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Abstract

A municipality hall is usually recognized as a public office building, which people go to when
they have administrative business to get done. While accommodating a significant number of
staff, municipality halls also welcome many visitors on daily basis. Thinking over the past
experiences in a municipality hall, most people usually try to get out from the building as fast
as they can or they try to solve their issues in once so that they don't need to come over
again. This is usually due to the bureaucratic procedures that the people face while they are
in the building which may seem as a waste of time. Sometimes the problem is the location of
the building or even the lack of way finding signs that transforms a simple rectangular
shaped building into a maze. Whatever the reason is, a municipality hall is usually evaluated
based on the criteria that how much time one spends in the building. While keeping in mind
that even a perfect design cannot change the speed or complexity of bureaucratic
procedures, what we try to seek in this academic study is to change the impression of the
term, municipality hall.

The design proposal for Cukurova Municipality Hall seeks to change the quality of experience
within the building using the urban park where the site is located in. Even though that the
“quality of experience” is based on many different items, some of them being administrative
issues (procedures, staff, etc.), the design proposal challenges to improve the quality of
experience by interdisciplinary studies.

Adana, the city that the project is located in, has been gone through a rapid growth in the
second half of the last century. As the many other cities in Turkey, this growth was
uncontrolled in many ways. Although that the issues such as FAR, height of the building,
land setbacks are meant to be strictly regulated by the governmental bodies, the regulations
have changed periodically each time the ruling power of the city & country has changed.
This has led to an uncontrolled growth of the city, converting Adana, once known as a “land
of cotton” into a pile of concrete. The design proposal aims to set a model for the new
developments in Cukurova, Adana and also other administrative buildings in Turkey. Using
the sustainable green concept which is not well known in the region and strongly relating it
with the landscape are seen as the key elements of the design.



INTRODUCTION

Chapter One - Introduction

1.1 Introduction

This academic study is based on the "“Cukurova Municipality Hall & Cultural Center
Architectural Design Competition” which is promoted by Cukurova Municipality of Adana,
Turkey and was held in the fall of 2011. This national-level competition has aimed to find the
best architectural solution for the new municipality building and encouraged the participants
to enrich their designs by conceptual engineering studies. The competition has been finalized
at the end of 2011 and the winners of the competition have been announced by the
municipality officers. Neglecting the competition deadlines, the process of design has been
expanded and modified in a more academical approach during this research, following the
constraints and guidelines determined by the competition brief and expanding it with the
necessity of careful design of the urban park in which the building complex is located. The
process has been divided into consequent stages of design such as urban design,
architectural design, structural design and technological design & building service design
which will be introduced in the following chapters.

1.2 Competition Brief

1.2.1 Location

The project site is located in the Cukurova district of Adana which is a city in the southern
part of Turkey. The site’s location has a crucial importance since its vicinity to important
roads that connect the city center to the airport and the northern rural part of the city to the
city center. The site, in the existing situation, is covered with various types of trees and
functions as a public park.

Figure 1.1 — Project site
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1.2.2 Objectives

The primary objective of the competition is to design a new municipality hall and a cultural
center on the project site that would satisfy the needs of the municipality in a modern,
technological and sustainable approach. Municipality hall being one of the most important
public spaces within the city, the brief strictly highlights the importance of public use and
accessibility of the building and the site. The project site, itself, is a part of a huge urban
park, thus the relationship of the urban park and the project site has a crucial importance.
The urban park, today, is green space which has various types of trees, pedestrian paths and
benches. An important goal is to define and propose new activities to this public space in the
urban scale.

The new design is asked to be strongly connected with the surrounding landscape, thus the
challenge is not to design only a building, but an urban park that would act as a recreation
center which satisfies the needs of the residents. Also the new design is seen as a new
triggering point that would bring a new set of activities to the area and more importantly
increase the value of the close vicinity. Cukurova, a currently developing district, has empty
plots owned by the government which today serve as parks and gardens for the residents of
Cukurova, but these plots have no specific functions and they are only spaces that the
residents pass through within the daily life. The competition brief asks the contestants to re-
evaluate these spots within the urban park and its surroundings, so that these spaces can be
used frequently by the residents for recreational uses.

Sustainability is the utmost important challenge defined in the brief, a goal that should be
reached at the urban and the architectonic scale. The brief points out the importance of the
pedestrian accessibility to the building through the urban park and minimizes the usage of
private transportation to encourage the maximum usage of public transportation to reach
sustainability at the urban scale. Creating pedestrian paths between the different types of
public transportation networks and the urban park is one of the most important goals of the
urban design.
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Chapter Two - Urban Design

2.1 Urban Context

2.1.1 Adana

Adana, the fifth most populous city in Turkey with 2 million inhabitants, is located at the
southern part of Turkey and also being at the northeastern edge of the Mediterranean,
where it serves as the gateway to the Cukurova plain. The city is situated on the River
Seyhan, 30 km inland from the Mediterranean Sea, in south-central Anatolia.

Figure 2.1 — Map of Turkey

The city is nestled in the most fertile area of the country, thanks to the life giving waters of
the River Seyhan which feeds it. The origins of the name Adana stretches all the way back to
mythology. Legends say that Adana was founded by Adanus himself, the son of the God of
Weather, Kronus.

The city is surrounded by; Kayseri on the north, Osmaniye on the east, Kahramanmaras on
the northeast, Hatay on the southeast, Nigde on the northwest, Mersin on the west and
Mediterranean Sea on the south (See Fig 2.2). The city has 160 km long shores on the
Mediterranean Sea.
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Adana

Figure 2.2 — Adana & its surrounding

2.1.2 History of Adana

The history of the Tepebag tumulus in the middle of Adana dates to the Neolithic Period,
6000 B.C., and the time of the first human settlements. It is considered to be the oldest city
of the Cukurova region. A place called Adana is mentioned by name in a Sumerian epic, the
Epic of Gilgamesh, but the geography of this work is too imprecise to identify its location.
According to the Hittite inscription of Kava, found in Hattusa (Bodazkale), Kizzuwatna was
the first kingdom that ruled Adana, under the protection of the Hittites by 1335 BC. At that
time, the name of the city was Uru Adaniyya, and the inhabitants were called Danuna.
Beginning with the collapse of the Hittite Empire, ¢. 1191-1189 BC, invasions from the west
caused a number of small kingdoms to take control of the plain, as follows: Kue Assyrians,
9th century BC; Persians, 6th century BC; Alexander the Great in 333 BC; Seleucids; the
pirates of Cilicia; Roman statesman Pompey the Great; and the Armenian Kingdom of Cilicia
(Cilician Kingdom).

The history of Adana is intrinsically linked to the history of Tarsus; they often seem to be the
same city, moving as the neighbouring Seyhan River changed its position. Their respective
names also changed over the course of the centuries. Adana was of relatively minor
importance during the Roman's influential period, while nearby Tarsus was the metropolis of
the area. During the era of Pompey, the city was used as a prison for the pirates of Cilicia.
For several centuries thereafter, it was a waystation on a Roman military road leading to the
East. After the permanent split of the Roman Empire in 395 AD, the area became a part of
the Byzantine Empire, and was probably developed during the time of Julian the Apostate.
With the construction of large bridges, roads, government buildings, irrigation and
plantation, Adana and Cilicia became the most developed and important trade centers of the
region. Ayas (today Yumurtalik), and Kozan (formerly Sis) were the other major urban and
administrative centers in the area, especially during the period of the Cilicians.
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In the mid 7th century, the city was captured by the Arabs. According to an Arab historian of
that era, the name of the city was derived from Ezene, the prophet Yazene's grandson.

The Byzantines recaptured Adana in 964. After the victory of Alp Arslan at the Battle of
Manzikert in 1071, the Seljug Turks overran much of the Byzantine Empire. They had
reached and captured Adana sometime before 1071 and continued to hold the place until
Tancred, a leader of the First Crusade, captured the city in 1097.

In 1132, it was captured by the forces of the Armenian Kingdom of Cilicia, under its king,
Leo I. It was taken by Byzantine forces in 1137, but the Armenians regained it around 1170.
In 1268, there was a terrible earthquake which destroyed much of the city. Adana was
rebuilt and remained a part of the Kingdom of Cilician Armenia until 1359, when the city was
ceded by Constantine III to the Mamluk Sultan of Egypt in return for obtaining a peace
treaty. The Mamluks' capture of the city allowed many Turkish families to settle in it. The
Ramadanids family, one of the Oghuz families brought by the Mamluks, ruled Adana until the
Ottomans captured the city.

From the end of the Renaissance to the modern era (1517-1918), the Ottoman Empire ruled
the area. In the 1830s, in order to secure Egypt's independence from the Ottoman Empire,
the army of Muhammad Ali Pasha, the governor of Ottoman Egypt and Sudan, invaded Syria
on two occasions, and reached the Adana plain. The soldiers of Muhammad Ali Pasha
destroyed Adana Castle and the Walls, a major hit to city's history. The subsequent peace
treaty secured Egypt's independence, but (at the insistence of Great Britain, Austria, Russia
and Prussia) required the evacuation of all Egyptian forces from Syria, and its return to
Ottoman sovereignty. In the aftermath, Adana was established as a province in its own right.

i

S
BRE =

ADAMA
Kizil Dagh in the distance

Figure 2.3 — Adana, 1879
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After World War I, the Ottoman government surrendered control of the city to French troops,
and the four battalions of the French Armenian Legion were sent to occupy Adana and
oversee the repatriation of Armenian refugees. The French forces were, however, spread too
thinly in the region and, as they came under withering attacks by Muslim elements both
opposed and loyal to Mustafa Kemal Pasha, eventually reversed their policies in the region.
The Armenian Legion was gradually disbanded, the repatriation was halted, and the French
ultimately abandoned all pretensions to Cilicia, which they had originally hoped to attach to
their mandate over Syria. On October 20, 1921, the Treaty of Ankara was signed between
France and the Turkish Grand National Assembly. Based on the terms of the agreement,
France recognized the end of the Cilicia War, and French troops together with the remaining
Armenian volunteers withdrew from the city on January 5, 1922. Adana became a city of the
Republic of Turkey, established in 1923.

ADANA, - Vue genérale du Quartier incendié ADANA. - V

15 - Quartier arménien d’Adana. CPA. coll. M. Paboudiian Quartier arménien d’Adana. CPA, coll. M. Paboudjian.

Figure 2.4 — Adana, 1909

The development of the city of Adana started with the rehabilitation of swamps surrounding
the city into agricultural land in the second half of the nineteenth century. The production of
cotton and the establishment of factories which process cotton into industrial and textile
goods enabled the city to become one of the major cities of Turkey in the second half of the
twentieth century.

Figure 2.5 — Adana, 2007
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2.1.3 Geography: Cukurova Plain & Adana

Cukurova Plain, historically known as Cilicia, is a geographic, economic and cultural region in
south-central Turkey, covering the provinces of Mersin, Adana, Osmaniye and Hatay.

With a population of almost 5.7 million, it is one of the largest population concentrations in
Turkey.

Osmaniye

Figure 2.6 — Cukurova Plain

Most of the Cukurova region is a large stretch of flat, fertile land which is among the most
agriculturally productive areas of the world. Throughout history, Cukurova was a gateway
from Europe to the Middle East and, being the shortest access point to the Mediterranean
from the northern Middle East and Central Asia, it is a transportation hub, with its two major
seaports and oil terminal.

Cukurova Plain covers 27% of the lands of Adana. Cukurova plain on the territories of Adana
city, is divided into smaller plains. Ceyhan Plain, being the largest plain, is spread over
205,000 hectares of land.

The city located in the two banks of the Seyhan River is between the 35°-38° north latitude
and 34°-36° east longitude. The province of Adana has an area of 14,125 km2, making it the
14™ largest city of Turkey. Meanwhile the city of Adana has 2700 km2 or area, 5390 km2 of
lands is reserved for agricultural purposes which are approximately 38% of the total area,
highlighting the crucial importance of the economical support of agriculture to the city.

Adana lies 23 meters (75 ft) above sea level and surrounded by mountains that are up to
3500 meters. River Seyhan (560 km long) and River Ceyhan (509 km long) run through the

city.
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Figure 2.7 — Scale Comparison between Adana and Milano

Considering the large elevation difference between the city and the surrounding mountains
the city is suitable for dam constructions. Within the city there are four dams that are built
for producing electricity, avoiding flood of Seyhan & Ceyhan Rivers and irrigation purposes.

The north of Adana is surrounded by the Seyhan reservoir, which was built in 1957. The lake
is used to produce electricity, and to provide the irrigation water to the lower part of
Cukurova plain, agricultural production area located in the south part of the city. Two
irrigation canals in the city flow to the plain passing through the city center from east to
west. Also there is another canal for irrigating the Yuregir plain to the southeast of the city.

Figure 2.8 — Seyhan Reservoir
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2.1.4 Climate of Adana

Adana has a typical Mediterranean climate. Winters are mild and wet and summers are hot
and dry. The highest recorded temperature was on 8 July 1978 with 44.0 °C. The lowest
recorded temperature was —6.4 °C.

Extreme Maximum, Minimum and Average Temperatures Measured in Long Period (°C)

ADANA January  February March  April  May  June  July August  September October  November December
Maximum Temp. 26.5 25.0 32.0 375 406 413 440 43.8 432 394 3
Minimum Temp. -4.2 -6.4 -3.6 -1.3 5.6 137 168 16.8 10.9 4 1 2.5
Average Temp. 9.6 10.5 136 176 218 257 282 285 26.1 216 15.

Measured in Long Period

Max. Precipitation 19.01.1977 125.5 kg/mz Max. Wind 13.02.2011 126.4 km/hour  Max. Snow Height 21.01.1972 1.0cm

Figure 2.9 — Extreme Climate Facts of Adana

Adana receives on average 612 mm of precipitation annually or 51 mm each month. On
balance there are 56 days annually on which greater than 0.1 mm of precipitation or 4.7
days on an average month. The month with the driest weather is July when on balance 4
mm (0.2 in) of rain, sleet, hail or snow falls across 0 days. The month with the wettest
weather is January when on balance 111 mm of precipitation across 9 days. Mean relative
humidity for an average year is recorded as 57.3% and on a monthly basis it ranges from
49% in October to 61% in June.

There is an average range of hours of sunshine in Adana of between 4.8 hours per day in
December and 12.0 hours per day in July. On balance there are 3076 sunshine hours
annually and approximately 8.4 sunlight hours for each day
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Figure 2.10 — Climate Graph of Adana
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2.1.5 Demographics of Adana

Adana has a population of 2.108.805 people making it the fifth most populous city in Turkey.
The density of population is 152 people/km?2 within the borders of the province which is
almost twice as much as the density of population of Turkey (98 people/ km2). 1.617.284
people live in the metropolitan area which has a total area of 2700 km2, making the
population density 598 people/km?2.

Like the rest of Turkey, Adana has a very young population. 67% of the population is
between the ages 0-29. In Adana, the number of male and female citizens is almost the
same.

The growth rate of population in Adana is parallel with the growth rate of population of
Turkey as seen in Table 2.1. Although the population growth continues with a descending
rate, the estimated population of Adana for 2015 is 2,388,682, for 2020 is 2,560,036 and for
2025 is 2,718,056.

YEAR TURKEY ADANA
1960 2,853 3,421
1965 2,463 2,742
1970 2,519 3,615
1975 2,501 3,608
1980 2,065 2,997
1985 2,488 2,286
1990-2000 1,834 1,771
2010 1,350 1,124

Table 2.1 — Annual growth rate of population (%)

Although the statistics show that the population is steadily increasing in Adana, the decrease
in the growth rate is related to the migration. As seen in Table 2.2, Adana has a positive
migration rate until mid-90s. Starting from 1995, the number of people moving to Adana has
been less than the number of people moving from Adana. Analyses showed that people who
move to Adana are coming from neighboring cities and the eastern cities where the
employment opportunities are scarce. The people who are moving from Adana tend to move
to bigger cities such as Istanbul, Ankara and Izmir.

MIGRATION RATE OF ADANA

PERIODS MIGRATION TO | MIGRATION NET NET MIGRATION
ADANA FROM ADANA MIGRATION | RATE (%)

1975 - 1980 74.119 73.300 819 0,70

1980 — 1985 99.672 75.843 23.829 16,40

1985 - 1990 124.479 97.545 26.934 15,80

1995 - 2000 92.684 133.181 -40.497 -23,9

2011 53.096 57.402 - 4.306 - 2.06

Table 2.2 — Net migration rate (%)
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2.1.6 Socio-Economic Aspects of Adana

Adana is one of the first industrialized cities, as well as one of the economically developed
cities of Turkey. A mid-size trading city until mid 1800's, the city has seen attraction from
European traders after the major cotton supplier, USA, turmoil with Civil War. Cukurova
farmers exported agricultural products for the first time and thus started building capital. By
the turn of the century, factories almost all processing cotton, began to operate in the
region.

Beside cotton, which is the utmost important product of the region, wheat, corn, soy bean,
barley, grapes and citrus fruits are produced in great quantities. Farmers of Adana produce
half of the corn and soy bean in Turkey. 34% of Turkey's peanut and 29% of Turkey's
orange is harvested in Adana.

Until 1970s, 49% of the population was living in the rural parts of Adana, showing the
importance of the agriculture and livestock in the city economy. Starting from the early 60s,
rapid growth of industrialization caused people to leave their villages and move to the city.
Results of the census made on 2008 showed that 87% of the population of Adana lives in
the city whilst the average of Turkey is 75%.

Year Nr. Of People Working in the Industry Field
1964 15832
1974 34285
1988 41669
2007 86121

Table 2.3 — Nr. Of People Working in the Industry Field by Years

With the construction of Seyhan Dam and improvements in agricultural techniques, there
was an explosive growth in agricultural production during 1950s. Large-scale industries were
built along D-400 state road and Karatas road. Service industry, especially banking, also
developed during this period.

Rapid growth of the economy continued until mid 1980's, then extensive neo-liberal policies
to centralize the country's economy caused almost all Adana-based companies to move their
headquarters to Istanbul. The decline in cotton planting in the region, raised the raw
material cost for the manufacturing, thus city has seen a wave of plant closures starting from
mid 1990s.

Identity crisis of the young professionals fleeing the city at the times of heightened illusions,
further contributed to make Adana the top city of Turkey in brain drain. In 2010,
unemployment in the city reached a record high of %19.1. After 20 years of stagnation, the
economy of Adana is picking up recently with investments in the tourism and service
industry, wholesale and retail sectors and the city is re-shaping as a regional center.

Adana was named among the 25 European Regions of the Future for 2006/2007 by Foreign
Direct Investment magazine.
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2.1.7 Development of the City

Adana, a city which is 8000 years old, has expanded its borders throughout eras. After the
foundation of Turkish Republic, Adana became an important actor in an uprising newly-found
country. With its suitability to agriculture and the important routes that the city is located on,
the city rapidly developed.

In the first years of the Republic, foreign engineers, architects, doctors and scientists were
invited to Turkey to participate to planting the seeds of a new modern country. Hermann
Jansen, architect and urban designer, was invited to participate to the urban design studies
of the cities such as Ankara, the capital of Turkey, Izmit, Adana, Mersin and Gaziantep.

