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ABSTRACT

DEVELOPING AN INNOVATIVE ARCHITECTURAL AND STRUCTURAL
SOLUTION FOR SEISMIC STRENGTHENING OF REINFORCED CONCRETE
RESIDENTIAL BUILDINGS

Toker, Saadet
Ph.D., Department of Architecture
Supervisor  : Assoc. Prof. Dr. Ali lhsan Unay

Co-Supervisor: Prof. Dr. Ergin Atimtay

May 2004, 129 pages

The recent earthquakes in Turkey have shown the poor seismic performance of
reinforced concrete. This led to widespread utilization of several strengthening
methods, each of which is convenient in different aspects. However, what is
required to apply any of these methods is to evacuate the building in question
since the interruptions are mostly within the buildng and to the structural

members.

This study proposes a method for external strengthening of typical five storey
reinforced concrete buildings that represent the majority of the built environment
in Turkey. The method suggests addition of shear walls, which are connected to
each other by means of diaphragms on two floor levels, to the existing external
columns at four corners of the building. The positive effect of shear walls in
seismic performance is already known; however; basically, the aim of this study

is to discuss the feasibility of the proposed method in terms of architectural

iv



viewpoint since the method unavoidably covers great modifications on the
architectural form of the building. Hence, the research mostly explores whether it
is possible to give the reinforced concrete residential buildings, which constitute
the majority of the built environment especially after 1950s due to the unhealthy
urbanization period in Turkey, a common characteristic appearance by means of
external structural members. As a whole, proposing an external strengthening
method that provides not to evacuate the space, the study searches to obtain a

typical fagade resemblance by means of additional structural members.

Keywords: Seismic strengthening, Reinforced concrete buildings, Seismic design
faults
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BETONARME KONUT BINALARININ DEPREME KARSI GUCLENDIRILMESI
ICIN YENI BIR MIMARI VE YAPISAL COZUM GELISTIRILMESI

Toker, Saadet
Doktora, Mimarlik Bolimu
Tez Yoneticisi : Dog. Dr. Ali Ihsan Unay
Ortak Tez Yoneticisi: Prof. Dr. Ergin Atimtay

Mayis 2004, 129 sayfa

Tarkiye'deki son depremler betonarme binalarin  sismik dayanimindaki  zayifligi
ortaya cikarmistir. Bu durum, herbiri degisik agcilardan elverisli olan cesitli
guclendirme metotlarinin - olduk¢a yaygin sekilde kullaniimasina yol agmistir.
Ancak, midahelelerin ¢ogunun binanin icinde gerceklesmesi ve yapisal
elemanlara uygulanmasi ylzinden, bu metotlardan herhangi birini
uygulayabilmek icin sézkonusu binanin bosaltiimasi gerekmektedir.

Bu calisma, Turkiye'deki vyapilarin biylk cogunlugunu temsil eden bes Kkatli
betonarme binalarin disaridan guglendiriimesi icin bir metot ©6nermektedir. Metot,
birbirine iki kat seviyesinde diyaframlarla baglanan perde duvarlarin, binanin dort
kdsesinde varolan kolonlara  eklenmesini  6éngdrmektedir. Perde  duvarlarin
deprem davranisina olumlu etkileri zaten bilinmektedir; ancak, calismanin asil
amaci, binanin mimari formuna kaginilmaz olarak olduk¢a ©nemli midahaleleri

ongbren metodun mimari bakis acisindan yapilabilirliginin  tartisimasidir. Bu
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yuzden, oOzellkle, Turkiye'nin 1950 den itibbaren vyasadigi hizli ve carpik
kentlesmenin  buylk  cogunlugunu  olusturan  betonarme  konut  binalarinin,
disaridan  eklenen yapisal elemanlarla genel bir Kkarakteristk  gorinis
saglamasinin - mimkin olup olmadigi Uzerinde durulacakti. Sonug¢ olarak,
disaridan uygulandigi icin  mekanin bosaltimasini gerektrmeyen bir metot
Oneren bu calisma, ayni zamanda, eklenen vyapisal elemanlarla tipik bir dis

goriinds elde etmeyi amagclamaktadir.

Anahtar Kelimeler: Depreme karsi guglendirme, Betonarme, Sismik tasarim
hatalari
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CHAPTER1

INTRODUCTION

1.1. Seismic History and Seismologic Characteristics of Turkey

Earthquake is one of the major problems of Turkey because of its location on the
Alp-Himalayan Seismic Belt, which is one of the most active earthquake areas on
the world. This seismic belt starts from the Azores in the Atlantic Ocean and
stretches away into the Southeast Asia. Nearly 96% of Turkey is located on
highly risky seismic zones and about 80 % of the population is exposed to high
magnitude earthquakes. The seismic activity is very complex around the East-
Mediterranean region. Most of the country is on the Anatolian Plate, which is
located in the middle of the Eurasian, African and Arabic Plates. The African and
Arabic plates travel north and forces the Anatolian plate to move west. The
majority of the destructive earthquakes take place on the borders of the Anatolian
Plate [1, 2].

Earthquakes are frequent activities in Turkey. They occur due to the movement of
two active tectonic sections, one of which forms due to the pressure of Arabian
and African Plates on the Anatolian Plate. The second tectonic section is the
Anatolian fault, which consists of two plates that move horizontal to each other,
on the north of Turkey ftill the northeast of Iran. The first of these is the plate in
Russia, which moves towards the east, whereas the latter moves in the opposite
direction to the former. The horizontal movement of these two plates according to
each other, results as an increasing stress deposition, which leads to tectonic
earthquakes [3, 4].

The North Anatolian Fault consists of several shorter fault lines and stretches
over 1000 km. The width of the seismic zones varies between 100 m and 25 km.

The annual average slide is about 58 mm. The East Anatolian Fault runs 400 km



from Karliova to Iskenderun Bay. The width is between 2-3 km and the annual
slide is around 6 mm. The most destructive earthquakes take place on these two
fault lines. Bitlis compression zone is in a relatively silent state since the
beginning of the last century. The Aegean Graben Zone is the reason for the
earthquakes in WestAnatolia. The Anatolian Plate expands in the north-south

direction and causes the formation of fault lines in the eastwest direction [3].

Every year, there happens about more than one milion earthquakes, of which
human can feel only 10-20. About more than 80 % of this hazard occur on the
Pacific Belt and Turkey is on the Asian Belt, which is one of the greatest seismic

belts on the world.

Being very close (about 530 km) to the surface, the earthquakes that occur on
the North Anatolian seismic belt are very dangerous. The major earthquakes that

Turkey suffered in the recent decades are given in Table 1.1 [5, 6, 7]:

Table 1.1: The major earthquakes that occurred in the last decades in Turkey

Region Date Loss Magnitude
Askale-Erzurum 01 March 2004 10 5.3
Bingdl 01 May 2003 176 6.4
PUlimir-Tunceli 27 January 2003 1 6.5
Sultandag 03 February 2002 41 6.5
Dizce 12 November 1999 839 7.2
Marmara 17 August 1999 17118 7.4
Ceyhan-Misis 27 June 1998 146 5.9
Dinar 01 October 1995 94 5.9
Erzincan 13 March 1992 653 6.8
Erzurum -Kars 30 October 1983 1155 6.8
Caldiran 24 November 1976 3840 7.2
Bingdl 22 May 1971 878 6.7
Gediz 28 March 1970 1086 7.2
Varto 19 August 1966 2394 6.9
Gerede 01 February 1944 3959 7.2
Ladik-Tosya 26 November 1943 2824 7.2
Erzincan 26 December 1939 32 962 7.9
Malazgirt 19 April 1903 2626 7.0
Izmir 15 October 1883 15 000 7.0




1.2. General Overview on the Composition of Reinforced Concrete
Buildings in Turkey

Turkey has experienced an increasing urbanization problem since 1920s. The
urbanization rate was rather low within around 30 years after the proclamation of
the Republic, than it has been in the following years afterwards. Individual efforts
can be said to have satisfied the requirements for house production until 1950s,
with an exception for the capital, Ankara, where the first examples of different
ways of house production were seen and spread all over the country. These were
the squatters and apartment buildings, which based on the contractions about the
exchange of the land and the flats that were to be erected. These new ways to
product residential buildings began to be seen within the years 1950-1965, and
reached up to their limits in 1965-1980, in which mass housing was tried to be
nationalized with the initial attempts. Today, mass housing has the largest portion

among the ways to product residential buildings [8].

From 1920s, an important number of residential buildings were produced in
Turkey. New construction technologies were developed. Even though the quality
of the products cannot be said to be perfect, the quantity seems to be sufficient
for not only in terms of main accommodation spaces, but also as weekend or
summer houses, and means of investment, production, consumption, and
insurance as well. Most of the residential buildings of today can be said to have
been produced according to the personal needs and solutions but not according
to any preliminary design of the government. The society had to satisfy the need
of residential buildings since the country could not overcome the problem of rapid
increase in the population. This might have been due to the simultaneous
industrialization of the country, which requires a great amount of investment as
well. Therefore, resources for residential buildings were highly limited. The other
reason for the self-production of residential buildings can be said to have been
the populist political strategies about the building lands and sites. Within these
limitations, two preliminarily defined different approaches, both of which resulted
as a disorganized appearance and environment, were observed. The people of
low economic level mainly build squatters on national lands with difficult
topographic conditions. It is inconvenient to intend to analyze these buildings

since they involve no structural or aesthetic consideration.



The situation is rather different in the exchange of land and the promised flats
within the apartments, which would be constructed on the site. Starting from the
occupation of the sites, everything is convenient with the legal rules or
constraints. The main reasons for wide spread application of this process are the
requirements of rapid urbanizaton and a lack of rational procedure. The great
profitability on lands hardened to make a single residential building for the
landowner. As a result, apartments that contain a number of dwellings were built
on the parcels in order to provide houses to the middle-range of the society.
However, the results are generally nothing more than inharmoniously developing
city forms. Later on, towards the end of 1960s, a new solution began to be seen
for the construction of dwellings: mass housing. The process of mass housing
can be said to have helped the improvement of the construction techniques,
development of the city partially and to have affected upon the forms of the cities.
However, the quality and sufficiency of its environment is still a matter of

discussion [8].

As a whole, the overall appearances of the settlement zones more or less make
the same sense. The buildings, which were constructed after 1960s, have
constituted the main topic of many architectural, structural, and aesthetic
discussions. They seem to have been built only to satisfy the main functional
requirement, which is to provide a space to shelter. Even in rather different
climates or regions the appearance of these buildings are nearly the same. The
only means of classification might be the number of rooms in the dwellings of the
apartment buildings. A great major part of the items that may be determinant to
characterize a building such as dimensions, shape and configuration of the
balconies, cantilevers, doors, and windows, and the ratio of openings to floor
area are almost identical. The area of the parcels and the restrictions in the
Town-Planning Codes may be the chief reasons of this situation. In a specific
zone, the parcels are more or less identical in dimensions, and the Town
Planning Codes bring strict regulations for the construction. The distance
between the building and the road, as well as the distance between two buildings
are all specified in the codes. The profitability of lands is still relevant, so that
every square centimeter is valuable. This leads to give importance to effective

and functional use of the land rather than aesthetic values and search for variety.



As a result, all of the buildings with the maximum efficiency of the land use seem

to be the work of the same design and construction team.

Beside the Town-Planning Codes, Turkish-Earthquake Code also brings some
regulations. However, some regulations about structural design are mandatory in
especially seismic zones. Most of the architects and structural engineers usually
design residential buildings, which constitute the major part of the built
environment. Nevertheless, a great major part of the architects are still unaware
of the fact that their decisions are the most important factor on the seismic
performance of a building. Seismic performance of a building mainly depends on
its construction material and structural system, which is initially chosen by the
architect and is detailed by the structural engineer in terms of feasibility, amount
of reinforcement, element dimensions, and economy. Here, the importance of
collaboration of the architect and the engineer can easily be understood. In the
previous periods, the architect was responsible for the spatial quality of the
building as well as its structural performance. In the following years, due to the
developments in the construction field, the specializations of the structural
engineer and architect were separated. The architect started to deal with mainly
aesthetical features and spatial quality, while the structural engineer specialized
on the feasibility, economy, and dimensioning of the overall geometry of the
structure. However, the selection of the structural system is the work of the
architect although most of the architects are still unaware of the significance of
their initial design decisions.

1.3. Social Aspects and Structural Demands on Strengthening of

Reinforced Concrete Buildings

Because of its highly risky location in terms of seismology, Turkey commonly
suffers from high-magnitude earthquakes. These earthquakes result in very high
damages and more importantly many losses of lives. Some of the buildings totally
collapse, while some other has partial damages with a wide range of significance
degree and still stand. Most of the damaged and collapsed structures were
residential and commercial, which negatively affected the society morally and
economically. The society might not be contended with owing a house and a

place of work; the crucial point is to ensure the safety of these places. The only



definite point, which comes out after the recent earthquakes, is that the society is
very sensitive about the strength of their houses and working places due to their

life insurance [9].

After the earthquakes, some buildings were demolished while some others were
immediately strengthened and the rest were left as they were since they were
thought not to require any strengthening. Experts from the government and from
other institutions decided upon whether the buildings require strengthening due

to their level of damage and existing structural behavior.

Strengthening methods may sometimes be unaesthetic due to the additions or
the processes that were not preliminarily considered in the design stage. These
structural interferences are strictly required in the buildings those faced with
earthquake although there may not be significant damage. However, since the
society become aware of the importance of the strength of their buildings, these
processes may also be applied to all buildings that are located in the seismic
zones. Of course, the ideal situation is that every building should have enough
strength to resist a high-magnitude earthquake without any collapse. The Turkish
Earthquake Code, which was revised in 1997, ensures this in terms of structural
requirements of the buildings. Nevertheless, a great many portion of reinforced
concrete buildings, which were constructed before the revised regulations, have
serious problems in terms of resistance to earthquakes. Many settlements in
Turkey have experienced a middle or high magnitude earthquake. Even if some
regions are considered to be safe in terms of seismology for at least some years
more, the hazard may recur in the least expected time. Most of the reinforced
concrete buildings, which were built before the Turkish Earthquake Code, need

strengthening in order to resist earthquakes without severe damage.

Strengthening is a rather costly and difficult process. The cost may be high due to
the strengthening project, workmanship, and additional material. Moreover, the
existing processes are all carried out in a wholly empty space, which means the
need for another place to accommodate, which is costly and difficult for the user.
This study aims to explore for an innovative method, which does not obstruct the
space within. In other words, the life within the space would go on during the

strengthening process as it was before.



1.4. Objectives and Scope

The recent earthquakes in Turkey have unfortunately demonstrated the poor
seismic performance of reinforced concrete buildings despite the very well known
capacity of the structural material. It might be misleading to relate the failures and
collapses to design faults entirely, since there are many other features, some of
which are out of the scope of this study, influencing the seismic performance of
reinforced concrete buildings. These excluding factors can be listed as
workmanship, material quality, soil conditions, or the amount of reinforcement

within the structural members.

Turkey is on a highly risky seismic zone, in other words there is always the risk
for reoccurrence of a high magnitude earthquake, which might lead to serious
damages and collapses. The damaged buildings, according to the severity of
destruction, were exposed to several strengthening processes, after the
earthquake. And since the society is aware of the danger of a future earthquake
and requires safety, there appears a need for strengthening even the undamaged
buildings, especially the ones that were built before the revision of Turkish

Earthquake Codes.

The aim of strengthening is to make the structure capable to resist any further
earthquakes without damage or collapse. A number of the existing strengthening
methods are effective to some extent, whereas additional shear walls really
perfform a sound seismic behavior. However, all require emptying the space
within the structure, since the interruptions or additions would be performed
within the frame and sometimes directly on the structural members. Considering
the fact that abandoning the space might be difficult especially in emergency
cases, this study aims to propose a new approach for strengthening of reinforced

concrete structures without obstructing the space.

The study initially covers the overall condition of the reinforced concrete buildings
in Turkey with their architectural and structural characteristics. The existing
situations are explored due to the limitations in construction in terms of social and
economic aspects and regulations. The seismic performance of the existing
reinforced concrete buildings is investigated especially in seismic zones in order

to be able to determine the building types to be strengthened. The study also
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covers the significant need for the extra steps to be taken, the first of which is to
make the architects and the engineers conscious about the structural needs and
behavior of a building during their education period. After the basic
considerations on architectural design related to the seismic performance of
reinforced concrete buildings are given, the study demonstrates the common
design faults and consequently the related types of damages. It undetlines the
effects of strengthening on the overall behavior of the structure and explains
about the existing methods of strengthening. Afterwards, parallel to the social and
structural requirements, the study covers the proposal for an exteriorly applicable
method for strengthening of reinforced concrete residential buildings without
obstructing the activity of life within the space. The results of structural analyses
that are performed by Finite Element Method on different layouts and
consequently the related considerations in strengthening are discussed in

comparison with the existing strengthening methods.

