal”
uygulamas1 dogrusal ivme degerlerini verdigi i¢in, depremin biiyiikliiglinden ziyade
yatay ivme degerlerine gore test edilir. Uriinler, 7,5 - 7,9 degerlerinden baslayarak
(5,3 m/s? yer ivmesi degerinden baslanip 10 saniye icerisinde diizenli olarak 5,8 m/s?

degerine artirilir) sarsilir.

Biitiin gruplar olusturduklart {iriinii smif igerisinde arkadaslarina tanitirlar.
Ogrenciler, iiriinlerinin diger gruplarm iiriinlerinden ayiran 6zelliklerinden

bahsederler.
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Bu asamada {iriinlerin nasil degerlendirilecegini aciklayniz: “Yaptiginiz iiriinler
beraber olusturdugumuz “Uriin Degerlendirme Formu” icerisinde bulunan
kriterlere gore degerlendirilecektir. Her grup, hem kendi grup tiriiniinii hem de diger
gruplarin tiriinlerini form iizerinden degerlendirecek. Ayrica ben de formu
dolduracagim. Bu puanlamalara gére en yiiksek puan alan grup birinci segilecek.”

aciklamasini yapiniz.

Ortaya c¢ikan {riiniin ekonomikligini degerlendirmekicin asagidaki malzemelerin
birim fiyatlarinin yazili oldugu tabloyu 6grencilere sununuz. Tablodaki bos kisimlar
ogrenciler tarafindan doldurulur boylelikle her grubun yaptigi toplam harcamalar
bulunur. Daha sonra, 6grencilerin toplam harcamalar1 agagida ikinci olarak verilen
tablodaki gercek bir ahsap bina maliyetinin 6l¢eklendirme fiyatlariyla kiyaslanir.
Olgeklendirme fiyatlara yakin ve daha diisiik harcama yapan gruplar ekonomik
iirlin ¢ikarmis kabul edilirken, dl¢eklendirme fiyatlarinin ¢ok iistiinde harcama yapan
gruplar ekonomik tiriin ¢ikarmamis kabul edilir. Asagidaki iki tabloyu gostererek
aciklama yapiniz “Uriinlerinizin ekonomikligini degerlendirmek icin kullanilan
malzemelerin birim fiyatlarini iceren bir tablo hazirladim. Sizler kullandiginiz
malzemelerin miktarlarim birim fiyatlart ile ¢carparak ne kadar harcama yaptiginizi
hesaplayacaksiniz. Her grubun yaptigi hesaplama sonucunda ortaya ¢ikan toplam
fiyatlart gercek bina fiyatlarimin dlgeklendirmeleriyle kiyaslayacagiz ve

puanlamamizi ona gére yapacagiz.”
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Uriin Maliyet Formu

Malzemeler Birim fiyat Kullanilan Total
miktar

Mdf / Sunta / Kontraplak | 0,09 TL

(1cm?)

Ahsap ¢ita (cm®) 0,1TL
Yapistirict 10 TL
Toplam fiyat:

Asagidaki tabloda 3 katli ahsap bir bina i¢in maliyet hesaplamasi yapilmis ve toplam
fiyat oOlceklendirilmistir. Bu tabloyu referans alarak Ogrencilerin {iriinlerinin

ekonomikligini degerlendiriniz.
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3 Kath Bir Ahsap Binanin Maliyeti

Malzemeler Birim fiyat Kullanilan Total
miktar

Yerli Cam Kereste (m®) 1000 TL 2,94 m? 2940 TL

Kose Takozlar1 (adet) 3TL 1000 adet 3000 TL

Civi (100 adet) 40 TL 1000 400 TL

Ahsap Diibel (100 Adet) 5TL 500 adet 25TL

Toplam fiyat: 6.365 TL
(Toplam fiyatin;

1/50 orani:127 TL
1/25 orant: 255 TL
1/20 orant: 318 TL
1/15 oran1: 424 TL

1/5 orani: 1.273 TL)

Degerlendirme formlarin1 dagitiniz ve sonuca gore birinci grubu belirleyip dersi
bitiriniz.  “Degerlendirme formlarint  dagitryyorum. Liitfen kdgidin  iizerine

degerlendirdiginiz grubun iiyelerinin isimlerini yaziniz. Sirayla baslayabiliriz.”
Aktivitede belirlenen malzemeler, fiyatlar1 ve resimleri

Aktivitede ortaya cikarilacak iiriinlin Olgiileri ve malzeme miktarlar1 aktivite
esnasinda Ogrencilerin kullanacaklar1 Ol¢eklendirme degerlerine gore degisiklik
gostermektedir. Bu ylizden malzeme miktar1 olarak 3 kathi ahsap bir prototipin
tamaminin yapiminda gerekli olan toplam malzeme miktar1 ve masrafi her bir
Olgeklendirme degerine gore hesaplanmalidir. Bu aktivitede sadece en az (1/50

oraninda dl¢eklendirme) ne kadar malzemeye ve biitgeye ihtiya¢ varsa o degerler
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yazilmistir. Diger 6lgeklendirmeler sonucunda ihtiya¢ duyulan malzeme miktarlar

ve masraflar1 agagidaki bilgiler 1s181inda hesaplanabilir.

miktarlar ve fiyatlar1 (Tek grup icin)

1/50 oraminda ol¢eklendirilmis ii¢c kath prototip icin gerekli olan malzeme

Malzemeler Birim fiyat Kullanilan Total
miktar

Ahsap Cam Cita 0,5 TL (1 cm®) 24 cm?® 12 TL
Kiigiik testere 25TL 1 15TL
Ahsap yapistiricisi 10 TL 1 10
Serit metre 10TL 1 10TL
Makas 1TL 1 1TL
Bant 1TL 1 1TL
Cetvel 1TL 1 1TL
Cubuk makarna 5TL 1 paket 5TL

Toplam fiyat: TL: 55
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Malzemeler ve Resimleri

Malzemeler Resimler

Ahsap Cam Cita

Mdf / Sunta / Kontraplak

Kiiciik testere
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Ahsap yapistiricisi

¢

Yanoplast

Serit metre

Makas

Sarsint1 masasi

Bant, cetvel, gubuk makarna
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C.1. Revised Technologies Design to Prevent Buildings From Earthquake
STEM-EDP Activity Lesson Plan

STEM ETKINLIiK PLANI

Deprem Teknolojileri

1. Smmf: 10, 11 ve 12
2. Siire : 7 giinde toplam 460 dakika (12 ders saati)

3. Egitsel Malzeme, Teknoloji ve Medya

Akillh Tahta: Ders ile alakali videolar1 gostermek icin akilli tahta
kullanilacaktir.

Beyaz tahta ve kalemi: Ders esnasinda yapilan gerekli agiklamalari yazmak
icin beyaz tahta ve kalemi kullanilacaktir.

MEB Kitaplari: Ogrencilerin arastirma yapmast icin kullanilacaktir.

Okul Bilgisayarlar: Ogrencilerin arastirma yapmas igin kullanilacaktir.
Akilh Telefon: Ogrencilerin arastirma yapmasi i¢in kullanilacaktir.
Laptop: Ogrencilerin arastirma yapmasi i¢in kullanilacaktir.

Cahsma Kagidi: Ogrencilerin ders esnasinda énemli noktalar1 not almalari,
aktivite icin yonlendirilmeleri ve dersten sonra konu ile ilgili alistirmalar
yapmalari i¢in hazirlanmistir.

Uriin Degerlendirme Formu: Gruplarin tasarimlarini degerlendirmek icin
ogrenciler ile birlikte hazirlanmas1 beklenmektedir.

Arac ve Geregler: Kullanilacak malzemelerin 6grenciler tarafindan karar

verilip, belirlenmesi beklenmektedir.

4. Taslak ve zamanlama

» Problemi tanimlama (20 dk)
- Problemi belirleme (5 dk)
- Probleme yonelik ihtiyaclar belirleme (5 dk)
- Kiiterleri ve sinirlamalari belirleme (10 dk)
> Bilgi Toplama (170 dk)

- Arastirma sorularini belirleme (20 dk)
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- Arastirma yapma (60 dk)
- Arastirma sorularini cevaplandirma (60 dk)
- Disiplinleri ve disiplinlere ait kazanimlar1 belirleme (30 dKk)
> Coziimler Uretme (40 dk)
- Degerlendirme kriterleri belirleme ve iiriin degerlendirme formu
olusturma (25 dk)
- Cozlime yonelik iiriin plan1 yapma (15 dk)
Coziimleri Analiz Etme ve Uygun Olanin1 Se¢me (20 dk)
Uriin Gelistirme (120 dk)
Test Etme ve Yeniden Yapma (30 dk)
» Degerlendirme (60 dK)

5. Senaryo

vV V VY

Tiirkiye deprem bolgeleri haritasina bakildiginda biiyiik 6lciide can ve mal kaybina

sebep olan birinci dereceden deprem kusaginin genis alan kapladigi gortiilmektedir.

Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli Gozlemevi

verilerine gore 1939 yilinda Erzincan ilinde gergeklesen 7,9 biiyiikliigiindeki

depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramistir.
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Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi iizerinde bulunan Erzincan’da
depreme dayanikli binalarin olmasi biiyiik 6nem tasimaktadir. Bu yiizden, bir insaat
firmas1 deprem olusma ihtimaline karsi, binalarda olusan deprem sarsintisini
azaltacak teknolojik yontemleri bu ilde yeni yapilacak binalara uygulamak i¢in
gontlli oluyor. Ayrica, ingaat firmasi uygulayacagi deprem teknolojilerini
ekonomik malzemelerden se¢mek istiyor. Siz bu firmada g¢alisan bir insaat
mithendisi olsaniz, Erzincan’daki depremler esnasinda binalarda olusan sarsinti

miktarlarin1 azaltarak binalar1 depreme dayanikli hale getirmek igin deprem

teknolojilerini binalara nasil uygularsiniz?

F

Not: Ogrencilerden depreme dayamikh ev insa etmeleri istenilmedigi, var olan
evlere deprem teknolojilerinin uygulanacagi ogretmen tarafindan
vurgulanacaktir. Bina olarak aym olgiilerdeki karton ayakkabi1 kutulari
kullanilacak ve 6grenciler o kutulara deprem teknolojilerini uygulayacaktir. Bu
aktivitede, en yaygin kullanilan taban izolasyonu, titresim emiciler ve Kkiitleli
damper sistemi teknolojileri kullamlarak iiriinler ¢ikarilacaktir. istege bagh
olarak aktivitede kullanilan teknolojiler disindaki teknolojiler de kullanilabilir.
Not: Deprem teknolojileri uygulamasinda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).

Bunun icin “Google Science Journal” uygulamasindaki ivme olger
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kullanilacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmus sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin
deprem teknolojilerini uyguladig@r iiriinler (karton ayakkab1 Kkutusu)
koyulacaktir. Hem sarsinti masasinin iizerine hem de iiriinlerin iizerine birer
tane, “Google Science Journal” uygulamasinin oldugu akilh telefonlar
yerlestirilecektir. Sarsinti masas1 matkabin olusturacag: en Kkiiciik sarsinti
degerinden baslayarak 5,8 m/s? ivme degerine kadar sarsilacaktir (Sarsinti
miktar1 her 10 saniyede diizenli olarak arttirilir). Ogrenciler, her iki telefondaki
“Google Science Journal” uygulamasinda okuduklar1 ivme degerlerini
asagidaki tabloda tekabiil eden richter biiyiikliigiine doniistiirerek iiriinlerinin
kac¢ biiyiikliigiindeki depreme dayanikh oldugunu ve deprem sarsintisini ne

kadar azalttigini test edeceklerdir.