Hermann Jansen started planning the development of Adana as of 1932. He proposed 3
different master plans between 1935 and 1937 considering only, the west part of River
Seyhan, Seyhan district of Adana. He defined the public spaces, town hall, railway station
and every other important space that would make up the new Adana with his sketches.
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Figure 2.11 — Planning Of The Area Between Train Station And The Old City, Adana
By Hermann Jansen, 1935
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Figure 2.12 — Plan of Ataturk Park, Adana by Hermann Jansen, 1935

Figure 2.13 — Perspective of Ataturk Park, Adana by Hermann Jansen, 1935
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Figure 2.18 — Plan of the New Town Hall, Adana by Hermann Jansen

Figure 2.19 — Perspective from the New Town Hall, Adana by Hermann Jansen, 1936
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Figure 2.21 — Drawings of the Pool in front of the Railway Station, Adana
by Hermann Jansen, 1936
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Figure 2.22 — Third Master Plan of Adana by Hermann Jansen, 1937
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Figure 2.23 — Comparison between the Axis of the Previous Master Plan (on the right) and the New
Master Plan (on the left) of Adana by Hermann Jansen, 1937

Figure 2.24 — Sketches of the Pavilion located in Ataturk Park, Adana by Hermann Jansen, 1937
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Figure 2.25 — Sketches of a fountain, Adana by Hermann Jansen, 1937

Figure 2.26 — Final Master Plan of Adana by Hermann Jansen, 1940
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Figure 2.28 — Final Master Plan, West of Adana by Hermann Jansen, 1940

M.Sc. Architectural Engineering — Politecnico di Milano 34



URBAN DESIGN

Figure 2.29 — Final Master Plan, South of Adana by Hermann Jansen, 1940

Figure 2.30 — Final Master Plan, Southwest of Adana by Hermann Jansen, 1940

Jansen prepared the final master plan including Yiregir district resulting of a city settlement
on the both sides of River Seyhan in 1940. Jansen preserved the old city and proposed to
develop the city to every direction except south, as southern part of the city was a rich
agricultural land. In his master plan Jansen, proposes the Seyhan district, west side of the
river banks, to be developed as a commercial and cultural area, meanwhile preserving the
historical tissue of the city. He proposed new boulevards on the north-south direction whilst
preserving the existing structures and preventing any future traffic may occur from the new
railway station. He designed the housing projects as they would benefit from the wind and
sun in maximum ways.
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Figure 2.31 — Zoning of Adana by Hermann Jansen, 1940
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In the early 40s Adana had been through a rapid modification according to the master plan
of Jansen, and preserved as he foresaw until 1980s. In the early 80s, the duty of city
planning was given to municipalities from the central administrative board. Thus, it became
harder to keep the essentials of Jansen’s project with rapidly increasing population in the city
center because of the socioeconomic reasons explained in the previous sections.

Today, Adana has become a city with a population over 2,000,000, and a population density
in the urban part of the city nearly 600 people/km2. After the construction of the Seyhan
reservoir in 1957, the city expanded to south and west directions.

¥ ] .'" ,/ ‘\"Z“ \,/,
Figure 2.32 — Adana City Center

Since 2008, Adana has 5 metropolitan districts; Seyhan, Yiregir, Cukurova, Saricam and
Karaisall. Seyhan and Yuregir districts are fully within the metropolitan city limits whereas,
Cukurova, Saricam and Karaisali districts have rural areas outside the metropolitan city. The
city center is within the borders of three metropolitan districts: Seyhan, Cukurova and
Yiregir.

District | # of Neighborhoods Urban # of Villages Rural Total
Population Population Population
Cukurova 16 267.453 11 3.891 271.344
Seyhan 99 752.308 - - 752.308
Saricam 28 86.727 34 20.655 107.382
Yuregir 99 411.299 - - 411.299
Karaisali 11 7.328 17 4166 11.594
TOTAL 315 1.525.115 62 28.762 1.553.827

Table 2.4 — Distribution of Population among the Metropolitan Districts
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Figure 2.33 — Metropolitan Districts of Adana

From the five metropolitan districts Seyhan and Yuregir were the two districts planned by
Jansen. Today they are the most populous districts of Adana. Seyhan's north of D-400, is
economically the most developed part of the city. Along D-400, hotels, cultural centers,
commercial and public buildings line up. Old town, located south of D-400, is the market
place where traditional and modern shops serve the residents. South of the old town is a
low-income residential area. Yuregir district, located east of the river, consists mainly of low-
income residential areas and large scale industries. With the construction of new bridges on
the river and the extension of metro line to the district, Yuregir became increasingly
important. An extensive urban redevelopment plan is under effect in the district which will
convert the neighborhoods of Sinanpasa, Yavuzlar, Koprulu and Kisla into modern residential
areas. District of Saricam lies north and east of Yuregir, consisting of former municipalities
that are amalgamated to the City of Adana in 2008. Some of the large institutions of the city
are in Saricam: Cukurova University, Incirlik Air Base and the Organized Industrial Region.
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Karaisall is a small district outside the urban area, lying north of the Seyhan Reservoir. The
district is largely rural, includes large recreational areas along the Seyhan river and cottage
country at the high lands to the north.

2.1.8 Cukurova District

The reason behind the introduction of Cukurova district in this section is because the project
site is located within this district. The district, taking its name from Cukurova plain, is a
modern residential district that lies north of the Seyhan district and west of the Seyhan
Reservoir. The district was planned in mid 1980s to direct the urban sprawl to low-fertile
3,000 hectare land north of the city. Named as New Adana, the project consisted of 200,000
homes including villas along the lake shore and high-rise apartment buildings along the
newly opened wide boulevards of Turgut Ozal, Siileyman Demirel and Kenan Evren.

Figure 2.34 — Panaoramic View of Cukurova District from Turgut Ozal Boulevard

Cukurova has total of 16 neighborhoods, 12 of them in the urban area, 4 are outside the
urban area. The neighborhoods outside the urban area are the former villages and the
municipalities that annexed to the city of Adana as city borders are expanded in 2008.As the
city borders expanded the municipalities and villages in the new limits of the city are
annexed to the city. Neighborhoods of the former municipalities and former villages then
became part of the Cukurova district as neighborhoods.

CUKUROVA

CITY CENTER

ET O {
Figure 2.35 — Intersection of the City Center & Cukurova District

As seen in Figure 2.34, the urban part of Cukurova district is in the intersection between the
district and the city center. Most of the remaining area is the rural part of the district.
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Considering that over 265.000 people living in the intersection area and only 4000 people
living in the remaining part of the district, there is a conflict in the population distribution
among the district. This conflict has caused a high-density region in the intersection area as
the high-rise residential blocks can be seen in Figure 2.33.

2.2 Urban Design

2.2.1 Location of the Site

The site determined by the competition brief is situated within the intersection of Cukurova
District and City Centre.

CUKUROVA!

v
CITY-CENTER

"

Figure 2.36 — The Intersection & The Site

The site’s location has a crucial importance since its vicinity to important roads that
connect the city center to the airport and the northern rural part of the city to the
city center. The site, in the existing situation, is covered with various types of trees
and functions as a public park. The area shaded in black in Figure 2.36 is the area
assigned for the urban park which also includes the site where Cukurova Municipality
Hall & Cultural Center shall be designed. The relationship between the urban park
and the project site can be seen in Figure 2.37.
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Figure 2.37 — The Intersection & The Site

~ AU

QO /T i

5 ) -

Urban Par (outlined in black) vs. the Project Site (shaded in red)
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Figure 2. 40 EX|st|ng condition of the Project Site N

2.2.2 Scale Comparison

In Figure 2.40 the footprints of the project site, Comune di Milano, and Piazza Del Duomo
have been shown respectively. The project site is approximately 13,000 m2 and located in
the urban park which has an approximate area of 85,000 m2.
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Figure 2.41c — Piazza del Duomo (Eye alt. 80)

Piazza del Duomo - 41000 m2

Comune di Milano - 5300 m2 Project Site- 13000 m2

Figure 2.42 — Comparison between Piazza del Duomo, Comune di Milano and the project site
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2.2.3 Determining the Area of Intervention: Two Different Urban Scales

Two different urban scales have been determined by the competition brief and the
contestants have been asked to determine problems and propose solutions for each urban
scale. The first scale is 1/5000 scaled map, as shown in Figure 2.42a, determining the area
intervention as the urban park and most of Yuzuncu Yl District which is the most developed
district of Cukurova. The second scale is 1/1000 scaled map, as shown in Figure 2.42b,
focusing the area of intervention as the urban park. In accordance with the competition
brief, the urban analyses and interventions will be presented in respect to these scales
determined by the competition brief.

ATAMA-CUKUROVA ADANA-GURLRDVA WA

R e e YRR
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2.2.4 Urban Mobility

2.2.4.1 Main Road Network

Urban Park

Highway
Main Roads.

- -

Figure 2.43 — Main Road Network

2.2.4.2 Bus Route
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Figure 2.44 — Public Transportation Network — Bus Route
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2.2.4.3 Subway Route
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Figure 2.45 — Public Transportation Network — Subway Route

As seen with green colored areas on the maps, the urban park occupies a considerable space
in the district. Although the main access to the site is with vehicular transportation, the road
network is well connected and there are enough bus lines from the edges of the park.
Besides the metro station is located in a walkable distance. In the close vicinity of the site
pedestrian and bicycle traffic is considered to be the main transportation. This decision has
been made through the urban analysis part of the study resulting the importance of
neighborhood concept.
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2.2.5 Land Use
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Figure 2.46 — Residential Units
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Figure 2.47 — Service Areas

M.Sc. Architectural Engineering — Politecnico di Milano




URBAN DESIGN

<-farsus
<-airport

TEM Highway

adana
city center->

markets

Figure 2.48 — Market Places
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Figure 2.49 — Green Areas
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2.2.6 Vehicular Traffic

VEHICULAR TRAFFIC

Y

Figure 2.50 — Vehicular Road Hierarchy
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2.2.7 Occupancy & Vacancy

- Vacancy Occupancy

Figure 2.51 — Occupancy vs. Vacancy
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2.2.9 Green Areas Gradation

B parks I plain green areas - public M  agricultural areas
I sport facilities [ plain green areas - private Il vacant areas

Figure 2.53 — Green Areas Gradation
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2.2.9 SWOT Analysis

STRENGTHS
Adana and Cukurova:

e Adana’s strategic location in Mediterranean Region.

o Adana being the 5" populous city in Turkey.

e Strong economy and production.

e Cukurova Plain as a gateway from Europe to the Middle East.

e Cukurova Region among the most agriculturally productive areas of the world.

e Presence of green areas.

e Presence of newly developed mobility infrastructure.

e Presence of service areas, such as schools, hospitals etc.

e Well connected to the city center by public transportation.

¢ Closeness to airport.

e Presence of a considerable number of traditional market places.

WEAKNESSES
Adana and Cukurova:

e Ranked 16™ city in Turkey in socio economic development index.
¢ No Specific Urban Pattern especially in Cukurova.
¢ High temperature values especially in summer.

e Lack of connection between green areas.

e Lack of recreational activities.

e No promotion of bicycle usage, lacking of bike routes.
e Lack of biodiversity.

OPPORTUNITIES

Adana and Cukurova:

e Adana’s economic power and population.
¢ Adana being rich in water resources.
e Cukurova's historically rural life style.
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Site:

e Urban and Architectural Competition.

e Being inside an urban park.

e Presence of vacant sites owned by the government.
e Presence of wide boulevards.

e Variety of slope.

e Existing spaces for possible development.

THREATS
Adana and Cukurova:

e Fast urbanization.
¢ High rise building trend.
e Car dependency.

e Presence of wide boulevards.
e High slope differences within the site.
e Separation between the south and north of the district due to highway.

\ .
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2.2.10 1/5000 Scale Master Plan Design & Green Network Concept

The highway passing through the south of the district creates a great diversion between the
south and the north. The highway connects the city center to the airport also a connection
between Adana and neighboring cities. Although it creates a physical barrier between the
south and the north, it's the main artery to feed the district as it's the main way from the city
center to the area. The highway, itself creates a fast center and traffic distribution points. On
the other hand the north of the highway is a typical Turkish district, consisting of small
neighborhoods each can be identified by their own marketplaces, service areas and green
areas. Hypothetically, when a circle with a radius of 500 meters is drawn from the
marketplaces shown in Figure 2.53, neighborhoods can be identified within the district. From
the Figure 2.53, it can be easily seen that how these neighborhoods are well integrated with
each other and the opportunity to connect in means of pedestrian movement through green
areas is obvious.

MARKET PLACES
Neighborhood concept
Pedestrian movement

T
Figure 2.55 — Urban Synthesis Map
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Green Network, shown in Figure 2.54, is a 7.2 km continuous urban connection formed by
pedestrian and bicycle roads. It connects the green areas to the urban services and market
places using the green also as shading element. So with the proposed green network the
neighborhoods shown in the Figure 2.53 are connected through green areas. In order to
achieve this continuous path some interventions have been made mainly in the vacant public
areas. The green network reaches from the highway to the commercial center on the
Northwest. Centralized in the Urban Park, it connects the neighborhoods and services with
pedestrian movement & bicycle paths.

green network

interventions

Figure 2.56 — Green Network
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Master Plan proposal for 1/5000 scale is shown in Figure 2.55. Green network, introduced in
the previous pages, connects the market places and service areas through green areas
within the district. The design proposal determines the point of focus of the green network
as the Urban Park as the new design proposal for new Municipality Hall and Culture Center
will be located there. So therefore, the following urban studies will focus on the Urban Park
on a larger scale.

<-farsus
<-airport
TEM Highway

adana
city-center:

residential
services
markets
green areas

green network

interventions

Figure 2.57 — Master Plan 1/5000
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Figure 2.58 — Typical Green Network & 50m Road Section
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2.2.11 Land Use
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Figure 2.59 — 1/1000 scale land use plan
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2.2.12 Occupancy vs. Vacancy (1/1000 Scale)

Occupancy

Figure 2.60 — 1/1000 Nolli Analysis
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2.2.13 Building Heights (1/1000 Scale)
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Figure 2.61 — Building Heights
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2.2.14 Topography (1/1000 Scale)

Figure 2.62 — Slope Analysis
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2.2.15 Master Plan (1/1000 Scale)

/ A HIGH SEHOOL
7 A
% P %

/

100
\me( * \ayel conne®

HEALTH CENTER

e S@ﬂ;&m urban pattern URBAN PARK

{0, Dase t \design

:‘J l
: n [
‘d .

| \

f [
Figure 2.63 — Synthesis 1/1000

The master plan study is based on the urban park and the relation of the building with the
park. It is designed to be the welcoming and collecting point of the study area. The green
network’s arms meet within the building forming the hills in the landscape and connect the
users to the heart of the park. The neighborhood’s urban pattern is currently under new
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Figure 2.64 — Master Plan 1/1000

development and the new municipality building to be constructed is considered to be the
architectural and urban pioneer building concept of the district. One part of the upper branch
of the network cross the market place and the elementary school and reconnects to the park
next to the playground. The other part of the upper branch is a green road, grooves on the
sides, for pedestrian and bicycle traffic.
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Figure 2.65 —Building Complex 1/1000

The triangular tectonic like build up area encloses the facilities to be used in the park other
than the municipality building and social center. Together they form the shaped landscape of
the site which is “the meeting arms”. The slope is one of the main challenge in terms of
connection between levels and building heights as well as visual harmony in the park. The
design is held carefully to limit the building height in human scale.
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Figure 2.66 — Building & Facilities nearby 1/1000

Urban facilities near the building site are also seen to be part of the urban design. The
triangular concept continues in shading elements of the market place, meeting point, drop
off area and the bus stop. Besides new designs of the high school, elementary school,
nursery and the health centers are to be the first examples of the green concept for public
buildings in the district. Municipality and the Social center is predicted to change the building
concept of the neighborhood.
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Figure 2.67 — Building & Facilities nearby & Green Network 1/1000

As seen in Figure 2.67 all the facilities are directly connected to each through the green
network. The existence of traditional market places put forward the habit of walking in the
neighborhood. The new design of the park allows users to reach every important urban
space by walk providing them an enjoyable journey through various functions along the
road. Bicycle usage is promoted by ensuring the bikeways reaching the attraction points.
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From the city square the green roof of the social center and the ramp from the entrance box
lead people to the upper park. The park welcomes visitors with water element, cafeteria and
restaurant on one side, and playground on the other. The restaurant is faced to the water
and gardens. The activity square is design to be an interactive space where people can
decide how it's going to be use within periods and it is also seen as the ceremony place of
the municipality. Historically, gardens are beloved elements of the Turkish green areas
therefore it is also used in Cukurova district park. In addition, agricultural gardens are
introduced in public areas where people can cultivate together not separately in their own
plot. The upper park square is the junction and distribution point to various complementary
functions strongly related to each other. On the north east side sport field meeting point,
high school, student boxes and the health center, on south playground and park’s grass
area. On North West, beside the grass area an important function is introduced which is the
skating fields.

Nowadays Adana became one of the important freestyle BMX centers in Turkey. These
cyclists are also known to be booming Rap Bands. Considering the new trend in the city the
project put forwards skating fields and a music recording and practicing studio to the area.

Another important concept is the forum space which became a need in urban parks with the
will of the people in many cities of Turkey after May 2013 Gezi Park events. The accelerated
spread of forums in country leaded us to design the forum space with service space and
workshops within the triangular green elements.
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Figure 2.68 — Aerial View South
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Figure 2.69 — Aerial View North
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Figure 2.70 — Forum Square and its Facilities

Figure 2.71 — Pedestrian Bridge and the building
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Chapter Three - Architectural Design

3.1 Design Parameters

3.1.1 Objectives

The objective of the competition is to design a new municipality hall and a cultural center on
the project site that would satisfy the needs of the municipality in a modern, technological
and sustainable approach. Municipality hall being one of the most important public spaces
within the city, the brief strictly highlights the importance of public use and accessibility of
the building and the project site.

The new design is asked to be strongly connected with the surrounding landscape, thus the
challenge is not to design only a building, but an urban park that would act as a recreation
center which satisfies the needs of the residents. Also the new design is seen as a new
triggering point that would bring a new set of activities to the area and more importantly
increase the value of the close vicinity. In other words, it's been aimed that the new design
is to be not an administrative building, but a meeting point for the residents of Cukurova.

The building, being the public space itself, should act as an extension of the urban park
especially on the ground floor level. Along the modern concept of city management, the
municipality hall should be a space that the public can easily access to. Accessibility of the
building by public transportation and walking has the priority when compared to private
transportation. Also the brief requires an easy flow of horizontal & vertical circulation within
the building, since that it is a public space and it will host the local residents within the day.

Transparency is one of the keywords defined in the competition brief. In the modern concept
of city management visual accessibility of the building is as much as important as the
physical accessibility. The transparency of the envelope of the building lets the residents to
observe the activities within the building which makes them confident about that the
municipality is working for a better city, which they live in.

