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Istanbul, a host of many different civilizations- being a city of tourism, art, and culture, with a megacity
area of 5712 km? having more than 1,000,000 buildings with a population exceeding 10 million, has
been exposed to numerous earthquakes in its history and, has experienced damaged extensively as a
result of these earthquakes. Istanbul was also affected by the recent August 17th Golcuk and November
12th Duzce Earthquakes; and approximately 32,637 buildings were damaged. When the regional
earthquake accelerations were examined, it was observed not even a design earthquake had occurred
in Istanbul as a result of these earthquakes. On the other hand, damage, destruction, and the losses of
life were observed to be more than the expected values. As one can comprehend from these figures, it
can be stated that the building stock of Istanbul is defective; and these buildings contain the risk of
severe damage or total collapse. It is considerably significant to repair these negativities in the
defective buildings and remove the apparent defects for minimizing the risks. Moreover, it was pointed
out that a great danger awaits Istanbul and the Marmara Region because of the seismic risk and
structural damage scenarios. Consequently, the investigation of the present building stock of Istanbul
would help for better determination of earthquake scenarios for Istanbul and the Marmara Region. A
detailed examination was conducted on a total of 467 buildings with reinforced concrete or masonry
structural systems, from 23 different districts of Istanbul, and the results obtained were evaluated in
this study. The damage conditions of the buildings, their suitability to the original project, concrete
strength values, reinforcement conditions, project and building defects, and other architectural and
structural system faults, not suitable as regards to the seismic design, were determined. As a result,
apparent defects and faults for the investigated buildings were marked.
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INTRODUCTION

The recent activation of the North Anatolia Fault Line,
which started with 1992 Erzincan and 1995 Dinar Earth-
guakes, had turned the attention towards the Marmara
Region, and especially Istanbul. The fault, which had
triggered towards the west with the 1939 Erzincan
Earthquake, had lengthened and reached the Marmara
Region on the North Anatolia Fault, between Erzincan
and Marmara until 1967. But the same fault, which is a
major danger factor for the Marmara Earthquake, and
has destroyed Istanbul numerous times, did not trigger a
motion. Instead, it caused the Golcuk (Izmit Bay)
Earthquake on 17th August, 1999; and the motion on the
fault just behind turned towards left, causing the Duzce

Earthquake on 12th November, 1999. The two earth-
guakes that occurred in 1999 caused considerable
damage on 32, 637 buildings, with extensive damage and
demolition of 3,605 of them in Istanbul. Other than
Istanbul, Golcuk and Duzce Earthquakes caused
damages, within a 200 km buffer zone from the focal
point, on a total of 211, 746 buildings, with extensive
damage and destruction of 63,368 residents and 10,369
commercial buildings. Approximately, 20,000 lives were
lost and 45,000 people were harmed from the earth-
guakes (TR Ministry of Public Works and Settlement,
General Directorate of Disaster Affairs, 1999; Kocak,
2003; Sucuo lu et al., 2000; Elnashai, 2000). When the



buildings that were destroyed or damages following each
destructive earthquake in Turkey were examined, it was
detected that the building qualities and structural faults
were similar. It was aslo observed that damages that
occurred displayed similarities (Kogak, 2000; Tankut et
al., 1995; Arslan and Korkmaz, 2007; Turkish Engineers
and Architects Association, 2000; Ersoy, 1993; Okutucu,
1993). Furthermore, buildings that could not stand their
own weight, even without the occurrence of an earth-
guake have also been a subject of research (Kaltak¢ et
al., 2007).