The overall study is intended to include many analyses performed on different
structural  configurations of reinforced concrete residential buildings, which
compose the majority of the built environment. The constituents of the urban
settlements are explored according to structural design deficiencies and layouts
of the buildings. Parallel to the outputs of the analyses, feasibility of the proposed
method is evaluated in terms of not only the structural but also architectural,

economic, functional and social aspects as well.



CHAPTER 2

CHARACTERISTICS OF REINFORCED CONCRETE BUILDINGS AND
EARTHQUAKE RESISTANT BUILDING DESIGN CONSIDERATIONS

2.1. The Determinative Factor on the Characteristics of the Built

Environment in Turkey: Urbanization

In order to be able to propose a method for strengthening of reinforced concrete
residential buildings, it would be helpful to have a general overview on their
characteristics with leading reasons for their formation and existing situation.

The characteristics of the built environment are basically determined during the
period of the great urbanization process that Turkey has experienced mostly in
the 1950s and 1960s. In general, it could be said that the unhealthy urbanization
in the country has been observed due to the rapid and enormous increase in
population. But, when urbanization in the areas in question is not developed
according to certain regulations of predefined city plans, the result is usually

decrease in the quality of service and living conditions of residences [10, 11].

Urbanization has been a great concern for most of the countries in the world for
several decades. There always have been several reasons for urbanization, but
what generally lead to the rapid and problematic results are the great changes in
economic and social aspects all around the world. These changes, in general,
lead to an uncontrolled alteration period since the rapid urbanization could not be
estimated before. In other words, it could be said that the rapid and unhealthy
urbanization is not something unique to Turkey and that there does not exist a

way to take any precautions to prevent the formation of this process [12].

It might not be so pretentious to state that it is nearly impossible to overcome this

process in an unproblematic way. Moreover, the local or the general authorities



might not be able to foresee the urbanization period of the zones in question
since any estimations related to this topic could not be based upon certain
scientific facts. Thus, it seems normal to face with lack of urban services and

misuse of authority [12].

In order to figure out the scale of the rapid increase in the population and
consequently the unhealthy urbanization period in Turkey, it might be helpful to
keep in mind that about 250000 residences have been built in each year after
1950s. This amount brings in minds that there must be another means of
production besides the existing small-scale production methods and individual
efforts rather than a systematic approach of the government. However, although
it seems to be impossible, it is observed that enormous number of residences
have been produced by means of only small-scale productions and individual
efforts in most of the developing countries that experience modernization.
Unfortunately, the methods, which are explained in the preceding parts of the
study, for the production of residential buildings have not changed significantly
despite the fact that some precautions are urgently necessitated to prevent the
unconscious urbanization. Moreover, the lack of town planning policies has lead
to the formation of a built environment that is based on only commercial profit
without any notice of aesthetic, architectural and universal merit. The problems
due to negative reflections of this rapid urbanization period necessitate more
sensitive approaches for future. Planning and application have the utmost
importance to purify the towns from the negativity of unhealthy urbanization and
help them keep their original identity. Town planning should response the social
and economic requirements in such a way that historic, cultural and natural

values are protected [13, 14].

2.1.1. Social Aspects in Urbanization

Urbanization in the West could be said to have appeared just after the Feudal
Period and become widespread after the Industrial Revolution. Due to the facts
that the city is the center of economy and trade and that the large-scale industries
were settled within the cities, it becomes possible to mention about the
employment of the people in the rural zones in these centers and industries. By

the great and sudden movement of migrants to the cities, there has appeared an
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urbanization problem that starts with the accommodation crisis of the workers

and consolidated with bad living conditions [10, 15].

The problem of urbanization dates mostly to 1950s in Turkey. As mentioned
before, there are several reasons for this rapid and great urbanization in the
entire country. The main reason might be seen as the radical alteration in the
ruralurban balance so that the percentage of the people living in the rural or the
urban zones shifted in a very limited period. This is mostly due to the deprivation
of opportunities for health, education and cultural facilities that the rural areas
generally suffer. It is unavoidable that the urban areas become attractive in these
aspects. One other reason for the urbanization is the facilitation of transportaton,
which increased both temporary and permanent migration between the rural and
urban areas. And in parallel, the developments in technology that eased the
agricultural facilities, which was one of the main ways of life in rural areas, led to
the migraton of many people to urban areas. These people sorted the
accommodation problem out by developing their own squatters and squatter
zones. Thus, the difficulty that the immigrants sustain in assuming and
assimilating the urban values as well as the negative configuration due to the
unhealthy urbanization have prevented the modern urbanization and disturbed
the identity of the towns that have been shaped for centuries. Beside these
serious changes in typologies, great differences have been observed in the site
and plan layouts. The alterations in living conditions, technological developments
and the conditions due to life in cities for the immigrant that come from smaller-
scale environments have been the basis for this change. The crucial point here is
that it has become nearly impossible to differentiate between different sites of the
country in terms of building typology. The villages and towns started not to reflect
their own characteristics any more. This is because that the people in rather
small-scale settlement zones immediately want to move into the reinforced
concrete villas or apartment buildings with the idea that it is the sign of modernity.
The willingness to leave the traditional houses and move into the so-called
modern buildings increased the demand for the reinforced concrete buildings and
accelerated their erections regardless of their quality in terms of design and
construction. Nevertheless, it might still be considered to give hope to see some
local characteristics inside the buildings in some regions, although the building

form does not have any features of the local architecture so that it is nothing
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more than one that can be seen in any part of the country. In other words, some
of the customs have still been lasting; however, unfortunately this is not enough
to deny that there is a great rush to accept and utlize the new one [10, 12, 15,
16, 17, 18].

This difference, which is mostly seen in the rural areas and small-scale
settlement zones, is experienced also in the greater towns and cities to some
extent. However, the concept of “earthquake” has been effective on the
residence preferences so that the housings, which are settled in the rural areas
with new technologies, have been attractive for the high-income society in large-
scale cities. The condition of the housings will be discussed in the following parts

of the study.

2.1.2. Architecture in the Formation of the Built Environment in Turkey

Based upon the previous parts of the study, it is possible to mention that the
disciplines such as sociology, architecture and planning are the necessary means
to perceive the problem of residences. Among them all, architecture is the
responsible discipline to create harmonious, functional and aesthetic designs that
constitute the members of the built environment. However, it might not be wrong
to claim that the formation of architecture has always been kept within certain
limitations during the overall process despite the developments in its structure.
Parallel to the developments, restrictions and the fields of application of
architecture, the engineering design and application procedures has had to stay
within the limits as well.  Since the individual efforts, which could be said to have
covered the need for residential buildings, exclude architecture due to their small-
scale productivities, the architect may have not been able to apply the
professional formation. In these projects, the architect has very little -even no-
initiatives because the product is obvious from the very beginning. The work here
is nothing more than the result of the application of some rules and regulations.
The ineffectiveness of the architects could be tolerated when these rough
apartment blocks spread widely in the parcel scale. There have always been light
and air conditioning problems since they have been built on narrow parcels due

to the most effective utilization of the land in the area in question. As a result, the
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residential building has become a standard unit that is obtained by multiplication

of prototypes for average user profile [19].

2.1.2.1. Architecture in the Formation of the Built Environment before
20" Century

Untl the 20" century there was not a great distinction between the fields of
architecture and construction. In other words, the architect was the one who is
responsible for both the design and the construction processes of the building.
However, the design of residences was out of the formation of architecture until
the end of the 19" century. The architects were dealing with the design of large-
scale projects for the either the important people of the society or for the public
whereas the residences were constructed according to the customs -collected
since a couple of centuries- of the craftsman. In other words, it is possible to say
that architects were not willing to condescend to deal with small-scale projects
like residences, which could have already been built according to some customs
and traditional features that have been collected by the craftsmen. To employ the
architect for the design and construction of a residence required either the owner
of the work should have been in the upper level of the society so that the work to

be done should have been extraordinary [20].

In the second half of the 19" century, the spread of a middle-class society, the
expectations of who were greater than ever, and the rapid increase in the
population of the urban zones called the attention of architects to residences.
Although they were refusing the customs, and consequently the residences
constructed within the customs of the past, the people of the middle class society
were not wealthy enough to request a residence identical to a palazzo or a
pavilion. They were rather wiling for both ostentation and differentiation among
the others; however, the customs of the craftsman were not able to satisfy their
requirements. There has been an urgent need for a new formation, which could
succeed to demonstrate this differentiation. Architecture has enlarged the field of
activity as the responsible discipline of this required formation towards the end of
the 19" century. Altermatives to the apartment buildings, which have been buil,
by the craftsman and contractors were developed; however, the demand of

differentiating for prestige led to degeneration in the classical approach of the
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discipline. In the course of time, unsuccessful examples, which were built out of
the norms of scale and expression of the discipline of architecture, started to be
seen [20, 21].

2.1.2.2.  Architecture in the Formation of the Built Environment in Turkey

in 20™ Century

The Modemism Period that corresponds to the late 19" and early 20" century
was the turning point for the formation of architecture so that the architects have
started to be responsible for the design of residences. Since they have been
dealing with the design of the extraordinary buildings such as monuments, public
buildings and villas, the design of residences, which could be described to be
ordinary, led to a paradox due to the fact that design contradicts to the usual.
Thus, it is possible to mention that the problem of residences dates back to the
beginning of 20" century. There started a search for converting the ordinary to
extraordinary, whereas there also have been attempts to convert it to usual [19,
22].

The second reason that the architects have been the responsible for the design
of the residences is the rapid and sudden increase in the population of the urban
zones. The need for the greatest number of residences in history could not be
satisfied by the craftsmen so that the problem of residence has been one of the
main social problems of the late 19" and eary 20" centuries. There have been
attempts to design the overall settlements instead of single buildings. This has
brought significant modifications and innovations to the arrangement of main
street-street-building  relationship and decorations of rooms, bathrooms and
kitchens. These fundamental changes required a new energy, which is the
formation of architecture, since they could not be done by the limited effort and
capacity of the craftsmen [20, 21].

This difference in the production of residential buildings has become more
obvious especially in the recent decades. Larger scale productions have started
to be seen; however, the scale of the projects could not be able to solve the
problem of residential buildings since the productions are so similar to those
constructed without any initiative of the architect or they do not have any doubts

about being built upon some standards and/or norms. Here, the crucial point
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becomes the boundary between the formation of architecture and the limitations
such as Town Planning Codes, norms of the contractors, standards and
typologies. The product is known to be an ordinary one at the end; however, the
search has been to design it in the best way according to its price, profit, surface
area and room number in order to compensate this routine to some extent and to
give its well-known characteristics. This might be related to the Modernism
period, in which the architects have started to responsible for design of
residences [19, 22].

As it is well known by everyone that deals with the modernization period of
Turkey, the new demand, which was determined by the movement in unusual
scale after 1950s, for the residences was satisfied by means of two identical
sectors. The reasons that enabled the existence and continuity of informal means
of production till the second half of the 1980s are the important amount of land of
the government and the multiparty system. Public lands, people who demand
residences in a large scale and ready to produce them by individual efforts and
the political strategies of various parties already imposed the solution itself.
During the 30 years time, which is a very important period in Turkey's
urbanization, the public lands -rather than being based upon a well-ruled and
organized system- had been given without their rules are standardized. This was
basically due to the political strategies. This informality, together with the formal
ways of land distribution, and the correspondence between the formal and
informal ways of producing the residences have formed the basis for the rapid
urbanization period of the country [17, 23, 24].

Because of the modernism dynamics of Turkey, even the larger scale production
requirements were still tried to be solved by the individual efforts. And even after
1980s, which is the period of the threshold for the demand of a widespread
production of residences all through the country, this situation could not change
significantly. As a result, the low-density parcels and the all the lands in the public
zones have come to an end so that the mechanism could no longer run. This has
been the beginning for the steps taken for the large-scale productions, in which
the formation of architecture could take place with all its characteristics such as
techniques, aesthetics, organization, technology, etc. since there are many

alternatives for the product as opposed to the case of the production of single
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buildings. However, the appearances in most of the mass housings have not
differed in many aspects. They could not be more than the multiplication of

preliminarily defined single buildings [13].

The mass-housing program that is supposed to connect the architect with
residence has also been expected to satisfy the demand of increasing the life
standards of low-income society. However, insufficiency of public transportation
stands as one of the major problems in moving the dense settlement zones out of
the city centers for low-income group. At this point, it is possible to mention about
the cooperative way of construction, which has a rather different meaning in
Turkey. It means the gathering of some social groups of limited possibilities to
have the chance to utlize some public credits. Cooperative construction actually
implies solidarity that goes on also after the construction period is over. However,
in Turkey, it covers a temporary solidarity just until the construction is over and
the property is owned. The only difference from the exchange of land with the
promised flats is the scale that could be huge sometimes. The scale is mostly
related with the size of the blocks as well as the repetition of the same blocks
rather than different searches for design and layout of the buildings within the
site. The huge scale apartment blocks do not generally utilize the possibilities and
advantages of design, technology and organization of the increasing scale. The
scale also increases also in the people that are covered within the process. The
number of people, which is about ten for the construction of a single unit,
increases up to hundreds. However, architect is still excluded within the
processes since everything has been the repetition of the case in the construction
of the single blocks. This could be seen as a fear, which prevented to utilize all
the advantages and innovations of the formation of architecture could include
such as new design possibilities, new space standards and technological
opportunities, against changing. The repeated new blocks have become the 34
times the size of the 4-5 storey apartment blocks that already have almost
nothing to be defended. The means of design that could be appropriate -at least
in the buildings with 2-3 storeys become meaningless in the bulky units. The
corner balconies and eaves could be given as an example for these means.
Besides they become meaningless repetitions in huge units, the balconies start to
threat the seismic performance of the buildings in that scale as well. Identically

the insistence on using the same size of openings and eaves could be examined
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in this way so that the functionality of the eaves in low-rise buildings turn out to be
just visual items; and the rhythm that is created by the same size of openings

have no use other than a monotonous effect on the facades [13, 17, 25].

On the other hand, there also seen some extensive mass housing plans, which
start with the projects that address the high income society due to their high
gualities, of the private sector are seen to be the forerunners of the developments
in this aspect. However, these attempts would probably remain within a very
small scale when compared to the rest of the other ways of producing the

residences.

In general, it could be said that the differentiating characteristic of the 20" century
residences from those of the previous periods is that they are mass productions,
which is based upon repetitions. However, the basic problem that this repetition
should be created by means of a design technique with the potential of variation
and differentiation is seen to remain. Rather than erecting the same units, the
residences should be created by multiplying the identical units that should differ
from each other as well. The 20" century residence architecture should be based

upon this permutation technique that enables flexibility [25].

2.1.3. Role of Town Planning Codes in the General Characteristics of the

Members of the Built Environment

Other than the process, which could be said to be normal, the unharmonious
silhouette of almost all the urban settlement zones in the country could be related
to many reasons one and most important of which is the unconsciously settled
Town Planning Codes, as mentioned before. The architects are usually seen as
the chief responsible of this unhealthy development. This could be relevant to
some extent; however, it should be kept in mind that the contribution of
architecture might not be more than color and texture of the elevations of the
buildings when the Town Planning Codes offer the identical parcels and
regulations for every residence that is planned to be erected. Also, it is possible
to observe many unauthorized buildings, which were built out of the regulations of
these codes. Besides, the profitability of the parcels is also still relevant, which
results as that the architecture is nothing more than a means for the maximum

and the most efficient way for land utilization [17, 26, 27].
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In this study it is aimed to explore the feasibility of the proposed method to the
reinforced concrete buildings in Turkey and discuss the architectural and
structural aspects of the method related to its application with all advantages and
disadvantages. Hence, it becomes necessary to have a detailed study on the
existing structural and architectural situation of the buildings. As a result of the
rapid urbanization period especially after 1950, the reinforced concrete buildings
in Turkey unfortunately do not display a very briliant appearance. They seem to
be almost identical in each region. In other words they were constructed without
any considerations related to climatic conditions, traditional features, etc. that
differ regionally. The reasons of this situation were discussed in the previous
sections of the study in detail. Besides the great and sudden rush to greater
settlement zones due to several reasons, the Town Planning Codes prepare the
basis for this condition. Moreover, the misunderstanding of the concept of
modernity speeds the construction and utilization of the unconsciously designed

reinforced concrete buildings up.