Richter Biiyiikligii Yer fvmesi (m/s?)
0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0,4
25-34 05-1,0
35-4,4 1,1-16
45-49 1,7-2,2
50-54 2,3-28
55-59 29-34
6,0-6,4 35-4,0
6,5-6,9 41-46
70-74 47-52
75-79 53-58
8,0-84 59-6,4
8,5-8,9 6,5-7,0

9,0 ve usti 7,1 ve st
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6. Ders icerigi

Ogretmen &grencileri gruplara ayirir ve her dgrenciye “Caligma KAagidi” verir.
Dagitilan kagidi tanitir ve okumalarini ister. “Bu ¢alismayr grup halinde yapacagiz.
Grup iiyelerinin isimlerini okuyorum, aynt gruba ait olanlar bir arada otursun
liitfen. Simdi her birinize ¢alisma kagidi dagitacagim. Dagittigim kdgitlara bir goz
atin ve isimlerinizi yazin. Calisma kagidi ders esnasinda onemli noktalar: not
almaniz ve aktivite esnasinda yonlendirilmeniz igin hazirlanmigtir. Kagidi dersimiz
stiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz esnasinda size

ben séyleyecegim.”
6.1 Problemi Tanimlama

Ogretmen calisma kagidindaki  senaryoyu okumalarini  ve anladiklarini
arkadaslariyla paylasmalarini sdyler ve bu esnada 6gretmen 6grencileri gozlemler.
“Size dagittigim kdgitta bir senaryo var. Her biriniz onu okuyunuz ve anladiginizi

’

grup arkadaslarinizla paylaginiz. Baslayabilirsiniz.’
6.1.1 Problemi belirleme (5 dk)

Grup tartismasindan sonra 0grenciler senaryodan genel olarak neler anladiklarin
sinif igerisinde soyler. Ogretmen sorar: “Okudugunuz senaryodan neler anladiniz?”’
Ogrencilerin cevaplar alindiktan sonra senaryo detayli incelenir. Senaryoda bulunan
problem ve problemi ¢dzmek igin neye ihtiyag duyuldugu belirlenir. Ogretmen
senaryodaki problemi Ogrencilere sorar ve verilen cevaplart ve Ogrencilerin
belirledigi problemi tahtaya yazar ve 6grencilerden ¢alisma kagidindaki “Problem
nedir?” boliimiine yazmalarini ister. “Arkadaslar, senaryoda problem / sorun var
mi? Problem nedir? Ogrenciler su cevabr verene kadar 6gretmen rehberlik eder:

“Problem; Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
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dayanikli olmayan binalarin yikilmasi ve bunun sonucunda can ve mal kayiplarinin
olmasi.”

6.1.2 Probleme yonelik ihtiyaci belirleme (5 dk)
Sonra 6gretmen probleme yonelik ihtiyact belirlemelerini ister ve belirledikleri
ihtiyac1 tahtaya yazar ve 6grencilerden de ¢alisma kagidindaki “Ihtiya¢” béliimiine
yazmalarini ister. “Bu problemi ¢ézmek icin neye ihtiya¢ var? Ogrenciler su cevabi
verene kadar Ogretmen rehberlik eder: “Erzincan ilindeki binalara sarsintiyi
azaltacak deprem teknolojilerini uygulamaya ihtiyag var.”

6.1.3 Kiriterleri ve sinirlamalari / kisitlamalar belirleme (10 dk)
Buraya kadar “Problem ve ihtiya¢” ana hatlartyla belirlenmistir. Fakat problem
“Tam tanimlanmamis problem” oldugu i¢in detayli incelenmelidir. Bundan dolay,
ogretmen ve Ogrenciler tartisarak / beyin firtinasi yaparak problemi detayli
incelemeli ve problemde belirtilen kriteleri ve sinirlamalari / kisitlamalar belirleyip
aktivite kagidina not etmelidirler. Boylelikle problem tanimlanmis ve iirlinde
istenilen detaylar belirlenmis olur. Ogretmen grup igerisinde tartisarak siirlamalari
ve kriterleri bulmalarini ister. “Simdi senaryoyu detaylt inceleme zamani. Senaryoyu
tekrardan okuyarak su sorulara cevap vermenizi istiyorum. Senaryo bize
smirlamalar koyuyor mu? Senaryonun istedigi kriterler nelerdir? Bulduklarinizi
beraber tartisacagiz.”
Ogrenciler bulduklarii 6gretmenle tartisir ve gretmen gruplardan aldigi cevaplar
basliklara ayirarak tahtaya yazar. Ogrencilerden, belirlenen Kriterleri ve
sinirlamalari, ¢alisma kagidindaki “Kriterler ve Sinirlamalar” boliimiine yazmalari
istenir. “Istenilen kriterler ve simirlamalar / kisitlamalar nelerdir?” Ogrencilerden
su cevaplar alinana kadar 6gretmen senaryoyu bir kag kez okutarak ogrencileri
yonlendirir: “Kriterler: Binalar, Erzincan ilinde bu zamana kadar élgiilmiis en
yiiksek biiyiikliik olan 7,9 biiyiikliigiindeki depremde yikilmadan durabilmelidir.

Binalara etki eden deprem biiyiikliigii azaltiimalidir. Simirlamalar / Kisitlamalar:

Sarsinti azaltict deprem teknolojileri kullanilmalidir. Deprem teknolojileri ekonomik

malzemeden yapimalidir.”
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6.2 Bilgi Toplama
Ogretmen arastirma yapmalari igin dgrencilere, siniflarda bulunan internet erisimine
sahip akilli tahtalari, diziistii bilgisayarlari, miimkiinse akilli telefon ve tablet gibi
cihazlar1 ve MEB fizik kitabin1 kaynak olarak saglar. Ogrenciler kendi baslarina
arastirma yaparak gerekli bilgiye ulasir. “Problemi ve ihtiyact belirledigimize gore,
simdi arasttrma yapma zamani. Problemin ¢oziimiine yonelik arastirmalar
yapacaksiniz.”
6.2.1 Arastirma sorularim belirleme (30 dk)

Arastirma yapmadan Once nelerin arastirilacagina 6gretmen ve dgrenciler birlikte
karar verir. Ogretmen “Sizce binalarda sarsinti azaltict deprem teknolojisi
kullanmak igin neleri bilmek gerekiyor, neleri arastirmalyiz?” der ve birlikte
belirlenen arastirma sorularini tahtaya yazar ve 6grencilerden de ¢alisma kagidindaki
“Aragtirma Sorular” bdliimiine yazmalarini ister. Ogrenciler asagidaki arastirma

sorularina ya da benzerlerine ulasana kadar 6gretmen rehberlik eder:
1. Deprem nedir? Depremin biiyiikliigii ile siddeti arasindaki fark nedir?
2. Sarsinti azaltict deprem teknolojileri nelerdir ve nasil uygulanir?

3. Deprem teknolojileri hangi tiir binalara uygulanir?

6.2.2 Arastirma yapma (60 dk)

Ogretmen “Arastirmalarimz icin simflarda bulunan internet erisimine sahip akilli
tahtalari, akilli telefonlari, diziistii bilgisayarlari ya da tabletleri ve MEB fizik
kitabini kullanabilirsiniz. Ayrica yanls bilgiye ulagmanizi onlemek icin liitfen
arastirmalarinizi bir ka¢ kaynaktan yapiniz ve bulduklarimizin dogrulugunu farkl
kaynak cesitlerinden de arastirarak teyit ediniz. Giivenilir sitelerden bilgi almak

igin, aragtirma yaptiginiz internet sitelerinin “edu” ve “gov” uzantili olmasina
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dikkat ediniz. Sorularmmiz olursa bana sorabilirsiniz. Arastirma sonucunda
bulduklarinizi calisma kagidindaki “Bulduklarim” béliimiine yaziniz.” der.

6.2.3 Arastirma sorularim cevaplandirma (60 dk)
Ogrencilerin arastirmalar1 bittikten sonra, ogretmen sorar “Neler buldunuz?”
Ogrenciler asagidaki bilgileri bulana kadar arastirma yapmaya tesvik edilir. Verilen
siire yeterli olmazsa ek silire taninabilir. Siireler doldugunda hala yeterli bilgiye

ulagilmadiysa geri kalanini 6gretmen 6grencilere sunar:

1. Yerkiire nin igerisinde bulunan magmanin ¢evresindeki levhalarin hareketi
sonucunda enerji agiga ¢ikar ve boylece deprem dalgalart olusur. Depremin
buiyiikliigii 1°den 9’a kadar olan rakamlarla gosterilir. Depremin siddeti ise

depremin canli cansiz her seye olan etkisinin ol¢iisiidiir.

2. Sarsinti azaltict deprem teknolojilerinden bazilart sunlardir:

a) Deprem Izolasyonu (Deprem yaltimi / Sismik izolasyon / Taban
izolasyonu): Bina tabanina esnek elemanlar yerlestirerek yapiyi zeminden
ayirma / izole etme yontemidir. Tabandaki esnek elemanlar yerden gelen
deprem kuvvetlerini azaltarak yapiya iletir. Boylelikle yapiya etki eden

sarsintt miktart azalir.
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KLASIK YAPI SISMIK iIZOLASYONLU YAPI
(Taban izolasyonunun sarsinti azaltici etkisi igin

https://www.youtube.com/watch?v=W?7jsg60SI-Y Base Isolation System —

Resistoflex videosunu izletebilirsiniz.)
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https://www.youtube.com/watch?v=W7jsg60SI-Y

b. Titresim Emiciler (Sismik Soniimleyici / Sismik Damper / Darbe
Emici): Titresim emiciler silikon yagiyla doldurulmus silindirlerdir.
Bunlara damper denir. Binamin her katindaki kolon ve kirislere
verlestirilir. Damperler, deprem enerjisini igindeki siviya ileterek 1si
enerjisine doniigmesini saglayarak depremin enerjisini soniimler
(Motorlu tasitlardaki amortisérler gibi). Bir de siirtiinmeli damperler
vardir. Bu damperler siirtiimnme ile deprem enerjisini 1s1 enerjisine

doniistiiriirken binanin elastik hareket etmesini saglar.

(Titresim emicilerin sarsint1 azaltici etkisi i¢in

https://www.youtube.com/watch?v=xp2pGxFzrzI Dampers for

earthquake protection videosunu, damperlerin ¢aligma mekanizmasi igin

https://www.youtube.com/watch?v=UpfzMnoPE_c Friction damper for

vibration control videosunu izletebilirsiniz.)

C. Kiitleli Damper Sistemi (Ayarli Kiitle Soniimleyici / Harmonik
Sogurucu): Yiiksek katl yapilarda tavana kiitle (sarkag) asilir ve bu
kiitle eylemsizlik prensibi geregi deprem kuvvetlerinin tersi yoniinde

hareket ederek deprem enerjisini dagitir.
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(Kiitleli  damper sisteminin  sarsintt  azaltict  etkisi  i¢in

https://www.youtube.com/watch?v=RSGwzSp hAc videosunu

izletebilirsiniz.)

3. Kiitleli damper sistemi genel olarak gdékdelen gibi uzun binalarda

kullanilirken, diger teknolojiler her tiir binada kullanilabilir.

Havada Duran Temel, Yenilenebilir Deprem “Sigortalar1” , Karbon-Fiber Sargi,
Sekil Hafizal1 Alasimlar, Mukavva Tiipler, Celik Capraz Cerceveler ve Diyaframlar,
Celik Levhalarla Gliglendirilmis Perde Duvarlar gibi teknolojiler istege bagli olarak
detayli incelenip uygulanabilir. Bu aktivitede, deprem izolasyonu, titresim emiciler
ve kiitleli damper sistemleri hem diger deprem teknolojilere gore daha yaygin
kullanildiklart hem de 6grencilerin uygulayabilecekleri diizeyde olduklari igin daha
detayli incelenmis ve ayakkabi kutularina uygulanmistir. Ogretmen, 6grencilerin bu
ii¢ teknoloji hakkinda daha detayli aragtirma yapmalari ve bu teknolojileri ayakkabi
kutularina uygulamalar1 hakkinda rehberlik eder.