Sustainability is the utmost important challenge defined in the brief, a goal that should be
reached at the urban and the architectonic scale. The brief points out the importance of the
pedestrian accessibility to the building through the urban park and minimizes the private
transportation to encourage the maximum usage of public transportation to reach
sustainability at the urban scale. Adana, being one of the hottest cities in Turkey, has a hot
climate that underlines the needs of energy efficiency of the building.
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3.1.2 Requirements of the Competition Brief

The building has two primary functions: Municipality Hall and the Cultural Center. The
Municipality Hall is mainly an office building with supporting functions such as cafeteria,
exhibition halls and information centers. Cultural Center, on the other hand, is the place
where the wedding ceremonies are performed, conferences and seminars are held. When
not used for the stated events, the cultural center shall be used as a movie theatre.

3.1.2.1 Municipality Hall

The area breakdown of the Municipality Hall shall be as defined below;

1. Entrance Area...........coovieiiiiee e Area to be defined by the contestants

2. Management Offices

B R 1= Yo S O g = T USSR 184 m2
2.2 EXECULIVE ASISTANT......c e 188 m?2
2.3 DEPULY MAYOIS.....coiiiiiiieeiiiiiee ettt sttt e e s n s e e e nnneeeeens 96x4=384 m?2
2.4 CONSUILANES.....ceiiieie e 72x3=216 m?2
2.5 Master Of CEreMONIES. ..........eeeiiie ettt e e n e enneas 100 m2
2.6 INSPECLOIS. .. .eeieiiieeiet ettt b e e ae e 62x3=186 m?
3. Municipal Council
3.1 MEEEING ROOM.....uiiiiiiiiiieie et 250 m?2
3.2 Chair’s OffiCe....eciuieeiee ittt e ne e enre e 36 m2
3.3 SECretary’s ROOM.........ooiuieiiieiee ettt ettt sttt st e et e e saeesnteennneesneeens 16 m2
G J I o =SS o o] SR 48 m2
3.5 Group Meeting ROOMS..........ouviiiiieii e 52x3=156 m?2
4. MUnicipal COMMIEEEE. ... e e e s 96 m?2

5. Departments

5.1 Press and Public Relations............ccceeiiiieiiiie e ecree e 160 m2
5.2 Legal AffairS.....ccceeieie ettt a e 176 m2

5.3 MUNICIP@I POLICE. .......eiieiiie et 232 m?2
5.4 License and SUPEIVISION........cc.uiiiieiiiiiie et 120 m2

5.5 Civil Defence EXPEIL.......ccueieiiiee et st e s 40 m2
TS 38 o 10 =] 1 o O SRPSRN 144 m?2
5.7 Information TeChNOIOGIES.........c.coiuiiiiiiieeieee e 152 m2
5.8 Environmental Protection & Development...........ccccooeiiieiiiee e 148 m2
5.9 Social and Administrative Affairs.........ccccueeiieiie e 224 m?2
5.10 Financial Services (Administrative Section)...........ccccoveinniinii i, 168 m2
5.11 Financial Services (Cashier OffiCES).........covriirriiiiiiie e 316 m2
5.12 Real Estate & EXPropriation...........ccceeieeeiiieiiiieeiiee e sieeesiee e seeeesee e 280 m2
5.13 SUrvey and PrOJECES........ooiiiiiieiie ettt 500 m2
5.14 Marriage REGISTIY .....oeiiiiiieeeeiiie et et nn e 40 m?2
5.15 SUPPOItiNG SEIVICES......cci it eeeneneees 144 m?2
5.16 Construction AffairS..........cooiuieeiiie e 148 m?2
5.17 Parks Gardens and Green Fields...........cccoveiieiccie s 24 m2
5.18 Strategic Planning..........cccvi e 100 m?2
5.19 HUM@N RESOUICES......ccciitiiee et ettt ettt e e e e et e e e e e e e e e nreae e 144 m?2
5.20 Cleaning SEIVICES.........coiiiiiieiieeieestie ettt ee e sre e ste et esaeesreesneaen s 24 m2
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5.21 TranspOrtation.........cccuviii oo r e 68 m?2
5.22 Department of Technical WOrKS............ccvveieeiiiiiie e 296 m2
5.23 Cultural and Social Affairs..........ccceiiiiieieeie e 152 m2
5.22 SUPErvisory BOArd............cooouiiiiiiiiiie et 60 m?2
6. Facilities
o Y1 ol T = o = o SRR 60 m2
6.2 ATCRIVE. ...ttt et an 1000 m2
(S I (0] =L [T PP ROTR 100 m2
6.4 MBE Plant ROOMS.......ccoiuiiiiiiieciie et ee et e e e e e eneeeennee 516 m2
TOtAl Ar€a Of PrEIMISES........cvveieeeitiie ettt e et e e et e e et e e e e abeeesensreeeeeannanes 7,394 m2
Circulation Area & WECS (60%0)......ccccurriieiiiieee et eeeee et e e et e e e e e e ebae e e s eaeeaeeae 4,436 m?2
Municipality Hall Total Area................oooii e 11,830 m2

3.1.2.2 Cultural Center

Cultural center shall be able to accommodate 500 people and shall be suitable for different
events such as wedding ceremonies, conferences and seminars.

Auditorium (500 PEOPIE).......ee ettt 1,400 m?2
Circulation Area & WECS (6090)......ccccureiieeiiiie et e e et e et e e s e e e aaee e e e erre e e e s eaeeeenanes 1,400 m?2
Cultural Center Total Area................cccooieiiii i 2,800 m2

3.1.2.3 Underground Car Park & Shelter

3.1.2.4 Total Construction Area

Municipality Hall Total Area.................ccoooii s 11,830 m2
Cultural Center Total Area................oo o 2,800 m2
Car PArK. ...t e e e e e e e earaeeeeanaes 750 m2
SREITEE. ... e e e et e e e e e e e e anae 750 m2
TOTAL CONSTRUCTION AREA . ......ooetetiiieeeeeete et 16,130 m2

3.1.3 Municipality Organization Chart

Like many other administrative bodies, municipality hall has a well-defined organization
scheme. There are four major departments each managed by a deputy mayor. The
organization chart determines the units that work in conjunction, thus they shall be close to
each other physically in order to work in most efficient way. The organization chart for
Cukurova Municipality Hall was defined by the competition brief an can be seen in Figure 3.1.
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Figure 3.1 — Municipality Organization Chart
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3.2 Design Concept

3.2.1 Urban Park vs. The Building

A municipality hall is usually recognized as an administrative office building, which people go
to when they need to get something done. While accommodating a significant number of
staff, municipality halls also welcome many visitors on daily basis. Thinking over the past
experiences in a municipality hall, most people usually try to get out from the building as fast
as they can or they try to solve their issues in once so that they don't need to come over
again. This is usually due to the bureaucratic procedures that the people face while they are
in the building which may seem as a waste of time. Sometimes the problem is the location of
the building or even the lack of way finding signs that transforms a simple rectangular
shaped building into a maze. Whatever the reason is, a municipality hall is usually evaluated
based on the criteria that how much time one spends in the building. While keeping in mind
that even a perfect design cannot change the speed or complexity of bureaucratic
procedures, what we try to seek in this academic study is to change the impression of the
term, municipality hall.

The design proposal for Cukurova Municipality Hall seeks to change the quality of experience
within the building. Even though that the “quality of experience” is based on many different
items, some of them being administrative issues (procedures, staff, etc.), the design
proposal challenges to improve the quality of experience by interdisciplinary studies.

The first issue that is considered during the concept design studies is the activities that take
place. Since the experiences are the results of activities that take place, this issue has a
great importance. As explained in Chapter 3.1.2, the building has an intense program which
sets the basic needs of the building. Without the cultural center, the building becomes only
an office building which is in use within weekdays and work hours. So other than this sharply
defined time period, the building wouldn’t be used. Also the intense development in internet
usage reduces the needs to go to the municipality hall while one can handle his issues on his
computer or even on his smart phone. Rapid growth of the technology shows us that the
significance of administrative buildings will dilute in the coming years as well. This challenge
can be overcome by implementing new activities into the building & its surrounding, so that
the people do not only go to this building when they have to. The most challenging task that
our design proposal faces is to create such an environment that the residents of Cukurova
would see the building as a place to spend time, not as a place that wastes their time. Since
the building program and the construction area is defined within the competition brief does
not foresee the required space for other activities that may take place within the building,
the usage of open and semi-open areas becomes significantly important. Thus the urban
park, which is explained in the first section, carries the utmost importance within the design
concept of the building.
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Urban Park & Green Network

Figure 3.2 — Green Network & the Building Complex

The interaction between the urban park and the building, is to be maintained within the
open & semi-open spaces, which aims to unite the building and the urban park and merge
into each other so that the urban park can feed the municipality hall while the municipality
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hall can support the urban park. So the design concept of the municipality hall & the cultural
center is not defined by the parameters within the building site, but the urban park.

3.2.2 Design Studies

Total construction area:
16.000m2

Site Area:
13.000m?2

Total construction area:
16.000m2

Site Area:
13.000m2

Construction Footprint :
5.500m2

Case Approx: 3 Floors

Total construction area:

16.000m2

Site Area:
13.000m2

Construction Footprint :

980m2

Case Approx: 16Floors

Figure 3.3 — Footprint studies

Bxisting Teees on Site

Total construction area:
16.000m2

Site Area:
13.000m2

Construction Footprint
Limit: 8.800m2

Case Approx: 2 Floors

Total construction area:
16.000m?2

Site Area:
13.000m2

Construction Footprint :
2.800m2

Case Approx: 6Floors

Total construction area:
16.000m2

Site Area:
13.000m2

Construction Footprint :
2800m2

Case Approx: 5.7 Floors

The site area is 16.000m2 and the program given by the municipality is 13.000 m2. So one
of the first studies was to control the footprint area to satisfy the program. Determining the
footprint is also seen as the research for daily life style. The restrictions of the program and
the floor area ratio is studied in Figure 3.3.
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Figure 3.4 — Site Section and slope studies
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Figure 3.5 — Space, shading and facade studies
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Figure 3.6 — Model Studies

In order to achieve the architectural solution for the building following the concepts of
meeting arms, harmony and being united with the park is held by model studies. Considering
the sharp movements of the land and strict program series of model have been made to find
the desired design. After finding the form in model, the design is drowned in 3d computer
model which helped us to define clearly the boundaries of architectural elements like roofs,
floors and facades. Meanwhile the facade design studies is held especially with shading
elements. There were two main challenges; one was the protection from strong effects of
the sun due to climate and second was the continuity of the form in fagade.
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Figure 3.7 — Model Studies
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3.2.3 Metamorphosis of the Topography: The Building

The design of the building is triggered by the triangular tectonic-like plates of the urban
park. The location of the building site is at the center of the urban park, where the two arms
of the park comes from north and south and meets at the building site and elongates to the
west. The site is the point where these two arms reach to each other which metaphorically
expresses the gathering point of Cukurova residents. These arms of the urban park are
created by triangular tectonic-like plates. At the clash point, these plates go through a
metamorphosis and shape the building.

The metamorphosis of the topography creates the green roofs, on some of these green roofs
pedestrians can walk. The municipality hall is an important public space but the usual
perception of the community is that a municipality hall is a building which has certain
restrictions and people that are not related shouldn't be there. So in order to change that
impression the concept design proposes a building that the people can get into physical
interaction, not only a building that the people can only see or enter. The selection of the
accessible roofs is based on the function underneath, which gives the parameter of roof
inclination. The green roofs emerged from the ground act shells and accommodate the
required functions underneath.

Transparency of a public space or an office building is an important issue in modern
architecture. The transparency of a building allows people to see the activities inside which
creates the sense of trust. This issue has been one of the most challenging tasks to
overcome due to the hot local climate. In order to achieve such a transparency with energy
efficiency, the buildings have transparent fagades on the south and north while all the
facades are opaque on west & sides. In order to avoid solar heat gains as much as possible
a solar shading element is designed and integrated with the facade, being more intense on
the south facade.

Sustainability as briefly introduced above is a major issue to be covered in the design. Due to
the hot local climate avoiding heat gains is the most important challenge. The design
proposal seeks the balance between avoiding solar radiation and allowing maximum natural
lighting & ventilation. The perforated metal shade element is designed such that the natural
light is entered into the building without over heating the building. The design approach
seeks to use local materials with low environmental impact, and easy to maintain, that are
durable & reliable which will be introduced in the coming chapters.

3.2.4 Approaching to The Building

3.2.4.1 Site Plan

Mainly the site is approached from two directions which are the Eastern city square and
Western upper park square. Main entrance is from the road side , directly connected to city
square, bus stop, drop off point, taxi stop and lower green network.

M.Sc. Architectural Engineering — Politecnico di Milano 85



ARCHITECTURAL DESIGN

\./ ‘ :
7'P. ”& ~ SN AL “

i % . Qard.ens— .. Z gy 9 ‘;l'm"mi.’
k’%\:*.‘.'zo 2 S [ .

+88.70 oo &

W’;Wif

o\
S city square e
T— ) 2

{ U ‘. ;i
Qi

478,00 (‘ | ‘ "

L

‘ _gardens

) J LA}

Figure 3.8 — Site Plan

The diagonal entrance axis from the city square reaches the entrance box of the building
complex where visitors are distributed into three masses. The western part of the axis which
is coming from the upper park square along the restaurant and water element arrives to the
building’s courtyard and the entrance box with a ramp. Along the road side permanent and
temporary fine arts gardens and open exhibition areas welcomes the visitors to the social
heart of the district where forum and its facilities located with the social center. One of the
tectonic triangles is used for solar panels to produce energy for the complex. The roof of the
social center is designed to be the ramp to go to the second level entrance of the
municipality and to the upper park forming the upper courtyard. On the north side of the
building music studio and student boxes lead the visitors to the meeting point and high
school. This area, student square, is directly connected to sport fields and pedestrian bridge
crossing the 50m width road. The 50m road section is modified in Site Section 1 (figure3.9)
Site Section 2 and 3 show the relations of various functions within the park in figure 3.10.
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Figure 3.9 — Site Section 1
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Figure 3.10 — Site Section 2 & 3
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3.2.4.2 Accessibility

underground
parking entrance

upper Ny oo

entrance
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green network

Figure 3.11 — Accessibility 1 - Vehicular and pedestrian traffic

Figure 3.12 — Accessibility 2 - From street to park
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Figure 3.13 — Accessibility 3 - Pedestrian dominance and connection
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3.2.4.3 Entrances
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Figure 3.14 — Entrances
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3.3 The Building

3.3.1 Volume

Figure 3.15 — Escalating from the park
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Figure 3.16 — Common ground use of the volumes

The volume rises up from the ground as pieces of land forming the buildup hills of the park.
The essential characteristics of the volume are based from the human perspective.
Considering the loaded program in a small plot, the masses are divided in parts in order not
to create a huge single building. The connection of two levels is smoothly handled with the
ramp which goes down to the entrance box and the walkable roof of the cultural center. On
the higher level, entrances create the urban scale balcony and continuity. With the balcony
two ground levels have been composed increasing the interaction between levels. The
maximum height of the building is limited with five floors in the northern mass, three floors
on the south.
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Figure 3.17 — Raising volumes from the north

I Ground Fioor 80.00
-Upper Ground 84.00
B 200 Fioor 88.00

3rd Floor 92.00

4th Floor 96.00

5th Floor 100.00 /

The northern part of the plot is included to the design in order to completely relate the
building to the site. Two volumes introduce the rising of the buildup land which are used for
the park functions and a third one is connected to the roof of the building. The northern
fagade is used for office spaces which is also the only facade of the building perpendicular to
the ground. The upper ground level (+84.00) is where the main functions are placed and is
the biggest common ground for users.
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3.3.2 Circulation
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Figure 3.18 — Circulation Schemes

M.Sc. Architectural Engineering — Politecnico di Milano 95



ARCHITECTURAL DESIGN

3.3.3 Distribution of Functions
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Figure 3.19 — Function Distribution Scheme Ground Floor
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Figure 3.20 — Function Distribution Scheme Level 1 (2" Ground Floor)
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CIRCULATION AREA

OFFICES
+8.00 (+88.00) FLOOR LEVEL

Figure 3.21 — Function Distribution Scheme Level 2
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Figure 3.22 — Function Distribution Scheme Level 3
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Figure 3.23 — Function Distribution Scheme Level 4
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CIRCULATION AREA

SECONDARY PREMISES

AUDITORIUM
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DISTRIBUTION OF FUNCTIONS

Figure 3.24 — Function Distribution Scheme Cultural Center
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3.3.4 Distribution of Offices

1. MUNICIPAL POLICE
2. MARRIAGE REGISTRY
+0.00 (+80.00) FLOOR LEVEL

Figure 3.25 —Office Distribution Scheme Ground Floor
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Figure 3.26 — Office Distribution Scheme Level 1 (2™ Ground Floor)
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Figure 3.27 — Office Distribution Scheme Level 2
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2. MUNICIPAL COUNCIL
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Figure 3.28 — Office Distribution Scheme Level 3
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3.4 Architectural Drawings

3.4.1 Plans
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Drawing 3.1 — Ground Level Plan
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Drawing 3.2 — First Floor Plan (2™ ground level)

M.Sc. Architectural Engineering — Politecnico di Milano 107



ARCHITECTURAL DESIGN

+8.00 (+88.00) FLOOR LEVEL

ARCHITECTURAL DRAWINGS

FLOOR PLANS

Drawing 3.3 — Second Floor Plan
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Drawing 3.4 — Third Floor Plan
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Drawing 3.5 — Fourth Floor Plan
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FLOOR PLANS

Drawing 3.6 — Cultural Center Floor Plans
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3.4.2 Sections
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Drawing 3.7 — Section 1-1’
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3.4.3 Elevations
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Drawing 3.9 —South & South West Elevations
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Drawing 3.10 —North & East Elevations
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3.5 Renders

Figure 3.29 — Exterior Renders
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Figure 3.30 — Exterior Render
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Figure 3.31 — Exterior Render
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Figure 3.32 — Exterior Renders
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Figure 3.33 — Exterior Render
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Figure 3.34 — Exterior Render

Figure 3.35 — Interior Render

M.Sc. Architectural Engineering — Politecnico di Milano 121



ARCHITECTURAL DESIGN

(I

Il ll
il
Figure 3.36 — Interior Renders

M.Sc. Architectural Engineering — Politecnico di Milano




TECHNOLOGICAL DESIGN

Chapter Four - Technological Design

4.1 Concept Design

As explained in details in the first section, Adana has been gone through a rapid growth in
the second half of the last century. As the many other cities in Turkey, this growth was
uncontrolled in many ways. Although that the issues such as FAR, height of the building,
land setbacks are meant to be strictly regulated by the governmental bodies, the regulations
have changed periodically each time the ruling power of the city & country has changed.
This has led to an uncontrolled growth of the city, converting Adana, once known as a “land
of cotton” into a pile of concrete. This issue has been covered in the first section of this
academic study. In this section, a bigger problem is to be discussed a problem that none of
the rulers of the city has considered until 5 — 10 years ago. As the city kept its rapid growth,
its energy consumption has increased accordingly. More than 25% of the electricity
consumed in the city is consumed by the residential buildings. A photo from the Cukurova
below is quite self-explanatory.