At this point, it would be helpful to have a general overview of the appearance of
the urban settlement zones in Turkey. In the urban settlement zones in general, it
is possible to observe the parcels of almost the same dimensions. Turning into a
standard rather than framing, this strict limitation in the parcels could be seen as
the reason that the formation of architecture is excluded in small-scale
productions. The Town Planning Codes also define the boundaries, and
consequently the form of the buildings, since the main concern is to obtain the
maximum space within the limited parcel. The variations are only of about
secondary preferences such as facade material, color, etc.  Thus, for the
formation of architecture, it becomes impossible to take place in such a physical
environment. The alternative solutons and space arrangements that the
architecture could offer are not required under these circumstances. The built
environment is characterized by the Town Planning Codes and the customs of

the contractors.

The effects of these boundary conditions are seen also in the mass housings,
which are claimed as projects of larger-scale. The mass housings appeared in
such a way that each of the constituents is aligned —again- according to the

limitations of the Town Planning Codes. The buildings, the locations of which are
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defined according to the limitations between the main road and among each
other according to the codes, are put together to create uniformity so that the

material and color are seen to be the only means of differentiation.

2.2. Characteristics of Reinforced Concrete Residential Buildings in
Turkey

In order to determine and identify the characteristics of the reinforced concrete
buildings in Turkey, some explorations were carried out. These explorations were
preformed in order to categorize the buildings according to structural features that
could be the determinative factors for the feasibility of the proposed method.

In Turkey, independent from the size and scale of the cities, the built environment
more or less displays the same characteristics. According to the explorations
carried out in Afyon, Eskisehir and Ankara as the representatives of the small,
medium and large-scale cities, it is possible to figure out the characteristics as

follows.

Figure 2.1: General view from the city center of Afyon

There observed a strict distinction between the commercial and residential zones
in all of the cases. However, especially in the city centers, the buildings are
utilized both for commercial and residential purposes. In these zones, the
buildings are generally attached to each other with identical heights (Figure 2.1,
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Figure 2.2 and Figure 2.3). Moreover, the ground floors in these buildings are
generally used as shops and offices; in other words they don't have the inner

partition walls. This situation creates the effect of soft storey in case of an

earthquake.

Figure 2.3: General view from the city center of Eskisehir

The upper floors in these buildings are used as either offices or residences.

These buildings contain projections only in one direction since they already are
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constructed to cover every available square meter and they are attached to each
other. The pattern slightly changes away from the city centers. Here, as seen in
the Figure 2.4-Figure 2.6, the buildings don't have the soft storey effect since all
the floors serve as residences. However, these buildings sustain danger due to
the different utilization of the shelters as stores or garage in the basement floor.
Moreover, the projections on either one or two sides of the buildings threat the

buildings in terms of seismic performance.

Figure 2.5: General view from side streets of Eskisehir
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Figure 2.6: General view from side streets of Eskisehir

The investigation in Ankara was performed in more details so that the buildings
are categorized according to their form, layout and sizes. The reason to perform
a more detailed study in Ankara is that it is the city that experienced the
urbanization process since the very early years of the Turkish Republic. Ankara is
among the cities that experienced the period in a better way since the very
beginning. It clearly demonstrates the products of the urbanization period in both
the previous and the recent years. Considering the fact that urbanization reached
the greatest increase by the 1950s and 1960s, the Barbaros district, in which the
Tunali Hilmi Street takes place, could be claimed as one of the best examples.
The masonry buildings in this district were not taken into consideration since the

masonry buildings are out of the scope of the study.

According to the site surveys that were carried out in this district shows that the
appearance of these buildings, in general, are more regular than those in any
other zone of the city. The buildings are either single or attached to each other;
however, except the main street, which is Tunali Hilmi Street, it is not possible to
see adjacent buildings in series. Generally two, very rarely three buildings
constitute the examples of the attached layout in this district. Moreover, the
attached buildings are in harmony with each other so that the number and the

level of the storeys are alike. Most of the buildings are single, which are located
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in gardens with a considerable amount of green area. The buildings in this district

are generally 3-5 storeys.

The explorations that were carried out in Sincan give more different results than
those performed in Barbaros district. The majority of this district has been built-up
in the recent years. As seen in the Figure 2.7, the situation is similar to the
general layout described above in commercial zones in Afyon and Eskisehir;
however, what was observed in the more residential parts is that the buildings are
plainer so that they even do not have the projections. What lies beneath this
might be that most of the buildings are the cooperative works so that cost comes
out to be the most determinant factor. In other words, it could be said that there
has been a search for the simplest, which is the cheapest as well, solution to
provide accommodation for especially the low-income group. There observed no

search even on the color and texture of buildings, either.

Figure 2.7: General view from the main street in Sincan

The buildings in this district are also seen to be of medium-height of 4-5 storeys.
In the more commercial zones the profitability of the land is still relevant so that
the attached layout is seen widespread. This means there hasn't been a change
in the builtup areas since the last decades. On the contrary, the buildings
explored in the more residential zones, are seen as pairs, which are generally

attached on one side (Figure 2.8).
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Figure 2.8: Typical building of attached layout from the side streets in Sincan

Under these circumstances, it is possible to categorize the reinforced concrete

buildings under three headings according to their layout in the parcels:

1.

Single buildings: Buildings of this type are similar to each other in terms of
layout, scale and architectural and structural aspects. In general, they display
similar characteristics in all around Turkey. The only difference might be the
number of stories, but even that might be the same for the buildings around
the same location. The ratio of the area of the openings to that of the floor, as
well as the size of the projections and the balconies are seen to be the same
in all the buildings due to the regulations of the Town Planning Codes and the
intend to use the area in the most effective way in terms of land utilization.
However, it is for sure that utilization of the openings of a three-story building
does not create the same design effect when it is used with the same
dimensions on the twenty-story building. This ignorance or fear of creating
new design approaches instead of using the usual one without any change or
modification was discussed in detail in the previous sections of the study.

Buildings of this type stand alone in a part of land and generally have small
gardens, which are usually left due to the restrictions related to the ratio of the
building to the site. The first floor projects out in one or two directions. This

might be done by means of balconies as well. They are usually five storey
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buildings, which is a very common figure in Turkey. This group might be
classified in itself according to some other architectural and structural
aspects. The staircase might either be at the center or on one side of the
building. They usually have two flats on each floor, however these can rise up
to four flats depending on the size of the building. The flats are usually of two
or three bedroom type with a kitchen, a bathroom and a living room. The
layout is usualy typical. The kitchen and the living room are the closest
sections to the entrance whereas the rest of the rooms are usually along a
corridor. Two balconies, one of which is for the living room and the other is for
the kitchen, are common for these type of flats. Usually the flat on the last
floor is duplex with the one at the roof level. In other words, these buildings
have a terrace flat as well.

Attached buildings on one side: These buildings are constructed on the
sites where the Town Planning Codes allow the utilization of the land until the
very end at one side. There are a few centimeters left between the two
buildings however, this layout usually creates problems in case of an
earthquake because of the pounding effect. The adjacent buildings sustain
more danger due to pounding if the floor levels are not identical. There are
some examples that the adjacent buildings are designed similarly in terms of
appearance such as color and texture; however, there are also some
examples that two buildings do not have anything in common. This difference
starts with the level difference, which is more important since it is related with
safety, and continues with the decorative issues at the end. The result is, in
this case, two buildings that seem to be together but have nothing in common
in appearance. The plan layout, however, does not differ much as it is
explained above in the single buildings. Moreover, the other features such as
the projections and location of the staircases are almost the same as they are
in the single buildings.

Attached buildings on both sides: These buildings are generally located at
the city centers due to the aim of effective utilization of the land. It is hard to
mention about the space left and used as a garden in the layout of these
buildings. The ground floors of the buildings are usually used as shops
whereas the rest may be either the offices or the residences. They are

usually identical in terms of number of floors; however, the difference
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between the floor levels creates problems more than it does in the buildings
that are attached only on one side. Because the pounding effect would be on

both sides when the building is attached on two sides.

The layout of a building within the parcel is one of the most important factors that
act upon its seismic performance due to pounding effect. Although it seems to be
a feature related to architectural design, it has strong influences on structural
behavior. Among those listed above, there are many other characteristics that
affect this performance such as floor discontinuities, irregularity and discontinuity
of structural members, projections, soft storeys, etc. The analyses related to the
feasibility of the proposed method will be performed on both single and attached
layouts with seismic design defects, which might result from architectural
considerations, in order to observe the effects of the additional structural

members on different configurations.

2.3. Earthquake Resistant Building Design Considerations in Reinforced
Concrete Buildings

The very fundamental for the architects to understand is how earthquake-induced
forces are translated into the building and how these forces are resisted.
Occurrence of any rupture in a fault zone produces a multitude of vibrations or
seismic waves that sping in all directions. The effects of this ground shaking
might have severe effects on a building depending on the amplitude, velocity,
acceleration, displacement, duration, and magnitude of the earthquake as well as
the mass, stiffness, damping, and strength of the structure. Causing the ground
and the building to shake in a very complex manner, these motions are translated
into dynamic loads, which introduce the structure at the foundations. Followed by
a transmission to the vertical supports and into the foundations, the horizontal
earthquake loads are assumed to be initially distributed throughout the building
by means of floor and roof systems. Essentially, the vertical supporting system
must be capable of resisting the dynamic loads at the ground and roof levels

without excessive distortion and/or failure [28, 29].

Past earthquake records are useful means in determining the levels of seismic
loads for codes. However, it is impossible to obtain an entire description of a

future earthquake in a specific area. As a major principle of earthquake resistant
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building design, the structure is expected to have no or only insignificant
nonstructural damages in a minor frequent earthquake whereas it might suffer
repairable structural damage in occasion of a moderate earthquake. And since
the basic concern is the safety of human life, the building should be designed so
as not to collapse, even if it is severely damaged in a high intensity earthquake.
Because of economical considerations, the building is -without losing its capacity-
allowed to undergo inelastic rather than elastic deformations during high
magnitude earthquakes. By means of plastic hinges that are to be formed on the
desired regions, the structure is guaranteed to sustain severe damages without
collapse because of excessive amount of energy dissipation. Being flexural,
moment failures also spend a great amount of energy and do not cause a sudden
collapse. However, it is the brittle failure that must be prevented basically, which
develops due to stiffness degradation and strength reduction as a consequence
of high shear stresses. Diagonal cracks must be prevented by sufficient amount

of transverse steel reinforcement about connections.

Experiences related to the past earthquakes in Turkey have indicated that two
main reasons for the failure of reinforced concrete buildings are inconvenient
system selection and insufficient dimensioning and detailing. Moreover, soil
conditions and constructions of poor quality might be the significant explanations

of damages and collapses (Figure 2.9).

The defeats in system selection and detailing arise from the lack of knowledge
about seismic behavior and performance. Inconvenient system selection has
been the reason of severe damages and collapses. There are some basic
considerations in the design of structural system related to its seismic
performance. The system is required to be as symmetrical as possible and
should have a constant rigidity through the entire height. Structural members
should be arranged and located in a continuous manner so as to avoid structural
irregularities. Dimensioning and detailing of structural members are seriously
effective on the seismic performance of the building. Excessive sway and
deformation must be essentially restrained in order to keep away from failure
since they might lead to stabilty problems and additional bending moments

especially in slender structural members.

27



Figure 2.9: Failures of reinforced concrete structures [30]

The other importance of dimensioning and detailing is seen on the decisions
related to the occurrence of plastic hinges. The basic principle of reinforcement
detailing should be providing enough ductility and resistance. Ductility, which is
usually measured by the amount of deformation that occurs between first yield
and ultimate load with small losses in load carrying capacity, is defined as the
abilty to accommodate relatively large deformations without failure. The
structure’s behavior is of utmost importance in the arrangement of plastic hinges,
which are required to take place at the ends of beams rather than those of the

columns in order to obtain a ductile failure [31].

Due to the fact that concrete is brittle and reinforcing steel is ductile, a brittle
failure unavoidably happens if the concrete crushes before the steel yields. In
seismic zones, it is a must to prevent sudden shear failures to obtain ductility.
Shear failures might be prevented by means of stirrups according to the results of
the capacity design. The critical sections where the plastic hinges are to occur
and the ends of the columns must be confined by stirrups. The axial loads of the

columns should be kept within the capacity limits.
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2.3.1. Importance of Architectural Education on Earthquake Resistant

Building Design

There is a very cammon tendency in our society to relate everything about
earthquake with the field of engineering. This is mainly because of the fact that
most of the research material interconnected to this topic belongs to the
engineers. Architects feel themselves distant to the topic since all the research
materials, publications, and related science works about this topic covers sets of
equations and technical explanations. Thus, they prefer to deal with the aesthetic
considerations, appearance, and details instead of structural requirements of the
buildings. The utmost importance given to the art and aesthetics in the education
period facilitates this tendency and hardens to perceive the importance of the
initial steps of design in terms of structural behavior of any building. The
education should cover to enable the student of architecture to understand the
behavior and importance of seismic performance of the buildings. Architects
should graduate by realizing the significance and responsibility of being the head

of the design team.

The architectural design issues initially cover the decisions upon the form, shape,
architectural elements, and structural system of the building. Related scientific
works and observations, which were carried on just after the earthquakes, point
out the importance of the form, shape, and structural system of the building on its
seismic performance. The consciousness of this importance can only be imposed
to the architects during their education. The students of architecture have to be
educated about the behavior of structures in order to be able to select a
convenient structural system for the building. They must know what should and
should not be done in an earthquake resistant building design and should
collaborate with the engineer in every step of the design process, instead of
considering the drawbacks as sets to their creativity. Especially the buildings to
be built in seismic zones should be designed considering principally the safety of
human life. It should be well perceived that not only the structural system but also
the irregulariies in plan and in elevation lead to deficiencies in the seismic

performance of the building.
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2.3.2. Common Seismic Design Faults and Types of Seismic Damages in

Architectural Design of Reinforced Concrete Buildings

After the past earthquakes, it is observed that in a certain area, with almost
identical soil characteristics and distance to the seismic belt, some of the
buildings collapsed while the rest has some structural damage in a varying range
and characteristics. The observations that were carried out after the hazard
enabled to indicate the reason of structural damages and collapses in very
similarly designed reinforced concrete buildings. Based on these observations
and research outputs, it is possible to say that some architectural design faults
might result in structural damages and even in collapses. The reasons for

structural damage and collapse in terms of architectural design can be listed as:

Undesirable geometric configuration
Inadequate lateral stiffness
Flaws in detailing [32].

Undesirable Geometric Configuration: These configurations might be seen due to
many cases, one of which is the interruption of the continuity of the frame. The
configuration is again defective if the beams do not connect to all the columns
throughout the building, or if the columns support the beams in an exaggerated
eccentric way. Movement of the columns from the axis of the frame or the
intersection of the beams with each other without any vertical support creates the

same effect.

Inadequate Lateral Stiffness: The tall building sways under the action of
transverse lateral forces, which are perpendicular to the longitudinal axis of the
structure. Elimination of partition walls results in soft storey effect, the columns of
which display the concentration of inelastic occurrence at the upper parts
because of significant reduce in stiffness. Another case that is developed due to
inadequate lateral stiffness is hammering of adjacent buildings at separation

points.

Flaws in Detailing: One of the most common cases of this defect is seen as the
formation of short columns by improper use of partition walls. The joints should

be in the form of strong columnweak beam connections and reinforcements
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should be detailled properly for adequate strength and ductility. Column
longitudinal steel must be confined by tie reinforcement so as to overcome the

problem of buckling under the column compression load (Figures 2.10 and 2.11).

Figure 2.10: Buckling due to insufficient reinforcement

Figure 2.11: Buckling due to insufficient reinforcement
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2.3.2.1. Design Faults in Plan

Seismic design faults in plan may be investigated under some certain categories
such as:

Torsion eccentricity
Floor discontinuities
Projections in plan

Non-parallel axis, irregularity, dislocation, and discontinuity of columns,
beams, slabs and shear walls [4, 33, 34, 35].