Ogretmen deprem teknolojileri hakkinda ogrencileri yetersiz gordiigii takdirde
asagidaki linkleri kullanarak rehberlik eder.
(https://bilimteknik.tubitak.gov.tr/system/files/makale/30_deprem.pdf Depreme

Dayanikl Yapilara Yonelik Yeni Teknolojiler;

https://www.timeturk.com/tr/fotogaleri/bilim-ve-teknoloji/depremde-hayat-

kurtaracak-teknolojiler/5 Depremde hayat kurtaracak teknolojiler;

https://www.youtube.com/watch?v=CDeHfxj2fA8 Deprem Sismik Izolatorii Olan

Binalarin Farki; https://www.youtube.com/watch?v=xp2pGxFzrzl Dampers for
earthquake protection)

Yogun igerikten dolayi aktiviteye bir sonraki ders gilinlinde devam edilir.
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6.2.4 Disiplinleri ve disiplinlere ait kazanimlari belirleme (30 dk)

Arastirma sorular1 cevaplandirildiktan sonra problemin ¢6ziimiinde hangi
disiplinlere ihtiya¢ duyuldugu belirlenir. Ogrencilerin belirlediklerini 6gretmen
tahtaya, 6grenciler ise ¢alisma kagidindaki “Disiplinler” ve “Kazanimlar” boliimiine
yazar. Ogretmen sorar “Sarsint1 azaltici deprem teknolojilerini bir yapiya uygulamak
icin nelere ihtiyaciniz var? ” Ogrenciler bes disipline -fizik, matematik, miihendislik,
teknoloji ve sosyal beceriler- ulasana kadar dgretmen rehberlik eder. Ogrencilerin
“Dalga bilgisi igin fizik; sarsintimin hangi miktarda azaldigini hesaplamak i¢in
matematik, sarsinti azaltici sistemleri yapiya uygun yerlestirebilmek igin
miihendislik, arastirma yapmak igin teknoloji; grup c¢alismasi siireci i¢in sosyal
beceriler disiplinine ihtiya¢ vardir.” demeleri beklenir. Ogrenciler fizik, matematik
ve mithendislik disiplinlerini bulurken, teknoloji ve sosyal becerileri disiplin olarak
bulamayabilirler. Ogretmen bu asamada bu iki disiplini buldurmadan bu disiplinlere
ait kazanimlar1 6n plana ¢ikarmak icin rehberlik eder.

Ogretmen sorar “Arastirma yaparken hangi konulari incelediniz? Coziim iiretmek
i¢in hangi konular / kazamimlar size yardimct oldu?” Bu asamada 6grenciler
problemin ¢oziimiinde bes disipline ait hangi kazanimlara ihtiya¢ duyduklarini ve bu
kazanimlar1 nereden bulacaklarini belirler. Ogrencilerin “Fizik kazammlar fizik
ogretim programindan ve matematik kazanimlart matematik 6gretim programindan
bulunabilir’ demeleri beklenir. Ogrencilere ortadgretim miifredatinin yaninda
ortaokul miifredatindan da yaralanabilecekleri hatirlatilir. Ayrica, teknoloji,
miihendislik ve sosyal beceriler disiplinine ait ders programi olmadig1 i¢in 6gretmen
referanslar sunarak 6grencilerin kazanimlar1 belirlemesi i¢in rehberlik eder.
(Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii, Kazanim Merkezli

STEM Uygulamalari,
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https://ookgm.meb.gov.tr/meb iys dosyalar/2019 01/29164143 STEM KitapYk.

pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,

Miihendislik ve Matematik (STEM) Ogretim Programmmin Tasarlanmasi,
Uygulanmasti ve Degerlendirilmesi,

https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmasi1 beklenen bes disipline ait kazanmimlar ve kisaltmalar1 su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3,), Teknoloji (T.1),
Miihendislik (M.1, M.2) ve Sosyal Beceriler (S.1, S.2). Ogrenciler, farkli disiplinler
altinda ayn1 kazanimi1 bulabilirler ya da kazanimlar1 birebir ayn1 bulamayabilirler bu
durumda istenilen kazanimlara yakin kazanimlar bulunana kadar 6gretmen rehberlik
eder. Ogrencilerden beklenen kazanimlar su sekildedir:

- “Sarsintt azaltict deprem teknolojilerini kullanarak binalart depreme
dayanmikli  hale getirmek icin oncelikle depremi bilmeleri gerektigini
diisiindiiklerini bu yiizden depremi ve deprem dalgalarini arastirdiklarni,
ayrica depremlerin can ve mal kaybina sebep olmamasi icin ¢oziimler
tiretmeleri gerektiginden depreme dayanikli binalarin nasil oldugunu
arastirmaya ihtiya¢ duyduklarini ve deprem kavraminin hangi fiinitede
oldugunu arastirdiklarinda fizik dersindeki “Deprem Dalgalart” konusuna
ulastiklarim”  soylemeleri  beklenir. (F.10.3.5.1. Deprem dalgasim
tamimlar.), (F.10.3.5.2. Deprem kaynakl can ve mal kayiplarin1 6nlemeye
yonelik ¢oziim onerileri gelistirir.)

- “Problemin ¢oziimii igin sarsinti azaltici deprem teknolojilerini kullanarak
binalarin depreme dayanikli hale getirilmesi istenildiginden deprem
teknolojilerini binalara miihendis gibi nasil uygulamalar: gerektigini bilmeye

’

ihtiva¢ duyduklarini ve ona gére arastirmalar yaptiklarini” sdylemeleri
beklenir. (M.1 Bir tasarim icin gerekli yapisal ozellikleri aciklar.) (M2
Tasarim icin 6ngordiigii diisiinceleri tasarima yansitir.)

- “Sarsinti azaltici sistemlerin binalar tizerindeki etkilerini incelemek icin

deprem esnasinda binalarda hissedilen deprem biiyiikliigiinii hangi miktarda
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azalttiklarint hesaplanmalart gerektigini” sOylemeleri beklenir. (M.6.1.5.3
Bir dogal sayi ile bir kesrin carpma islemini yapar ve anlamlandirir.)

- “Arastirma esnasinda bulunan bir¢ok deprem teknolojilerinden uygulanabilir
olanlart segerek senaryodaki problemi ¢ozmeleri gerektigini” sOylemeleri
beklenir. (T.1 Mevcut teknolojileri secme, kullanma ve sorun giderme
yeteneklerini gosterir)

- “Sarsinti azaltict sistemleri uygularken beceri odakli ¢calismak gerektigini ve
senaryoda verilen problem i¢in ¢oziimler iiretme ve i¢lerinde uygun olanint
belirleme gibi becerilere sahip olmak gerektigini” sdylemeleri beklenir. (S.1
Elestirel diisiinme, problem ¢6zme, yaraticihk ve sorgulama gibi 21.
yiizyil becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st
Century Skills, 2011)

- “Sarsinti azaltici sistemleri uygularken grup halinde calisilacag icin grup
icinde gorev dagilimi yapimasi ve tistlenilen gorevlerin eksiksiz yerine
getirilmesi gerektigini” sOylemeleri beklenir. (S.2 Grup arkadasiyla is
birligi yapar. Grup icinde aldig1 sorumlulugu yerine getirme becerisi
kazanir; Benjamin, Bessant & Watts, 1997)

Ogretmen  “Liitfen  bulduklarimzi  ¢alisma  kdagidindaki ~ “Disiplinler”  ve

“Kazammlar” boliimlerine yaziniz. "der.

6.3 Coziimler Uretme
6.3.1 Degerlendirme kriterleri belirleme ve iiriin degerlendirme formu
olusturma (25 dk)
Degerlendirme kriterleri belirlenir. Ogretmen sorar “Deprem teknolojileri
kullanarak olusturdugunuz yapilari hangi ozelliklere gore degerlendirelim?”
Ogrencilerin “7,9  biiyiikliigiindeki depreme en wuzun siire dayanabilen, 7,9

biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen, 7,9 biiyiikliigiindeki depremde
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binalarda olusan sarsintiyr en ¢ok azaltan en yiiksek puant almali.” ¢ikarimini
yapmalar1 beklenir. Bu kriterler disinda bagka kriterler de degerlendirmeye alinabilir.
Ogretmen “Degerlendirme yaparken 1 puan, 2 puan ve 3 puan kullamirsak bu
puanlart hangi kriterlere gore verecegimizi beraber belirleyelim. Mesela bir binay:
belli bir saniye salladigimizda tamamen yikiliyorsa, ya da tamamen yikilmayp
yamulmalar oluyorsa ya da sapasaglam duruyorsa bu binalari nasil puanlayalim?
Boylelikle asagidaki tabloya yakin iiriin degerlendirme formu olusturulana kadar

ogretmen rehberlik eder.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri
Teknoloji cesidi:
1 puan 2 puan 3 puan
Binalarda olusan sarsint1 | Deprem Deprem Deprem
ne kadar azaldi? blytkligi  bir | biytkligi 2 | buytikligi ¢
deger diistii deger diistii ve lsti deger
diisti
7,5 - 7,9 biyiikliigiindeki | 7,0 - 74165 -  6,9]6,0 ve daha az
(5,3 m/s> - 5,8 m/s? | biiyiikliiklerine | biiyiikliiklerine | biiyiikliiklere
ivmelerdeki) depremde | kadar azaldi kadar azald1 kadar azald1
binalarda olusan sarsinti
ne kadar azaldi?
Bina 75 - 79|10 saniyeden | 10  saniyeden | 10 saniye
biiyiikliigiindeki (5,3 | daha az siirede | daha az siirede | boyunca
m/s? - 58 m/s?| tamamen yikild1 | bozulamalar herhangi  bir
ivmelerdeki) depremde oldu bozukluk
yikilmadan durabildi mi? olmadi ve
yikilmadi
7,5 - 7,9 biyiikliigiinde 8,0-8,4 8,5-8,9 9,0 ve isti

(5,3 m/s> - 58 m/s?

ivmelerde) yikilmayan

binalar en fazla hangi

biiyiikliikteki ~ depreme
dayandi1? (Uriinler
arasinda esitlik varsa

sarsint1 siddeti
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arttirilarak eleme

yapilir.)

Uriin  icin  kullanilan | Toplam  tutar | Toplam  tutar | Toplam tutar

malzemeler  ekonomik | diger grubun | diger  grubun | diger  grubun

mi? (Gruplarin malzeme | masraflarinin masraflarina esit | masraflarinin
masraflart hesaplanir ve | tistiinde altinda
gruplar arasinda

karsilastirma yapilir)

Toplam puan

Uriin degerlendirme formu tek bir deprem teknolojisi uygulanmis fiiriinleri
degerlendirmeye gore olusturulmustur. Degerlendirme boliimiinde uygulanan fi¢
adet teknoloji i¢in tirin degerlendirme formunu ayr1 ayr1 doldurunuz.

6.3.2 Coziime yonelik iiriin plam yapma (15 dk)

Ogretmen sorar “Arastirma sonucunda buldugunuz ve detayl incelediginiz taban
izolasyonu, titresim emiciler ve kiitleli damper sistemi teknolojilerini, ayakkabt
kutularina hangi malzemelerle ve nasil uygulayabilirsiniz?” Ogrencilerden deprem
izolasyonun, titresim emicilerin ve kiitleli damper teknolojilerinin islevlerini yerine
getirecek ve kendilerinin yapabilecekleri sistemleri ¢oziim olarak sunmalari
beklenir. Ogretmen devam eder “Grup olarak beyin firtinast yapacaksiniz ve
belirlenen kriterlere, simirlamalara, degiskenlere gore ayakkabr kutularina
uygulayabileceginiz ~ ¢oziimler iireteceksiniz. Ayrica, iiriiniiniizde olmasini
planladiginiz ozellikleri “Modelin Ozellikleri” béliimiine yaziniz ve son olarak, bu
rtinii yapabilmek icin ihtiya¢ duydugunuz malzemeleri “Gerekli Malzemeler”
béliimiine yazimiz. Coziimlerinizi tartisip en iyi ¢oziime karar verecegiz.” der.
(F.10.3.5.2 Deprem kaynaklh can ve mal kayiplarim1 onlemeye yonelik ¢oziim
onerileri gelistirir.), (T.1 Mevcut teknolojileri se¢cme, kullanma ve sorun
giderme yeteneklerini gosterir), (S.1 Elestirel diisiinme, problem ¢o6zme,

yaraticilik ve sorgulama gibi 21. yiizy1l becerileri gelisir; English & Gainsburg,
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2016; Partnership for 21st Century Skills, 2011), (S.2 Grup arkadasiyla is birligi
yapar. Grup icinde aldig1 sorumlulugu yerine getirme becerisi kazanir;
Benjamin, Bessant & Watts, 1997)

6.4 Coziimleri Analiz Etme ve Uygun Olamim1 Se¢me
Grup icerisinde yapilan beyin firtinasindan sonra gruplar ¢dzlimlerini agiklar,
ogretmen tahtaya yazar. Ogretmen sorar “Bu ¢oziimlere nasil karar verdiniz?”
Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve senaryodaki
kriter ve sinirlamalara gore su cevaplari vermeleri beklenir:

- Bina 7,9 biiyiikliigiindeki sarsintida yikilmadan kalabilecek

- Binaya uygulanan deprem teknolojileri sayesinde binaya etki eden sarsinti
biiyiikliigii azaltilacak

- Deprem izolasyonu ile zemin ile yapt arasina yerlestirilen esnek sistemler
deprem etkisi geldiginde kuvvetlerin iist yapiya aktarilmasini engelledigi icin
ver ile ayakkabi kutusu arasina bilye, tekerlek, kalem, yay gibi hareketli
cisimler yerlestirilecek. Fakat bunu yaparken binanin (ayakkabi kutusunun)
hareket alani sinirlandirilacak.