1
L4

Figure 4.1 — Photo from Cukuruova District

As it can be seen from Figure 4.1, the so-called modern high-rise buildings, which are
located just near to our site, do not have any environmental concerns in means of passive
housing. All of them have identical four-sided facades with flat roofs. Our design proposal
aims to set a model for the Adana’s development in the coming years in means of
sustainability and usage of renewable energy sources.

Architecture shall be in close relationship with climatic context. It is not possible to create
buildings and spaces without considering the climatic conditions. Specially for a sustainable
design, where the impact on environment is required to be kept insignificant, understanding
the climate of the project area constitutes a crucial step at the very beginning of our design
process.

The energy demand of buildings, such as heating, cooling and lighting, can be supplied from
various sources; however, energy efficient design concept suggests the use of renewable
energy sources instead of non-renewable ones. In the developing countries, the usage of
renewable energy sources is not feasible as it is in the developed countries, thus optimizing
energy requirements of the building has a crucial importance.
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Hence our vision is to exert a conscious effort in the design of a climate responsive, user
friendly and energy efficient building that satisfies user needs. We have chosen some latest
technologies and materials which can give more strength and meaning to our project. But,
achieving these energy demands cannot just be reduced to isolated solutions such as rain
water collection or photovoltaic installations on the roof. Rather, the building must be
understood as a complex gestalt a total energy concept that makes the best possible use of
locally available natural resources such as solar energy. We should thereby understand that
passive and active measures counterpart one another in the pursuit to conserve energy.

From the viewpoint of human comfort and energy use, the climatic condition of a place can
be divided broadly into negative and positive effects. In general, the aim of climate-
conscious architecture is to provide protection from the negative factors and take advantage
of the positive ones in order to meet the comfort requirements of the people and secure
economical level energy consumption. A year-round analysis is required. Buildings have to
perform appropriately in summer, winter and intermediate seasons. The latter are often
characterized by great day-to-day variability, demanding flexibility of operation. To allow the
architect to analyze the climate at a particular site, the climatic factors need to express
quantitatively. The key factors are the position of the sun, the amount if solar energy, the air
temperature, long wave radiation and wind condition. Humidity, best assessed as the water-
vapor pressure, is also an important factor in hot weather.

4.2 Environment & Physics

4.2.1 Basic Geographical Information

Located in the southern Turkey, Adana shows the typical Mediterranean climate
characteristics with mild winter seasons and hot & arid summer seasons. The city receives
rain primarily during winter with extreme summer aridity that may exist for up to 5 months.

GREECE O Ankara
TURKEY

DO Adana

Figure 4.2 — Turkey Map
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Latitude: +37.0 (37°00'00"N) Longitude: +35.32 (35°19'12"E)
Continent: Asia Altitude: ~20 m

— The average temperature in Adana, Turkey is 19.1 °C..
— The average temperature in the hottest month, August, is 34.5 °C.
— The average temperature in the coldest month, January, is 5.5 °C.

Figure 4.3 — Average minimum and maximum temperature over the year

— Adana receives an average of 690 mm of precipitation annually.

— On balance there are 77.3 days annually on which greater than 0.1 mm of precipitation
(rain, sleet, or hail) occurs.

— The month with the driest weather is July & August when on balance 123.9 mm of
rainfall (precipitation) occurs.

— The month with the wettest weather is January & December when on balance 141 mm of
rainfall (precipitation) occurs.

— There is an average range of hours of sunshine in Izmir of between 4.65 hours per day in
January and 11 hours per day in July.

— On balance there are 2717.7 sunshine hours annually and approximately 7.45 sunlight
hours for each day.

400 hirs . - " . - - - . . . -
;

Figure 4.4 — Average monthly hours of sunshine over the year

4.2.2 Temperature

Figure 4.5 shows a color coded graph of the average temperature of Adana on a weekly
basis. The blue color indicates temperatures below 0° C as the color becomes purple the
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temperature increases up to 15° C. Reddish and orange colors indicate temperature values
above 25° C. In the Y axis the hours of the day are given.

Weekly Summary
Average Temperature (°C)
Location: ADANA, TURKEY (36.0%, 35.0°)
© Weather Tool

Hr

B 8 12 16 20 24 28 32 36 40 44 48

Figure 4.5 — Average Temperature — Weekly Summary

Figure 4.6 shows a color coded graph of the maximum temperature of Adana on a weekly
basis. Average temperatures in Adana, does not exceed 35°C and the highest average values
are recorded between 24th and 32nd week. Considering that the municipality hall will be
open during the day time from Figure 4.6 we understand that reducing cooling loads during
the summer time is an important challenge to overcome.

Weekly Summary

Maximum Temperature (°C)
Location: ADANA, TURKEY (36.0%, 35.0°)
© Weather Tool

Hr
i
i

24

| | | | | | | | | | | |
4 8 12 16 20 24 28 32 36 40 44 48

Figure 4.6 — Maximum Temperature — Weekly Summary
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During the work hours, from Figure 4.7 we can see that the minimum temperature will be

faced in the first 8 weeks of the year which will range between 0-10°C, which shows us the
heating loads of our building will not be very high.

Weekly Summary
Minimum Temperature (°C)

Location: ADANA, TURKEY (36.0%, 35.0°)
© Weather Tool

Hr

J

Figure 4.7 — Minimum Temperature — Weekly Summary

4.2.3 Wind

Prevailing Winds
Wind Frequency (Hrs)

Location: ADANA, TURKEY (36.0°, 35.0°)
Date: 1st January - 31st December

Time: 00:00 - 24:00
© Weather Tool

Figure 4.8 — Wind Analysis
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In Figure 4.8, the colored segments plot the frequency of wind speed and direction for the
selected period, with the brighter colours representing the greatest number of hours.
10km/h on the SOUTH WEST are the most frequent winds that our building will be faced
throughout the year.

Weekly Summary
A Wi

ind Speed (km/h|

12 16 20 24 2% 2 * 40

Figure 4.9 — Average Wind Speed

Figure 4.9 indicates the average wind speed on a weekly basis. Y-axis of the graph indicates
the day hours, while x-axis represents the week of the year. From Figure 4.7, we can see
that the wind speed increases between 10.00 am — 17.00 pm. This data shows us the
opportunity of natural ventilation within the building.

4.2.4 Precipitation

Figure 4.10 — Average monthly precipitation over the year

Figure 4.10 indicates the average monthly precipitation throughout the year. As it can be
seen from the graph, between October and May the city receives precipitation in form of
rain. So within these months rain water storage system can be used in order to supply water
to the building.
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4.2.5 Relative Humidity

Relative humidity is a measure of the amount of moisture in the air relative to the total
amount of moisture the air can hold. Compared to summer, when the moisture content of
the air (relative humidity) is an important factor of body discomfort, air moisture has a lesser
effect on the human body during outdoor winter activities. But it is a big factor for winter
indoor comfort because it has a direct bearing on health and energy consumption.

The colder the outdoor temperature, the more heat must be added indoors for body comfort.
However, the heat that is added will cause a drying effect and lower the indoor relative
humidity, unless an indoor moisture source is present.

Weekly Summary
Relative Humidity (%)

Location: ADANA, TURKEY (36.0°, 35.0%)
® Weather Tool

Hr

| | | | |
16 20 24 28 32 36

Figure 4.11 — Relative humidity

Figure 4.11 shows a color coded graph of the relative humidity in Adana on a weekly basis.
The darkest green color shows the lowest relative humidity of 30%, between weeks 40-44.

From Figure 4.12 we can see the relative humidity ratio throughout the year on a weekly
basis. Most of the year, the relative humidity ratio is between 40-80%.

Looking at Figure 4.13 Average Hourly Relative Humidity diagram, the relative humidity in
Adana tends to decrease between day time (between 08.00 am- 16.00 pm), while it reaches
above 80% after midnight. During day time, relative humidity drops until 40% which gives
us the opportunity to employ a evaporative cooling into our design.
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Weekly Summary
Relative Humidity (%)

Location: ADANA, TURKEY (36.0°, 35.0°)
Contour Range: 28.29 - 100.00 %

In Steps of: 2.00 %
© Weather Tool

Figure 4.12 — Relative humidity (%/Wk)

Weekly Summary
Relative Humidity (%)

Location: ADANA, TURKEY (36.0°, 35.0°)
Contour Range: 28.29 - 100.00 %

In Steps of: 2.00 %

© Weather Tool %

Figure 4.13 — Relative humidity (%/Hr)
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4.2.6 Direct Solar Radiation

Weekly Summary

rect Solar Radiation (W/m?
\, TURKEY

. TURKE

Figure 4.14 — Direct Solar Radiation

Figure 4.14 shows the direct solar radiation Adana receives on a weekly basis.
The highest direct solar radiation in Adana is between week 28 and 38 where it receives
around 800- 850W/m2 direct solar radiation from 9am to 5pm.

This data gives the valid information for the designing of the shading system and the energy
required to be generated by PV panels.

In the following pages, the weather data is summarized based on the summer (Figure 4.15)
and winter (Figure 4.16) peaks that occur on the 14th of August and 8th of February
respectively.

In the Figure 4.15 & 4.16, basically show the maximum, minimum and average monthly
temperatures in Adana. In addition to that the dotted green line shows the relative humidity
while the solid green area shows the comfort zones for the particular months.

The graphs on the bottom right hand corner show the daily details for the summer peak,
14th of August and for the winter peak, 8th of February. The figures also tell us that the
between December and March, the building is required to be heated. While, between June,
and September the building is required to be cooled if we are to attain comfort conditions.
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Figure 4.15 — Monthly diurnal averages - summer peak
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Figure 4.16 — Monthly diurnal averages - winter peak
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4.2.7 Psychometric Chart

Psychrometric Chart

n: ADANA, TUR

Figure 4.17 — Psychometric Chart — Adana, Summer Period

The figures 4.17 and 4.18 show us where the comfort zone lies for sedentary activity zones
in Adana for summer and winter respectively.

From the summer comfort zone it is clear that the cumulative frequency of the temperature
remains between 20 and 25 ° C and the relative humidity also remains inside the comfort
band with 50 to 60 % for the most days of the summer. This indicates summer cooling in
our site with dehumidification during the days is required.

Again, from the winter comfort zone it is easily understood that the cumulative frequency for
temperature falls short of the comfort zone. The relative humidity on the other hand stays at
a comfortable level of 50% to 60%. Therefore, in the winter, we conclude, that we are
required to heat the incoming air while probably also humidifying it since when air is heated
without humidification the relative humidity decreases. If the relative humidity of the heated
air drops below comfort levels we shall humidify it in hopes of attaining comfort. However, if
we choose to heat the morning air, with considerably high relative humidity and low in
temperature, we lower the relative humidity while increasing the temperature of incoming
air.
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Psychro
Lot n: Al

Figure 4.18 — Psychometric Chart — Adana, Winter Period

4.2.8 Sun Path Diagram

Sun path refers to the apparent significant seasonal-and hourly positional changes of the sun
(and length of daylight) as the Earth rotates, and orbits around the sun. The relative position
of the sun is a major factor in the heat gain of buildings and in the performance of solar
energy systems. Accurate location-specific knowledge of sun path and climatic conditions is
essential for economic decisions about solar collector area, orientation, landscaping, summer
shading, and the cost-effective use of solar trackers.

For Cukurova Municipality Hall & Cultural Center, the shape, the position, and the internal
distribution, was decided considering the architectural concepts and the sun path together. It
was decided to accommodate the atrium and the internal gardens towards the Southern side
of the building, in order to get natural illumination, positive incident solar radiation, and to
have the perception of the “democratic valley”. There are two types of offices according to
the layout. First one is the one that faces towards the atrium at the south and the second
type is the one facing north fagade. This was established in order to avoid negative effect of
solar radiation.
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21% of July 21% of December

Figure 4.19 — Sun Path Diagrams

M.Sc. Architectural Engineering — Politecnico di Milano 136



TECHNOLOGICAL DESIGN

4.3 Daylight Analysis

The use of natural light has always been treated with care in building design, as to provide
better quality lighting and living conditions inside an environment, and to reduce the need
for the artificial light in terms of quantity and time, cutting the electric power consumption as
a direct consequence.

As the function of the building is office space we will calculate the lighting levels for surfaces
at 60 cm as work desk height. Since the glazing for the offices are oriented towards the
north, it is very favorable use of natural light. External and internal shaders help with
potential glare problems while they keep the daylight levels at a satisfactory rate.

The daylight factor is used to calculate illuminance levels at each point on the analyzed
surface at any time of day for any day of the year.

The average values for daylight factor for residential use are:

. <2% — Not adequately lit — artificial lighting will be required.
. 2% to 5% — Adequately lit but artificial lighting may be in use for part of the time.
. >6% — Well lit — artificial lighting generally not required except at dawn and dusk —

but glare and solar gain may cause problems

Input conditions for daylight factor:

. Average window cleanliness — 0.9 transmittance reduction factor
. CIE overcast sky distribution model at 8500 lux illuminance
. Analyzed surface height 60 cm for working area in office space

Ground floor offices

Daylight Analysis
Daylight Factor---------- ot e g Ve et b Nt e st Lo R mgm e P pmmimm g e e —
Value RangerA154.24.5% .. L./ T ! ! : : : : ! ! : 3

\

OECOTECTW | |\

Average Value: 8.02 % H
Visible Nodes: 775

Figure 4.20a — Ground Floor Daylight Analysis — West Wing
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Daylight Analysis
Daylight Factor

Value Range: 4.5-245%
OECOTECTW

Average Value: 7.21 %
Visible Nodes: 1191

Figure 4.20b — Ground Floor Daylight Analysis — East Wing

Value range for ground floor offices is from 4.5 to 24.5% and the average value is 8.02%
and 7.21%, so we can conclude that the natural light levels are quite high, even the
minimum values are within the range for adequately lit. However there are possibilities of
glare problems, and therefore adjustable internal shading is placed to help with these issues.
Also the external shading devices made of perforated metal sheets are letting the light in,
while keeping glare out. Furthermore, as mentioned above, the orientation of the glazing is
north side, so there would be no direct sunlight during office hours, which is a plus for the
visual comfort.

First floor offices

Daylight Analysis /
Daylight Factor !

Value Range: 2.9-20.4 %
©ECOTECTS

Average Value: . 7.8 %
Visible Nodes: 770

Figure 4.21a — First Floor Daylight Analysis — West Wing
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Daylight Analysis 2;.%
Daylight Factor 135
Value Range: 2.7-20.3% -

OECOTECTW 16.7

plalo|lw|e
il I el PP

Average Value: 7.5 %
Visible Nodes: 1145

Figure 4.21b — First Floor Daylight Analysis — East Wing

At first floor level offices we see almost the same results, with value range from 2.9-20.4%
and 2.7-20.3% and the average at 7.8% and 7.5%, we see that also these offices are well lit
spaces, with concerns being possible glare problems. Continuous perforated metal shading
devices on the exterior of the north facade partly cover also offices at this floor level, while
the interior blinds are placed covering the whole glazing area to deal with these issues.

Second floor offices

Daylight Analysis
Daylight Factor

Value Range: 2.8-22.8 %
©ECOTECTS

........................................................

.........................................................

| Average Value: 9.79 %
i Visible Nodes: 732
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Figure 4.22a — Second Floor Daylight Analysis — West Wing
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Daylight Analysis - e RN R s e RS
| Daylight Factor : \ : 190
! Value Range: 1.0-21.0% : : : : : g ST A ) :
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: Visible Nodes: 1000

Figure 4.22b — Second Floor Daylight Analysis — East Wing

Daylight factor value range at second floor level is 1-21% and 2.8-22.8%, and the average
8.44% and 9.79%. As previously concluded for higher average level, with minimum slightly
below adequately lit limits, the internal shading devices together with exterior shaders will
help neutralize the glare effects.

Third floor offices

Daylight Analysis .
Daylight Factor.. ;.. i g i b b b a o b b TN LN A 8 £ S N N Bt ot B B PO g -
Valué Range: 3.9 - 226 % : : H 1 H . ) g
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Average Value: 9.06 %
Visible Nodes: 1170

Figure 4.23a — Third Floor Daylight Analysis — West Wing
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Daylight Factor
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Figure 4.23b — Third Floor Daylight Analysis—East Wing

Daylight factor value range at third floor level is 3.9-22.6% and 3.5-21.9%, and the average
9.06% and 8.6%. As previously concluded for higher average level, with minimum within
adequately lit limits, the internal shading devices together with exterior shaders will help
neutralize the glare effects.

Fourth floor offices

Daylight Analysis S
Daylight Factor I~ s
Value Range: 2.9-216 % £ g s

OECOTECTS b 17.9

MEREEEREE s
@ e s a|w E

Average Value: 8.1 %
Visible Nodes: 1444

Figure 4.24a — Fourth Floor Daylight Analysis — West Wing
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Daylight Analysis sy s
Daylight Factor P L o
Value Range: 3.2-221% e <
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Average Value: 84 %
Visible Nodes: 1119

Figure 4.24b — Fourth Floor Daylight Analysis — West Wing

Daylight factor value range at fourth floor level is 2.9-21.6% and 3.2-22.1%, and the
average 8.4% and 8.1%. As previously concluded for higher average level, with minimum
within adequately lit limits, the internal shading devices together with exterior shaders will
help neutralize the glare effects.

4.4 Heating & Cooling Loads / Thermal Analysis

Building is @ man-made shelter to provide for quality space to spend certain amount of time
in pleasant surroundings. Thermal comfort of the occupied space is an important factor and
special care is dedicated to achieving thermal performance and comfort whilst keeping the
energy consumption low. The building envelope is the interaction place between the outdoor
and indoor environment, and its components and their arrangement is the most influential
factor in the thermal performance of the whole system and its energy consumption.

Objective

The objective of a building design is to provide a quality environment to the users. The
approach is to obtain knowledge about the behavior of all factors influencing thermal
performance, and having also analyzed the comfort conditions for the given environment, we
can optimize the parameters to achieve the desired goal. Depending on priorities, building
and operating costs, or thermal loads or thermal discomfort, or energy consumption can be
minimized.

Output

Heating and cooling loads are the amount of energy which a space needs to be added in or
removed from in order to achieve the desired levels of thermal comfort and air quality, either
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by mechanical or natural systems, or both. Once the loads are known, understood and
analyzed, one can begin to design and size these systems according to the results. The
values obtained from the thermal analysis will be a guideline to choosing the equipment,
sizing ducts to provide conditioned air to spaces and size the HVAC system.

Simulation

Ecotect software has been used to evaluate the thermal properties such as annual heating
and cooling loads of the project building. The Mixed mode system is used to apply the
heating and cooling loads to the environment, since it is the system which combines the air-
conditioning with the natural ventilation, while the HVAC shuts the supply down whenever
the outside conditions meet the design conditions.