Torsion eccentricity occurs as a result of the distance between the center of
gravity and the center of rigidity. The lateral earthquake forces would create a
torsion moment, which would lead to additional shear forces in the columns,
around the center of rigidity proportional to the eccentricity. The center of rigidity
should be changed by means of some modifications on the cross sections and
the locations of structural elements (Figures 2.12 and 2.13) [34].

Figure 2.12: Torsion failure
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Floor discontinuities, which might occur because of drastic changes in slab
rigidity or large openings in slabs, lead to critical and unpredictable changes in
the distribution of lateral loads to columns and shear walls. Consequently the
dynamic behavior of the building is negatively affected and irregular lateral
displacements with additional shear stresses on the columns come into

existence.

Figure 2.13: Torsion failure

Projection in plan is a very common feature of a great major part of reinforced
concrete structures and residential dwellings mostly due to the intent for the
effective use of the area. However, large projections cause additional stresses
and torsion eccentriciies on the structure. The most critical shear forces and

moments occur in the intersection line of the projection and the main body [36].

Configuration and alignment of structural elements is one of the most important
aspects in earthquake resistant architectural design (Figures 2.14-2.16). There
are some critical points about the configuration of beams, columns, shear walls,
and slabs. The main axes of the structural members should be parallel to the
lateral earthquake forces in order to avoid the occurrence of additional moments
and shear stresses. The beams must continue throughout the whole frame so as
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not to handle the distribution of the lateral forces to the vertical structural
elements to a rather thin floor slab. Furthermore, irregular spans and altering
beam cross-sections harden to estimate the lateral stiffness of the system and
critical stresses of the structural elements. It is strictly recommended to support
the beam connections by means of vertical structural elements in order to avoid a
large point load on the connection point creating critical moments, which might
lead to large deflections and cracks. At least, these connections should not be
placed near the support in order to avoid critical torsion maments. Leading to
torsion and decrease in the resistance to lateral forces, another important fault is
the creation of frames with broken axis, which would make to handle the
structural analysis in two dimensions and realistically predict the forces applied
on the system impossible [37].

Figure 2.14: Failures due to irregularities of structural members

As the means to transmit the lateral forces to vertical elements, the slabs should
have complete in-plane rigidity. Over-stretched one-way slabs are troublesome in
terms of large deformations under lateral loads and contraction cracks due to the

difficulties in insertion of reinforcements in the long direction.
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Figure 2.15: Failures due to irregularities of structural members

Figure 2.16: Failures due to irregularities of structural members

The very commonly used slab type in residential buildings in Turkey is the block
joist slab, which usually result as shallow main beams. Leading to the destruction
of the bond between the floor blocks and the joists, shallow beams are open to
large deflections under lateral forces. Necessarily of the same height of the main
beam, the direction of the joists should be parallel to the longer side of the slab.
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As those of beams and frames, broken axis of the columns is also dangerous due
to the creation of additional moments. Besides, to make a system that has beams
and frames with broken axis resistant to earthquake, large and uneconomical
element cross-sections are needed. However, on a regular plan, the building has
high lateral rigidity due to the uniformly alignment of columns according to an
axial system. One other important aspect is the connection of beams and
columns, which is desired to have minimum eccentricity especially in the cases
where beams with varying cross-sections meet. Additional torsion moments

would lead to failure unless the connection is effectively reinforced [37].

Increasing the lateral rigidity of the structure as well as reducing the excessive
displacements, shear walls are the most effective means of creating earthquake
resistant buildings. However, concentration of shear walls on one side of the
building leads to excessive torsion eccentricities and uneven displacements on
the structure. They would be effective provided that they are placed
symmetrically and in such a way to keep the center of gravity and rigidity as close
as possible. Besides, they are required to be organized according to an axial
system just as the case in the configuration of the columns. They should be
perpendicular to the building facades in the critical lateral force direction, which is

parallel to the shorter side of the building [31].

2.3.2.2. Design Faults in Elevation
The very commonly seen seismic design faults in elevation are as follows:

Weak storey irregularity

Soft storey irregularity

Discontinuity of vertical structural elements
Irregular motion of building blocks

The pounding effect

Irregular distribution of masses

Creation of short columns

Irregularities in foundations

Creation of weak column-strong beam connections [4, 33, 34, 35]

36



Weak storey irregularity occurs due to the discontinuity of vertical elements
through the entire height of the building. If the ratio of effective shear area in a
floor to the effective shear area of the upper floor is between 0.8 and 0.6 there is

a weak storey irregularity in the structure [38].

Soft storey irregularity is similar to the weak storey irregularity. Instead of the
shear strength, the relative displacements of the floors are critical. Soft storey is
commonly seen in the ground floors of residential buildings in Turkey, which are
used as stores, shops, or garages (Figures 2.17 and 2.18). This irregularity
mainly occurs due to rather high columns in the ground floor, discontinuity of the
shear walls in the ground floor, and omission of partition walls, which partially

increase the lateral rigidity of upper floors [34, 39].

Figure 2.17: Soft-story effect

Discontinuity of the vertical structural elements is seen by the elimination of some
columns and shear walls due to spatial, functional, or aesthetical concerns. The
beam or column underneath the omitted column or shear wall, respectively,
would be subjected to excessive moments and shear stresses and require

uneconomical cross-sections.

Since the seismic behavior is dependent on the mass of the building, irregular

motion of individual building blocks, which create its own loads of inertia, lead to
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critical torsions and shear stresses at the intersection areas during earthquake.
Seismic performance can be obtained by dividing the building into structurally
independent sections in order to avoid additional torsion moments and shear

forces.

Figure 2.18: Soft-story effect

The Town-Planning Codes permit to build structures wall-to-wall adjacent to each
other. If there is not enough space between the buildings, this adjacency might
lead to destructions of structural elements due to the collision of one building into
the next, since each building makes displacements according to its own natural
period [34]. The most dangerous pounding type is the one between the buildings
with different floor levels, since the crushing of floor slabs of one building with the
columns or shear walls of the adjacent building would result in the crushing of the
columns due to the much less rigidity when compared to those of slabs (Figure
2.19). According to the Turkish Earthquake Code minimum 30 mm space is
required between buildings up to 6 m. From 6 m high buildings and on, the

distance is to be increased 10 mm for every raise of 3 m [37].
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Irregular distribution of masses might form due to some additions such as heavy
machinery and water tanks although the structure may seem to be regular in
terms of configuraton and alignment of structural members. Setbacks and
cantilever projections are the other reasons for the creation of irregular mass
distribution, which create different torsion irregularities and lateral rigidity from the
floors below and above, especially if they are not on the central axis of the
building [37].

Figure 2.19: The pounding effect

Another very common seismic design fault is the formation of short column,
which leads to an increase on the lateral rigidity of the element and,
consequently, the stresses that it attracts to itself. Short column effect is seen
due to the occurrence of low partition walls, which are not isolated from the
structural member by means of earthquake joints. Partition walls might have a
vital effect on the seismic performance of the building either negatively or
positively so that they might decrease the ductility of the structure and might
cause additional torsion and shear stresses on structural elements, or they might

act as shear walls and might prevent a probable collapse.
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Figure 2.20: Short-column effect [40]

Figure 2.21: Short-column effect [40]

Short column formation is observed due to any decrease in the height of the
columns in a certain storey when compared to those of the other storey (Figure
2.20). Low mechanical floors, irregular beam depths in a frame, strip windows, or
foundations on inclined topography may cause short columns [41]. In order to
avoid any probable short column formation, it is necessary to construct the
foundations on the same level if possible. All the footings should be connected to

each other with beams to prevent individual displacements. Due to the fact that
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irregular foundations cause additional torsions and excessive displacements in
the structure, a failure in the foundations may cause the total collapse of a
buildng having a strong superstructure since the earthquake energy is

transferred to the structure by means of foundations [31] (Figure 2.21).

The last of the most common design faults in elevation is observed as the strong
beam-weak column connections. However, the primary consideration in an
earthquake resistant building design, which is to prevent total or partial collapse
of the structure in order to save human life, can be achieved provided that
maximum energy is absorbed by means of ductile deformations in columnbeam
connections and lateral stability is protected. In the case of more rigid beams
compared to columns, ductile deformations, which would lead to excessive
displacements, occur at the top and bottom ends of the columns. The result is the
loss of lateral stability, which would lead to a collapse in the ground floor and
unavoidably, the destruction of the other floors (Figure 2.22). On the contrary, if
the columns were more rigid than the beams, ductile deformations would occur at
the ends of the beams, which already can absorb a considerable amount of
earthquake energy by ductile deformations without an important loss in the load
carrying capacity. It is the beam-column connection to fail before the collapse of

the ground floor.

Figure 2.22: Strong beam-weak column effect
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CHAPTER 3

METHODS OF STRENGTHENING AND ITS EFFECTS ON REINFORCED
CONCRETE BUILDINGS IN TERMS OF SEISMIC BEHAVIOR

3.1. Repair / Strengthening / Retrofitting / Rehabilitation of Reinforced
Concrete Buildings

Before going into the details of the existing methods that are used to increase the
seismic capacity of reinforced concrete buildings, it might be necessary to have
an overview on the technical terminology. Repair is the process that is carried out
to provide a damaged structure or a structural member a predefined safety level.
Strengthening is the process that is carried out to provide a damaged or
undamaged structure or a structural member to a predefined safety level. The
former of these terms is generally used to provide a damaged structure its
original safety level whereas the latter aims to offer the structure extra strength
and resistance to whether damaged or undamaged structures. Contrasting to
routine maintenance or repair, the term retrofiting means the strengthening of a

structure in advance to minimize damage due to a possible earthquake [42, 43].

Including all the concepts of repair, retrofitting and strengthening that lead to
reduce earthquake vulnerability, the term rehabilitation is used as a general term
that covers all the physical upgrading on a structure or its structural members in
terms of structural performance [44]. In this study, since the aim is to propose a
method to give extra resistance to existing structures, the term “strengthening” is

used as a general term.

There exist many ways of strengthening; however the crucial point is to decide
upon the most convenient one for the circumstance. The first step for the
determination of the strengthening method is to assess the existing strucural

condition, in other words, the structural reliability of the building. When the case is
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a post-disaster investigation, identification of the structural damage on each
building just after the hazard is the starting point of the process. However, the
lack of a wuniversally accepted systematic procedure to assess the post-
earthquake damages or structural soundness of a building leads that the
judgment upon the degree of the damage and the most convenient strengthening
method are depend mostly on the basis of local conditons and engineering

criteria.

While assessing the safety of the building, it is very important to determine the
effect of the repair and strengthening processes on the rigidity of the members
and center of rigidity of the building. Provided that it does not create torsion
eccentricity, the center of rigidity should not be changed. On the other hand, it
should be modified so as to minimize the danger due to torsion eccentricity.
Estimating the rigidity of the buildings with composite structural systems due to
repair and strengthening is impossible without a good knowledge of structural
behavior [42].

3.2. Determinants on Selection of Strengthening Method

There exist several ways of repair and strengthening methods, each of which
might be effective in several aspects. The selection of the most convenient
method depends mostly on the information related to the existing situation, which
should be based on economic conditions, available geological and structural
information, and the performed analyses that cover the damage level of the

building.

There are many parameters that act upon the selection of the most convenient
repair or strengthening method. The importance of these parameters depends on
the circumstances. Feasibility of the proposed mehods includes various aspects
such as time, cost, availability of the building materials, design, and construction
techniques and technology. A strengthening or repair method chosen for one
building may not be that convenient for another. Or, a method that is proper for
strengthening of a single building may not be practical when the question is a
post disaster strengthening that covers more than one building. The possibility of

evacuating the houses during the repair or strengthening process is another
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determinant. It is necessary to provide another place for accommodation of the

residents of the buildings to be strengthened during the process.

If there is a postdisaster investigation, the case should initially cover the
determination of existing structural capacity of the buildings. The buildings, which
should be demolished, which require strengthening and which do not, should be
identified clearly in order to specify the content of the process. Moreover, the type
of the damage should be identified in order to form a basis for the strengthening
method. One of the most commonly observed damage type is that the structural
frame of the building suffers due to the enormous energy that could not be
dissipated within the building. The building could also sustain danger due to the
foundation settlements, which lead to a serious decrease in the strength of the
load bearing system, as well. Identification of the damage type and level would
be helpful to specify the application points of the repair or strengthening method.
Some buildings might be given the desired strength, rigidity and ductility by
means of strengthening only its structural members, whereas the others require
improvement of the owverall structural system. In both cases, the process should

be very carefully organized in order to facilitate the application.

3.2.1. Structural Assessment of Existing Buildings

The very initial step of the strengthening processes is the exploration of the
structure on site. Besides the identification of the dimensions of he members and
the reinforcements, the existing cracks and deformations, which are the most
reliable data, are indicated. In a structural analysis that would be performed to
indicate the structural reliability of the building, knowledge of structural behavior
is very important in order to determine the effects of cracks and deformations on
rigidity and strength [42, 43, 45].

After the explorations on the building site are completed, it is necessary to decide
upon the structural reliability of the building. If the proposed strengthening
process covers more than one building such as those handled just after an
earthquake, the postdisaster investigation of the area in question covers the
decisions upon the severity of the damage in order to identify the buildings, which
need to be demolished and which require strengthening. The further

examinations need more systematic approaches that categorize the damage
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besides the required level and type of strengthening and repair processes. The
basis for these decisions should be the three primary concern of earthquake
resistant building design: strength, ductility, and rigidity. These principles should
be provided in the modified building by means of any repair or strengthening

process [42, 43].

For a more detailed assessment of the existing structural performance of the
buildings, the entire available document, such as the architectural and structural
drawings and as built plans as well as design calculations, soil test data and all
relevant information, should be collected. The second step includes the
examination of the dimensions and details of the structural members of the
building in the aspects of quality and quantity by means of universally accepted
methods. Moreover, cracks and deformations as the most reliable data should be
checked out and categorized. The last step before the applicaton of the
strengthening or repair process on the site is the selection of an analytical

method for the evaluation of the existing structural capacity of the building.

3.2.2. Principles of Seismic Strengthening

The effects of earthquake to the building are rather different than those of gravity
loads. Earthquake is a dynamic event and the effects of earthquake are
dependent upon the characteristics of ground motions as well as the dynamic
features of the building such as rigidity, period, and damping ratio. Rigidity, which
determines the dynamic characteristics of the building, is dependent on the
moment of inertia of structural members as well as the load-deformation
relationship. Actual estimation of the rigidity of members that are of nonlinear
elastic materials such as reinforced concrete is quite difficult and requires a good
knowledge of material behavior [34, 35, 42].

The aim of strengthening is to enable a structure to resist probable future
earthquakes. If this structure had been destroyed in a previous earthquake, it
should be given enough strength to resist the further earthquakes of the same or
higher magnitude without any damage or failure. The probability of a future
earthquake within the lifespan of a building requires strengthening the building so
that it becomes more resistant than it has ever been. One of the basic

assumptions in earthquake resistant building design is that the building would not
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be able to stay within the elastic limits in a high magnitude earthquake so that
plastic hinges would develop in the required regions due to the vyielding of steel.
The important point here is that the building should not collapse. It is unavoidable
that the building would be damaged; however it should be repairable. The
building could stand in a high magnitude earthquake by dissipating sufficient
energy. Energy dissipation would be the greatest at the points where the plastic
hinges occur. As mentioned before, the examination and assessment of the
structure is one of the most important parameters that determine the
strengthening method and level. Excessive deformations and cracks are the
indications of problems in the resistance and load bearing mechanism of the
structure. Accordingly, the primary principles and precautions for strengthening
can be listed as follows [40, 47]:

22. To keep the mass of the structure constant: Cracks in a structural
member are the indications of excessive amount of load acting on the
element. Since a structure attracts loads in an earthquake proportional to its
mass, any reduce in its mass would lead to decrease in the dynamic loads.

23. To increase ductility of the structure: Ductility is the ability of a structure to
dissipate energy. Reinforced concrete structures spend energy by plastic
hinges that occur on the beam-column connections. Although strengthening
methods provide extra rigidity and enlarge the load bearing capacity of the
structure or the member, they do not propose any increase in ductility.
Moreover, the more rigid is the element, the less ductile it is.

24, To increase the load bearing capacity of the structure: The lateral load
bearing capacity of a structure should be increased for a sound seismic
performance. Damages on a structure because of an earthquake indicate
insufficient resistance to lateral loads and mean that it would be less resistant
to any probable future earthquake. Moreover, although the vertical loads are
constant, the damage reduces the reliability of the structure against vertical
loads as well. Increasing the load bearing capacity of a structure is obtained
by inserting new structural members and/or by enlarging the cross-sections of
the present ones.