- Damperlerde siirtiinme kuvveti ile deprem enerjisi 1s1 enerjisine
doniistiiriildiigii i¢in duvarlar arasina ¢aprazlama yay ya da siringa gibi
hareketli sistemler kurulacak.

- Kiitleli damper sistemi uygulamak igin binanin en tist tavanina ¢engelli igne
ile tuturularak, hizli yapistirici ile yapistirilarak ya da iple baglayarak
agirlik asilacak.

Ogretmen sorar “Soylediginiz ¢oziimlerden hangisi en iyi ¢oziim?” Ogrenciler
nedenleriyle birlikte en iyi ¢dziimii belirtir. Ogretmen ve ogrenciler tartisarak
fikirlerini sunarlar ve toplu alinan karar sonucunda en iyi goriillen ¢oziimler
belirlenir. Her grup ayni iiriinii ¢ikarmak zorunda degildir. Grup lyelerinin ortak
karar1 hangi ¢6ziimden yanaysa o ¢dziim yapilir. Ogretmen en iyi goriilen ¢éziimleri
tahtaya yazar ve Ogrencilerden de yazmalarini ister “Planladiginiz iiriintintizii

calisma kigidindaki ““Uriiniinii Ciz” béliimiine ¢iziniz, sahip oldugu oézellikleri

444



“Uriiniin Ozellikleri” boliimiine ve malzeme listesini de “Istedigin Malzemeler”

boliimiine yaziniz.’

’

Ogretmen “Coziim icin iireteceginiz iiriiniin ihtiya¢ duydugu malzemeleri grup

arkadaslarinizla belirleyip bana soyleyiniz. Ben size istediginiz malzemeleri temin

edecegim.” der. (S.2 Grup arkadasiyla is birligi yapar. Grup icinde aldig:

sorumlulugu yerine getirme becerisi kazanir; Benjamin, Bessant & Watts,

1997)

Ogrencilerden beklenen malzemeler sunlardir:

En az dort adet bilye (sismik izolasyon igin)

En az sekiz adet pet sise kapagi / kavonoz kapaklar: (sismik izolasyon igin
ayakkabr kutusunun altina yerlestirilen bilyelerin hareket alanlarin
simirlandirmak icin

En az dort adet aynit boyda ve ayni cinste kalin yay (sismik izolasyon igin)
Kalemler (sismik izolasyon igin)

Mukavva kagidi (sismik izolasyon icin ayakkabr kutusunun altina
yerlestirilen kalemlerin ya da bilyelerin hareket alanini simirlandirmak igin
mukavvadan ince ¢ergeve olusturulabilir)

En az iki adet ince yay (kalem icindeki yaylar) (damper sistemi i¢in)

Ince tel (ince yaylari duvarlara monte etmek icin)

En az iki adet siringa (damper sitemi icin)

St yag (siringa igine koymak igin)

Kiitleli damper igin herhangi bir agirlik (bozuk paralar, beze sarilan kum,
demir bilye...)

Makas

Yiinip

Hizli yapistirict

Bant

Serit metre
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Bu malzemelerin yaninda bina Olgiilerinin esit olmasi i¢in aymi boyutlardaki
ayakkabi kutular1 6gretmen tarafindan ogrencilere hazir verilir (Ug deprem
teknolojisi i¢in ii¢ adet ayn1 boyutlarda ayakkab1 kutusu temin edilir.)
Ogrencilerden yukarida belirtilen her malzemeyi sdylemeleri beklenmez. Her bir
deprem teknolojisi i¢in bir karar verip ona gore malzemeleri sdylemeleri beklenir.
Bu malzemeler disinda 6grenciler yaraticiliklarin1 kullanarak baska malzemeler
kullanabilir. Ogrenciler gerekli malzemeleri sdyleyemediklerinde 6gretmen
rehberlik ederek ihtiyaglarinit bulmalarini saglar.

Istenilen malzemelerin alinmas: igin aktiviteye ara verilir. Bir sonraki ders saatinde

tekrardan toplanilir.

6.5 Uriin Gelistirme

Ogretmen ogrencilerin 6ngordiigii malzemeleri smifa getirir. Tehlike arz eden
malzemeler i¢in &grencilere gerekli uyarilari yapar. Uriin gelistirme esnasinda
ihtiya¢ duyulan malzemeler icerisinde bulunan kesici ve delici aletlerden sadece bir
tane alinir ve 6gretmen gozetiminde kullandirilir.

Uriin gelistirme asamasina gegmeden 6nce degiskenler bulunur. Bagimli, bagimsiz
ve sabit degiskenler belirlenir ve 6gretmen tarafindan tahtaya yazilir. Ogretmen sorar
“Problemin degiskenleri var mi?” Ogrenciler degiskenleri su sekilde bulana kadar
ogretmen rehberlik eder: “Problemdeki bagimli degisken depreme dayaniklilik;
bagimsiz degiskenler, deprem teknolojileri; sabit degiskenler ise binanin yiiksekligi,
binamin genisligi, binanmin sekli, sarsinti siiresi ve depremin biiyiikliigiidiir.”
Ogretmen “Calisma kagidindaki “Degiskenler” béliimiine yaziniz.” der. Belirlenen
iirlin ¢cikarma esnasindaki gézlemleri sonucunda ve arastirarak 6grendikleri bilgiler
dogrultusunda dgrenciler tarafindan yorumlanir. Ogretmen “Degiskenleri calisma

kdagidinda tablo seklinde olusturdum. Benim tablodaki 6rnekte yaptigim gibi siz de
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tabloyu doldurucaksiniz.” der. Ogretmen kendi 6rnek tablosunu gosterir ve
ogrencilerden ¢aligma kagitlarinda bulunan tabloyu vakti geldiginde doldurmalarini

ister.

Bagimh Bagimsiz Sabit Yorumlariniz
Degisken Degisken Degisken /
Gozlemleriniz
Ormek | e Depreme |e Deprem e Bina

dayaniklilik teknolojileri yuksekligi

e Bina
genisligi

e Deprem
biiytikligi

Ogretmen devam eder “Uriinlerinizi yaparken ayni zamanda bagimsiz degiskenleri
test edecek ve tabloyu ona gore dolduracaksiniz.” Degiskenleri gozlemlemek igin
bos ayakkabi kutusu ile deprem teknoloji uygulanmis ayakkabi kutusu karsilagtirilir.
Her iki ayakkab1 kutusunun iizerine su dolu kase koyulur ve ayakkabi kutular esit
miktarda sarsilir. Deprem teknolojisi uygulanmis ayakkabi kutusunun {izerindeki
suyun, deprem teknolojisi uygulanmamis ayakkab1 kutusunun tizerindeki sudan daha
az ¢alkalanmasi beklenir. Bu gozlem, farkli teknolojiler uygulanmig her ayakkabi
kutusu i¢in yapilir ve sonug olarak Ogrencilerin “Binalara deprem teknolojisi
uygulandiginda, binalara etki eden sarsinti miktar: azaldigi i¢in binanin depreme
dayanmikliligi artar.” seklinde ¢ikarim yapmalari beklenir.

Ogretmen “Malzemelerinizi aldiniz ve hangi asamalart takip edeceginizi
biliyorsunuz. Simdi belirlediginiz degiskenleri kullanarak iiriiniiniizii olusturunuz”

der. Gruplar olusturduklari planlar1 takip ederek kendi iiriinlerini yaparlar. Ogretmen
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ogrencilere rehberlik eder. Sorular1 varsa cevaplandirir. (M.1 Bir tasarim i¢in
gerekli yapisal ozellikleri agiklar, M.2 Tasarim icin ongordiigii diisiinceleri
tasarima yansitir.), (T.1 Mevcut teknolojileri secme, kullanma ve sorun giderme
yeteneklerini gosterir), (S.1. Elestirel diisiinme, problem ¢6zme, yaraticihk ve
sorgulama gibi 21. yiizyil becerileri gelisir; English & Gainsburg, 2016;
Partnership for 21st Century SKkills, 2011), (S.2 Grup arkadasiyla is birligi
yapar. Grup icinde aldigi sorumlulugu yerine getirme becerisi kazanir;
Benjamin, Bessant & Watts, 1997)

Ogrenciler istedikleri siray takip ederek taban izolasyonu teknolojisi icin ayakkabi
kutusunun zeminine, damper sistemi i¢in baska bir ayakkabi kutusunun i¢ kismina,
kiitleli damper sistemi teknolojisi i¢in ise baska bir ayakkabi kutusunun tavanina

gerekli malzemeleri yerlestirirler.

6.6 Test Etme ve Yeniden Yapma
Her grubun {irlinii bittikten sonra dgretmenin getirdigi sarsintt masasinin iizerine
iiriinler oturtulur ve test islemi yapilir. Ogretmen aciklama yapar “Uriinleri test etme
zamani geldi. Uriinlerin depreme dayamikliligini belirlemek ve uyguladiginiz
teknolojilerin sarsinti miktarimi ne kadar azalttigini gozlemlemek igin tekerlekli
sarsinti masasini kullanacagiz. Sarsintt masasina taktigimiz matkap sayesinde sabit
ivmeli yani diizgiin hizlanan sarsinti olusturacagiz. Her grup yaptigi binalari sarsinti
masasinda test edebilir. Testiniz sonucunda binaniz istediginiz  gibiyse
arkadaslariniza sunabilirsiniz. Binaniz istenilen gibi olmadiysa ya da eksik yonleri
varsa dersin basinda belirledigimiz kriterlere ve sinirlamalara tekrardan goz atarak
tirtintiniiziin eksik ve hatali kissimlarini yeniden yapabilirsiniz. Simdi tirtinlerinizi test
ediniz ve diizenlemelerini yapiniz. Her sey tamamlandiktan sonra sinif icerisinde

’

sunacaksiniz.’
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Binaya uygulanan teknolojilerin sarsint1 miktarini ne kadar azalttigini1 ve binanin kag
biiyiikliigiindeki depreme dayandigimi 6lgmek icin “Google Science Journal”
uygulamasinda bulunan ivme 6lger kullanilir. “Google Science Journal” uygulamasi
dogrusal ivme degerlerini verdigi i¢in, depremin biiyiikliigiinden ziyade yatay ivme
degerlerine gore test edilir. Ogretmen tarafindan daha onceden yapilmis sarsinti
masasina irlnler sirayla koyulur. Sarsinti masasinin iizerine ve {iriinlin iizerine,
“Google Science Journal” uygulamasinin oldugu akilli telefonlar yerlestirilir.
Uriinler, matkabin olusturacagi en kiigiik sarsinti degerinden baslayarak 5,8 m/s?
ivme degerine kadar 10’ar saniye sarsilir. Uriin sarsintiya dayaniyorsa 5,8 m/s? ivme
degerinden daha biiyiik degerlere kadar sarsilabilir. Her iki telefonda okunan
degerler not edilir ve uygulanan teknolojilerin sarsint1 azaltma miktarlar1 hesaplanir.
Sarsinti  masasinda bulunan telefondaki degere gore de irlinlerin kag

biiytikliigiindeki depreme dayandigi gézlemlenir.

6.7 Degerlendirme

Biitiin gruplar olusturduklar1 {riinii simif igerisinde arkadaslarina tanmitirlar.
Ogrenciler, iiriinlerinin diger gruplarm fiiriinlerinden ayiran 6zelliklerinden
bahsederler.