Material Input

In Ecotect software we can assign the properties of the layers and components to our model
by adding U-value and layers. In order to insert the necessary information we have
calculated the thermal conductivities of the building envelope, intermediate floors and
partition walls. Below the thermal conductivities of the indicated elements are shown:

Green roof
) Thermal )
Layer R Thickness [ conductivity | Resistance Upward flux
s (m) AW/m.k) R (m2.k/W) | hi=0,1 ; he=0,04
Outside
External surface 0,17
Roof Vegetation
|l
2 Filter membrane
3 Drainage layer 0,08 0,2 0,40
4 | Water insulation 0,08 0,170 0,47

5 Vapour barrier

XPS rigid thermal

6 insulation 0,08 0,03 2,67
7 Concrete slab 0,2 1,7 0,12
8 Air gap 0,6
9 Mineral wool 0,05 0,035 1,43
10 Ellasspt:rr\?jcé?jrccjeiling 0,015 0,16 0,09
Internal surface 0,04
Inside
Total 1,255 2,895 5,6372

U-value (w/m2k) | 0,18

Table 4.1 — Thermal Conductivity Calculation for Green Roof
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Basement Floor
_ Thermal _
Layer — Thickness | conductivity | Resistance [ Downward flux
s (m) AW/m.k) R (m2.k/W) [ hi=0,17 ; he=0,04
Inside
Internal surface 0,17
1 Epoxy floor finish
R
3 ?;Psilggfntherma' 0,1 0,03 3,33
4 Separation sheet
polyethylene
5 Eoer']'fr‘;rt‘;ed 0,12 1,7 0,07
6 Igloo 0,5 0,4 1,25
7 Eoer']rgr‘;rtceed 0,12 1,7 0,07
8 Gravel 0,4 1,5 0,27
External surface 0,04
Total 1,29 7,03 5,2306
U-value (w/m2k) | 0,19
Table 4.2 — Thermal Conductivity Calculation for Basement Floor
Intermediate Floor
_ Thermal _
Layer — Thickness | conductivity | Resistance Upward flux
s (m) AW/m.k) R (m2.k/W) | hi=0,1 ; he=0,04
Inside
Internal surface 0,135
1 Natural stone tile 0,015 2 0,01
2 Woodcore panel 0,03 0,1 0,30
3 Air gap 0,105
4 Concrete slab 0,15 1,7 0,09
5 Air gap 0,51
6 Mineral wool 0,05 0,035 1,43
Internal surface 0,135
Inside
Total 0,86 3,835 2,0943
U-value (w/m2k) | 0,48

Table 4.3 — Thermal Conductivity Calculation for Indermediate Floor
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Partition Wall W1

_ Thermal _ _
Layer — Thickness | conductivity | Ressistance Vertical flux
s (m) AW/m.k) R (m2.k/W) [ hi=0,13 ; he=0,04
Inside
Internal surface 0,13
1 Gypsum board 0,0125 0,16 0,08
2 Gypsum board 0,0125 0,16 0,08
3 Mineral wool 0,04 0,035 1,14
4 Service gap
5 Mineral wool 0,04 0,035 1,14
6 Gypsum board 0,0125 0,16 0,08
7 Gypsum board 0,0125 0,16 0,08
External surface 0,04
Outside
Total 0,13 0,71 2,7682
U-value (w/m2k) | 0,36

Table 4.4 — Thermal Conductivity Calculation for Partition Wall

In addition to the above calculations we have acquired the thermal conductivity of the
facade directly from the application provided by a manufacturer:

Gilazing from extemal to intermal
Pane 1 Pane 2
8 mm Float Glass ExtraClear |S i Float Glass ExtraClear
SunGuard SNX 60028 076mm PVE Clear
& mm Float Glass ExtraClear
Spacer 1-16 mm
10% Alr
0% Argon
Resulis
Visible Bght (EN 410 - 2011) 410- 2011
transmittance [%] T.= 58,4 | solar factor [%] g= 278
reflectance external [H] pe = 12,2| shading coefficient [g/0.87] sc= 0,32
reflectance internal [%] pe= 14,1 direct transmittance [%)] Ta = 24,6
general colour rendering index [%] Ra= 91,8 direct reflectance external [%] pa= 381
direct reflectance intermnal [%)] pe= 30,6
EM = 2011 direct absorption [%] a= 373
U-valua [Wi[m=K)] U= 10| UV transmittance [%] Tw= 01
slopea= 90° secondary intermal heat transfer factor [%] g,= 3.2
Other data
estimated sound reduction index [dB] R, = NFD
{EN 717-1) C = NPD
Cy = MPD

Figure 4.25 — Thermal Conductivity Calculation for Glazed Curtain Wall
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This is a sample of the material editing interface from Ecotect:

Autodesk Ecotect - Elements in Current Model | = ’
Model l Library I >  Properties I Layers I Acoustics I Advanced Export I No Highlight »
2 ;oiﬁs_d | [Partition_wall | [U-Value (w/m2K) 0.360
i, oi : =
2 Walls double plasterboard, mineral wool, service |~ |Admittance [W/m2.K): 12.200
, mineral wool, double plasterboard i 1) ;
----- B BrickCavityConcBlockPlaster P S RO LG PAER0A Sf:l.ar Abso'pt"".'" (0-1) : 0.435
_____ B BrickConcBlockPlaster ] Visible Transmittance (0-1): 0
..... B BrickPlaster Thermal Decrement (0-1):  0.77
AAAAA B Partition_wall Building Element: IWALL ZJ| Thermal Lag (hrs]: 4
----- B ConcBlockPlaster = —— |[SBEM]CM 1: .D
----- B2 ConcBlockRender > Walues given per: | Unit &rea (m2) | v || [[SBEM] CM 2 0
""" & DoubleBrickCavityPlaster = Thickness (mm): 195.0
----- B DoubleBrickCavityRender Lost per Lnk = _ Weight (kal: 1532598
_____ B DoubleBrickSolidPlaster Greenhouse Gas Emmision (kg): 0 gnt IxgJ: .
AAAAA B FramedPlasterboard 2 Initial Embt?dled Energy (Wh): . 0 e [Ederd
----- B FramedTimberPlaster Annual Ma!ntenance Energy (wh: |0 Colour (Reflect ). [IR0Ea0Y] [{R0EEN
..... B RammedE arth_300mm Annual Manr\tenance Costs: 0 Ertissiviy: 09 0.9
44444 B RammedE arth_500mm Expected Life (yrs): 0 Specularity: 0 0
----- ) HeverseBrickVeneer_m 5 External Reference 1: 0 Roughness: I I
----- B ReverseBrick¥eneer_R20 | |External Reference 2: 0
»»»»» B TimberCladMasonmy ~ | |LCAid Reference: 0 Set as Default | Undo Changes |
Delete Element... I Add New Element I << Add to Global Library | Help » I | Apply Changes I Close I

The U-values and layers for all the envelope components are as previously analyzed.
Energy Class

Once the loads are assessed, we can assign an energy class to the building to evaluate its
performance with respect to the annual energy consumption. The energy classes according
to international standards are:

Energy efficiency

Scale | Categories

More efficient
< 30 KWh/(m?® a)

= 50 kWh/{m? a)

< 70 KWh/(m* a)
< 90 KWh/(m?® a)
< 120 kWhi(m? a)
< 180 KWh/im® a)

> 180 KWh/(m?® a)

Less efficient

Figure 4.26 — Energy Class Rankings
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All visible thermal zones
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Figure 4.27 — Total Annual Heating And Cooling Demands
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The calculations show the graphical reproduction of total annual heating and cooling
demands for the entire office building. Only the actual office space and meeting rooms is
considered, as only they are heated, while the atrium acts as a non-heated buffer space
towards the south oriented facade which is completely glazed. The north facade is also
glazed but the solar heat gains are less than on the opposite side, hence the choice of such
orientation of offices. We can notice from the graph that heating load is much less than the
cooling loads, which is expected due to the location of the project (Adana, Turkey), and also
to the large glazing areas. However, the building still achieves quite satisfactory energy
efficiency standards.

Numerical data

MONTHLY HEATING/COOLING LOADS - All Visible Thermal Zones - Comfort: Zonal Bands
Max Heating: 84565 W at 17:00 on 16th January
Max Cooling: 120528 W at 13:00 on 15th August

HEATING COOLING TOTAL
MONTH
(Wh) (Wh) (Wh)
Jan 4582942 0 4582942
Feb 2970216 0 2970216
Mar 2722186 0 2722186
Apr 384961 597063 982024
May 609 958895 959504
Jun 0 7920280 7920280
Jul 0 12218123 12218123
Aug 0 14010144 14010144
Sep 0 8573869 8573869
Oct 0 2443750 2443750
Nov 756284 0 756284
Dec 2394274 0 2394274
TOTAL 13811473 46722120 60533592
PER M2 8296 28064 36360
Floor Area: 1664.823 m2

Table 4.5 — Monthly Heating And Cooling Demands
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Notices:

For the whole office building the total energy demand is 36.36 kWh/m?year, which
corresponds to the B energy class building according to the international energy certification.
As we can notice the heating demand is slightly high, which is due in great length to large
glazing areas, increasing immensely the solar heat gains. The result is given for all visible
thermal zones, that is for all the office space within the building.

4.5 Building Service Systems

4.5.1 Heating & Cooling
4.5.1.1 Zoned Air-Conditioning System

Choosing the air-conditioning system of the building is as much as important as designing
the passive solar systems of the building. The air-conditioning system considered so far
provides a single source of air with uniform temperature to the entire space, controlled by
one space thermostat and one space humidistat.

However, in many buildings there are a variety of spaces with different users and varying
thermal loads. These varying loads may be due to different inside uses of the spaces, or due
to changes in cooling loads because the sun shines into some spaces and not others. Thus
our simple system, which supplies a single source of heating or cooling, must be modified to
provide independent, variable cooling or heating to each space. Since our building
accommodates different types of spaces we have divided it into zones in means of air-
conditioning; such as atriums, offices, performance hall, foyer & back of house areas

There are four types of zoned air conditioning systems: all-air systems, air-and-water
systems, all-water systems and unitary, refrigeration-based systems. Within these four
systems we have chosen all-air systems for our design. The advantages of this system are;

— Maintenance is performed in unoccupied areas, since major equipment is centrally
located.

— No drain piping or power wiring or compressors are located in occupied areas.

— Systems can include options such as air-side economizer, heat recovery, winter
humidification, and large outside air volumes where required.

— Good choice where close zone temperature and humidity control is required.

— Simple seasonal changeover

— Simultaneous cooling and heating in various zones.

All-air systems fall into two general categories - constant volume and variable air volume
(VAV). Constant air volume systems accomplish cooling and heating by varying the supply air
temperature and keeping the air volume constant. VAV systems keep the air temperature
constant and vary the air supply volume. VAV systems are easy to control, are energy
efficient, and allow fairly good room control. We have chosen VAV systems since they are
more efficient and more suitable for our building.
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VARIABLE VOLUME
DAMPERS

—_== =l === =

Figure 4.28 — Variable Air Volume System

A geothermal forced-air system is similar to a conventional furnace forced-air system except
a geothermal heat pump provides the heat rather than a furnace using gas, electricity, or
fuel oil. The geothermal heat pump utilizes ductwork to distribute heat to the building in the
winter and cool air in the summer.
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Figure 4.29 — Closed loop ground coupled heat pump system connection with the all-air HVAC system
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4.5.1.2 Natural Ventilation

Natural ventilation is the process of supplying and removing air through an indoor space by
natural means, meaning without the use of a fan or other mechanical system. It uses
outdoor air flow caused by pressure differences between the building and its surrounding to
provide ventilation and space cooling.

The use of natural ventilation is definitely an advantage with the raising concerns regarding
the cost and environmental impact of energy use. Not only does natural ventilation provide
ventilation (outdoor air) to ensure safe healthy and comfortable conditions for building
occupants without the use of fans, it also provides free cooling without the use of
mechanical systems. When carefully designed, natural ventilation can reduce building
construction costs and operation costs and reduce the energy consumption for air-
conditioning and circulating fans.

There are basically two types of natural ventilation that can be employed in a building: wind
driven ventilation and stack ventilation. Both of which are caused by naturally occurring
pressure differences. Stack ventilation is where air is driven through the building by vertical
pressure differences developed by thermal buoyancy. The warm air inside the building is less
dense than cooler air outside, and thus will try to escape from openings high up in the
building envelope; cooler denser air will enter openings lower down. The process will
continue if the air entering the building is continuously heated, typically by casual or solar
gains. The atrium, shown in the figure below, creates a good environment for natural
ventilation. And the section of the mass gives us to opportunity to use stack ventilation.

group meeting room

I | S——

office

PR SESSSESE

atrium circulation
area

u:M RRImID
LS

office BRI 1mm

b e Sy

electromechanical
rogm

Figure 4.30 — Partial Section of the Building

The problem is; stack effect ventilation is an especially effective strategy in winter, when
indoor/outdoor temperature difference is at a maximum. Stack effect ventilation will not
work in summer (wind or humidity drivers would be preferred) because it requires that the
indoors be warmer than outdoors, an undesirable situation in summer. But keeping the
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atrium sealed air-tight turn this space into a green-house, especially during the weekends,
without the air-conditioning system running in the offices, the atrium space become hotter
than outdoor air temperature. During weekdays, with the air-conditioning running in the
offices, the conduction and infiltration leakages into the atrium space reduces its daily peak
operative temperature but not enough to keep it at comfortable level.

The best solution is to ventilate the atrium with open bottom & top with a temperature
control system. Open the ground floor and rooftop for natural ventilation whenever, the air
temperature of the indoor atrium space is higher than the outdoor air temperature. Close the
natural ventilation whenever, the outdoor air temperature is higher than the indoor atrium
space air temperature. This will allows colder outdoor air to cool the atrium space down
when the time is right and when the outdoor air is hot, keep the atrium space air-tight to
prevent it from heating up the space.

Due to the captured cooling that was conducted and infiltrated from the offices to the atrium
space, the peak operative temperature of the ground floor atrium space is lower than the
peak outdoor air temperature. In short, this strategy provides the best combination of
comfort and energy reduction scenario. Unfortunately, we are still unable to achieve comfort
condition at all time for the atrium space, thus we'll use geothermal heat pump whenever
the natural ventilation fails to achieve comfort level.
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Figure 4.31 — Natural Ventilation Scheme
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4.5.1.3 Geothermal Heat Pump

The shallow ground or the upper 3 meters of the Earth, maintains a nearly constant
temperature between 10° and 16°C. Like a cave, this ground temperature is warmer than
the air above it in the winter and cooler than the air in the summer. Geothermal heat pumps
take advantage of this resource to heat and cool buildings.

Geothermal heat pump systems consist of basically three parts: the ground heat exchanger,
the heat pump unit, and the air delivery system (ductwork). The heat exchanger is basically
a system of pipes called a loop, which is buried in the shallow ground near the building. A
fluid (usually water or a mixture of water and antifreeze) circulates through the pipes to
absorb or relinquish heat within the ground.

Winter,

The ground temperature in winter
remains warmer than the air.

Winter, Winter,

Circulating liquid absorbs Geothermal unit extracts heat from warmed
heat from the Earth. liquid and heats the air to warm the house.

Figure 4.32 — Geothermal Heat Pump — Winter Scheme

M.Sc. Architectural Engineering — Politecnico di Milano 153



TECHNOLOGICAL DESIGN

Summer _ Summer;

The geothermal unit extracts heat from the
air and removes it by heating the liquid. The
cooled air is returned to the house.

The ground temperature in summer remains The cooled liquid is returned back to the
cooler than the air temperature. geothermal unit to repeat the process.

Figure 4.33 — Geothermal Heat Pump — Summer Scheme

In the winter, the heat pump removes heat from the heat exchanger and pumps it into the
indoor air delivery system. In the summer, the process is reversed, and the heat pump
moves heat from the indoor air into the heat exchanger. The heat removed from the indoor
air during the summer can also be used to heat water, providing a free source of hot water.

The net thermal efficiency of a heat pump should take into account the efficiency of
electricity generation and transmission, typically about 40%. Since a heat pump takes heat
from the ground, the total heat energy output to the building is greater than the electricity
input. This results in thermal efficiencies greater than 100%, up to around 150%.

Geothermal heat pumps use much less energy than conventional heating systems, since they
draw heat from the ground. They are also more efficient when cooling the building. Not only
does this save energy and money, it reduces air pollution.

Ground-source heat pumps are characterized by high capital costs and low operational costs
compared to other HVAC systems. Their overall economic benefit depends primarily on the
relative costs of electricity and fuels, which are highly variable over time. Based on recent
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prices, ground-source heat pumps currently have lower operational costs than any other
conventional heating source almost everywhere in the world. In general, a savings of
anywhere from 20% to 70% annually on utilities can be achieved by switching from an
ordinary system to a ground-source system.

The U.S. Environmental Protection Agency (EPA) has called ground-source heat pumps the
most energy-efficient, environmentally clean, and cost-effective space conditioning systems
available. Heat pumps offer significant emission reductions potential, particularly where they
are used for both heating and cooling and where the electricity is produced from renewable
resources.

Ground-source heat pumps have unsurpassed thermal efficiencies and produce zero
emissions locally, but their electricity supply almost always includes components with high
greenhouse gas emissions. Their environmental impact therefore depends on the
characteristics of the electricity supply. Therefore, we propose to supply the required
electricity from PV panels which will be introduced in details in the coming chapters.

4.5.2 Space Air Diffusion

A ventilating system is intended to introduce air to or remove air from a space, to move air
without changing its temperature. With potentially high amount of different contaminants
present in indoor air, ventilating systems may be used to improve indoor air quality or to
improve thermal comfort. Obviously identifying indoor air quality (IAQ) problems and
developing solutions is extremely important in system design therefore it is necessary that
we integrate ventilation systems in our building. In fact the ventilation system used not only
removes air borne pollutants from the interior but also provide a thermally comfortable
indoor environment by cooling the internal space.

In the previous chapter we have expressed our intention to condition the supply air by
geothermal heat exchangers. In this chapter, how the supply air will be diffused into a room
will be discussed. As discussed in the previous chapters, the cooling is a more important
issue than heating due to the local climate characteristics; we have chosen mixing diffusion
which is more efficient in cooling scenario.

SECTION A-A -+
TEMPERATURE

COOLING

CONTROL

STAGNANT

SECTIONA-A - TEMPEEATURE "
CEILING HEATING

PLAN VIEW SIDE VIEW

Figure 4.34 — Space Air Diffusion System
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As seen in the figure above, the outlets will be mounted in the ceiling which will discharge
the air horizontally. Due to the Coanda effect the horizontally projected cool air stream will
drop to the floor while there may be a stagnant air zone during the heating scenario.

4.5.3 Water Conservation Strategies

Modern water use concepts for buildings aim on saving natural resources ensuring minimum
emissions like carbon dioxide and wastewater. Beside the ecological benefits, economic but
also additional benefits arise: using the internal water cycle as a visible design element and
improving the climate within the building at the same time. In contrast to easily accountable
benefits like reduced freshwater consumption the former are more difficult to account for.