25. To rehabilitate the dynamic characteristics of the structure: Increasing the
loads on a structure provides prolongation of its period; however, this requires

enlarging the load bearing capacity of the structure since it would attract more

46



seismic loads. Rigidity and period of a structure are inversely proportional to
each other. Inserting additional structural members to the structure would
increase both the rigidity and load bearing capacity of the structure.

26. To decrease torsion eccentricity: Torsion eccentricity occurs as a result of
the distance between the center of gravity and the center of rigidity.
Considering their probable torsion effect, the additional elements should be
placed in a manner that would not create eccentricity.

27. To place additional load bearing members: If a structure suffers from lack
of resistance to lateral loads, either the load bearing capacities of present
members should be increased or additional members should be inserted.
However, the process needs strict control and quality in material and
workmanship.

3.3. Repair or Strengthening of Structural Members

Provided that it has sufficient lateral rigidity, a damaged building could be
repaired or strengthened by means of some processes that would be carried
upon some of its structural members. However, when the process is related to
the repair or strengthening of the beams, it should be kept in mind that enlarging
the bending moment capacity of the beam would lead to an increase in the shear
forces acting upon the member in question. Safety level after the repair or
strengthening processes according to shear forces should be controlled. No
matter the case is related to either the beams or the columns, the details in the
design and preciseness in the construction are of utmost importance in a

repair/strengthening process [42].

The reinforcement is of great importance on the behavior of beams under
bending. Any beam reaches to ultimate strength capacity by the crushing of the
concrete in compression zone. The vyielding of the reinforcement in advance

provides the beam a ductile behavior [2, 42, 48].

The collapse of a beam due to shear rather than bending leads to a brittle failure.
In the cases where shear is of more importance than bending, the shear cracks
are seen in a 45degree to the axis of the beam since the principal tensile

stresses occur inclined. While designing a beam, the shear capacity should be
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greater than that of bending in order to prevent shear failure. This would be
obtained by providing enough shear reinforcement. The well-detailed closely-
spaced stirrups would increase not only the shear capacity, but also the ductility
after yielding in bending [2, 42, 48, 49].

Strengthening processes can be classified according to their point of application
and intent. There are several strengthening methods applied on various parts of
the frame. Increasing the bending moment capacity and resistance to shear
forces as well as attaching steel plates are the different methods, which are used
to strengthen a beam. Jacketing, adding shear walls to the sides, and wrapping
up by a steel lattice are the common ways to strengthen a column. Modifications
on some parts of the frame so as to obtain the powerful effect of shear walls by
increasing the thickness of the existing shear walls, filling with prefabricated
panels, bracing by steel diagonal members, placing reinforced/unreinforced
masonry walls and in-situ cast shear walls are the other means to increase the

seismic performance of a frame [46].

Adding extra tensile reinforcement and increasing moment arm are the ways to
improving the bending moment capacity of a beam. For this, the depth of the
beam should be increased by the additional concrete, which has to be reinforced
against tension. At this point, the problem is to bond the present concrete with the
new and to anchor the additional tension reinforcements to concrete. V and Z
type reinforcements are welded to both the existing and additional reinforcing
bars in order to provide connection among them (Figure 3.1 and Figure 3.2).
Beside increasing the depth of the beam and connecting the existing and new
longitudinal reinforcing bars, it is necessary to increase the length of the ties as
well since they have positive effects on the behavior of the member. The other
detail is the anchorage of the additional longitudinal reinforcing bars to the
structure either by welding or bolting to the beam or the column underneath. The

ways to anchor the longitudinal reinforcements are shown in the Figure 3.3 [46].

To increase the capacity of a beam against shear forces requires enlarging the
cross-section of the beam and placing extra ties. Inclined cracks near the
supports are the indications of lack of shear resistance. So as to prevent any

probable increase in number and extent of the cracks and to supply enough
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capacity against shear forces that reach to the ultimate value near the supports,
additional stirrups should be tied to the beam and should be gripped at the top
(Figure 3.4). [2, 46, 50]
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Figure 3.1: Connection of existing and new reinforcements by means of V and Z
reinforcing bars [46]
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Figure 3.2: Connection of additional stirrups by welding in increasing the depth of the
beam [46]

With the purpose of increasing the bending moment capacity and shear force
resistance, steel plates might be bolted or fixed by epoxy adhesive to the
underneath or side surfaces of the beam, respectively. If steel plates are attached
not only to the side surfaces but also to the surface beneath with the aim of
increasing the capacity to both bending moment and shear forces, they might be
connected to each other by means of welding (Figure 3.5). The crucial point is to
obtain smooth surfaces both at the beam and the plate. The plate and the
surface should have extra holes if epoxy resin is to be injected besides bolting.
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External or internal stirrups should be introduced to counteract shear cracks in
beams. The use of prestressed tie-rods to strengthen beams is common but is

not suitable for cyclic or reversed loading [43].

Figure 3.3: Anchorage types for longitudinal reinforcements in beam strengthening [46]

Stirrups

n
]

—

Tension cracks

Figure 3.4: Strengthening of beams by means of stirrups [46]
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Columns reach the ultimate strength by the crushing of concrete in the
compression zone. Ductility in the columns is related to the amount of axial
loading. There are two ways to increase the ductility of a column. One is to
increase the cross sectional dimensions of the column whereas the other is to
provide confinement by stirrups. On the other hand, by the crushing of the
concrete, the vertical reinforcement buckles since it has to take all the
compression forces. Confinement by means of closely spaced stirrups would
prevent buckling. The crushing of columns due to excessive earthquake loads

would be prevented by well-detailed and sufficient stirrups [42, 47, 51].

=T S

Beam L-
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T T T T STy
|
‘—V Plate

Figure 3.5: Attachment of steel plates to increase a)bending moment, b)shear force,
¢)bending moment and shear force [46]

Strengthening of columns means increasing their capacity against axial forces,
bending moments, and shear forces. As mentioned before, enlarging the cross-
section of the column, inserting extra sections with reinforcement to its sides, or
wrapping the column by means of a steel lattice, could be used to perform this
process [46]

Enlargement of the total cross-section of a column is known as jacketing while
the expansion of column only in one direction is the process of inserting wings
(Figure 3.6). The principle of jacketing process is to increase the capacity to

vertical loads. However, to bond the existing and additional concrete and to
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anchor the existing and additional longitudinal reinforcement is of great
significance, since the loads should be transferred from the existing section to the
additional part. The thickness of the additional parts would be either 50 mm or
100 mm. In most cases 50 mm thick jacketing provides a significant raise in the
vertical load bearing capacity, since it leads to a great increase in cross sectional
area as percentages. The connections should be rigid in 50 mm thickness,
whereas they should be elastic in 100 mm thick jacketing. Figure 3.7 shows the
elastic and rigid connections by means of reinforcing bars and plates.
Combination of existing and additional concrete and longitudinal reinforcements
could be obtained by means of S, L, Z and V reinforcing bars. [2, 46, 50]
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Figure 3.6: Strengthening of columns by inserting wings [46]

Enveloping the column by a steel lattice does not provide an effective increase in
the moment capacity and axial force resistance. However, this method might be

practical due to ease in providing a nearby support, which prevents collapse.
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3.4. Repair or Strengthening of the Overall Structural System

Repair or strengthening of individual members may not be practical or economic
if the structure is suffering from insufficient lateral rigidity and the ends of the
members are not reinforced by means of stirrups. Here, the most convenient
method, rather than applying repair or strengthening processes to an excessive
number of structural members, is to develop new structural members to take the
earthquake forces by improving the rigidity of the overall system. Improvement of
the whole system is required in some cases such that there exist a great number
of structural members to be strengthened or repaired, or the structure does not
have the required rigidity, or there exist some system weaknesses like soft
storey, short column, etc. Improving the overall system does not require any
repair or strengthening of the individual structural members, except the columns

with excessive damage [2, 42, 50].
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Figure 3.7: a)Elastic b)Rigid connection of additional reinforcements to existing
reinforcements [46]
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The fundamental in improving the overall system is to strengthen some part of
the structural frame and make it more rigid than it has ever been. One method
used for strengthening of the overall system is to add shear walls in the manner
of inserting wings to the sides of the existing columns. The horizontal
reinforcement of the shear wall and the column are welded to each other so as to
obtain unity in between. The thickness of the additional parts should be identical
with that of the column in order to provide a total surround by means of stirrups
and longitudinal reinforcement as shown in the Figure 3.6 above. Thus, the
system would act as shear walls with high strength and ductility. Figure 3.8
shows system improvement by increasing the thickness of the existing shear
walls whereas Figure 3.9 displays different ways of system improvement that
could be applied for columns and frames [42, 46].

Figure 3.8: System improvement by thickening of shear walls [46]

Another method that is used for system imporvement is to place steel bracings
and infill walls within some structural members as well as shown in the Figure
3.10. In Turkey, steel bracings are very rarely used since most of the buildings
suffer from low lateral rigidity, which could not be increased by steel diagonals.
The infill walls could be of prefabricated panels or in-situ cast plain concrete or
reinforced concrete. Prefabricated panels might be more advantageous in some
cases, such as the existence of many identical spans to be filled. Although their

lateral-load resistance is not as high as that of a shear wall, the prefabricated
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panels provide more ductility. The plates should be welded to each other and to
the beams and columns as shown in the Figure 3.11. Also in the application of in
situ cast concrete, the infill element and the frame elements should be effectively
connected to each other in order to provide the behavior of a shear wall. This
could be obtained by providing that the vertical reinforcements pass through the
holes within the beams and the horizontal reinforcements are anchored to the
columns. Not only the reinforcements but also the shear walls must be
continuous through the entire height of the building. The columns at the ends of
the shear walls must be jacketed because of extra forces, which develop due to
the additonal bending moment that the shear wall would attract. If the
longitudinal reinforcements of the columns are not effectively surrounded by
stirrups, the shear walls could not reach their ultimate capacity because of
torsion. Or, it is possible to leave joints, which might create the effect of tie

beams, between the column and the shear wall [42, 46].

Figure 3.9: Different ways for strengthening of columns and frames [46]
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Providing only a litle increase in the load bearing capacity, nonstructural
masonry walls do not provide ductility. They might be considered as a
preparation stage for further infill with reinforced masonry walls, which would be
performed by placing reinforcing bars in vertical and horizontal directions among
the blocks on both sides of a partition wall. Connected to each other by S shaped
reinforcing bars, mesh wire, which should be placed on both sides of the wall,
could also be used in strengthening of existing brick walls. If reinforcing bars are
preferred instead of mesh wire, the continuity should be provided. Just as in the
case of application of cast in place shear walls, the vertical reinforcements should
pass through the holes within the beams and the horizontal reinforcements

should be anchored to the columns.
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Figure 3.10: Placing diagonal steel bracings within the frame [46]
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Figure 3.11: Connection of prefabricated panels to columns and beams [46]
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Another way of strengthening is to increase the thickness of the existing thin
shear walls by an additional shear wall in such a way that they would have a
sound seismic performance. In repair or strengthening of reinforced concrete
buildings by infill walls, the main concern is to constitute shear walls effective
enough to resist the earthquake forces in both directions. Thus, the lateral rigidity
would be increased to the desired level. Since the shear walls take the
earthquake forces, the structural frames are assumed to resist only the vertical
loads. In other words, the structural frame of the building does not require any
repair/strengthening. Only the highly damaged structural members are repaired
by jacketing [42].

3.4.1. Application of Overall System Improvement

In the application of the processes in order to improve the overall structural
system, the initial step is to demolish the partition walls among the spans to be
filled with new structural members. The foundations of the buildings should be
examined by both investigation and excavation. The quality of the concrete is
also among the items to be explored in order to determine its strength.
Afterwards, according to the construction details, holes, which should be cleaned
and filed with epoxy, are drilled for the anchorage bars to the columns and the

beams. The anchorage bars are placed accordingly to the holes and are let dry.

The ongoing steps are to prepare the reinforcement of the new wall together with
the footings and the anchorage bars, to cast the concrete for the footings and to
construct the formwork for the new walls. Meanwhile, it should not be forgotten to
drill larger holes of about 200-250 mm within the slabs to pour the concrete. After
the reinforcements of the walls are placed, concrete is cast within the formwork.
Here, a plank could be used at the top to make casting of the concrete easier
[43].

The sequence of this process could be followed at different stages in the upper
floors. When the construction of the new shear wall is just completed at the
ground floor level, there could be the preparation for the formworks at the first

floor, and for the reinforcements and anchorages at the second floor.
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While the case is jacketing or enlarging the cross-sectional dimensions of the
columns, the initial step is to remove the plaster and concrete on the columns
and expose the existing reinforcement. The reinforcing bars are welded to the
existing reinforcement of the columns. Afterwards, an outer cage surrounding the
column is to be formed by means of longitudinal and shear reinforcement. There
should be holes nearby the beam column connections on the slabs to pour the
concrete. The last steps are to construct the formwork in place and pour the

concrete through the holes.

3.4.2. Principles in System Improvement

Infill walls are the most frequently used strengthening members in Turkey due to
the insufficient seismic performance of almost all structural members in the
buildings and lack of lateral rigidity. However there are some criteria to be taken

into consideration while using the infill walls [42].

The ratio of the total area of the cross sectional dimensions of the shear walls
in each direction —provided that the areas are of the shear walls strong in the
direction in question- to the total area of all the floors should not be less than
0.0025. Moreover, the ratio of the total area of the cross sectional dimensions
of the shear walls to that of the floor area should not be less than 0.01.

The shear walls should be arranged as symmetrical as possible.

The reinforcements in the shear walls should be in both the vertical and the
horizontal direction and should satisfy the requirements of Turkish
Earthquake Codes in amount.

The proposed shear walls should be connected to the holes within the
structural members of the frame by means of tie bars, which are clamped by
epoxy.

The length of the embedded tie bars to the structural frame members should
be minimum 10, preferably 15 times the diameter. The diameter of the holes
should be 5 mm greater than that of the tie bars. The tie bars should be of
deformed type reinforcing bars and should be inserted into the shear wall with
a length of 35 times the diameter.

The total area of the cross sectional dimensions of the tie bars within the

shear walls should not be less than that of the shear wall reinforcement in
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that direction. Under this circum stance, the commonly used tie bars are those
with 20 mm diameter spaced at 500 mm.

The shear walls should be constructed on footings. If there exist a continuous
footing underneath the shear walls, they should be attached to the footings by
means of tie bars, which are clamped by epoxy. The depth of the hole in the
footing should be at least 20 times the diameter of the bars. The total area of
the cross sectional dimensions of the tie bars that connect the shear walls to
the footings should be at least twice the area of the cross sectional
dimensions of the vertical reinforcement. The foundation tie bars should go

into the shear walls as 35 times the diameter.

The crucial point in placing shear walls is the serious increase in the mass, and
consequently, the lateral force that is taken by the structure. So as to increase
the rigidity and especially ductility of a structure without enormous raise in the
mass, it is possible to perform strengthening process by inserting steel frames or
diagonal steel braces within the spans. This method does not require closing the
door and window openings within the span and could be constructed in a rather
short time to prevent a sudden collapse. On the other hand the process is rather
costly and less effective in terms of load bearing capacity when compared to the
application of shear walls; moreover, load transfer between steel and concrete
creates some problems. The frame or the braces should be connected to the
columns by bolts or welding. Bolt connections, which are more effective than
welding, might be on the outer surfaces of the column or might be done by
passing the bolts through the holes within the column.

3.4.3. Construction Problems

Repair or strengthening of structures is a rather difficult work than a new
construction of the same building type. This is due to the fact that any
strengthening process covers many details and parameters that may not be
taken into consideration at the design stage while the building is constructed.
Additionally, it is clear that any modification on an already constructed building

requires more skill and experience than to build up a new structure.
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While the excavations for the construction of the foundations of the new structural
elements are carried out, there may be unexpected situations due to soil
conditions. There should not be any leakage of the water during construction. If
there is, the water should be pumped out at least temporarily before casting of

concrete till the first hardening could be provided.

Also some problems could be faced while arranging the location of the new
structural elements. Some partition walls may have to be dismantled. In Turkey,
thick stone masonry walls are frequently used at the basement level so that they
could be almost monolithically integrated to the existing skeletal frame of the
buildings. The demolition of these walls could be dangerous in case of any
sudden settlement or collapse. When these walls are to be removed, the floors

should be supported temporarily.