Ogretmen bu asamada fiiriinlerin nasil degerlendirilecegini agiklar: “Yaptiginiz
iiriinler beraber olusturdugumuz “Uriin Degerlendirme Formu” icerisinde bulunan
kriterlere gore degerlendirilecektir. Her grup, hem kendi grup tirtiniinii hem de diger
gruplarin iiriinlerini form iizerinden degerlendirecektir. Ayrica ben de formu
dolduracagim. Bu puanlamalara gére en yiiksek puan alan grup birinci segilecek.”
Ogretmen devam eder: “Degerlendirme formlarmmi dagitiyorum. Liitfen kdgidin
tizerine degerlendirdiginiz  grubun iiyelerinin isimlerini yazimiz. Sirayla
baslayabiliriz. ”Uriinii tanitan grup, diger gruplarin ve dgretmenin sorular1 varsa

cevaplar. Degerlendirme yapilir. Ogretmen dersi bitirir.
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Gerekli olan malzeme miktarlar: ve fiyatlari (Tek grup icin)

Malzemeler Birim Fiyat Kullanilan Total
miktar

Karton ayakkabi kutusu Evden temin | 3 adet -
edilebilir

Bilye (100 adet) 20 TL Enaz4adet |1TL

Pet sise kapagi Evden temin | 8 adet -
edilebilir

Kavanoz kapagi (10 adet) | 5TL 8 adet 5TL

Kalin yay 7TL 4 adet 28 TL

Ince yay 2TL 2 adet 4TL

Mukavva karton 2TL 1 adet 2TL

Siringa 1TL 2 adet 2TL

Sivi yag Evden temin | 100 ml -
edilebilir

Serit metre 10 TL 1 adet 10TL

Makas 1TL 1 adet 1TL

Bant 1TL 1 adet 1TL

Cetvel 1TL 1 adet 1TL

Yiin ip Evden temin | 30 cm -
edilebilir

Toplam fiyat: 55 TL:
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Malzemeler ve Resimleri

Malzemeler Resimler

Avyakkant

kutusu

Bilyeler

Pet sise kapagi

Kavanoz kapagi
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Ince yay, kalin

yay

7
Ty

Yiin ip

Siringa

Hizli

yapistiricisi




Serit metre

Sarsint1 masasi

Kalin ip, makas,

bant, cetvel
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C.2. Revised Technologies Design to Prevent Buildings From Earthquake
STEM-EDP Activity Student Handout

OGRENCI CALISMA KAGIDI

Isim — Soyisim: Tarih:
Sinif:
Deprem Teknolojileri

Tiirkiye deprem bdlgeleri haritasina bakildiginda biiyiik 6l¢iide can ve mal kaybina
sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiylik deprem Kandilli G6zlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biiylikliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramaistir.

Q’Edlrne \’-’3\

. Klrklarelr\

r ‘l’eerdag,. < ]siaguikwm, o

e MARMARA i),
- /'/ coemzl Yal

_)\‘

0 / [ 1. derece deprem kusag

[ 11 derece deprem kusagi

] 1. derece deprem kusagi

200 300 km [ \v. derece deprem kugagi
1 ]

V. derece deprem kusagi

—» X

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi i¢in birinci derece deprem kusagi iizerinde bulunan Erzincan’da
depreme dayanikli binalarin olmasi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat
firmas1 deprem olusma ihtimaline karsi, binalarda olusan deprem sarsintisini
azaltacak teknolojik yontemleri bu ildeki binalara uygulamak i¢in goniillii oluyor.
Ayrica, insaat firmasi uygulayacagi deprem teknolojilerini ekonomik

malzemelerden segmek istiyor. Siz bu firmada calisan bir insaat miihendisi olsaniz,
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Erzincan’daki depremler esnasinda binalarda olusan sarsinti miktarlarini azaltarak
binalar1 depreme dayanikli hale getirmek i¢in deprem teknolojilerini binalara nasil

uygularsiniz?

F

Not: Depreme dayanikh ev insa edilmesinin istenilmedigine, var olan evlere
deprem teknolojilerinin uygulanacagina dikkat ediniz. Bina olarak aym
olciilerdeki ii¢c adet karton ayakkabi kutular1 kullanilacak ve o kutulara ii¢
farkh deprem teknolojileri uygulanacaktir. Bu aktivitede, en yaygin kullanilan
taban izolasyonu, titresim emiciler ve kiitleli damper teknolojilerini kullanarak
iiriinler cikarmaniz beklenmektedir.

Not: Deprem teknolojileri uygulamasinda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” wuygulamasindaki ivme olger
kullamlacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacaktir. Sarsinti masasina 6grencilerin
deprem teknolojilerini uyguladig1 iiriinler (karton ayakkabi kutusu)
koyulacaktir. Hem sarsinti masasinin iizerine hem de iiriinlerin iizerine birer
tane, “Google Science Journal” uygulamasinin oldugu akilh telefonlar

yerlestirilecektir. Sarsinti masas1 asagidaki tablodaki deprem biiyiikliigii 7,5 -
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7,9 degerlerinden baslayarak (5,3 m/s? yer ivmesi degerinden baslanip 10 saniye
icerisinde diizenli olarak 5,8 m/s> degerine artirilacaktir) sarsilacaktir.
Ogrenciler, her iki telefondaki “Google Science Journal” uygulamasinda
okuduklar1 ivme degerlerini asagidaki tabloda tekabiil eden richter
bityiikliigiine doniistiirerek iiriinlerinin deprem sarsintisini ne kadar azalttigim
test edeceklerdir. Ogrenciler, iiriinleri yikiincaya kadar bir iist degeri

denemeye devam edeceklerdir.

Richter Biiyiikligii Yer fvmesi (m/s?)

0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0,4
25-34 05-1,0
35-44 1,1-1,6
45-49 1,7-2.2
50-54 23-28
55-59 29-34
6,0-6,4 35-4,0
6,5-6,9 41-46
70-74 47-52
75-79 53-58
8,0-84 59-6,4
85-89 6,5-7,0

9,0 ve ustii 7,1 ve usti

1. Okudugunuz senaryoda belirtilen problem nedir?

(23 10] o] [=] 1 ( PR
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3. Istenilen kriterler ve sinirlamalar / kisitlamalar nelerdir?

1] L] TR

Smmirlamalar |
KISTHAMALAT ..ottt et e e e e e e e e e e

4. Depreme dayanikli betonarme bina yapabilmek i¢in hangi bilgilere ihtiyag
vardir?

Arastirma
o) 271 177 BT
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6. Depreme dayanikli bina tasarlamak i¢in hangi disiplinlere ve kazanimlara
ihtiyag vardir?

Disiplinler
(DEISIEI)...e bbb

7. Problemin degiskenleri nelerdir?

Bagimh
DEGISKCN: ...
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Bagimsiz

DEGISKONICE ...t
Sabit
DEGISKONICE ...t
Bagimh Bagimsiz Sabit Yorumlariniz
Degisken Degisken Degisken /
Gozlemleriniz
Omek | e Depreme e Deprem e Bina

dayaniklilik teknolojileri yiiksekligi

e Bina
genisligi

e Kat sayisi

e Deprem

bilyuklugu

8. Uriin degerlendirme kriterleri nelerdir?
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URUN DEGERLENDIRME FORMU

Grup iiyeleri

..puan | ... puan  |... puan

Toplam puan

9. Probleme yonelik ¢6ziim Onerileriniz nelerdir?

Modelin
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Uriiniin Ozellikleri
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C.3. Revised Technologies Design to Prevent Buildings From Earthquake
STEM-EDP Activity Teacher Guide Sheet

STEM AKTIVITESi OGRETMEN REHBER KAGIDI
Smif: 10, 11 ve 12 Tarih:

Ders: Fizik Siire: 12 ders saati

Deprem Teknolojileri

Tiirkiye deprem bolgeleri haritasina bakildiginda biiytik 6l¢iide can ve mal kaybina
sebep olan birinci dereceden deprem kusaginin genis alan kapladigi goriilmektedir.
Son 100 y1l igerisinde bu kusakta kaydedilen en biiyiik deprem Kandilli Gézlemevi
verilerine gore 1939 yilinda Erzincan ilinde gerceklesen 7,9 biiylikliigiindeki
depremdir. Erzincan depremi sonucunda 32.986 kisi yasamini yitirmis ve 116.720

konut agir hasara ugramistir.

Q'Edlfne w_\ )
y K|rklareh\ ,_/._H_"K

Y L e
gy e

s >
B’ [ 1. derece deprem kugag
[ 11. derece deprem kusag
[ 1. derece deprem kusagn
200 300 km ] Iv. derece deprem kugag T
1 ] V. derece deprem kugad

Verilere bakildiginda, depremden kaynaklanan can ve mal kayiplarinin en aza
indirilmesi icin birinci derece deprem kusagi iizerinde bulunan Erzincan’da
depreme dayanikli binalarin olmasi biiyiik 6nem tasimaktadir. Bu yiizden, bir ingaat
firmas1 deprem olugma ihtimaline karsi binalarda olusan deprem sarsintisini
azaltacak teknolojik yontemleri bu ildeki yeni yapilacak binalara uygulamak icin

goniillii oluyor. Ayrica, ingaat firmasi uygulayacagi deprem teknolojilerini
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ekonomik malzemelerden se¢gmek istiyor. Siz bu firmada calisan bir ingaat
miithendisi olsaniz, Erzincan’daki depremler esnasinda binalarda olusan sarsinti
miktarlarin1 azaltarak binalar1 depreme dayanikli hale getirmek igin deprem

teknolojilerini binalara nasil uygularsiniz?

F

Not: Ogrencilerden depreme dayamkh ev insa degil, var olan evlere deprem
teknolojilerini uygulamalari istenmektedir. Bina olarak ayni 6l¢iilerdeki karton
ayakkabi kutular1 kullanilacak ve 6grenciler o kutulara deprem teknolojileri
uygulayacaktir. Bu aktivitede, en yaygin kullanilan taban izolasyonu, titresim
emiciler ve kiitleli damper sistemi teknolojileri kullanilarak iiriinler
cikarilacaktir. Istege bagh olarak aktivitede kullanilan teknolojiler disindaki
teknolojiler de kullanmilabilir.

Not: Deprem teknolojileri uygulamasinda siddet olciisii olarak deprem
biiyiikliigiine esdeger olan yatay yer ivmesi kullanilacaktir (Suncuoglu, 2019).
Bunun icin “Google Science Journal” uygulamasindaki ivme olger
kullamlacaktir. Yer ivmelerini olusturmak icin 6gretmen tarafindan daha
onceden yapilmis sarsinti masasi, bir matkap yardimiyla sabit ivmeli yani
diizgiin hizlanan sarsinti ile sarsilacak ve sarsinti masasina égrencilerin deprem
teknolojilerini uyguladigi iiriinler (karton ayakkabi kutusu) koyulacaktir. Hem

sarsinti masasinin iizerine hem de iiriinlerin iizerine birer tane, “Google Science
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Journal” uygulamasinin oldugu akilh telefonlar yerlestirilecektir. Sarsinti
masas1 matkabin olusturacag en kiiciik sarsinti degerinden baslayarak 5,8 m/s?
ivme degerine kadar sarsillacaktir (Sarsinti miktar: her 10 saniyede diizenli
olarak arttirilacaktir). Ogrenciler, her iki telefondaki “Google Science Journal”
uygulamasinda okuduklar: ivme degerlerini asagidaki tabloda tekabiil eden
richter biiyiikliigiine doniistiirerek iiriinlerinin deprem sarsintisim ne kadar

azalttigin test edeceklerdir.

Richter Biiyiikligii Yer fvmesi (m/s?)

0-04 < 0,008
05-14 0,009 - 0,025
15-24 0,03-0,4
25-34 05-1,0
35-44 1,1-1,6
45-49 1,7-2.2
50-54 23-28
55-59 29-34
6,0-6,4 35-4,0
6,5-6,9 41-46
70-74 47-52
75-79 53-58
8,0-84 59-6,4
85-89 6,5-7,0

9,0 ve ustii 7,1 ve usti

Ogrencileri her grupta en az ii¢ dgrenci olacak sekilde gruplara ayiriniz. Calisma
kagidint her Ogrenciye veriniz ve calisma kagidindaki senaryoyu okuyup
anladiklarimi grup arkadaslariyla tartismalarini isteyiniz. “Bu ¢alismay: grup halinde
vapacagiz. Grup tiyelerinin isimlerini okuyorum, ayni gruba ait olanlar bir arada

otursun liitfen. Simdi her birinize ¢calisma kagidi dagitacagim. Dagittigim kagitlara
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bir goz atin ve isimlerinizi yazin. Calisma kdgidr ders esnasinda 6nemli noktalari
not almaniz ve aktivite esnasinda yoénlendirilmeniz icin hazirlanmistir. Kagid
dersimiz siiresince sizler dolduracaksiniz. Ne zaman dolduracaginizi dersimiz
esnasinda size ben soyleyecegim. Size dagittigim kagitta bir senaryo var. Her biriniz
onu okuyunuz ve anladiginizi grup arkadagslarimizia paylasiniz. Baglayabilirsiniz.”
aciklamasini yapiniz.