Large office buildings can consume between 15,000 to 50,000 kL of fresh potable water per
annum. In buildings without cooling towers, up to 75% of this water may be used for toilet
and urinal flushing, evenly split between the two.

The advent of waterless urinal technology eliminates the need to flush down a small amount
of urine with five to ten liters of perfectly good drinking water. Using the latest low flush
toilets can cut toilet water consumption by 30 to 50%. It increases the proportion of water
consumed by taps considerably, even if all taps are flow restricted.

In this changed water balance, 40% of the total water supply to an office building may be
used in taps and showers, zero for urinals and 50% for toilet flushing with 10% for the rest.
In new buildings, it is feasible to collect water from hand basins and showers in a separate
waste stack. This water is only lowly contaminated. It can easily be treated to the required
standards for reuse in toilet flushing.

Grey water can supply up to 60% of toilet flushing needs. The rest can be made up from
rainwater. Since there is an intrinsic link between toilet water use and greywater production
from hand washing after toilet use, only a small buffer storage is required. It ensures
compliance with most authority’s stipulations to not store gray water for more than 24 hours.
Linking gray water production and gray water reuse in such an obvious fashion, coupled

with rainwater harvesting and latest low flow or no flow water conserving technologies,

can reduce water consumption from office buildings by over 80%.

In order to accomplish a sustainable design reduction of water consumption is a great
challenge to overcome. Water scarcity is a rising problem of the world and water used in
buildings are one of the main reasons behind it. In line with our mission of setting a model
for sustainable architecture in Adana, our design seeks different ways of water conservation.
In our design we propose to use three water conservation strategies:

— Water saving measures: Low flush toilets and dry urinals
— Rainwater harvesting: Roof collection and outdoor storage in an open canal
— Gray water treatment: In-door CW treatment
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4.5.3.1 Multi-Source Harvesting System: Gray Water & Rain Water

The objective for any water harvesting system is to make it as efficient as possible in
replacing the greatest amount of potable municipal water with non-potable water collected
on the property. Often that can be accomplished by using water from one source — like
rooftop rainwater. But the more efficient system is to collect water from multiple on-site
sources such as rainwater and gray water from showers and sinks. Those same systems can
support multiple uses on-site like toilet flushing and above ground irrigation

Rainwater is a notoriously inconsistent source for harvesting, depending on variable rain
events day to day and week to week. In drier seasons, total average supply is often
insufficient to meet the demand for non-potable water, preventing a single-source rainwater
harvesting system from meeting a building’s water needs. And although grey water
harvesting provides a more consistent supply of water than rainwater alone, in office
buildings production of grey water is not constant. In this case, the best way to meet a
building’s total non-potable water demand is to combine multiple water sources to maximize
efficiency and thereby minimize the building’s impact on water resources and the
environment.

The ideal system would be able to meet the demand for water using untreated rainwater or
gray water, but there is need to address a potential health risk posed by these water
sources. The risk from rainwater is low, on the whole, where as gray water requires a higher
treatment level. However, once raw gray water is properly filtered and sanitized it
technically is no longer “gray water” and becomes a new standard of “on-site treated non-
potable water” just as rainwater and storm water do when they are properly treated. We can
then combine the treated water from multiple sources and use the “on-site treated non-
potable water” for many applications.

Overflow | Stormwater
' ' +1 Discharge
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top up water :
—-l Irrigation
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Hand Basins t Uniit
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Waterless
Urinals
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Figure 4.35 — Multi-Source Harvesting System
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We have proposed two design solutions for rain water harvesting. First of them is green
roofs. As introduced in the previous chapters, the complex has green roofs. Other than
aesthetics green roofs offer many advantages. Green roofs reduce total rain water runoff
volume and peak flows, improve building insulation properties and extend the expected life
of the roof’s base material. The green roofs allow for more consistent capture and provision

of harvested rainwater which gives the opportunity to reduce potable water consumption.

F-

Parapet Flashing

(edge of Mulch or matertals
bullding) to prevent wind
and rain srosion

>

- Dralnage

monAn®

2-6 Inches

Vegetation
(succulents, such as sedum;
herbs: grasses

G - Gravel Ballast (optional)

Separation structure
(optional)

- Structural roof support

- ‘Waterproof membrane
- Root barrter (If needed)

H-0Dnn

- Growth medium (soll)

Figure 4.36 — Green Roof Drainage System

The second design feature in our project for harvesting rain water is the rainwater canal.

The water features in our project act as an outdoor open canal. In the rainy seasons, when
the water level exceeds the canal height, the excessive water will be filtered and sent to rain

water storage tank.
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Figure 4.37 — Rainwater Storage Canal

4.5.3.2 Water Efficient Sanitary Appliances & Fittings

Even though our design proposes to use grey water as a water conservation strategy, the
installation of high efficient toilets into the building is a major support to reducing water
consumption. In order to reduce water conservation we have chosen several water & energy
efficient sanitary appliances & fittings.

Waterless urinals eliminate the need for flushing after usage. A waterless urinal cartridge
that is made out of non-stick, non-porous material and designed to work like a funnel in
installed in the urinal. Urine passes through the waterless system where the sealant forms a
barrier between it and the restroom space. The sealant is less dense than water allowing
urine to pass through and flow into the drain. The waterless urinal cartridge then collects
uric sediment translating into an odor-free restroom, clean pipes and zero water waste. The
cartridge also features an O ring, which provides an airtight barrier between the cartridge
and the urinal itself. The only maintenance required is routine cleaning of the fixture and an
easy change of the cartridge, two to four times per year (depending on the use). Roughly
5% of the world’s fresh water is used to carry away urine. A waterless urinal can save up to
151.000 liters of fresh water per year. A water free urinal also reduces sewerage costs due
to the fact that no supply water piping is required.

Waterless urinals is an effective way to reduce water consumption, but its range of usage is
limited, so the conservation. Thus we have chosen a high efficient toilet system which
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reduces the water consumption.

Instead of dual flush toilets we have chosen a double-

cyclone flushing system (a patented product by TOTO). The system to harness the power of
water and gravity to create a more powerful 1.28 GPF flush that maximizes cleaning action.
Using two nozzles (instead of rim holes), water can be used more efficiently for a better rim
and bowl wash, while directing more water to the siphon, for a more powerful flush. This

system’s main advantages are:

— Hole-free rim design means less trapped dirt and bacteria. and that means less cleaning.
— The dual-nozzle water propulsion system allows more water to be directed to the siphon.

In the figure below (left) the main principle of the mechanism is briefly explained.
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Valve for a Quick

= ‘%/ and powerful Flush
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o
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UniFit Rough-
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Installation Flexibillity
{on select models)

S __/""’ Complete Bowl Flush

—~ 7 Offers Easy Cleaning

Evenly Spaced, Precision
Molded Rim Holes for a

SanaGloss Glazing

Offers Easy Cleaning

Extra Large Shaped

/
Siphon Jet

for more Power \\

Elegant Suited Design \

l—[_m Helps Clean the Bowl
wllh Every Flush
Large 2.1~ Computer & - (on select models)
Redu:es Clogging >, . \\ ’ Large Water Surface |
—0

(on select models)

Figure 4.38 — High Efficiency Toilet Systems

Figure 4.39 — Self Sustaining Faucets

In addition to the high toilet systems, we have chosen
self-sustaining faucets. This item features both water &
energy conservation. It requires no electricity or routine
disposable battery replacement.

The turbine, powered by water, creates an electrical
current that is stored in rechargeable cells that power the
Smart Sensor System of either the faucet or valve. The
system replenishes its charge with as few as five uses a
day and is optimized at a mere 10 uses per day.
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4.5.4 Lighting

Lighting in an office environment has crucial importance. Office lighting systems are a
dominant user of electrical energy and a source of internal heat that often needs to be
removed from the space. Modern energy-efficient lamps, luminaires (fittings) and controls
can often reduce energy consumption by up to 50%. Specifying a well-controlled, high
quality, energy-efficient lighting system that can take advantage of available natural light can
provide an effective and comfortable working environment for occupants.

Reducing artificial lighting requirement of the building is the first goal of the design, but due
to the hot local climate, this issue has been considered in most effective way. The first step
to allow natural lighting without the effects of the solar radiation was the orientation of the
building itself. We have maximized north and south fagade exposure for daylight harvesting
to reduce lighting electrical loads while using shading element to reduce cooling loads
caused by solar gain on south facades. Also the shading element designed is made of
perforated metal which does not block the southern sunlight totally. The shading element
covers most of the south fagade for avoiding solar gains. The shading element is installed on
the north facade in strips just for aesthetics. As it can be seen from the below figure the
atriums face to south where there is also a huge natural ventilation opportunity. The offices
face either to the north fagade or atriums. Also the office spaces lay in north & south
direction.

# =
8 underground car park g

Figure 4.40 — Building Section
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Figure 4.41 — Perforated Metal Shading Element

Besides the orientation of the offices, office layout plays an important role in allowing natural
light and reducing artificial lighting. With the glass partitions between the office spaces the
natural light can glide into spaces that are not adjacent to the facade. Also open office
layouts give opportunity to reduce artificial lighting as well. Thus we have designed open
offices as much as the project brief has allowed as shown in the figure below.
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Figure 4.43 — Typical Office Layout

In the above paragraphs the methods for maximizing the natural light within the spaces
without negative effects of solar radiation is discussed. Even that the natural light is
maximized, artificial lighting is necessary in order to achieve comfortable working ambience.
Thus energy efficiency in artificial lighting is considered as well. In an office environment,
there needs to be ambience lighting instead of task/spot lighting. The most suitable way to
achieve that is to use discharge lamps instead of incandescent or led lighting. Discharge
lamps comprise two components — the light itself, and a ballast that controls the flow of
electric current through the light. Fluorescent tubes are the most efficient form of fluorescent
light. Modern triphosphor lamps are much more efficient than the older halophosphor types.
The latest T5 tubes produce about 5 to 6 times as much light output for the same energy
input as an incandescent lamp. They can last 15,000 hours or more. T5 tubes also use
energy efficient electronic ballasts rather than magnetic ballasts. So in the office space
lighting we propose to use T5 fluorescent tubes.
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4.6 Electricity Production - Solar Energy

The electricity from photovoltaic cells can be used for a wide range of applications from
power supplies for small consumer products to large power stations feeding electricity into
the grid. We applied such electricity generation system after analyzing the production
capacity by PVGIS (Photovoltaic Geographical Information System) located in a field within
the urban park. The system will be directly connected to the city grid. The main purpose of
using this system is not only to supply sufficient electricity to the building, but also supplying
electricity to the city as well.

Input for the PVGIS:

Adana, Turkey

Location: 37°0'0" North, 35°19'16" East, Elevation: 34 m a.s.l.,

Solar radiation database used: PVGIS-CMSAF

Nominal power of the PV system: 1.0 kW (crystalline silicon)

Estimated losses due to temperature and low irradiance: 11.6% (using local ambient
temperature)

Estimated loss due to angular reflectance effects: 2.6%

Other losses (cables, inverter etc.): 14.0%

Combined PV system losses: 25.9%

Output from the PVGIS:

Fixed system: inclination=33 deg.,

orientation=0 deg. (Optimum at given

orientation)
Month Ed Em Hd Hm
Jan 3.04 94.2 3.87 120
Feb 3.52 98.6 4.54 127
Mar 4.15 129 5.48 170
Apr 4.44 133 5.91 177
May 4.83 150 6.66 207
Jun 5.14 154 7.22 217
Jul 5.27 163 741 230
Aug 5.23 162 7.38 229
Sep 5.04 151 7.01 210
Oct 4.31 134 5.87 182
Nov 3.56 107 4.65 140
Dec 3.23 100 412 128
Year 4.32 131 5.85 178
Total for 1580 2130
year

Ed: Average daily electricity production from the given system (kWh)

Em: Average monthly electricity production from the given system (kWh)

Hd: Average daily sum of global irradiation per square meter received by the modules of the given system (KWh/m2)
Hm: Average sum of global irradiation per square meter received by the modules of the given system (kWh/m2)

Figure 4.44 — Solar Electricity Generation
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Figure 4.45 — Graphical Output from PVGIS

As it can be seen from the Figure 4.44 average monthly electricity production from the 33°
inclined fixed system with 1kWp peak PV power is 1580 kWh (Em). Assuming that the 1kwp
system is approximately 10 m2 of PV area, the electricity generated by 1 m2 PV panel in year
is 1896 kWh/m2-year. The area of the plot that the PV panels will be located allows 1250 m?2
of PV panel installation, which gives us the opportunity to generate 2.370.000 kWh-year. We
have analyzed a municipality building which has very similar electricity consumption
strategies and construction area (app. 20.000m2). The mentioned municipality hall in
Eskisehir, Turkey consumes 960.000 kWh-year. By integrating the PV panels to the city grid,
we will supply more electricity to the city than the electricity the building would use itself.

Our intention is not to be limited with the mentioned PV panels, but to use solar street lights
in order to light up the urban park. Since the urban park itself is almost as big as a
neighborhood we don't want to consume all the electricity generated by the PV panels to be
used for the urban park.

The solar street lights comprise of the photovoltaic cells, which absorb the solar energy
during daytime. The photovoltaic cells convert solar energy into electrical energy, which is
stored in the battery. At the night time the lamp starts automatically and it consumes the
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electricity already stored in the battery. During the day time the battery gets recharged and
the process keeps on repeating every day.
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Figure 4.46 — Proposed Solar Lighting System for the Urban Park

4.7 Details
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Drawing 4.1 — Key Section
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— Grass

— Intensive Substrate 150 mm

— Filter Membrane

—Drainage Layer 80 mm

— Water Insulation Membrane
—Rigid Thermal Insulation 80 mm
— Vapour Barrier

— Concrete Slab 200 mm

— Air Gap 600 mm

— Mineral Wool 50 mm

— Plaster Board Suspended Ceiling 15 mm

Precast Concrete Panel

Insulated Spandrel Glass

‘ i Aluminium Transom 100 x60 mm

| Glazed Curtain Wall

' ' Perforated Corten Steel Shading Element

Drawing 4.2 — Roof Detail (1)
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—Natural Stone Tile 150 mm
—Woodcore Panel 30 mm

—Air Gap 105 mm

— Concrete Slab 200 mm

— Air Gap 600 mm

—Mineral Wool 50 mm

— Plaster Board Suspended Ceiling 15 mm

Glazed Curtain Wall

Insulated Spandrel Glass

Perforated Corten Steel
Shading Element

Aluminium Transom 100 x60 mm

Drawing 4.3 — Intermediate Floor Detail (2)
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Glazed Curtain Wall

— Natural Stone Tile 150 mm

— Woodcore Panel 30 mm

— Air Gap 105 mm

— Concrete Slab 200 mm

— Air Gap 600 mm

— Mineral Wool 50 mm

— Plaster Board Suspended Ceiling 15 mm

— Stainless Steel Grill

— Timber Deck
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Drawing 4.4 — Ground Floor Detail (3)
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From Outside to Inside

Granular Earth Fill

Gravel

Protective Brick Wall 120 mm

XPS Rigid Thermal Insulation 50+50 mm
Bituminous Sheet Waterproofing 6+6 mm
Reinforced Concrete Lean Wall 300 mm
Concrete Dust Proofer

— Epoxy Floor Finish

I— Self Levelling Screed Layer50 mm

I— XPS Rigid Thermal Insulation 50+50 mm
|— Separation Sheet - Polyethylene

I— Reinforced Concrete 120 mm

— Iglu 500 mm

I— Reinforced Concrete 120 mm

— Gravel

I
I11

‘—LT 4
I
Il

-1
I
I

2
1

ST LR T S EL LI P AT

A

vt

o
&
Xt
L

Drawing 4.5 — Basement Floor Detail (4)
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Exterior @Inner Pane - Laminated Clear Glass 6+0.76+6 mm
@Spacer/gas - %10 air, %90 argon 16 mm
@Outer Pane - Clear Glass - Coating on Inner Face 8 mm
@ Perforated Corten-Steel Shading Element 2 mm

Drawing 4.6 — Glazed Curtain Wall Detail

Exterior

@Monolithic toughened glass with enameled ceramic paint 10 mm
(2) Mineral Wool 80 mm
@Galvanised steel back panel 2 mm

Drawing 4.7 — Insulated Glass Spandrel Detail
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@Acrylic bonded water based paint

@Double gypsum board 25 mm
@Mineral Wall 40 mm
@Air gap 10 mm
@Mineral Wall 40 mm
@ Double gypsum board 25 mm
@Acrylic bonded water based paint

Drawing 4.8 — Opaque Office Partition Wall

Acoustic Double Glazing
Channel

(1) Laminated Tempered Glass (Interior) 12 mm
@Air Gap 76 mm
@Clear Tempered Glass 12 mm

Acoustic Double Glazing
Channel

Glazing Packer

Drawing 4.9 — Transparent Office Partition Wall
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Chapter Five - Structural analysis and design

5.1. Introduction

“Structural design can be defined as a mixture of art and science, combining the engineer’s
feeling for the behavior of a structure with a sound knowledge of the principles of statics,
dynamics, mechanics of materials, and a structural analysis, to produce a safe economical
structure that will serve its intended purpose.” (Salmon and Johnson 1990)

The first step was to define the structural system and materials. After a thorough analysis of
different structural systems and the building’s characteristics, the traditional reinforced
concrete frame structure was chosen to be most convenient due to the following
advantages:

1. Strength: the main advantage of reinforce concrete is its strength.

Safety: Better resistance to fire, earthquake, accidental actions on a structure if
correctly designed and detailed.

Economy: lower price in the interested region

Durability: long service life with low maintenance cost

Insulation: high degree of thermal and sound insulation.

Ease and Versatility: the reinforced cast in place concrete is fairly easy to work with
and any shape.

N

ounhw

As a primary design code for reinforced concrete structures following were used

. Eurocode 0: EN 1990:Basis of structural design

. Eurocode 1: EN 1991: (Eurocode 1) Actions on structures

. Eurocode 2:EN 1992: (Eurocode 2) Design of concrete structures

. Eurocode 2:EN 1998: (Eurocode 8) Design of structures for earthquake resistance

The latest edition of this codes is dated 2004 and is the main reference of this design.
Moreover, Turkish design codes for used for calculation of loads on the structure such as
snow, wind and seismic.

5.2 Structural analysis

5.2.1 Building description

The municipality hall and cultural center consists of two separate buildings and a central part
that connects them. In present thesis work only one building will be modeled, analyzed and
designed.

As a foundation for the building a mat foundation was chosen to transfer vertical and
overturning moments to soil, this type of foundation has several advantages over separate
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shallow footings such as uniform settlement, good distribution of stresses on soil, good
seismic resistance. Depending on the geological and geotechnical site tests a piled slab is a
possible solution.

The frame system consists of columns, beam, two-way slab and nuclear cores by stair and
elevators shafts, all casted on site.