The eccentricity of the existing structural members also makes it more difficult to
align all the newly constructed structural members. While improving the overall
system, all the newly constructed elements are considered to be cast without
eccentricity within the frame. However, since the workmanship and construction
details are generally problematic in the buildings that require strengthening in
Turkey, the irregularities, especially in the elevation, create serious problems in
the alignment of the new structural members. In order to provide the vertical
continuity, some elements may have to be cast thicker than they are proposed.

The existing beams of the structure should fit into the newly cast frame.

Another problem could be faced during the drilling of the holes to the existing
members. Especially in the beams, where the longitudinal reinforcements are
very close to each other and to the column surfaces, drilling machines may not
work if they come across these reinforcements. To overcome this problem, the
reinforcements within the concrete could be bent so that they would not obstruct
the way of the holes. Or, special drilling machines, which could drill larger holes,
could be used; however, this process is disadvantageous in some aspects, the
first of which is the leakage of the epoxy before hardening due to the enormous
width of the holes. Additionally, more than required epoxy would be consumed by

the application of this method.
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Also during the welding of the connecting bars to the columns, some problems
may be faced related to probable disorder in the alignment of the new
longitudinal reinforcements if the existing reinforcements are not properly placed
at the corners. Moreover, if the building is damaged due to an earthquake the
alignment of the existing longitudinal bars mght differ between the top and
bottom of the same column. The type of the connecting bars might be changed in

order to obtain a leveled alignment of the new reinforcing bars.

The problems listed above are mostly related to constructional problems and are
generally overcome. However, the strengthening process may sometimes require
serious modifications on the architectural form and function of the structure. For
instance, the improvement of the structural system require the infilling of some
spans or enlargement of the cross-sectional dimensions of the structural
members. This may require changing the positioning and sizes of the openings.
In other words, the original architectural plans as well as design of the sanitary

system should be revised due to the structural requirements of the building [43].
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CHAPTER 4

A PROPOSAL FOR THE STRENGTHENING OF REINFORCED CONCRETE
BUILDINGS IN SEISMIC ZONES

4.1. Description of the Models and Analyses Phases

It was previously mentioned that the aim of this study is to propose a new
approach for strengthening of reinforced concrete structures. The existing
strengthening methods are based upon the rehabilitation of the seismic
performance of the buildings. They propose either some modifications on the
existing structural members of the buildings or addition of new structural
members on appropriate parts of the structure. In this study, the proposed
method suggests the addition of shear walls and diaphragms to the structure in
order to increase the seismic capacity of the building. Shear walls, which are
known as the very effective means to increase the seismic capacity of a building,
are proposed to be added on the exterior sides of the corner columns with
250x1800 mm dimensions. Afterwards, the method suggests diaphragms with
900 mm width around the structure in order to obtain continuity between the

shear walls.

The feasibility of the proposed method is initially explored by means of finite
element analyses by SAP2000 computer programme [52, 53, 54, 55, 56]. The
analyses are performed on different structural configurations reflecting the
present situation of an important part of the reinforced concrete buildings erected
during the great urbanization period of the country. In this part of the study, the
analyses are performed on two different layouts of residential buildings. The first
part of the analyses were performed on the model of a single building whereas
the second group covered the analyses on three adjacent buildings, the first
member of which is the one selected as the model of the single building. In order

to get the behavior of reinforced concrete residential buildings, all the members of
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the models are selected so that they have some seismic defects and structural
irregularities since these faults are common in the majority of reinforced concrete
residential buildings in Turkey. These models reflect the behavior of buildings that
have undesirable geometric configurations and inadequate lateral stiffness as

well.

As mentioned above, the first group of the analyses was performed on the
models of a single building. These analyses in this group were carried out in
three steps in order to show the effects of the additional structural members on
the seismic performance of the selected building typologies. Initially, the models
were analyzed so that the only structural members are those that the building
already includes itself. In the proceeding section, shear walls and, for the last
step, diaphragms were added around the models. The purpose behind
performing the analyses under three different structural configurations is to

explore the effect of additional structural members on structural behavior.

The model, which was selected as the representation of a typical residential
building is rectangular in plan with 14x12 meter dimensions in X and Y directions,
respectively. The model reflects the structures with structural irregularities since it
includes some beam interferences that are not supported by columns. The
columns and the beams are 250x500 mm in dimension. The thickness of the

slabs is 120 mm.

For the second part of the analysis process, 250 mm x 1800 mm shear walls are
added to the building to the four corner columns. Later on, diaphragms of 200
mm thickness and 900 mm width at two floor levels are placed between the shear
walls as connecting members. In structural viewpoint, the reason why the
diaphragms are used at two floor levels is to obtain the behavior of a sound

frame. Figure 4.1 shows the models of these three structural configurations.

The behaviors of all the selected models were observed by means of response
spectrum analyses so as to test the seismic performances of all configurations in
terms of mode shapes, maximum displacements and distributions of shear forces

and bending moments.
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Figure 4.1: The undeformed shapes of the three configurations of single building model
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The analyses that constitute the second group were performed on a model of
three adjacent five-storey reinforced concrete residential building frame, which is
very common in the general urban layout of Turkey. The first constituent of the
adjacent arrangement is the model developed for the analyses of the single
layout. The reason for using the same model for single and attached layout is to
have the chance to compare the results in terms of mode shapes, deflections,
and distribution of forces on the same members. This is thought to give a clear
idea about the positive and negative effects of the additional structural members.

Figure 4.2 shows the models developed for adjacent buildings.

Figure 4.2: The undeformed shapes of the adjacent building models

65



In general, the analyses were performed almost in the same manner that they
were done for the single building model. The only difference is that the models
were not analyzed in their original forms since the first member was already
analyzed to give an opinion about the behavior of the types without
strengthening. The analytical studies of this group started with the analyses
performed on the models with shear walls. They were placed at the corners and
at the connection points of buildings with each other. For the last part of the
analyses two continuous diaphragms, which are connected to the beams and the
exterior shear walls at 1% and 5" floors are added to the building models. The
time periods, deformations and distribution of shear forces and bending moments

are studied by means of a response spectrum analysis.

4.2. Interpretation of the Analyses Results

In order to understand the effects of shear walls and the diaphragms in terms of
seismic behavior, the results were interpreted in a comparative manner. Initially,
all of the five models were compared to each other in terms of time periods as
shown in the set of figures from 4.3 to 4.7. The reason for comparing the time
periods of the single building model with those of the adjacent layout is that the
model of the single building is the first member of the adjacent layout; so that the
time period of this model without strengthening was already obtained by the
analyses that were performed in the first group. If the models of the attached
layout were analyzed with their original structural configuration —without
strengthening- each of the three buildings would have their own time periods
independently since they were not connected to each other by shear walls and
diaphragms. This approach would display the effects of additional structural
members on time periods of even the adjacent layout where all of the three

buildings should act together in case of an earthquake.

In order to identify the results more clearly, five columns were selected in the
single building model as plotted in the Figure 4.8. These columns are named as
C-1, C-2, C-3, C4 and C-5 in the rest of the interpretations. This approach is
thought to provide handling a meaningful evaluation of the values of time periods,

deformations, shear forces and bending moments in a comparative manner.
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Figure 4.3: The mode shapes of the single building model without strengthening
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Figure 4.4: The mode shapes of the single building model with shear walls
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By referring to the figures given above, it is possible to understand the positive
effects of the additional members on the seismic behavior of the models in terms
of time periods. When the single building is in question, it is possible to observe
the decrease of about 53 % between the values 1.2301 sec and 0.5837 sec
because of the shear walls. On the other hand there does not seem to be a
significant change due to the addition of the diaphragms. The time period of the
last model of the single arrangement was observed to be 0.6093 second. The
slight rise in the time periods is because of the increase in mass due to the

diaphragms.

Figure 4.8: The selected columns on the model of the single building

In the following set of tables from 4.1 to 4.5, the results of the analyses for the
five selected columns are given. Following the time periods, the values for the
deformations in X, Y and Z directions are listed. Then, the shear forces for X and
Y directions and consequently the bending moment values for the same

directions on the top and bottom parts of the columns in question were explored.
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Referring to the tables and figures above, it is possible to identify the effects of
additional shear walls and diaphragms on seismic performance. The outputs of
the analyses carried out on three structural configurations of the model of the
single building are also given in he set of figures from 4.9 to 4.15. As it could be
seen in the Table 4.1, =166 mm and ?2,=225 mm for C-1. These are the highest
values among those of the selected columns. However, the excessive
deformation as the sign of fatal damage in case of an earthquake is more clearly
seen in the Figure 4.9 as ?,=296 mm and ?,=435 mm. It is for sure that these
excessive deformations are indications of serious danger in case of an
earthquake so that the building would fatally be damaged. These values are seen
as ?x=108 mm and ?,=124 mm when shear walls are added to the frame. The
results of the third part of the analyses performed on the single model display that
the displacements raise a little when diaphragms are added to the structure. This

increase should be seen as normal according to the increase in weight.

The effect of shear walls and the diaphragms are more clearly seen in the results
related to the distribution of shear forces and bending moments in the set of
figures from 4.10 to 4.15. Figure 4.10 gives distribution of shear forces on the
selected columns on the ground floor level. As it is seen in this figure and Table
45, the most critical columns are C-5 with Vi=752.1 kN and V,y=752.88 kN.
When the model includes shear walls, these values are seen as V,=70.35 kN for
C-5 and Vyw=77.80 kN for C-3 in the Figure 4.11. Figure 4.12 gives the results
related to shear force distribution on the model with the diaphragms as Vix=72.94
kN for C-5and V,,=79.66 kN for C-3.

Figures 4.13, 4.14 and 4.15 give the results of bending moment distributions on
the model of the single layout. As it is seen in Figure 4.13, the most critical
columns are, again, C-5 with M,=2180.51 kN.m and G3 with My=2119.48 kN.m
in terms of bending moment distributions in X and Y directions, respectively. In
Figure 4.14, which gives the results on the model with shear walls, these values
decrease t0 Mwx=241.77 kN.m and M,,=252.58 kN.m. And, as the final of the first
group analyses, Figure 4.15 displays the bending moment distribution on the
model of single layout as Mw=249.58 kN.m and My,=259 kN.m for the columns in
guestion.
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Figure 4.9: The critical deformations on the three configurations of the single building

model
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Figure 4.10: Shear force distributions in X and Y directions on the model of the single
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Figure 4.11: Shear force distributions in X and Y directions on the model of the single
building with shear walls
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Figure 4.13: Bending moment distributions in X and Y directions on the model of the
single building without strengthening
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Figure 4.14: Bending moment distributions in X and Y directions on the model of the
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Figure 4.15: Bending moment distributions in X and Y directions on the model of the
single building with shear walls and diaphragms
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The rest of figures from 4.16 to 4.20 give the results of the analyses of the
second group, which are those performed on the model of the attached layout.
The values that were obtained for the selected columns in the first group of
analyses are still relevant as the basis for comparison. When the results that are
given in the Figure 4.9 are compared to those given in the Figure 4.16, the
maximum displacements are seen to decrease from ?,=296 mm to %=165 mm
and from ?,=435 mm to 2,=131 mm in the model with shear walls. The maximum
displacements are given as ?,=174 mm and ?,=139 mm on the model that also

has the diaphragms.

Similarly, the set of figures from 4.17 to 4.20 give the results related to shear
force and bending moment distributions. Again, considering the results of the
analyses of the first group and referring to Figure 4.10, it is possible to figure out
the effects of additional structural members on shear force distribution. Figure
417 shows the significant decrease on the shear force values, which were
Vii=7521 kN on C-5 and V,,=752.88 kN in C-3, as Vx=156.01 kN and
Vyy=103.83 kN. Due to the increase in mass, Figure 4.18 gives the results in

slightly higher values as V,=158.14 kN and V,,,=108.05 kN on the same columns.

As the results of the final step of the analyses, Figure 4.19 and Figure 4.20 show
the distributions of bending moments, the flow of which are similar to that of
shear forces. The values show a significant decrease in the selected columns
since the shear walls attract most of the bending moments in the structure. The
addition of diaphragms causes a littte move up in these values due to the
increase in mass; however, when this increase is compared to the values on the
overall structure, it could be said that the diaphragms provide the columns to get
rid of the majority of the bending moments. The most critical bending moment
value in X direction was mentioned to be Mx=2180.51 kN.m for C-5 and
M,,=2119.48 kN.m for C-3 on the basic model. In Figure 4.19, these values are
seen to decrease to M=500.86 kN.m and M,,=330.45 kN.m in the model with
shear walls. The slight increase is observed as M«=511.31 kN.m and My=344.66
kN.m in the model strengthened by both shear walls and diaphragms in Figure
4.20.
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Figure 4.16: The critical deformations on the attached building model
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Figure 4.17: Shear force distributions in X and Y directions on the model of attached
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Figure 4.18: Shear force distributions in X and Y directions on the model of attached
layout with both shear walls and diaphragms
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Figure 4.19: Bending moment distributions in X and Y directions on the model of
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When the results of the analyses of the models are compared for each of the
selected models, it is possible to mention that the shear walls are effective means
to provide a significant increase in the seismic performance of the buildings.
However, the increase in the shear forces and bending moments in the columns
should be considered before the application. It seems that the diaphragms result
in a rise in the values of time periods, displacements, shear forces and the
bending moments in the columns that the building includes itself. This could be
related to the proportional increase in the weight of the structure. However, it
could be claimed that the increase in the time periods, deformations and
distributions of shear forces and bending moments are very small when the
increase in mass is considered. Thus, various analyses on different structural
configurations should be performed by the experts of the subject before general
and certain comments and interpretations about advantages or disadvantages of

their utilization.

4.3. Evaluation of the Proposed Strengthening Method and a Comparative
Study with the Existing Methods

Although the analyses results give positive opinions about the effectiveness of
the additional structural members for the strengthening of reinforced concrete
buildings in terms of seismic performance, there exist several parameters that
determine the feasibility of the proposed method, since strengthening processes
generally require serious modifications, which are not even considered before, on
the structure. When a building is started to be designed, many items such as
cost, function and aesthetics are taken into consideration. These parameters are
all parts of the expected work and should be judged together. In other words,
none of them is independent from each other, or could be added on the work
after it is completed. It is unavoidable that some parameters would have the
priority according to different circumstances. However, unfortunately, the situation
is rather disappointing when the majority of the residential buildings in Turkey are
considered. It would be misleading to accuse the builders for all the negative
aspects in the urban layout of the settlements in the country since there are many
other parameters such as Town Planning Codes and economical restraints for
the construction of the buildings; however, it is actual that the main parameter,

even more than the safety of human life, has become the economy and the most
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effective utilization of the land not only in the rapid and unhealthy urbanization
period but also in the recent years. Most of the architectural design faults also
could be related these restraints as well as the unconsciousness of the
importance of selection and configuration of structural system. The tendency to
create the maximum area leads to carelessly designed cantlevers and
projections, which might be inconvenient in terms of seismic performance.
Moreover, the contracts between the landowner and the builder for proposed flats
lead the builders to use the most economic and simple way to construct a
building. As a result, the majority of the urban settlements in Turkey consist of
buildings, of which the main considerations are economy and maximum efficiency
in terms of land use, whereas other determinants and characteristics such as
functionality, aesthetics and, most importantly, safety are neglected to some

extent.

These parameters also come out when a strengthening process is considered,;
however, the importance and determinacy of the parameters rather differ. When
a strengthening process is in progress, the situation is mostly related with safety
of human life. On the other hand, there still exist other parameters, which are

determinant on the selection of the most convenient method.

As mentioned in the previous chapter, there exists several ways of strengthening,
each of which might be powerful or convenient for different situations.
Strengthening might be a process of high cost since it includes many items such
as workmanship, material and design of the application. However, the principle
concern of any strengthening process required and/or applied for the
rehabilitation of the existing buildings in the risky zones in terms of seismology, is
to provide safety of the users. On the other hand, in order to provide the most
economical and the most convenient method, there are always other criteria to
consider, the most important of which could be listed as economy, functionality,

social aspects and architectural decisions.

4.3.1. Cost

Due to the rapid and irregular urbanization, especially in the 1950-1960s, there
are more than hundred thousands of buildings to be strengthened in Turkey,

since most of them were built out of the safety regulations. It is for sure that these
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buildings, especially those, which are located in the highly risky seismic zones,
somehow require structural modifications or additions to provide a sound seismic
performance. The other way to obtain structurally sound buildings is to demolish
and build up again. Nevertheless, this would cost rather highly when compared

with any strengthening process, which might be considered to be expensive.