“Okudugunuz senaryodan neler anladiniz?” sorusunu sorunuz. Ogrencilerin
cevaplarini aldiktan sonra senaryoyu detayli inceleyip senaryoda bulunan problem
ve problemi ¢6zmek igin neye ihtiya¢ duyuldugunu 6grencilere sorunuz ve verilen
cevaplari tahtaya yazimz. Ogrencilerden de cevaplari galisma kagidindaki “Problem
nedir?” ve “Ihtiyag” boliimlerine yazmalarini isteyiniz. “Senaryodaki problem nedir
ve bu problemi ¢ozmek i¢in neye ihtiya¢ vardir? sorusunu sorunuz.

Problem: Birinci derece deprem kusaginda bulunan Erzincan ilinde, depreme
dayanikli olmayan binalarin yikilmasi ve bunun sonucunda can ve mal kayiplarinin
olmasi.

Ihtiyac: Erzincan ilindeki binalara sarsintiyr azaltacak deprem teknolojileri
uygulamak.

Ogrenciler cevaplari verene kadar rehberlik ediniz.

Problemi tanimlanmak ve iirlinde istenilen detaylar1 belirlenmek i¢in 10 dakika stire
veriniz ve Ogrencilerden kriterleri ve sinirlamalart / kisitlamalar1 bulmalarini,
bulduklarmi “Kriterler ve Sinirlamalar / Kisitlamalar” bdliimiine yazmalarini
isteyiniz ve siz de tahtaya yaziniz. “Simdi senaryoyu detayli inceleme zamanu.
Senaryoyu tekrardan okuyarak su sorulara cevap vermenizi istiyorum. Senaryo bize
smrlamalar / kisitlamalar koyuyor mu? Senaryonun istedigi kriterler nelerdir?
Bulduklarinizi beraber tartisacagiz.” agiklamasini yapiniz.

Kriterler: Binalar, Erzincan ilinde bu zamana kadar 6l¢iilmiis en yiiksek biiyiikliik
olan 7,9 biiyiikliigiindeki depremde yikilmadan durabilmelidir. Binalara etki eden
deprem biiyiikliigii azaltilmalhidir.

Sinirlamalar: Sarsinti azaltict deprem teknolojileri kullanilmalidir. Kullanilan

malzemeler ekonomik olmalidir.
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Ogrencilerden cevaplar alana kadar senaryoyu bir kac¢ kez okutarak dgrencileri
yonlendiriniz.

Arastirma yapmadan Once 6grencilerin neleri arastiracaklarina 6grencilerle birlikte
karar veriniz. “Sizce binalarda sarsinti azaltict deprem teknolojisi kullanmak i¢in
neleri bilmek gerekiyor, neleri aragtirmaliyiz?” sorusunu sorunuz ve birlikte
belirlenen arastirma sorularini tahtaya yazimiz ve Ogrencilerden de calisma
kagidindaki “Arastirma Sorular1” bdliimiine yazmalarini isteyiniz.

Asagidaki aragtirma sorularina ya da benzerlerine ulasilana kadar rehberlik ediniz.

Arastirma Sorulari:

1. Deprem nedir? Depremin biiyiikliigii ile siddeti arasindaki fark nedir?
2. Sarsint1 azaltic1 deprem teknolojileri nelerdir ve nasil uygulanir?

3. Deprem teknolojileri hangi tiir binalara uygulanir?

Arastirma sorularint belirledikten sonra arastirma yapmalar: i¢in G6grencilere,
siniflarda bulunan internet erisimine sahip akilli tahtalari, diziistii bilgisayarlari,
akilli telefon ve tablet gibi cihazlari ve MEB fizik kitabini kaynak olarak saglayiniz.
“Simdi arastirma yapma zamani. Problemin c¢oziimiine yonelik aragtirmalar
yvapacaksiniz. Aragtirmalariniz i¢in siniflarda bulunan internet erisimine sahip akilli
tahtalari, akilli telefonlari, diziistii bilgisayarlari ya da tabletleri ve MEB fizik
kitabini kullanabilirsiniz. Ayrica yanls bilgiye ulagmanizi énlemek icin liitfen
arastirmalarinizt bir ka¢ kaynaktan yapiniz ve bulduklarimizin dogrulugunu farkl
kaynak cesitlerinden de arastirarak teyit ediniz. Ayrica, giivenilir sitelerden bilgi
almak igin, arastirma yaptigimiz internet sitelerinin “edu” ve “gov” uzantili
olmasina dikkat ediniz. Sorulariniz olursa bana sorabilirsiniz. Arastirma sonucunda
bulduklarinizi ¢alisma kagidindaki “Bulduklarim” béliimiine yaziniz.” agiklamasini

yapiniz.
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Arastirma igin verilen siire yeterli olmazsa ek siire veriniz. Ek siireye ragmen
ogrenciler yeterli bilgiye ulasamazlarsa eksik bilgiyi Ogrenciye sununuz.

Ogrencilere neler bulduklarini sorunuz ve arastirma sorularmin cevaplarina ulasimiz.
Bulunanlar:

1. Yerkiire’nin igerisinde bulunan magmanin ¢evresindeki levhalarin hareketi
sonucunda enerji agiga ¢ikar ve boylece deprem dalgalar1 olusur. Depremin
biiyiikliigii 1’den 9’a kadar olan rakamlarla gosterilir. Depremin siddeti ise
depremin canli cansiz her seye olan etkisinin 6l¢iisiidiir.

2. Sarsint1 azaltic1 deprem teknolojilerinden bazilart sunlardir:

- Deprem Izolasyonu (Deprem yalittni / Sismik izolasyon / Taban
izolasyonu): Bina tabanina esnek elemanlar yerlestirerek yapiyi
zeminden ayirma / izole etme yontemidir. Tabandaki esnek elemanlar
yerden gelen deprem kuvvetlerini azaltarak yapiya iletir. Boylelikle
yaptya etki eden sarsint1 miktar1 azalir.

- Titresim Emiciler (Sismik Soniimleyici / Sismik Damper / Darbe
Emici): Titresim emiciler silikon yagiyla doldurulmus silindirlerdir.
Bunlara damper denir. Binanin her katindaki kolon ve kirislere
yerlestirilir. Damperler, deprem enerjisini igindeki siviya ileterek 1s1
enerjisine donligmesini saglayarak depremin enerjisini sontimler
(Motorlu tasitlardaki amortisorler gibi). Bir de siirtiinmeli damperler
vardir. Bu damperler siirtinme ile deprem enerjisini 1s1 enerjisine
donustiirtirken binanin elastik hareket etmesini saglar.

- Kiitleli Damper Sistemi (Ayarh Kiitle Soniimleyici / Harmonik
Sogurucu): Yiiksek katli yapilarda tavana kiitle (sarkag) asilir ve bu kiitle
eylemsizlik prensibi geregi deprem kuvvetlerinin tersi yoniinde hareket
ederek deprem enerjisini dagitir

3. Kiitleli damper sistemi genel olarak gokdelen gibi uzun binalarda

kullanilirken, diger teknolojiler her tiir binalarda kullanilabilir.

Aktiviteye bir sonraki ders giiniinde devam ediniz.
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Problemin ¢6ziimiinde hangi disiplinlere ihtiya¢ oldugunu belirlemek i¢in “Sarsint:
azaltict deprem teknolojilerini bir yapiya uygulamak icin nelere ihtiyaciniz var?”
sorusunu sorunuz ve cevaplari tahtaya yazimz. Ogrencilerden de calisma

kagidindaki “Disiplinler” boliimiine yazmalarini isteyiniz.

Disiplinler:
Dalga bilgisi i¢in fizik
Sarsintinin hangi miktarda azaldigin1 hesaplamak i¢in matematik

Sarsint1 azaltic sistemleri yapiya uygun yerlestirebilmek i¢in mithendislik

Arastirma yapmak icin teknoloji

o w0 DN

Grup calismasi ve liriin ¢ikarma siireci i¢in sosyal beceriler disiplinleri

Ogrenciler bes disipline -fizik, matematik, miihendislik, teknoloji ve sosyal
beceriler- ulasana kadar rehberlik ediniz. Ayrica dgrenciler fizik, matematik ve
miihendislik disiplinlerini bulurken, teknoloji ve sosyal becerileri disiplin olarak
bulamayabilirler. Bu agsamada bu iki disiplini buldurmadan bu disiplinlere ait

kazanimlar1 6n plana ¢ikarmak igin rehberlik ediniz.

Ogrenciler problemin ¢oziimiinde bes disipline ait hangi kazammlara ihtiyag
duyduklarii ve bu kazanimlar1 nereden bulacaklarin belirler. “Arastirma yaparken
hangi konulart incelediniz? Coziim tiretmek igin hangi kazanmimlar size yardimci
oldu?” sorusunu sorunuz. Ogrencilerin “Fizik kazammlar fizik ogretim
programindan ve matematik kazamimlart matematik o6gretim programindan
bulunabilir’ demelerini bekleyiniz. Ogrencilere ortadgretim miifredatinin yaninda
ortaokul miifredatindan da yaralanabileceklerini hatirlatiniz. Ayrica, teknoloji,
miihendislik ve sosyal beceriler disiplinine ait ders programi olmadigi icin

referanslar sunarak 6grencilerin kazanimlari belirlemesi i¢in rehberlik ediniz.
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(Referanslar: MEB, Ozel Ogretim Kurumlar1 Genel Miidiirliigii, Kazanim Merkezli
STEM Uygulamalari,
https://ookgm.meb.gov.tr/meb_iys_dosyalar/2019 01/29164143 STEM_KitapYk.

pdf; Egitim Fakiiltelerinin Lisans Programlarina Yonelik Fen, Teknoloji,
Miihendislik ve Matematik (STEM) Ogretim Programimnin Tasarlanmasi,
Uygulanmasi ve Degerlendirilmesi,

https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp )

Ogrencilerin bulmas: beklenen bes disipline ait kazanimlar ve kisaltmalar1 su
sekildedir: Fizik (F.10.3.5.1, F.10.3.5.2), Matematik (M.6.1.5.3), Teknoloji (T.1),
Miihendislik (M.1, M.2) ve Sosyal Beceriler (S.1, S.2). Ogrenciler, farkl1 disiplinler
altinda ayn1 kazanimi bulabilirler ya da kazanimlar birebir ayn1 bulamayabilirler bu
durumda istenilen kazanimlara yakin kazanimlar bulunana kadar rehberlik ediniz ve

bulunanlar1 ¢alisma kagidindaki “Kazanimlar” boliimiine yazmalarini isteyiniz.

Kazanmimlara yvonelik 68rencilerden beklentiler:

- Sarsmti azaltici deprem teknolojilerini kullanarak binalar1 depreme dayanikli
hale getirmek icin Oncelikle depremi bilmeleri gerektigini diislindiiklerini bu
yiizden depremi ve deprem dalgalarini arastirdiklarini, ayrica depremlerin can ve
mal kaybina sebep olmamasi i¢in ¢ézlimler {iretmeleri gerektiginden depreme
dayanikli binalarin nasil oldugunu arastirmaya ihtiya¢ duyduklarini, ayrica
deprem kavraminin hangi {linitede oldugunu arastirdiklarinda fizik dersindeki
“Deprem Dalgalar1” konusuna ulastiklarin1 séylemeleri beklenir. (F.10.3.5.1.
Deprem dalgasim tammlar.), (F.10.3.5.2. Deprem kaynakh can ve mal

kayiplarim 6nlemeye yonelik ¢6ziim onerileri gelistirir.)

- Problemin ¢6ziimii i¢in sarsinti azaltict deprem teknolojilerini kullanarak
binalarin depreme dayanikli hale getirilmesi istenildiginden deprem
teknolojilerini binalara miihendis gibi nasil uygulamalar1 gerektigini bilmeye
ihtiya¢ duyduklarini ve ona gore arastirmalar yaptiklarini” soylemeleri beklenir.
(M.1 Bir tasarim icin gerekli yapisal ozellikleri aciklar.) (M2 Tasarim i¢in

ongordiigii diisiinceleri tasarima yansitir.)
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“Sarsint1 azaltici sistemlerin binalar {izerindeki etkilerini incelemek i¢in deprem
esnasinda binalarda hissedilen deprem biiyiikliigiinii hangi miktarda azalttiklarini
hesaplanmalar1 gerektigini” soylemeleri beklenir. (M.6.1.5.3 Bir dogal sayi ile

bir kesrin carpma islemini yapar ve anlamlandirir.)