5.2.2. Loads analysis

Eurocode classifies actions on the buildings as permanent and variable loads and gives some
design guidelines on calculations of characteristic values. Afterwards the combinations of
actions shall be calculated for verifications of various limit states. Nonetheless Eurocode
provides partial factors for each applicable combination of actions; it is engineers’
responsibility to identify the most critical load cases for each combination.

e Permanent actions, are any actions that are presented on the structure permanently
during whole service life of it, these include:
Self-weight of structural elements (G;)
Self-weight of all non-structural elements such as exterior cladding, permanent
partitions and fixtures, ceilings and static machinery(G,)
Soil weight pressure (Gs)
Hydrostatic pressure of groundwater if present
Expected differential settlements and deformations loads.

e Variable vertical actions include loads coming from people, snow; and horizontal
variable actions such as wind (Qi, Q,, Qs, Q;,).

e Seismic: ground acceleration, spectral response.

¢ Combinations

5.2.2.1. Permanent loads

The self-weight of the load bearing elements is calculated directly by the software code
using the geometry in the model and the characteristics of the materials.

The self-weight of the non-structural elements and soil is introduced in the model manually
using distributed and concentrated loads which are then transformed into masses for the
seismic analysis.
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(D—
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(7 Plasterboard

( 17)Natural Stone Tile 15 mm

(2)woodcore Panel 30 mm

] 105 mm

(#)concrete Slab 200 mm

510 mm

(6) Mineral Wool 50 mm
Plasterboard- 12.5 mm

Drawing 5.1. Floor layers for permanent loads.

Load name Load (kN/m2)
Suspended ceiling package 0.4
Elevated floor package 0.5
Mechanical systems 3.0

Total: 3.9

Moreover, the roof is covered with layer of grass and intensive substrate. For safety
purposes it was considered that the layer is water saturated with density, p=1800kg/m3.
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—Grass

[—Intensive Substrate 150 mm
[—Filter Membrane

[—Drainage Layer 80 mm
[—Water Insulation Membrane
—Rigid Thermal Insulation 80 mm
[—Vapour Barrier

[—Concrete Slab 200 mm

[—Air Gap 600 mm

—Mineral Wool 50 mm

(—Plaster Board Suspended Ceiling 15 mm

Precast Concrete Panel

Insulated Spandrel Glass

Aluminium Transom 100 x60 mm

Glazed Curtain Wall

‘ ‘J— Perforated Corten Steel Shading Element

Drawing 5.2. Roof layers for permanent loads

Load name Load (kN/m2)

Suspended ceiling package 0.4

Insulation package+drainage 0.5
layer

Intensive substrate and grass 3.0
Mechanical systems 3.0

Total: 6.9
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5.2.2.2. Variable loads
IMPOSED LOADS OCCUPANCY (Qy)

Imposed loads on buildings are those arising from occupancy. These loads include:

normal use by persons;

furniture and moveable objects (e.g. moveable partitions, storage, the contents of
containers);

vehicles;

anticipating rare events, such as concentrations of persons or of furniture, or the
moving or stacking of objects which may occur during reorganization or redecoration.

For the determination of the imposed loads, floor and roof areas in buildings should be sub-
divided into categories according to their use. The categories are shown in the table below.

Category Specific Use Example
A Areas for domestic and | Rooms in residential bwildings and houses;
residential activities bedrooms and wards in hespitals;
bedrooms in hotels and hostels kitchens and
toilets.
B Office areas
C Areas where people may | C1: Areas with tables, ete.

congregate  (with the | e g areas in schools, cafés, restaurants, dining
exception of areas defined | halls, reading reoms, receptions.

under category A. B, and
D' C2: Areas with fixed seats,

eg areas in churches, theatres or cinemas,
conference rooms, lecture halls, assembly
halls, waiting reoms, raillway waiting rooms.

C3: Areas without obstacles for moving
people, ez areas in museums. exhibition
rooms, etc. and access areas in public and
administration  bwildings, hotels, hospitals,
railway station forecourts.

C4: Areas with possible physical activities,
e.g. dance halls, gymnastic rooms, stages.

C5: Areas susceptible to large crowds, e.g. in
buildings for public events like concert halls,
sports halls including stands, terraces and
access areas and rallway platforms.

D Shopping areas D1: Areas in general retail shops

D: Areas in department stores

Table 5.1. Categories of use [TS EN 1991-1-1]
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Table below shows imposed variable loads according to TS EN 1991-1-1 that depend on the
function of a building or area of a building.

Categories of loaded areas i Ox
[KN/m’] [KN]

Category A

- Floors 1.5 to2.0 2.0t0 3.0

- Stairs 2.0 to4.0 2.0t04.0

- Balconies 2.5104.0 2.0t0 3.0

Category B 2.0t0 3.0 1.5to 4.5

Category C

-C1 2.0t0 3.0 3.0t04.0

-C2 3.0to 4.0 2,510 7.0 (4.0)

-C3 3.0to 5.0 4.0 to 7.0

-C4 4,5t0 5.0 3510 7.0

-Cs 5.0to 7.5 3.5t04.5

category D

-D1 4.0 to 5.0 3.5t0 7.0 (4.0)

-D2 4.0 to 5.0 3.5t 7.0

Figure 5.1 Imposed loads on floors, balconies and stairs in buildings [TS EN 1991-1-1]

In the building in interest there are mainly areas with use of B category, however there are
some zone with C category, in particular C2 and C3. As a conservative measure loads for C3
category were used for both C categories, 5kN/m?.

5.2.2.3. Roof Loads

Roofs shall be categorised according to their accessibility into three categories as
shown in Table 5.2.

Categories of Specific Use
loaded area
H Roofs not accessible except for normal maintenance and
repair.
I Roofs accessible with occupancy according to categories A to
D
K Roofs accessible for special services, such as helicopter
landing areas

Table 5.2 - Categorization of roofs [TS EN 1991-1-1]

The roof has no function and it is accessible only for normal maintenance and repair.
Therefore, the value of action on the roof is g¢ = 0.5 kN/m?
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5.2.2.4. Snow load

According to TS EN 1991-1-3 there are different factors that define design snow load on a
roof. These include:

shape of the roof

its thermal properties

the roughness of its surface

the amount of heat generated under the roof
the proximity of nearby buildings

the local meteorological climate

Snow load acting on a roof for the persistent design situation is defined by Eurocodes with
the following formula:

S = 1; Ce Gt Sy
where
Mi is the snow load shape coefficient (see Section 5.3 and Annex B)
Sk is the characteristic value of snow load on tile ground
C; is the thermal coefficient which is equal to 1 in our case

C. is the exposure coefficient

Topography C,
Windswept * 0.8
SR
Normal™ 1.0
Sheltered” 1.2
Windswept lopography: flat unobstructed areas exposed on all sides
without, or little shelter atforded by terrain, higher construction works or
trees
® Normal topography. areas where there is no significant removal of snow
by wind on construction work, because of terrain, other construction works
ofr lrees
Sheltered topography. areas in which the construction work being

considered is considerably lower than the surrounding terrain or
surrounded by high trees and/or surrounded by higher construction works

The standard gives recommended values of C. for different topographies which are shown in
the table above. In our case the exposure coefficient is equal to 1.

The standard gives a map for finding the characteristic value of snow load on tile ground
which is shown below. Adana is in zone I and because it lies 23 m above sea level, the
characteristic snow load ,sy, is 0.75kN/m?.
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Figure 5.2. Map of snow zone of Turkey according to TS EN 1991-1-3

Elevation of Zones

the location

(m | [l 1 IV
<200 075 075 075 0.75
300 0.7 075 075 0.80
400 0.7 075 075 0.80
S00 0.5 075 075 0.85
600 0.7 075 080 0.90
700 0.7 075 085 0.95
800 0.80 0.85 1.25 1.40
800 0.80 0.85 1.30 1.50
1000 0.80 1.05 .35 1.60
»>1000 and <1500 a a a a
»>1500 b b b

a The values corresponding to ‘1000 m are increased by 10%.
b The values corresponding to ‘1000 m are increased by 15%.

Figure 5.3. Design Ground Snow Load (sk) Values according to TS EN 1991-1-3 [2] (kN/m2)

The structure in interest has monopitch roof, thus snow load shape coefficient for this case is
shown in figure below.
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HA

Figure 5.4. Snow load shape coefficient — monopitch roof

The values are reported in the table below.

Angle of pitch of roof « 0° g a<30° 30° < @ < 6B0° = 607

Hy 0.8 0.8(60 - a)/30 0.0 I

[ 0.8 +0.8 /30 1.6 - |

Table 5.3. Snow load shape coefficients

As the structure has varying slope from 10 to 32°. Therefore, to simplify one coefficient is
used for different cases.

Thus, the snow load is

s=0.8*1*1*0.75= 0.6 kN/m?

5.2.2.5. Wind loads

The wind actions calculated using EN 1991-1-4 are characteristic values (See EN 1990,4.1.2).
They are determined from the basic values of wind velocity or the velocity pressure. In
accordance with EN 1990 4.1.2 the basic values are characteristic values having annual
probabilities of exceedence of 0,02, which is equivalent to a mean return period of 50 years.
The effect of the wind on the structure (i.e. the response of the structure), depends on the
size, shape and dynamic properties of the structure. The response of structures should be
calculated according to Section 5 from the peak velocity pressure, g, at the reference
height in the undisturbed wind field, the force and pressure coefficients and the structural
factor cscqy (see Section 6). g, depends on the wind climate, the terrain roughness and
orography, and the reference height. q, is equal to the mean velocity pressure plus a
contribution from short-term pressure fluctuations.

The wind action is represented in the model by a simplified set of pressures or forces whose
effects are equivalent to the extreme effects of the turbulent wind.

M.Sc. Architectural Engineering — Politecnico di Milano 181



STRUCTURAL DESIGN

The mean wind velocity v, should be determined from the basic wind velocity v, which
depends on the wind climate and the height variation of the wind determined from the
terrain roughness and orography. The basic wind velocity is given by the following formula,

vb = C::Ir ’ Caeasm ’ ll"'rl.'r.l‘l-

where:

Vp,0 is the fundamental value of the basic wind velocity.

Cqir is the directional factor; in this case the recommended value 1 is used.
Cseason 1S the season factor; in this case the recommended value 1 is used.

The mean wind velocity vi,{z) at a height z above the terrain depends on the terrain
roughness and orography and on the basic wind velocity, v, and should be determined using
formula below.

V(2) = €,(2)-co(2) vy

where:
¢(z) is the roughness factor

Co(2) is the orography factor, taken as 1.0
q,(2)=[1+7-1,(2)]- - p-vi(2)=c,(2)-q,

where:

Ce(2) is the exposure factor

q = 1, )0 . V2
Qg is the basic velocity pressure °o? ’

Values z.» and z, are dependent on the terrain category and parameters. The category IV
was chosen.

) Zp Zmin
Terrain category
m m
0 Sea or coastal area exposed to the open sea 0,003 1
| Lakes or flat and horizontal area with negligible vegetation and 001 1
without obstacles '
Il Area with low vegetation such as grass and isolated obstacles 0.05 5

(trees, buildings) with separations of at least 20 obstacle heights

Il Area with regular cover of vegetation or buildings or with isolated
obstacles with separations of maximum 20 obstacle heights (such 03 5
as villages, suburban terrain, permanent forest)

IV Area in which at least 15 % of the surface is covered with buildings

and their average height exceeds 15 m 10 10

Table 5.4. Terrain categories and terrain parameters
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Vb 28 m/s
b 490 | N/m?
Terrain

cat. I\

Zo 1 m
Zmin 10 m

Z 22 m
Zimax 200 m
Zo11 0.05 m

K, 0.23

Oy 6.56

qx(2)

@ |va@ | W [N/m?*
0.54 15.11 | 0.43 576.32
0.72 20.28 | 0.32 839.24

After the peak velocity pressures were found for different heights, the pressures on the
external surfaces of the building are found by multiplying pressure coefficients.

We = qp (Ze)'cpe

—> j— Positive —v | "

—> pPOS internal neg

— — pressure ="

TAITFII I T TTIITP T
(a)

Figure 5.5. Pressure on surfaces
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5.2.2.6. Seismic loads

Turkey is an highly active seismically area as it lies in complex tectonic zone. Main part of
the country lies on the Anatolian plate which confines with Eurasian Plate in the north ,
African plate in the south and Arabian plate in the southwest. There are two major strike-slip
fault zones, the North Anatolian Fault and East Anatolian Fault.

Eurasian Plate

African Plate

Figure 5.6. Map of plate boundaries affecting Turkey

The recent major earthquake in Adana region was in 1998 with a magnitude 6.2 Mw
according to US Geological Survey. The event was about 30 km southeast of Adana and
killed 145 people and left 1,500 people wounded and many thousands homeless. The main
reason for such a high number of casualties and damage was inadequate seismic design of
buildings.

Therefore, it is the first priority to correctly identify seismic loads on the structures for the
correct seismic design.

Since Turkish national annex for EN 1998-1 is not prepared, the national seismic standard
“Specifications for structures to be built in disaster areas” to identify design seismic loads on
the structure.

The specification uses the response spectrum method for the seismic structural analysis.

The method requires the determination of a response spectrum from measured seismic
activity. This data is then reduced into a spectrum of seismic action versus T natural
frequency. The seismic action could be displacement, velocity, or acceleration, although the
typical value used is acceleration. Detailed information from the structural model was
coupled with the corresponding spectral values for each specific mode of vibration. The
independent results are then combined using an appropriate technique to determine the
response of the overall structure.
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EARTHQUAKE ZONNING MAP OF TURKEY *

I. degree -
II. degree l:l
11I. degree l:l

* Republic of Turkey Ministry of Public Works and Settlement, 1996
i IV, degree
it waz taken from "Analyse of Earthquake Zones with Geographical 0 120 Kilameter | l:l
Information System” book (it was prepared by B, Ozmen, M, Murlu W, degree l:l
and H. Giiler. 1997
City Center @
Disaster and Emergency Management Presidency
Earthquake Departrent
&nkara-TURKEY

City Border

Figure 5.7. Earthquake zones map

"Specifications for structures to be built in the disaster areas" refers to this map for the
calculation of acceleration values that will affect the construction.

Earthquake zones of Turkey classified as fallow due to expected acceleration values

1% degree earthquake zone: more than 0.4g

2" degree earthquake zone: between 0.3g and 0.4g
3" degree earthquake zone: between 0.2g - 0.3g
4™ degree earthquake zone: between 0.2g - 0.1g
5" degree earthquake zone: less than 0.1g

Adana corresponds to 2™ degree seismic zone with acceleration values between 0.3g to
0.4g.

The Spectral Acceleration Coefficient, A (T), which shall be considered as the basis for
the determination of seismic loads is given by equation below.
AM=AI1S(T)

where:

A, =0.3 is the effective ground acceleration coefficient for 2" seismic zone.

I = 1.4 is the building importance factor for intensively and long-term occupied buildings and

buildings preserving valuable goods
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S(T) is the spectrum coefficient which is determined by equations below

S(T)=1+1.5T1 0<T<T,)

S(T)=2.5 (T, <T <Ty)
oo 08

S(T)=2.5 | ?;—B\ (T, <T)

Spectrum characteristic periods, T, and Ty, appearing in Equation (2.2) are specified in table
2.4, depending on local site classes defined in Table 6.2.

Local Site Class Ty Ty
according to Table 6.2 | (second) | (second)

Z1 0.10 0.30

Z2 0.15 0.40

Z3 0.15 0.60

Z4 0.20 0.90

Table 5.5. Spectrum characteristic periods (TA, TB)

Soil Description of Standard Relative Unconfined. Drift Wave
Group Soil Group Penetration Density Compressive Velocity
(N/30) (%) Sfrg'j]‘l_'l]b (m/ SJ-
(kPa)

1. Massive volcanic rocks,
unweathered sound
metamorphic rocks, stiff

(A) | cemented sedimentary rocks — — > 1000 > 1000
2. Very dense sand, gravel... | =50 85— 100] — > 700
3. Hard clay and silty clay... | >32 — > 400 > 700
1. Soft volcanic rocks such as
tuff and agglomerate,
weathered cemented

(B) | sedimentary rocks with
planes of discontinuity...... _ . 500— 1000 | 700 — 1000
2. Dense sand, gravel.......... 30— 50 65— 85 _ 400 — 700
3. Very stiff clay, silty clay.. ;o _ 39 _ 200— 400 300— 700
1. Highly weathered soft
metamorphic rocks and
cemented sedimentary rocks

(C) with planes of discontinuity — _ < 500 400 — 700
2. Medium dense sand and
gravel......occooeeeeeeenoeee |10— 30 35— 65 — 200 — 400
3. Stiff clay and silty clay..... 8— 16 — 100 — 200 200 — 300
1. Soft, deep alluvial layers

D) with high ground water level — — — < 200
2. Loose sand........c.cccoeeenoe <10 <35 — < 200
3. Soft clay and silty clay..... <8 — < 100 < 200

Table 5.6 Soil groups
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Since the soil characteristics are missing, Z2 local site class was assumed for calculations.

Elastic Spectral Acceleration, S,. (T) which is the ordinate of Elastic Acceleration Spectrum

Local Site Soil Group according to Table 6.1 and
Class Topmost Soil Layer Thickness (hy)
71 Group (A) soils
Group (B) soils with h; = 15 m
72 Group (B) soils with #; > 15 m
Group (C) soils with h; = 15 m
73 Group (C) soils with 15 m< h; =50 m
Group (D) soils with ;< 10 m
74 Group (C) soils with #; > 50 m

Group (D) soils with ;> 10 m

Table 5.7 Local site classes

defined for 5 % damped rate is derived by multiplying Spectral Acceleration Coefficient with

gravity,g.

See (T) =A(T) g

The resulting elastic spectral acceleration is shown in the graph below.

S..(T)
1,200
1,000 m
I
= 0,800
=l
=
o
2z
3 0,600
L7}
g | \|
o
£ N
2 0,400 \
5]
0,200 \__—-..‘_*____
o r———
0,000
0,0 1,0 2,0 3,0 4,0 5,0
Period ,T (s)

6,0

Figure 5.8 Elastic spectral acceleration, S,;(T)
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Svm ms of Svsrwm of
) ) o ] Nominal High
BUILDING STRUCTURAL SYSTEM Ductility | Ductitity
Level Level
[ CASTIN-SITE REINFORCED CONCRETLE
i :

(1.1) Buildings in which seismic loads are fully resisted by

frames... 4 8

(1.2) Buﬂqus in Wthh seismic loads are full} |‘eslsled by

coupled structural walls... 4 7

(1.3) Buildings in Wthh seismic loads are full} I'E,Sl‘sled by

solid structural walls... 4 6

(1.4) Buildings in Wh]Ch seismic loads are Jomt]y remsted

by frames and solid and / or coupled structural walls............ 4 7

Table 5.8 Structural system behaviour factors for cast in place RC buildings (R)

For the design using mode superposition method a reduced acceleration spectrum ordinate is
taken into account in any n'th vibration mode and it is determined by

S.(T)
SaR {T;]] - ae n
R,(T,)
where
Rﬂ(T):1.5+(R—1.S)T1 (0<T<T,)
R.(T)=R § (T, <T)

The structural system of the building is a mixed one, where seismic loads are jointly resisted
by frames and walls and the high ductility level is chosen, which gives R=7 from the table
above.
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SaR(Tn)
0,3
0,2
=1
i)
et
o
Q
°
L=
L%
<L
™
g
Q
&o01 \
\_‘_‘—_‘_‘—_—_‘—-—h
—— e —
0
0,00 1,00 2,00 3,00 4,00 5,00
Period ,T (s)

Figure 5.9 Design response spectrum

5.2.2.7. Load combinations

Eurocode is based on the concept of the limit states together with the partial factor method.
It defines two different types of limit states, ultimate limit state and serviceability limit state.
The partial factor method the variables such as actions, resistances are given design values
through the use of partial factors and reduction coefficients.