The type and application of any process -related to the structural performance of
any building- depend on some criteria such as economy, functionality, time and
aesthetics as well as the location, history and existing structural performance of
the building. In many aspects it seems to be more feasible and economic to
strengthen a building rather than demolishing and building up again. The first of
these reasons is that, demolishing a building so as to make a replacement with a
structurally sound one is a rather time consuming way. This aspect is covered in
the following parts of the study. However, it should be convenient to consider
about the cost for the accommodation of the residents of the buildings to be
demolished within the construction time, which is around 1.5-2 years. Moreover, it
would be rather expensive since a strengthening process is principally related to
and applied on the structural members of the building, and it includes very littlle
modifications to the rest of the construction. In most of the residential buildings,
the majority of the cost is generated by the so-called architectural articulations
and interior design members. The construction of structural members of any
building frame requires —very roughly- 40% of the cost. This case is generally
relevant for the construction of apartment buildings, which are planned to be sold
immediately. The ratio of the cost of structural members to the rest of the building
decreases when the building constructed is articulated by means of materials of
more quality and preciseness inside. To rebuild a structure means the
construction of all these nonstructural and articulation elements as well, although

there is no need when the case to be considered is seismic strengthening.

On the other hand, strengthening may not only cover the modification of
structural members. The additions or modifications on the structural elements of
a building unavoidably would have effects also on the partiton walls or
fenestration units around. When the selected process is to enlarge the sections of
columns, it would be necessary to, at least partially, tear down the walls around.

When the process is over, the wall should be built up, be plastered, and be
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painted. The same is relevant for the strengthening of the beams, which are
mostly placed on top of partition walls. When the selected process is addition of
shear walls within the building, the case includes the renewal of the floor
coverings as well. From this point of view, it might seem to be convenient to
reconstruct the overall building; however, the crucial point is that the degree of
strengthening differs according to the existing structural capacity of the building.
In other words, the building might perform well with a very litle structural
modification or addition. Especially in multi-storey buildings, demolition, which
would result in a great amount of waste material, is also a costly process. This

would destruct the economy of both the owner(s) of the building and the country.

When the proposed method is compared to the other strengthening methods in
terms of cost, the case differs in some aspects. Initially, the exterior application,
which is only to the exterior corner columns, would not affect the rest of the
building. The process only requires the constuction and plaster of the additional
shear walls and the diaphragms. Moreover, the amount of concrete and steel
used in the process would approximately be equal to that of a structurally sound
building should have according to the regulations of Turkish Earthquake Code.
The crucial point in this method, is that the amount of the materials to be used in
the application and workmanship. Basically, concrete, steel and the bonding
material between the existing and the new structural members could be thought
to be the building materials. Eight shear walls of 0.25 x 1.80 meter with a total
area of 36 m? are proposed to be placed at the comers of the single building,
which has a floor area of 352 m? According to the regulations of the Turkish
Earthquake Codes, this building must have 3.5 m® of shear walls already. The
difference in between the two values could be thought to be the extra cost of the
proposed method. The percentage of the additional shear walls decrease when
the attached buildings are in case since the shear walls are placed only in one
direction at the connection points of two buildings and is used by the two
buildings in common. Here, it could be said that in terms of material, the only
extra cost is for the bonding material to connect the existing and the new
structural members to provide the interaction in between. However, these
parameters go beyond the scope of the study, since the basic aim in this study is
to explore the structural contribution of the proposed method focusing on mostly

the architectural aspects.
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4.3.2. Function

Although a strengthening process is designed according to some parameters, it
should be kept in mind that the principle of any interruption to the structure is
related to the safety of human life. The function of additional elements to the
building is to provide a stronger behavior against earthquakes. When the
columns are widened, or extra shear walls are added, the building is aimed to be
more rigid than it has ever been. Increasing the moment arm and the amount of
reinforcement aims to increase the moment capacity. Enlarging the cross
sectional dimensions of the beams and placing extra reinforcement improve the
shear resistance. As a whole, the basic principle is to prevent the collapse of the
building. More or less, every strengthening method has powerful effects on the
seismic performance of a building. The important point is that every building

requires different methods according to its present structural condition.

The results of the analyses demonstrate the powerful effect of shear walls and
the diaphragms on the seismic performance of a building. However, there are still
some parameters to be considered such as the interaction between the existing
and the new building materials and the foundations. The most important
problems seem to be the foundations of the shear walls since they are to be
constructed as close as possible to the building and provision of interaction
between the existing and the new materials. In this study, as a starting point the
foundations are proposed to be built upon mini-piles as shown in Figure 4.21
[46]. Referring to the previous parts of the study, in which the existing
strengthening methods are explored- epoxy that should be inserted in through
the holes at every 20-30 centimeters, is considered to be the material for binding.
However, these points are beyond the scope of the study and should be explored

by the experts of each field.

According to the analyses results, it seems that the basic principle is achieved by
the proposed method. Thus, it would be useful to handle its functionality in
different aspects. The diaphragms, which are used around the building once a
two or three storey, create a space of about 0.90-meter width. The alternative
utilization of these spaces according to the application in several configurations

will be explored. Use of these spaces would alter according to the rooms behind
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as well as relation of the building with the environment. If the shear walls alone
could perform well, there would be no need to add the diaphragms. Or, they
should be used in only two sides when the building is attached on both sides.
According to the rooms behind, it would be possible to utlize these spaces
alternatively. If the room behind is a common living space, then it would be
possible to either include the building within the existing space or utlize as a
balcony. For more and the most private spaces such as bedrooms and
bathrooms, it might be more convenient to include the space within the existing
rooms as an enlargement. For configurations, which have rooms with different
privacy degrees on the same elevation, it is also possible to develop more
alternatives. However, the cost and difficulty of modifications on the elevation
should be considered. When the enlargement of the spaces behind is thought, it
contradicts to the main purpose of this study, which is to strengthen a building
without evacuation. Moreover, the strengthening method does not offer the same
opportunity for all the users in a residential building since the diaphragms do not

repeat in all the floors of a building.

Figure 4.21: Foundation upon mini-piles

As mentioned before, the best way to utilize the shear walls and the diaphragms
could be the differentiation between the commercial and residential parts in a
building if the building is located in a commercial area. For those, which have
shops or offices at the ground floor level, the diaphragms could be used as a

means of separation between these two parts. This aspect is considered to have
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been related to architectural considerations rather than functional aspects and

was discussed in detail.

4.3.4. Social Aspects

The recent earthquakes that Turkey suffered in the recent years have
demonstrated not only the poor seismic performance of reinforced concrete
buildings, but also the sensitivity of people about the safety of their houses. The
strength of the buildings, even of those, which had overcome the earthquakes,
became a matter of concern and suspect. It is for sure here is that this hazard
will repeat in seismic zones; the crucial point is that the buildings located in these
zones might not be able to overcome an earthquake of the same magnitude.
Recalling the urbanization period of Turkey in 1950s and onwards, it could be
understood that the buildings located in the seismic zones in any other region of
Turkey would behave more or like the same as the ones in Marmara Region did
since most of the buildings in the urban settlements were built before the revision
of Turkey Earthquake Codes. They should either be demolished in order to be
replaced by structurally sound buildings in terms of seismic behavior, or be
strengthened. The former is rather time consuming so that it is probable to face
with another hazard before completion of construction. Moreover, considering the
fact accommodation of the residents of buildings, which were demolished or
collapsed just after or during the earthquakes, is already a problem itself, it would
create more problems to demolish all the buildings that could perform better by
means of even simple strengthening methods. Nevertheless, in extreme cases,
such as that the building is severely damaged from a previous earthquake or that
the building is over its lifetime period, it might be more convenient method to
replace it with a new one. It is clear that demolition of buildings had negatively
affected the morality and economy of the residents and owners. Unless it is
claimed by the experts that the building cannot serve any more, it becomes a
problem to convince all the owners of a building to replace with another one,
especially if there exists an easier and more economical way to solve the
problem.

Another important point here is that, although it is the human life, which has the

priority, the appearance of the buildings has a significant effect on the psychology
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of people. The proposed method covers serious modifications on the appearance
of the buildings as well as the environment that the building is located in. Before
applying a strengthening method, the owner(s) of the building must be informed
about the situation of the building after the process is completed. If the building is
single and it is located in a relatively larger area, the construction of the shear
walls would not disturb the environment. On the other hand, if the buildings are
attached, the owners of each of the buildings must agree with each other in the
application of the strengthening method. Moreover, this method might require
important modifications in the environment as well. Generally, the attached
buildings are located on narrow parcels that have a very few distance between
the constructon area and the pavements. This situaton would probably
necessitate enlarging the pavements, and consequently narrowing the streets.
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CHAPTERS

CONCLUSIONS

5.1. Summary

The last earthquakes that Turkey has been suffering in the recent years brought
up the questions about seismic performance of buildings. Considering the facts
that Turkey is located on a highly risky zone in terms of seismology, and most of
the buildings in the country are constructed of reinforced concrete, this study

aims to propose a new approach for strengthening of this type of buildings.

There are various methods developed for strengthening of buildings. However,
what is common in all the existing methods is that these processes require empty
spaces to be performed. This creates serious problems since the need for a
second place to accommodate arises. This dissertation is based upon the aim to

realize the process without evacuation of the buildings to be strengthened.

In order to be able to propose a new approach for strengthening of reinforced
concrete  buildings, exploratons were caried out about the general
characteristics of this type of buildings in Turkey. There are many reasons why
the strengthening method is proposed for residential buildings. Beside the intent
to develop an approach without evacuating the space, one of these reasons
might be claimed as that most of the built environment constitutes of residential
buildings that are to face with probable earthquakes. Since most of them were
constructed before the regulations of Turkish Earthquake Codes (1997) was
brought into force, and especially in large-scale cities, an important portion of
these buildings are not legal, in other words, they are not the works of architects
and/or engineers, they strictly require strengthening to resist an earthquake of a

high magnitude without failure. Ancther reason is that it has always been the
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residential buildings that suffer from the earthquakes most among all types so
that there appears to be an urgent need for strengthening of these buildings. And
finally, another reason could be mentioned as that there is a need to investigate
its feasibility in many aspects so that it is required to develop a categorization,
which may not be possible for any other type of buildings, on the characteristics
of buildings. On the other hand, the method could be developed or modified for

other types of buildings according to their characteristics in further studies.

The explorations about the characteristics of reinforced concrete residential
buildings were carried out to understand the common faults in their architectural
and structural designs. The leading factors for the poor performance of structures
were researched and explained. According to these researches, it might be
possible to claim that the rapid and unhealthy urbanization, which started in the
1920s and reached its peak point in the 1950s and 1960s, is the main reason for
uncontrolled spread of built environment. Besides the lack of local authority to
control the erection of structures, Town Planning Codes is seen to allow
construction of defective buildings as well. Based upon the studies related to
seismic performance of reinforced concrete structures after the recent
earthquakes, the method has been developed in such a way that it would
compensate these structural deficiencies. The other features that influence the
seismic performance of buildings such as workmanship, material quality, soil
conditions, or the amount of reinforcement within the structural members, are out

of the content and scope of the study.

Before suggesting a new approach for strengthening of reinforced concrete
buildings, the study also covered the principles of strengthening and existing
strengthening methods with the probable cases that they could be used. Besides,
the advantages and disadvantages of these methods are given with faciliies and
difficulties in their application. This part was explored in detail in order to have an

idea about possible problems in construction of the proposed approach as well.

The study suggests connecting shear walls to the existing corner columns of a
structure. Continuity of shear walls is proposed to be provided by means of
diaphragms that surround the structure. This approach covers great modifications

on the structural configuration of the buildings as every strengthening method
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does; moreover, it seriously changes the appearance as well. The analyses that
were performed on both single and attached arrangements with several
deficiencies in terms of seismic design indicated that the additional members

have positive effects on behavior of structures.

5.2. Potential Cases for the Application of the Proposed Method

The proposed method has basically been developed to increase the seismic
performance of reinforced concrete buildings. As mentioned before, shear walls
are supposed to be connected to the existing columns whereas the diaphragms
are proposed to be connected to the existing slabs all around the building. Thus,
the structural configuration of the building to be strengthened is of utmost
importance for the application of the proposed method. It was previously
mentioned that the application points and cases of each strengthening method
might differ, so that it would be better to focus on the buildings that have the

convenient structural configuration for the application of the proposed method.

The proposed method suggests the addition of the shear walls to the existing
columns of the building on four exterior corners. For the buildings that have no
projections on either direction, there seems to be no problem for the application
in terms of the location of existing structural members. The other points, which
are related to the construction process such as technique, foundations, and
materials to be used, are beyond the scope of this study and could be explored in

further researches.

As previously mentioned, the arrangement of the exterior columns is of prior
importance for the applicability of the proposed method. The shear walls are to
be connected to these existing columns on the exterior surfaces. If the building
has a similar structural configuration —in terms of exterior columns at the corners-
similar to the layout as shown in the Figure 5.1, there seems to be no problem for
the application of the method. In other words, if the exterior columns take place at
the comer and the building has no projections or balconies, the shear walls can
be added to the exterior surfaces of the existing columns and can be connected

to each other by means of diaphragms.
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However, considering the fact that the majority of the reinforced concrete
residential buildings in Turkey have projections —as shown in Figure 5.2- due to
the purpose of the most effective utilization of land, the cases for the application
of the proposed method might seem to be limited in number. Hence, it might be
useful to suggest a different way of application of the method for the buildings,
the exterior columns of which do not take place at the corner. If the building has
projection(s) after the ground floor level, then it would be appropriate to create an
area to perform the process. This could be done by placing a separation at the
end line of the column and demolishing the rest of the exterior wall after this line
in order to expose the exterior surface of the column. This separation would help
to obtain the desired working area for the application without breaking the
objective of the proposed method, which is to propose a method that could be
applied without evacuating the building. One advantage in the buildings with
projections is that the existing slabs of the projecting parts would undertake the
function of the additional diaphragms. They would be utilized to connect the

shear walls so that there wouldn't be a need to add the diaphragms.

Figure 5.1: Example for appropriate layout for the application of the method

The same problem to obtain the continuity of the structural members is also seen
in the buildings that have balconies as well. Since it is strictly required to connect
the shear walls to the exterior columns and the diaphragms to the existing slabs,
the method unfortunately proposes demolition of the balconies. Not only the
balconies or terraces that take place at the line of the exterior columns but also
the ones in between the existing structural members prevent the continuity of the
new structural members. The set of figures from 5.3 to 55 displays the

preparation and construction steps for the application of the proposed method.
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Figure 5.3: The first step for the application of the proposed method: Placing the
separators by means of light partitions

Apart from the configuration of the corner columns, there are other important
common parameters for application of the proposed method. All the models that
have been selected as the potential cases include some design faults that lead to

poor seismic behavior. These faults could be listed as follows:

Irregularity, dislocation, and discontinuity of columns, beams, slabs and
shear walls
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Floor discontinuities
Projections in plan
Soft storey irregularity
Pounding effect

Weak column-strong beam connections

Demolishing the balconies

Figure 5.4: The second step for the application of the proposed method: Removing the
balconies

r -
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Figure 5.5: The third step for the application of the proposed method: Exposing the
column surfaces
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The structural deficiencies listed above are the most common design faults that
result as poor seismic behavior in most of the reinforced concrete residential
buildings. Irregularity, discontinuity and dislocation of structural members are
mostly seen as the result of the intention to hide the beams sagging within the
spaces created. In order to have the beams above the partition walls, the beam
connections may not always be supported by columns. Projections, as another
common characteristic of residential buildings due to the most efficient utilization
of land, are the other cases where beam connections are not supported by
columns. And finally, soft storey formation includes irregularity on structural
members since the columns of the ground floor level are more slender than those

of the upper storeys.

As a whole, it is possible to say that shear walls and diaphragms are seen as the
effective means to obtain seismically strong behavior. The seismic design faults,
which are given above are common in most of the buildings in question. Thus,
the proposed method is seen to be applicable to reinforced concrete residential

buildings that have the seismic design faults listed above.