“Arastirma esnasinda bulunan bir¢ok deprem teknolojilerinden uygulanabilir
olanlar1 secerek senaryodaki problemi c¢ozmeleri gerektigini” sdylemeleri
beklenir. (T.1 Mevcut teknolojileri se¢me, kullanma ve sorun giderme

yeteneklerini gosterir)

“Sarsint1 azaltic1 sistemleri uygularken beceri odakli ¢alismak gerektigini ve
senaryoda verilen problem icin ¢oziimler liretme ve iglerinde uygun olanini
belirleme gibi becerilere sahip olmak gerektigini” soylemeleri beklenir. (S.1
Elestirel diisiinme, problem ¢6zme, yaraticilik ve sorgulama gibi 21. yiizy1l
becerileri gelisir; English & Gainsburg, 2016; Partnership for 21st Century
Skills, 2011)

“Sarsint1 azaltici sistemleri uygularken grup halinde ¢alisilacagi i¢in grup i¢inde
gorev dagilimi yapilmasi ve istlenilen gorevlerin eksiksiz yerine getirilmesi
gerektigini” sdylemeleri beklenir. (S.2 Grup arkadasiyla is birligi yapar. Grup
icinde aldig1 sorumlulugu yerine getirme becerisi kazanir; Benjamin,

Bessant & Watts, 1997)

Bulunanlar1 ¢alisma kagidindaki “Disiplinler” ve “Kazanimlar” bdliimlerine

yazmalarini isteyiniz.

Degerlendirme kriterleri belirlemek igin “Deprem teknolojileri kullanarak

olusturdugunuz yapilar: hangi ozelliklere gore degerlendirelim?” sorusunu sorunuz.

Ogrencilerin “7,9  biiyiikliigiindeki depreme en wuzun siire dayanabilen, 7,9

biiyiikliigiinden daha yiiksek biiyiikliige dayanabilen, 7,9 biiyiikliigiindeki depremde
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binalarda olusan sarsintiyi en ¢ok azaltan en yiiksek puani almali.” g¢ikarimin
yapmalar1 beklenir. Bu kriterler disinda bagka kriterler de degerlendirmeye alinabilir.
“Degerlendirme yaparken 1 puan, 2 puan ve 3 puan kullanirsak bu puanlar: hangi
kriterlere gore verecegimizi beraber belirleyelim. Mesela bir binayt belli bir saniye
salladigimizda tamamen yikiliyorsa, ya da tamamen yikilmayp yamulmalar
oluyorsa ya da sapasaglam duruyorsa bu binalart nasil puanlayalim?” sorusunu
sorunuz. Boylelikle asagidaki tabloya yakin iiriin degerlendirme formu olusturulana

kadar rehberlik ediniz.
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URUN DEGERLENDIRME FORMU

Grup iiyeleri
1 puan 2 puan 3 puan

Binalarda olusan sarsint1 | Deprem Deprem Deprem

ne kadar azaldi? biiytikliigiiniin biliytikliigliniin | biiylikligliniin
yarisindan daha | yarisi kadar | yarisindan daha
az miktarda | azaldi fazla miktarda
azaldi azaldi

Bina 75 - 79|10 saniyeden |10 saniyeden | 10 saniye

biiytikliigiindeki (5,3 | daha az siirede | daha az siirede | boyunca

m/s? - 58 m/s? | tamamen yikild1 | bozulamalar herhangi bir

ivmelerdeki) depremde oldu bozukluk olmadi

yikilmadan durabildi mi? ve yikilmadi

7,5 - 7,9 biiyiikligiinde 8,0-8,4 8,5-8,9 9,0 ve usti

(5,3 m/s> - 58 m/s?

ivmelerde) yikilmayan

binalar en fazla hangi

biiyiikliikkteki ~ depreme

dayand1? (Uriinler

arasinda esitlik varsa

sarsint1 siddeti

arttirilarak eleme

yapilir.)

Uriin  igin  kullanilan | Toplam  tutar | Toplam  tutar | Toplam  tutar

malzemeler ekonomik | diger  grubun | diger  grubun | diger grubun

mi? (Gruplarin malzeme | masraflarinin masraflarina masraflarinin

masraflart hesaplanir ve | {istiinde esit altinda

gruplar arasinda

karsilastirma yapilir)
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Toplam puan

Daha sonra “Grup olarak beyin firtinast yapacaksiniz ve belirlenen kriterlere,

smirlamalara, degiskenlere gére c¢oziimler iireteceksiniz. Uriiniintizde olmasini

planladigimiz ozellikleri “Modelin Ozellikleri” boliimiine yaziniz ve son olarak, bu

trtinii yapabilmek icin ihtiya¢ duydugunuz malzemeleri “Gerekli Malzemeler”

boliimiine yazimiz. Coziimlerinizi tartisip en iyi ¢oziime karar verecegiz.”

aciklamasini yapiniz.

Grup icerisinde yapilan beyin firtinasindan sonra gruplarin agikladigi ¢oziimleri

tahtaya yazinmiz. “Bu ¢oziimlere nasil karar verdiniz?” sorusunu sorunuz.

Ogrencilerin “Bilgi Toplama” béliimiinde bulduklarinin sonucunda ve senaryodaki

kriter ve sinirlamalara gore su ¢ikarimlar: yapmalarini bekleyiniz:

Bina 7,9 biiyiikliigiindeki sarsintida yikilmadan kalabilecek

Binaya uygulanan deprem teknolojileri sayesinde binaya etki eden sarsinti
biiyiikliigii azaltilacak

Deprem izolasyonu ile zemin ile yapi arasina yerlestirilen esnek sistemler
deprem etkisi geldiginde kuvvetlerin iist yapiya aktarilmasini engelledigi igin
yer ile ayakkab: kutusu arasina bilye, tekerlek, kalem, yay gibi hareketli
cisimler yerlestirilecek. Fakat bunu yaparken binanin (ayakkabt kutusunun)
hareket alani sinirlandirilacak.

Damperlerde siirtiinme kuvveti ile deprem enerjisi 1s1 enerjisine
donitistiirildiigii i¢in duvarlar arasina ¢aprazlama yay ya da swringa gibi
hareketli sistemler kurulacak.

Kiitleli damper sistemi uygulamak icin binanin en tist tavanina ¢engelli igne
ile tutturularak, hizli yapistirici ile yapistirilarak ya da iple baglayarak

agwrhik asilacak.

“Soylediginiz ¢oziimlerden hangisi en iyi ¢oziim? ’sorusunu sorunuz. Ogrenciler

nedenleriyle birlikte en iyi ¢6ziimii belirtirler ve tartigsarak fikirlerini sunarlar ve

toplu alinan karar sonucunda en 1yi goriilen ¢ézlimler belirlenir. Her grup ayni tirtinii
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cikarmak zorunda degildir. Grup liyelerinin ortak karar1 hangi ¢oziimden yanaysa o
¢Oziim yapilir. Coziimler igerisinde en iyi goriillen ¢oziimleri tahtaya yaziniz ve
ogrencilerden de yazmalarini isteyiniz. “Planladiginiz iiriiniiniizii  ¢alisma
kdagidindaki “Uriiniinii Ciz” béliimiine ¢iziniz, sahip oldugu ozellikleri “Uriiniin
Ozellikleri” béliimiine ve malzeme listesini de “Istedigin Malzemeler” béliimiine
yaziniz.” agiklamasini yapiniz.

“Coziim igin tireteceginiz  tirtiniin  ihtiya¢ duydugu malzemeleri — grup
arkadaslarinizla belirleyip bana soyleyiniz. Ben size istediginiz malzemeleri temin
edecegim.” agiklamasini yapiniz.

Ogrencilerden beklenen malzemeler sunlardir:

- En az dort adet bilye (sismik izolasyon igin)

- En az 20 adet boncuk (sismik izolasyon igin)

- Enaz sekiz adet mavi kapak (sismik izolasyon i¢in ayakkabi kutusunun altina
verlestirilen bilyelerin hareket alanlarint sinirlandirmak icin

- En az dort adet ayni boyda ve ayni cinste kalin yay (sismik izolasyon igin)

- Kalemler (sismik izolasyon i¢in)

- Mukavva kagidi (sismik izolasyon i¢in ayakkabi kutusunun altina
verlestirilen kalemlerin ya da bilyelerin hareket alanini simirlandirmak igin
mukavvadan ince ¢ergeve olusturulabilir)

- En az iki adet ince yay (damper sistemi i¢in)

- Ince tel (ince yaylar: caprazlama duvarlar monte etmek icin)

- En az iki adet siringa (damper sitemi igin)

- Kiitleli damper icin herhangi bir agwrlik (bozuk paralar: bir araya getirip
asabilir)

- Makas

- Kalmnip

- Hizli yapistirict

- Bant

- Serit metre
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Bu malzemelerin yaninda bina Olglilerinin esit olmasi i¢in aymi boyutlardaki
ayakkab1 kutularin1 dgrencilere hazir veriniz. (U¢ deprem teknolojisi igin ii¢ adet
ayni boyutlarda ayakkab1 kutusu temin ediniz.)

Ogrencilerden yukarida belirtilen her malzemeyi sdylemeleri beklenmez. Her bir
deprem teknolojisi i¢in karar verip ona gore malzemeleri sGylemeleri beklenir. Bu
malzemeler disinda Ogrenciler yaraticiliklarini kullanarak baska malzemeler
kullanabilir. Ogrenciler gerekli malzemeleri séylemediklerinde rehberlik ederek
ihtiyaclarin1 bulmalarini saglayiniz.

Istenilen malzemelerin alinmasi igin aktiviteye ara veriniz. Bir sonraki ders saatinde

tekrardan toplaniniz.

Uriin gelistirme asamasina gegmeden once degiskenler bulunur. Ogrenciler
tarafindan belirlene bagimli, bagimsiz ve sabit degiskenleri tahtaya yaziniz. Bagimli,
bagimsiz ve sabit degiskenleri belirlemek i¢in “Problemin degiskenleri var mi?”
sorusunu sorunuz ve cevaplart calisma kagidindaki “Degiskenler” boliimiine
yazmalarini isteyiniz.

Bagimh Degisken: Binalarin depreme dayaniklilig

Bagimsiz Degiskenler: Deprem teknolojileri

Sabit Degiskenler: Binanin yiiksekligi, binanin genisligi, binanin sekli, sarsinti

stiresi ve depremin biiylikligi

Ogrenciler degiskenleri bulana kadar dgretmen rehberlik ediniz.

Belirlenen degiskenlerin binalarda olusan sarsinti biiyiikliigiinii nasil etkiledigi
ogrencilerin iirlin ¢ikarma esnasindaki gozlemleri sonucunda ve arastirarak
ogrendikleri bilgiler dogrultusunda 6grenciler tarafindan yorumlanir.

“Degiskenleri ¢alisma kdagidinda tablo seklinde olusturdum. Benim tablodaki
ornekte yaptigim gibi siz de tabloyu doldurucaksiniz.” agiklamasini yapiniz. Ornek

tabloyu gosteriniz ve 6grencilerden ¢aligma kagitlarinda bulunan tabloyu iiriin yapim
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asamasinda doldurmalarini isteyiniz. Ogrencilerin tabloyu asagidaki gibi doldurmasi

beklenir.
Bagimh Bagimsiz Sabit Yorumlarimz /
Degisken Degisken Degisken Gozlemleriniz
Ormnek e Depreme e Deprem e Bina Sarsintt miktari
dayaniklilik teknolojileri yuksekligi | azalir
(Deprem e Bina
izolasyonu) genisligi
e Deprem
biiyiikligii
Binalarda Deprem e Bina Sarsint1 miktari
olusan sarsint1 | teknolojileri yiiksekligi | azalir
miktar1 (Titresim emici) | ¢ Bina
genisligi
e Deprem
biyiikligii
Binalarda Deprem e Bina Sarsint1 miktari
olusan sarsint1 | teknolojileri yuksekligi | azalir
miktar1 (Kiitleli damper | ¢ Bina
sistemi) genisligi
e Deprem
biyiikligii

“Uriinlerinizi yaparken ayni zamanda bagimsiz degiskenleri test edecek ve tabloyu

ona gore dolduracaksimz.” agiklamasini yapiiz. Ogrenciler degiskenleri
gozlemlemek igin bos ayakkab1 kutusu ile deprem teknolojisi uygulanmis ayakkabi
kutularini karsilastirir. Her iki ayakkabi kutusunun {izerine su dolu kase koyulur ve

ayakkab1 kutular1 esit miktarda sarsilir. Deprem teknolojisi uygulanmis ayakkabi
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kutusunun tizerindeki suyun, deprem teknolojisi uygulanmamis ayakkab1 kutusunun
iizerindeki sudan daha az c¢alkalanmasi beklenir. Bu gozlem, farkli teknolojiler
uygulanmis her ayakkabi kutusu i¢in yapilir ve sonug olarak dgrencilerin “Binalara
deprem teknolojisi uygulandiginda, binalara etki eden sarsintt miktar: azaldigi i¢in

binanin depreme dayanikliligi artar.” seklinde ¢ikarim yapmalar1 beklenir.