The ultimate limit state verifications, where safety is of first priority, should be done for the
following states.

EQU. Loss of static equilibrium of the structure or any part of it.

STR. Internal failure or excessive deformation of the structure, its members
GEO. Failure or excessive deformation of the ground.

FAT. Fatigue failure of the structure or its members.

In this work only STR verification is performed and reported. The main condition of STR
ultimate limit state is as follows:

E <R,

where E; is the design value of the effect of actions
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Rqis the design value of the corresponding resistance

Moreover, Eurocode EN 1990 gives two alternative methods to find the effects of actions
using different combinations. For the simplicity the first method is chosen which considers
one combination as in figure below.

- 4 b A (74 3 A &L b A I
Z Y, Gk “H7 veP 7 ¥ Oka “+ 2 YQiVo, Ok,
i~1

i=1

In this combination expression the effects are governed by one variable action while other
variable actions are reduced with appropriate combination factor, . All actions are multiplied
by their safety factor , 5, to obtain design values.

The serviceability state limit concerns with the functioning of the building, the comfort of
people and the appearance.

For the serviceability limit states verification, three combinations should be taken into
account for different limiting design criteria.

e The characteristic (rare) combination is used mainly for verification of permanent and
irreversible damage.

Y G, 47 B Oy 7 2w, O,
j=1 i=1

e The frequent combination is used mainly for verification of temporary local damage,
deformations.

Y G P 0, Y 0,
=1

i=1

e The quasi-permanent combination is used mainly for verification of long term effects.

ZGH Gym o p sy Z;I.;LJQ“.
j=1 iz1

Partial Factor Permanent action, y, = 1.35
Variable action, y,=1.5
Combination factor Office areas, y,=0.7

Roofs, y,=0.7
Snow loads (at lower altitudes), y,=0.5
Wind loads, y,=0.5

Figure 5.10 Partial factors and combination factors for load combinations
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5.2.3. Modeling and analysis

For the structural analysis MIDAS Gen was used to model and to design the structure. Midas
Gen is a general-purpose structural analysis and optimal design system. The intuitive user
Interface, contemporary computer graphics and powerful solver are some of the highlights of
Midas Gen. The user-oriented input/output features and a wide range of analysis capabilities
enable to readily perform structural analysis and design for even complex and large
structures. Midas Gen utilizes the latest multi-frontal solver and analysis algorithms, which
instantly generate accurate and practical analysis results. In addition, Midas Gen provides
design capabilities using various international standards producing optimal design solutions.

o Model description
The analysis and verification of the safety of the structural elements occurs with the methods
of structural analysis of buildings. The structural analysis is conducted with the displacement
method for the assessment of stress deformation state induced by static loads. The seismic
structural analysis is conducted with the method of modal analysis and response spectrum in
terms of acceleration for the evaluation of the stress deformation state induced by dynamic
loads imposed on the building by an earthquake.

The structural analysis is performed with the finite element method. The above stated
method is based on the schematization of the structure in elements connected only in
correspondence with a predetermined number of points called nodes. The nodes are defined
by the three Cartesian coordinates in a global reference system. The unknowns of the
problem (in the context of the displacement method) are the displacement components of
the nodes referring to the global reference system (translations along X, Y, Z, rotations
around X, Y, Z). The solution of the problem is achieved with a system of linear algebraic
equations whose terms are made known by the loads acting on the structure suitably
concentrated at the nodes:

K * u = F where K = stiffness matrix
u = vector nodal displacements
F = vector nodal forces

From the displacements obtained and with solving the system the stresses on each element
are then deducted, generally referring to a local system of an element.

The reference system used is constituted by a right-handed XYZ Cartesian system of
coordinates. It was assumed the Z axis as being vertical and oriented upwards.

The elements used for the modeling of the static scheme of the structure are the following:

TRUSS element type (rod-D2)

BEAM element type (beam-D2)

Element type PLATE (plate-shell-D3)

Element type STIFFNESS (stiffness matrix)

Element type FLOOR (macro element consists of several membranes)

o Materials
For the main structural model elements (columns, beams, slabs, walls) were assigned with
reinforced concrete of class C35/45, having following characteristics:
fk=45Mpa characteristic cylinder compression strength
v=1.5 partial safety factor for concrete
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fed = Qecfek [ y=30MPa design compression strength
€.=0.002

€3=0.00175

€.,=0.0035

Ec=34GPa

For preliminary design the following stress-strain relation was used

Figure 5.11 Simplified rectangular stress distribution

with A=0.8 and n=1

For the detailed final design of cross-sections, the following stress-strain relationship was

used.
O-C

A

f:k

fea b A H

-
-

0 € Snu:l €.

Figure 5.12 Bilinear stress-strain relation

As for the reinforcement B450C class was used.

fx =450Mpa characteristic steel yield strength
v=1.15 partial safety factor for steel

K = Fx [ v.=391MPa design yield strength
Es=200GPa Elastic Modulus

As for the structural steel S235JR class was used.

fx =235Mpa steel yield strength

fu=360MPa tensile strength

Es=200GPa Elastic Modulus
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e Structural Model
In the following section the geometry, boundary conditions of the structural model are
shown.

i
il

” 058w WPV A AN
"R e

Figure 5.13 - 3D Front view

Figure 5.14 3D Back view
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Figure 5.15 Frame and walls

Figure 5.16 Plan +4 Level
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Figure 5.17 Plan +8 Level

Figure 5.18 Plan +12 Level
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Figure 5.19 Plan +16 Level

Figure 5.20 Plan of the roof
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The results of the analysis are shown below

Figure 5.22 Deformations of the slab at level +4
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Figure 5.24 Deformations of the slab at level +12
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Figure 5.27 Shear on beams for Ultimate limit state

Figure 5.28 Moment diagram of beams for Ultimate limit state
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Figure 5.29 Column moments My for Ultimate limit state

Figure 5.30 Column moments Mz for Ultimate limit state
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W

AL

Figure 5.33 Third mode of vibration

EIGENVALUE ANALYSIS
Mﬁde Freguency Period Tolerance

o (rad/zec) [cyclelsec) (sec)
1 121338 1.8311 0.5178 0.0000e+000
2 16.3319 25993 0.3847 0.0000e+000
3 248149 304594 0.2532 0.0000e+000
4 284715 45314 0.2207 0.0000e+000
5 40.06528 8.3773 0.1568 0.0000e+000
[ 43.9683 69978 01428 0.0000e+000
T 571735 9.0994 0.1089 0.0000e+000
2 66.7126 108176 0.0042 0.0000e+000
b ] 116.7120 185753 0.0532 0.0000e+000

10 125.3943 19.9571 0.0501 0.0000e+000

MODAL PARTICIPATION MA S PRINTOUT
Mode TRAN-X TRAN-Y TRAN-Z ROTN-X ROTN-Y ROTN-Z
Mo MASS(%) | SUM(%) | MASS(%) [ SUM(%) | MASS(%) | SUM{%) | MASS(%) | SUM{%) | MASS(%) | SUM(%) | MASS(%G) | SUM(%)

1 13.5699 13.5699 0.0518 0.0518 0.0009 0.0009 0.3968 0.3968 0.0969 0.0969 60.4936 50,4936
2 0.0553 13.6251 §9.0283 89.0801 0.0087 0.0098 17.0179 1T 4147 0.0100 0.1069 0.1332 606268
3 534112 67.0363 0.0765 69,1566 0.0028 0.0124 0.3728 17. 7875 1.4301 1.5869 10.5568 T1.1837
4 0.0232 67.0595 0.0074 69,1641 0.0167 0.0291 0.0055 17,7931 0.0151 1.6021 0.0534 T1.2521
5 0.4965 67.5561 0.5266 69 6906 0.2138 0.2429 0.0811 17.8541 0.0633 1.6653 0.1403 T1.3824
[+ 0.2247 87.7807 0.2281 659138 0.2637 0.5066 0.0530 17.5071 0.3115 1.9769 1.5355 T20279
T 0.7955 63.5762 12,2377 82.1564 0.0249 0.5315 6.9406 248558 0.0684 2.0452 0.0243 729522
] 8.1571 T6.7333 1.8389 83.9953 0.0609 0.5924 0.3075 25,1643 0.0745 21198 0.4373 733895
5 81012 82.8345 8.5385 525838 0.4915 1.0839 0.1475 253118 06724 27922 0.0131 T3.4026

10 5.9900 02 3246 44308 97.0646 0.1128 1.1967 0.44382 25.7590 0.3419 31341 1.3624 T4.7851

Figure 5.34 Modal analysis results
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5.2.4. Design and verifications

e Beams design

As for Eurocode capacity design first the beams should be designed before columns.

Below ultimate limit state design and verifications are represented.

midas Gen RC Beam Strength Checking Result
n mD—-\ Company Project Title
Author File Name C:\...\midas\model.str.final.mgb
1. Design Information
Design Code Eurocode2:04 Unit System kN, mm
Material Data fck = 0.045, fyk =0.45, fyw = 0.45 kN/mm~2
Section Property 6040 (No : 2) Beam Span 8000 mm
2. Section Diagram
[END-I] [MID] [END-J]
@ o .
E:I: LA X J b L X KN | EI: (X AN NN
. . * L
=3 =4 [=3
3 8 2
EI (N K X} EI LK NN | EI [ LXK KN |
400 400 400
TOP 7-P16 TOP 6-P16 TOP 9-P16
BOT 6-P16 BOT 6-P16 BOT 6-P16

STIRRUPS 2-P12 @90

3. Bending Moment Capacity

(-) Load Combination No
Moment (M_Ed)

Strength (M_Rd)

Check Ratio (M_Ed/M_Rd)
Neutral Axis (x/d)

(+) Load Combination No.
Moment (M_Ed)

Strength (M_Rd)

Check Ratio (M_Ed/M_Rd)
Neutral Axis (x/d)

Using Rebar Top (As_top)
Using Rebar Bot (As_bot)

4. Shear Capacity

Load Combination No.

Factored Shear Force (V_Ed)
Shear Strength by Conc_(V_Rdc)
Shear Strength by Rebar.(V_Rds)
Using Shear Reinf. (Asw)

Using Stirrups Spacing

Shear Ratio by Conc

Shear Ratio by (V_Rds ; V_Rdmax)
Check Ratio

STIRRUPS 2-P12 @160

END-|
10
250228.72
279028.73
0.8968
0.1147

10
125114.36
24594475

0.5087
0.1150

1407.4200
1206.3600

END-I
5
126.72
127.50
469.69
2513.3333
2-P12 @90
0.9939
0.2698
0.9939

MID
8
85592.54
245017.08
0.3493
0.1077

6
194032.29
245017.08

0.7919
0.1077

1206.3600
1206.3600

MID
12
120.95
121.75
267.12
1413.7500
2-P12 @160
0.9934
0.4528
0.9934

STIRRUPS 2-P12 @90

END-J
8
337523.80
348304.61
0.9690
0.1299

8
192544 .92
248083.42

0.7761
0.1260

1809.5400
1206.3600

END-J
4
137.49
137.67
462.78
2513.3333
2-P12 @90
0.9987
0.2971
0.9987

Figure 5.35 RC Beam Strength Checking Result
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o Slab design

Slab design is based on Wood-Armer’s moments is performed and required reinforcement in
two directions is represented.

The method Wood-Armer, in the proposed simplified formula in EC2 .A.2.8., is a procedure
that provides for the allocation of a portion of m,, torque in both directions x and vy.
Sometimes the design requirements force the designer to choose an reinforcement oriented
differently from the classic grid horizontally and vertically. Applying Wood-Armer to general
procedure turn the moment the main m,,, m,, and m,, in the ultimate moments for design,
that is, new stress values which take into account orientation of any reinforcement.

Figure 5.36 Required reinforcement in first direction

Figure 5.37 Required reinforcement in second direction
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Slab shear check is performed including punching shear verifications as can be seen in the
figure below the slab is verified as ratio of Ved/Vrd is less than 1.

vEﬂ:ﬁﬁ

Vage = Caae Hmﬂp.f.:ﬂm F Ky O 2 (Vi # Ky O

Figure 5.38 Punching shear verifications

¢ Columns design
First design to Eurocode 2 is performed for the ultimate limits state for static cases and
then it is checked to Eurocode 8 and ductility requirements.
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midas Gen RC Column Design Result
Company Project Title
“m Author File Name C:\...\midas\model.str.final. ngb

. Design Condition
Design Code Eurocode2:04
Member Number 333 (PM), 238 (Shear)
fck = 0.045, fyk =0.45, fyw = 0.45 kN/mm~2
Column Height 4000 mm
Section Property pil.60*40 (No : 1)

UNIT SYSTEMKN, mm

Material Data

700

Rebar Pattern  : 16 - 5 - P20 Ast = 5026.56 mm*2 (Rhost = 0.010) gl — s
+ 700 4
2. Applied Loads
Load Combination 13 AT (I) Point
N_Ed =237371kN M_Edy = 647095 kN-mm  M_Edz = 667011 kN-mm
M_Ed = SQRT(M_Edy*2+ M_Edz"2p9320 kN-mm
3. Axial Forces and Moments Capacity Check
Concentric Max. Axial Load N_Rdmax =16516.1 kN
Axial Load Ratio N_Ed/N_Rd =2373.71/3205.86 =0.740 <1.000........ oK
Normalized Axial Load Ratio Nu_d/0.55 =0.161/0.550 =0.294 <1.000........ O.K
Moment Ratio M_Ed/M_Rd = 929320/ 1276211 =0.728 <1.000 ... oK
M_Edy/M_Rdy 647095/ 889473 =0.728 <1.000 ....... oK
M_Edz/M_Rdz 667011/ 915179 =0.729 <1.000 ....... oK
4. M-N Interaction Diagram
NN N_Rd(kN)  M_Rd(kN-mm)
18918 0 Theta=45 82Deg. 16516.12 0.00
{5505 N.A=4p 8/Drg. 15820.33 294188.19
o 14349 .49 721594 .28
12313.00 1119831.97
b 10032.52 1378956.25
590 7885.62 1480313.82
5500 664277 1488977.23
3500 — 5634.71 1463853.06
1500 = i anasha0] 216211 3930.82 1354547 .47
o 1992 .81 1098852.53
00 MEN-mm) 133.53 703531.22
h © 0 0 @ 90 9 9 © o ©°
a 8 2 28 9% &8 88 -1375.32 238779.19
8888388 g g @ % -1966.91 0.00
5. Shear Force Capacity Check
Applied Shear Strength V_Ed =7.39799 kN (Load Combination 9)
Shear Ratio by Conc V_Ed/V_Rdc =7.39799/640.890 = 0.012
Shear Ratio by (V_Rds ; V_Rdmax) V_Ed/V_Rds =7.39799/836.448 = 0.009
Shear Ratio V_EdNV_Rd =0.012 <1.000....... OK
(Asw-H_req =7540.00000 mm"2/m, 4-P12 @60 )
Joint Shear Ratio Vjhd/Vjs =1407.04/141513 =0.994 <1.000 ....... OK

(Ash = 1771.89704 mm*2, 4-4 P1

Figure 5.39 RC Column Design Result

2)
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Figure 5.40 3d M-N interaction curve

¢ Serviceability limit state verifications

Unit: kM ., mm
Member Ma.
333 |
Section Type : RT
Hc = F00.00
Bc = 700,00
16- 5-P20
PM Curve Result :

M Rdmax =  16516.1
M Ed=  2373.71
M Rd=  3205.86

Rat-M = 0.7404
M Ed = 929320
M Rd= 1275211
RatM = 0.7282
RatMy = 0.7275
Rat-Mz = 0.7288

Eccentricity : mm
M EdM Ed=  391.506

Rotation : Dea.
M Edz/M Edy = 45.868
Print Result
Cloze

Following requirements were imposed for the serviceability limit states:

Class : XC3
Stress Parameters:
k1=0.6 k2=0.45 k3=0.8 k4=1

Crack control for quasi permanent combination wj,=0.3mm

For the deflection control under quasi permanent combination L/250 limit was used.
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Slabs

P
",
7

m- g

-
]
s o
‘ng,'.t'b{ 77

Figure 5.41 Deflection checks
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Figure 5.42 Crack width check
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Figure 5.43 Stresses checks

o Beams
midas Gen RC Beam Serviceability Checking Result
m m Company Project Title
Author File Name C:\...\midas\model.str final.mgb
1. Design Information
Design Code Eurocode2:04 Unit System kN, mm
Material Data fck = 0.045, fyk =0.45, fyw = 0.45 kN/mm*2
Section Property 60*40 (No : 2) Beam Span 8000 mm
2. Section Diagram
[END-I] [MID] [END-J]
* .
3 3 8
© © ©
400 400 400
TOP 7-P16 TOP 6-P186 TOP 9-P18
BOT 6&-P16 BOT 6-P16 BOT 6-P16

STIRRUPS 2-P12 @90

3. Stress Check

Concrete
(-) Load Combination No. 56
Stress(s) 0.00
Allowable Stress(sa) 0.00
Stress Ratio(s/sa) 0.9975

(+) Load Combination No. 64

Stress(s) 0.00
Allowable Stress(sa) 0.00
Stress Ratio(s/sa) Hedede

Rebar
56
0.03
0.36
0.0890

64
0.00
0.00

P

STIRRUPS 2-P12 @160

Concrete
52
0.00
0.00
0.5731

50
0.00
0.00

0.9972

Rebar
52
0.02
0.36
0.0525

50
0.03
0.36

0.0914

STIRRUPS 2-P12 @90

END-J
Concrete

52
0.01
0.03

0.5071

47
0.00
0.00

0.9997

Rebar
52
0.29
0.36
0.8015

a7
0.03
0.36
0.0919
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4. Crack Control

END-I MID END-J
(-) Load Combination No. 64 64 64
Crack Width(w) 0.23 0.02 0.26
Allowable Crack Width(wa) 0.30 0.30 0.30
Check Ratio(w/wa) 0.7789 0.0524 0.8634
(+) Load Combination No. 64 64 64
Crack Width(w) 0.00 0.19 0.20
Allowable Crack Width(wa) 0.00 0.30 0.30
Check Ratio(w/wa) rwan 0.6487 0.6539

5. Deflection Control

L/250 = 31.999997 > 1.1486 (LCB:49, POS:4000.0mm from END-I)

Figure 5.44 RC Beam Serviceability Checking Result
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