5.3. Significant Remarks about the Applicability of the Proposed Method

As far as the analyses results show, the method seems to be feasible as a new
approach for strengthening of reinforced concrete residential buildings without
evacuation. However, there are some indefinite and/or important points, which

are listed as follows, should be considered about the application of the method:

1. For the applicability of the proposed method without interrupting the inner
space, the basic conditon is a proper structural layout. The exterior
columns are required to be at the corners. If not, a working area could be
created by means of separations at the beginning of the process. This
might cover obstructions within the space. On the other hand, this would
provide getting rid of constructing diaphragms since the existing slabs on
the projecting part of the building would undertake the diaphragms’

function, which is to connect the shear wallls.

2. The additional members might block the view and sunlight especially in

the lower floor levels.
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3. Construction details are of utmost importance:

a) The proposed shear walls must have footings as the existing columns
do, but to construct the footings nearby the existing ones might create

problems.

b) Connection details between the existing and new structural members
must be developed. The proposed shear walls must be connected to
the existing columns, and the diaphragms must be connected to the

existing slabs.

c¢) The means -such as profiles- and materials to bond/connect the
existing and new structural members must properly be selected and
designed. Particularities such as frequency and design of joints are of
utmost importance.

4. As far as the results of the analyses indicate, the method seem to be
feasible to be applied in typical reinforced concrete residential buildings of
medium height in the way it is proposed; however, even a slight change in
the structural arrangement of buildings might result different. These
changes might be other structural deficiencies than those taken into
consideration for the analyses or number of storeys. Extra structural
members might be required or some of them might be eliminated. Thus,
each configuraton needs to be analyzed before application. This,
consequently, requires reevaluation of the method in terms of basic
parameters such as architectural aspects, time, cost, etc.

5. Before the application of the method, determinants such as assessment
of the building, time, cost, architectural features must be well-analyzed
since sometimes it might not be that practical to strengthen a building,

which is severely damaged or of very poor performance.

6. There are many other parameters that are not covered within the scope of
the study. These are soil conditions, material quality, preciseness and

workmanship.
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7. Inhabitants or owners of the building in question should be wellinformed
about the final situation since the proposed method includes great

modifications on the architectural form of the building.

8. The additional members might create problems in circulation around the
building, since shear walls project out from the borders of the building in
both directions. Pavements and sidewalks, and consequently the roads

and streets would either be narrowed or be no more in use.

9. Projection of shear walls might be undesired and/or unallowable in terms
of legal regulations such as Town Planning Codes since they exceed the
construction site within the parcels. Since there are hundred thousands of
buildings to be strengthened, maodifications related to the neighborhoods
of the buildings in question are required. Suggestions related to the

revisions of Town Planning Codes are given in the following parts.

Provided that the items listed above are taken into consideration, it could be said
that the proposed method achieved its main objectives within the frame of the

study. It enables to obtain a structurally sound building without evacuation.

5.4. Suggestions Concerning the Revision of Town Planning Codes for the
Application of the Method

It was previously mentioned that the proposed method involves great
maodifications on the architectural form of the building. But these modifications are
not only related to the architectural form of the building itself but also to the
nearby of the building. Under this circumstance, there are some necessary

precautions to be taken in order to make an effective use of the method.

This study could be utilized as a basis for the necessary modifications on Town
Planning Codes in two aspects. The first aspect could be based on the necessary
arrangements assuming that the method would be applied. Considering the fact
that there are many buildings that need strengthening, and that it is impossible to
reconstruct them, there should be some preparations in order to avoid further
problems that could be faced after the application of the proposed method. Since

the method covers great interruptions to the nearby of the building in question,
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the neighborhood becomes important as well. Shear walls are solid members that
do not allow passing through; thus they would seem as 1.80 m projections
beyond the construction limits of the building on pavements and streets.
Necessary safety measures should be taken around the building so as not to
disturb circulation. These precautions might be a change in the dimensions of the
pavements, and consequently the streets. The pavements should be enlarged
and the streets should be narrowed. Otherwise it would be impossible to continue
circulation around the building on the pavements. However, narrowing down the

streets might create problems on traffic.

The codes related to the arrangements on the Town Planning Codes concerning
the application of the method are given in articles 29 and 30 in Chapter 4 of the
Town Planning Codes of the Greater Municipality of Ankara. For the rest of the
study, the item numbers related to Town Planning Codes are taken from the
specifications of the Greater Municipality of Ankara [58]. The width of the parcels
and the width of gardens at the front, side and back parts are specified in relation
to the numter of floors and heights of the buildings in these items. In other words,
the allowable construction areas are all specified in these articles and cannot be
ignored unless the necessary revisions are done. This means the items 29 and
30 given in 4" Chapter of the Town Planning Codes of the Greater Municipality of
Ankara —and the corresponding items in the Town Planning Codes of each city-
should be modified so that they would allow construction beyond the specified
limits. This should be done due to the fact that the shear walls are constructed as
additions to the structure, which is probably used all the available area already. In
other words, it is almost certain that the additional members would exceed the
construction limits. Under these circumstances, they should be evaluated as not

constructions but necessary additions to the structure for seismic reliability.

The other aspect that the study might be utilized as a basis for revision is that
some of the problems related to seismic performance of the buildings result from
the regulations of Town Planning Codes. Although the Turkish Earthquake Codes
regulate the structural design and detaiing of buildings that have been
constructed after 1997, there certainly are some configurations that should not be
allowed. For example, soft storey problem, which is a very common characteristic

of damaged buildings in the recent earthquakes, comes out due to the
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arrangements that propose commercial and residential units in the same building
without any restrictions related to floor level differences. The article 451 in
Chapter 5 of Town Planning Codes of the Greater Municipality of Ankara
specifies that the ground floor could be utilized as commercial units. The soft
storey problem could easily be understood when the item 47-2 is considered.
This article gives the specifications related to mezzanine in ground floor
considering the clear heights and ratio of its floor area to that of the ground floor.
It claims that the clear height of the ground floor, in which the mezzanine floor
would take place, could not be less than 520 m whereas the clear height of the
mezzanine floor could not be less than 2.40 m. Besides, the article 48-1 specifies
the minimum clear floor heights as 2.40 m, but does not give any clues related to
the maximum height. The overall height of buildings is specified different in each
zone, but there is no item proposing that the floors should be identical in terms of
clear height [58].

As another precaution that should be taken for earthquake resistant building
design requires the revision of Town Planning Codes in article 43. Projections,
which are utilized in the majority of the buildings for the most efficient use of land,
create irregularities in structural members. This irregularity, which is allowed by
the item with number 43-1 leads to poor load transfer mechanism, and
consequently poor seismic performance of the building. Thus, Town Planning
Codes seem to need revision for the necessary restrictions to prevent

inconvenient layouts [58].

The method may not be convenient for all the residential buildings, but especially
for the buildings on a particular zone, it might be applicable in general since there
should be some common characteristics in terms of structural and architectural
aspects. The additional members give the potential buildings a characteristic
appearance. Especially for those, which are used as both commercial and
residential purposes, the diaphragms are seen to be good means for separation.
If the method were applied for the buildings on a particular zone, it would be
possible to obtain uniformity, which should also be in harmony with the nearby

environment.
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5.5. Architectural Aspects in the Application of the Proposed Method

There always have been discussions between the fields of architecture and
engineering due to the distance in between these two disciplines. This distance
comes out in case of strengthening as well. However, in strengthening process
structural safety of the building has the priority so that even the great alterations
could be tolerated in the architectural features of the buildings. The level of these
changes differs according to each strengthening method. Steel lattice might not
require great changes in the appearance of the building whereas converting a
partition wall into a shear wall might lead to close some window and door
openings. In order not to face with these kinds of problems, the best way is to
have a good collaboration between the architect and the engineer at the very
beginning stage of the initial design process. The architect is as responsible as
the engineer with the initial decision that is taken at the very beginning of the
design for the selection of the structural system and locations of the structural
members. Otherwise, a strengthening process, which would probably cover

undesired modifications and configurations, would be required for the building.

Strengthening methods may sometimes be unaesthetic due to additions or
processes that were not preliminarily considered in the design stage. These
additions and processes generally negatively affect the aesthetics of the building
and the flow within the structure; however, when human life is in question, they
must be tolerated. In this study, one of the main intentions has been to explore
the proposed method in terms of architectural considerations. It is usual that the
additional members are not desired; but it might not be that pretentious to claim
that they may also have contributions to the buildings especially when the overall
characteristics of the reinforced concrete buildings in Turkey are considered. It
may not always be possible to find the best solution to keep the origin of the
building after strengthening; however, considering the general situation of the
reinforced concrete residential buildings in Turkey, it is possible to claim that
most of the members of the built environment do not have much to lose in terms
of architecture in its origin. The same insensitive and unaesthetic approach in the
urban settlements of nearly the overall country is an evidence for this statement.
The situation becomes more distressing when considering the fact that aesthetics

could not be added to a building afterwards since it is a part of the very initial
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design steps. This part of the study explores the effects of the proposed

strengthening method on the general appearance of the buildings in question.

The exterior applicability of the proposed method includes great modifications
and interruptions to the architectural form of the building. The set of figures from
56 to 59 show the appearances of buildings before and after the application of
the proposed method. The examples for these images are taken from Ankara and
Eskisehir in order to have an idea about appearance before and after the
application of the method on both single and attached buildings. When these
figures are compared, it could be seen that these additions could be utilized
positively especially when the proposed method is applied on all the buildings on
a specific area. Although all of the buildings in Turkey are built according to very
strict regulations and on almost identical parcels in terms of surface area, there
stil seems to be an irregularity in the built environments. In other words, the
residential buildings in Turkey unfortunately could not be said to have a
harmonious appearance. It is impossible to mention about the characteristics of
a typology, which was seen in the older periods before the very rapid and
unhealthy urbanization period. Although the buildings are very similar to each
other in many aspects, the inharmonious appearance dominates over the overall
silhouette of the urban settlement zones. Thus, the proposed method might be
helpful to gather the buildings in a common style, which could be obtained by
means of the shear walls and diaphragms. Especially in a zone, where all the
buildings have shops or offices in the ground floor level as seen in the Figure 5.8
and 5.9, the diaphragms at the first floor level helps to develop an order and
harmony in the built environment. In other words, they could be utilized as a
separator between the commercial and residential parts of a building so that the
unsystematic appearance due to the shops, which are usually higher than the
rest of the storeys, would be prevented. These horizontal members could also be
used as the means to create the effect of larger eaves, which were mentioned to
be meaningful in two or three storeys, but pointless in multi-storey buildings in the

previous parts of the study.
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Figure 5.6: Appearance of the buildings in Sincan before and after the application of the
proposed method
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Figure 5.7: Appearance of the buildings in Sincan before and after the application of the
proposed method
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Figure 5.8: Appearance of the buildings in Eskisehir before and after the application of
the proposed method
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Figure 5.9: Appearance of the buildings in Eskisehir before and after the application of
the proposed method
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There is another possibility to treat the repetitive application of these additional
horizontal members in an approach to achieve a solidvoid interaction in a rhythm
through the overall height of the building. The balconies are the basic elements to
break the monotonous effect of the facades in general; however, the situation
that is observed in the eaves is again in question in a different viewpoint. The
functionality of the eaves in two or three storey buildings becomes just visual
when they are used in multi-storey structures. On the other hand, the balconies,
which could be utilized both functional and aesthetic aspects in low buildings,
could be used only functionally in multi-storey buildings. In other words they
become incapable of breaking the monotonous effect on the facades. The
horizontal members proposed in this study would be helpful to obtain an altering
appearance.

Another important point in the application of the proposed method is that it greatly
affects not only the building itself but also the environment in which the building
takes place. There might be a need for serious changes in the environment since
the shear walls may be thought to be great interruptions especially on the
pavements or on the streets. Thus, as mentioned before, it may be required to
make some changes in the Town Planning Codes. With the application of the
proposed method in this study, the buildings are to cover more than the area than
they are allowed. The pavements could be enlarged or completely removed, and
in some cases the streets could be converted to be pedestrian without any
vehicle traffic. In other words, this consequently requires reorganization of the

urban zones.

As the distance between the fields of architecture and engineering comes out in
any strengthening process, the gap between the fields of architecture and
planning comes out when the nearby environment of the building is also in
question. The reason why the gap between architecture and planning is
mentioned in this study is that the proposed method greatly interrupts the nearby
of the building so that necessary arrangements should be done in order not to
face with problems after the application of the method.

In Turkey, since these two disciplines are distant from each other, there seems to

be a dominancy of inharmonious appearance all through the settlement zones.
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Actually, this case is different in the other countries of the world so that the
disciplines of planning and architecture are close to and in collaboration with
each other. This collaboration is understood to be stictly necessary however; the
gap in between these two fields is still in question in Turkey. This study does not
focus on all the members of planning; it only suggests that the environment
should be considered as a whole with all of its constituents. Affecting the
arrangement of pavements and consequently the streets, the method is to cover
the interaction between architecture and planning. Considering that the method
could be applied to a great amount of residential buildings with common design
faults and common characteristics in Turkey, and consequently that it could be
applied to many buildings on a specific location, the case grows from the scale of
a single building and its nearby environment to the scale of urbanism.

As the figures above display, the method could be utilized as a means to give the
built environment on a specific area a common and a more characteristic
appearance. The shear walls and the diaphragms are dominant means on the
building. They would effectively be used as the common members if the method
were applied on all the buildings on a specific area. On the other hand, as seen

in the figures, it is certain that the originality of the buildings is still kept.

It was previously mentioned that although they have many common
characteristics, it is impossible to claim that the residential buildings constitute a
harmonious appearance when they come together. Several reasons could be
listed for these unhealthy appearances since there are many parameters
neglected such as environmental facbrs and climatic conditions. The
characteristics of typical buildings of the older times have been lost or have
become meaningless repetitions. Under these circumstances it could be thought
that structure could be used as the means to obtain a common appearance
however; structure become the means to make the building stand rather than

being utilized as an aesthetic feature.

Proposing additional structural members that are very dominant in terms of
appearance, this method could effectively be utilized on the buildings on a
specific zone in order to obtain a common building type. Since the method

requires arrangements on the nearby environment of the building and revisions
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on the Town Planning Codes, it would be possible to obtain a healthy
environment in terms of urbanism. The shear walls and diaphragms would be the
common means in all of the buildings and same arrangements on the nearby
environment would be handled on a particular zone. Thus, it would be possible to
obtain a regular and harmonious environment that constitutes of buildings with
common appearances. As a result, this thesis could be utilized to provide
continuity between the fields of architecture and structure as well as between the
fields of architecture and planning. The important point here becomes the
potential cases for the application of the method. If the floor levels of the
buildings that are adjacent to each other are different, then it may not be possible
to mention about applicability of the method. Then there should be other
precautions and arrangements taken to obtain a regular environment that
constitutes of members with common characteristics, however; this case is out of
the scope of the study. This study has dealt with specifying the applicability of the
method and evaluates it in terms of architectural, functional, economic and
aesthetic features on only the potential cases. It has also focused on how the
necessary arrangements and revisions could be done considering that the

method would be applied.

The other important point for strengthening processes is that if the building had
more than one owner or inhabitant, all of them should agree with the application.
It might be difficult to obtain a consensus between these people, but when the
case is safety, it might be possible to provide the agreement. However, this time,
problems could be faced with the selection of the most appropriate method. If a
common way of strengthening were developed or were selected among the
existing ones for buildings of common seismic design faults and similar seismic
performances, it might be easier to organize and arrange the application. This
method is thought to be most effective means to obtain the desired harmonious
and regular appearance with the least difficulty. Assuming that the necessary
arrangements are done, and the method would be applied to a group of buildings
on a particular zone with the agreement of the owners of all the buildings that are
attached to each other, the proposed method is seen to be advantageous since it
doesn't require evacuation of space and provides a healthy and regular

environment on the area that the buildings are located.
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5.6. Recommendations for Further Studies

As mentioned before, there are some important points that are not covered within
the frame of this study. These details such as footings, material selection and

connecting details could be explored in future studies.

The method could also be developed according to building typologies other than
residential buildings. Moreover, the problems, such as the limitations in the
possible cases for the application of this method could be studied in order to

expand the application field.

Further studies could also be related to the revision of Town Planning Codes.
Inconvenient layouts could be revealed by means of experiments and analyses in
order to prevent the ongoing deficiencies for the buildings that would be
constructed in the future. Moreover, considering the effects of the proposed
method, different arrangements could be prepared for the environmental design
of either a single building on a parcel or a group of buildings on a particular zone.
These studies seem to be appropriate after specifying the building(s) to be

strengthened since the parameters differ for each case.
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