“Malzemelerinizi aldiniz ve hangi asamalar: takip edeceginizi biliyorsunuz. Simdi
belirlediginiz degiskenleri kullanarak iiriiniiniizii olugturunuz ” agiklamasini yapiniz.
Gruplar olusturduklar1 planlar takip ederek kendi tirlinlerini yaparlar. Bu asamada

ogrencilere rehberlik ediniz. Sorular varsa cevaplandiriniz.

Ogrenciler istedikleri siray1 takip ederek taban izolasyonu teknolojisi igin ayakkabi

kutusunun zeminine malzemeleri yerlestirirler.

O SHoT oI 8 sE 4
AI'DUANC ERAA o
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Damper sistemi igin bagka bir ayakkabi kutusunun i¢ kismina malzemeleri

yerlestirirler.

Kiitleli damper sistemi teknolojisi i¢in ise bir ayakkabi kutusunun tavanina

malzemeleri yerlestirirler.

6. GUN

Her grubun {irlinii bittikten sonra dgretmenin getirdigi sarsintt masasinin iizerine
iiriinler oturtulur ve test islemi yapilir. “Uriinleri test etme zamam geldi. Uriinlerin

depreme dayamiklihigint belirlemek igin tekerlekli sarsinti masasini kullanacagiz.
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Sarsinti masasina taktigimiz matkap sayesinde sabit ivmeli yani diizgiin hizlanan
sarsintt olusturacagiz. Her grup yaptigi binalar: sarsinti masasinda test edebilir.
Testiniz sonucunda binaniz istediginiz gibiyse arkadaslariniza sunabilirsiniz.
Binaniz istenilen gibi olmadiysa ya da eksik yonleri varsa dersin basinda
belirledigimiz kriterlere ve simirlamalara tekrardan goz atarak iiriiniiniiziin eksik ve
hatali  kisimlarint  yeniden yapabilirsiniz. Simdi iiriinlerinizi test ediniz ve
diizenlemelerini yapuiz. Her sey tamamlandiktan sonra swmif igerisinde

sunacaksiniz.” agiklamasini yapiniz.

Binaya uygulanan teknolojilerin sarsinti miktarini ne kadar azalttigin1 6lgmek i¢in
“Google Science Journal” uygulamasinda bulunan ivme 6lger kullaniniz. “Google
Science Journal” uygulamasi dogrusal ivme degerlerini verdigi i¢in, depremin
biiylikliigiinden ziyade yatay ivme degerlerine gore test edilir. Daha Onceden
yapilmig sarsinti masasina triinleri sirayla koyunuz. Sarsinti masasinin tizerine ve
iriiniin tizerine, “Google Science Journal” uygulamasinin oldugu akilli telefonlar
yerlestiriniz. Uriinleri, matkabin olusturacagi en kiiciik sarsinti degerinden
baslayarak 5,8 m/s? ivme degerine kadar 10’ar saniye sarsimz. Uriin sarsintiya
dayaniyorsa 5,8 m/s? ivme degerinden daha biiyiik degerlere kadar sarsiiz. Her iki
telefonda okunan degerleri not ediniz ve uygulanan teknolojilerin sarsinti azaltma
miktarlarin1  6grencilerle hesaplayiniz. Sarsintt masasinda bulunan telefondaki

degere gore de lirlinlerin kag biiyiikliigiindeki depreme dayandigin1 gézlemleyiniz.
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Biitiin gruplar olusturduklar1 {riinii simif igerisinde arkadaslarina tanitirlar.
Ogrenciler, {iriinlerinin diger gruplarin fiiriinlerinden ayiran 6zelliklerinden

bahsederler.

Uriinlerin nasil degerlendirilecegini a¢iklaymiz: “Yaptigimiz iiriinler beraber
olusturdugumuz “Uriin Degerlendirme Formu” icerisinde bulunan kriterlere gore
degerlendirilecektir. Her grup, diger gruplarin iiriinlerini form iizerinden
degerlendirecek. Ayrica ben de formu dolduracagim. Bu puanlamalara gére en
yiiksek puan alan grup birinci segilecektir. Daha sonra “Degerlendirme formlarini
dagitiyorum. Liitfen kagidin tizerine degerlendirdiginiz grubun iiyelerinin isimlerini

yaziniz. Sirayla baslayabiliriz.”” agiklamasini yapiniz.

Uriinii tamitan grup, diger gruplarm ve &gretmenin sorulari varsa cevaplar,

degerlendirme yapilir ve ders bitirilir.

Uriin i¢in gerekli olan malzeme miktarlar1 ve fiyatlar1 asagidaki tabloda verilmistir.

482



Gerekli olan malzeme miktarlar ve fiyatlar (Tek grup icin)

Malzemeler Birim Fiyat Kullanilan Total
miktar

Karton ayakkabi kutusu Evden temin | 3 adet -
edilebilir

Bilye (100 adet) 20 TL Enaz4adet |1TL

Pet sise kapagi Evden temin | 8 adet -
edilebilir

Kavanoz kapagi (10 adet) | 5TL 8 adet 5TL

Kalin yay 7TL 4 adet 28 TL

Ince yay 2TL 2 adet 4TL

Mukavva karton 2TL 1 adet 2TL

Siringa 1TL 2 adet 2TL

Sivi yag Evden temin | 100 ml -
edilebilir

Serit metre 10 TL 1 adet 10TL

Makas 1TL 1 adet 1TL

Bant 1TL 1 adet 1TL

Cetvel 1TL 1 adet 1TL

Yiin ip Evden temin | 30 cm -
edilebilir

Toplam fiyat: 55 TL:
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Malzemeler ve Resimleri

Malzemeler Resimler

Avyakkant

kutusu

Bilyeler

Pet sise kapagi

Kavanoz kapagi
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Ince yay, kalin

yay

7
Ty

Yiin ip

Siringa

Hizli

yapistiricisi




Serit metre

Sarsint1 masasi

Kalin ip, makas,

bant, cetvel
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. Interview Questions for the Students

AKTIVITELERE KATILAN OGRENCILER iCiN YARI
YAPILANDIRILMIS GORUSME SORULARI

. Katildigimiz STEM aktivitesinde belirtilen problem durumunu giinliik hayat

ile iligskilendirebildiniz mi?

. STEM aktivitesi esnasinda zorlandiginiz béliimler oldu mu? Oldu ise
zorlandiginiz boliimlerde hangi ¢oziimleri lireterek ilerleme gosterdiniz?

Zorlandiginiz durumlari ortadan kaldirmak icin sizce neler yapilmalidir?

STEM aktivitesi esnasinda kolayca ilerleme gosterdiginiz boliimler oldu mu?

Oldu ise sizce neden bu bdliimlerde kolaylik yasadiniz?

Size dagitilan materyaller anlagilir m1? Anlagilmayan yerler var ise nelerdir?

STEM aktivitesinde diizeltilmesi ya da degistirilmesi gerektigini

diistindiigliniiz boliimler var m1? Var ise sizce nasil diizeltilmeli?

. Katildigmiz  STEM  aktivitesi hakkindaki genel goriisleriniz  ve

diistinceleriniz nelerdir?
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. Interview Questions for the Physics Teachers

AKTIVITELERE KATILAN FiZiK OGRETMENI iCiN YARI
YAPILANDIRILMIS GORUSME SORULARI

. Katildigimiz STEM aktivitesinde belirtilen problem durumunu giinliik hayat

ile iligkilendirebildiniz mi?

STEM aktivitesi esnasinda zorlandiginiz bolimler oldu mu? Oldu ise
zorlandiginiz bolimlerde hangi ¢oziimleri lreterek ilerleme gosterdiniz?

Zorlandiginiz durumlari ortadan kaldirmak i¢in sizce neler yapilmalidir?

STEM aktivitesi esnasinda kolayca ilerleme gosterdiginiz boliimler oldu mu?

Oldu ise sizce neden bu bdliimlerde kolaylik yasadiniz?

Size dagitilan materyaller anlasilir m1? Anlasilmayan yerler var ise nelerdir?

STEM aktivitesinde diizeltilmesi ya da degistirilmesi gerektigini

diisiindiigiiniiz boliimler var m1? Var ise sizce nasil diizeltilmeli?

. STEM aktivitesi hakkindaki genel goriisleriniz ve diisiinceleriniz nelerdir?
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F. Interview Questions for the Instructor

AKTIVITELERi YORUTEN OGRETMEN iCiN YARI
YAPILANDIRILMIS MULAKAT SORULARI

Uyguladigimiz aktivite:
Ogretmenlik tecriibeniz:

Egitim durumunuz:

1. STEM egitimini daha 6nce duydunuz mu? Daha once STEM egitimine

yonelik herhangi bir uygulama yaptiniz m1?

2. STEM aktivitesi esnasinda Ogrencilere rehberlik etmekte zorlandiginiz
boliimler oldu mu? Oldu ise zorlandigimiz boliimlerde hangi ¢ozlimleri

iireterek aktiviteyi ilerlettiniz?

3. STEM aktivitesi esnasinda aktiviteyi rahatca ilerlettiginiz béliimler oldu

mu? Oldu ise sizce neden bu boliimlerde kolaylik yasadiniz?

4. STEM aktivitesinde diizeltilmesi ya da degistirilmesi gerektigini

diisiindiigiiniiz boliimler var m1? Var ise sizce nasil diizeltilmeli?

5. Aktivite kazanimlara uygun hazirlanmis m1 ?

6. Ogrenciler ile aranizdaki iletisim nasildi?
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G. Observation Form

ARASTIRMACI GOZLEM FORMU

Bu form, STEM aktivitesini uygulayan

olusturulmustur.

Aktivite adi:
Tarih:

Aktiviteye katilan 6@renci sayisi:

Ogretmeni

gbozlemlemek i¢in

Asagidaki ifadeler, 6grenci merkezli aktivite esnasinda 6gretmenden beklenen

durumlar gostermektedir. Ogretmen beklenen durumu istenilen dlgiide uygulads ise

“Uyguland1r” uygulamadi ise “Uygulanmadi” boliimiinii isaretleyiniz. Ayrica, her

maddenin altinda aragtirmacinin gézlemlerini not edebilecegi “Agiklama” bolimii

bulunmaktadir.
STEM Aktivite Ismi: Tarih:
Ogretmen:
Aktiviteye katilan 6grenci sayisi:
Uyguland1 | Uygulanmadi

Ogretmen,

1. Aktivite senaryosunda bulunan problemi

ogrenciler ile birlikte tartisir.
Actklama:

2. Aktivtenin hedefini 6grencilerle birlikte

tartisgir.
Actklama:

3. Aktivtede 6grencilere sormasi gereken

sorular1 anlasilir bir sekilde sorar.
Ac¢tklama:
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4. Ogrencilerin 6n bilgilerini kullanmalar1 icin
onlara rehberlik eder.
Actklama:

5. Ogrencileri gruplara ayurir.
Actklama:

6. Ogrencilerin sordugu sorular direkt
cevaplandirmaktan ziyade 6grencileri

yonlendirir.
Actklama:

7. Acgiklamalar net bir sekilde yapar.
Actklama:

8. Aktivite esnasinda 6grencileri agik uglu

sorularla yonlendirir.
Actklama:

9. Aktivite planinda belirtilen siirelere dikkat
eder.
Actklama:

10. Ogrencileri sorgulamaya yonlendirir.
Actklama:

11. Ogrencilere geri déniitler vererek onlara

yardimec1 olur.
Actklama:

12. Ogrencilerin aktivite sonunda ¢ikardiklar

urinleri dikkatle inceler
Actklama:
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H. Invitation Form

DAVET FORMIL

Lutten aqafrdaki bogiuidan skniz deldurunu:

Al

Soywd

S

LT

1. Dareem Ders Moba Ortalamas

Mlad Adresi
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I. Ethics Committee Approval Document
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