The structural damages that occurred in the earth-
guakes, the types of the damages and scientific and
technological developments necessitated the revision of
the Turkish Seismic Code that was in effect; and the code
that was in effect in 1975 was changed, with the works
starting from 1995 to 1998. In the meantime, the Map of
Turkey Seismic Zones was changed in 1996 as a result
of the more detailed determination of the active fault lines
and the identification of the regional risks. With the
examination of the buildings damaged in the earthquakes
and the earthquake magnitude-damage relation, the
insufficiency of the present buildings in Turkey came out
in the open; and the evaluation of the present building
stock, regional transformation, renewal projects accor-
ding to the changed code and the Map were brought to
the agenda (Istanbul Metropolitan Municipality, 2003;
Japan International Cooperation Agency (JICA) and
Istanbul Metropolitan Municipality (IBB/IMM), 2002). The
ways to rehabilitate the present building stock and the
methods to overcome the earthquake with the minimum
damage were emphasized in these projects. Further-
more, numerous suggestions and studies were deve-
loped with the aim of evaluating the present buildings and
detecting the structural defects and faults. Some of these
suggestions include quick evaluation methods as
presented in ATC 21 (Istanbul Metropolitan Municipality,
2003; Federal Emergency Management Agency, FEMA-
15, 1998; Giilhan et al., 1997; Ozer et al., 1999;
Sucuo lu et al., 2003; ki et al., 2003).

The earthquake scenarios were recently prepared for
the Marmara Region, and Istanbul, particularly;
assumptions were made about the estimated amounts of
damage, expected earthquake magnitude, and its
regional effects with the probable loss of life (Japan
International Cooperation Agency (JICA) and lIstanbul
Metropolitan Municipality (IBB/IMM), 2002; Pulido et al.,
2004; Ansal et al., 2009; Erdik et al., 2004; Tezcan et al.,
1991). It is significantly difficult to evaluate the present
building stock of the Istanbul Province since a
considerable amount of the stock (70 - 75% estimated) is
unlicensed. It is thought that these buildings do include
serious defects since they did not receive adequate
engineering service; and the probable occurance of
similar earthquakes in Istanbul introduces the estimation
that the destruction would be at an extremely high level
when the recent destructive earthquakes that occurred in
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Turkey were considered. Therefore, the detection of the
apparent defects that can be removed within a short
period of time and the determination of the buildings that
needs to be demolished would significantly decrease the
damage that is encountered after the earthquake.
Moreover, the identification of the seismic risks, fore-
casting the extent of the structural damage, and the
knowledge about the earthquake safety of the present
buildings, in a number that is sufficient for the assignment
of a statistical damage distrubition are also necessary.

In this study, a total of 467 buildings, of various types,
from 23 different districts of Istanbul were discussed, as a
follow-up of a previous study (Kocak, 2005), and all the
engineering data regarding these buildings were
separately investigated. The existing material strengths,
structural defects, construction faults of the buildings as
well as suitability of their projects- if there is any-, their
damage conditions, reinforcement arrangements and
order were each dealt with separately; and the buildings
were evaluated according to them. As a result, the
amount of the damage estimated in the earthquake
results was evaluated by using the obtained findings; and
the apparent defects of the buildings were detected.

HISTORICAL
ISTANBUL

EARTHQUAKES THAT AFFECTED

The North Anatolia Fault Line has been activated
throughout the history and caused major damages in
Istanbul; this is obtained from the information included in
the written history. Historical earthquakes and their inten-
sity levels from the information, estimated or obtained
from the written history, about the damage caused by the
earthquakes are presented in Table 1. In Figure 1, on the
other hand, surface breaks of the earthquakes that
caused great damages in Istanbul are displayed.

Three earthquakes especially, among the historical
earthquakes, caused exteremely major destructions in
Istanbul and the deaths of a great number of people. The
biggest one, among those three, was 1509 Earthquake
which occurred on September 10™. In this earthquake,
approximately 5 - 6 thousand people, among the total
population of 160 thousand, lost their lives. This
earthquake has been called the The Lesser Judgment
Day in the history. Approximately 1000 residents, a great
number of city walls, mosques, palace walls, prayer
rooms, and churches were damaged; ruptures and water
and sand eruptions were seen in some regions. The
waves that crossed the city walls following the
earthquake also caused significant damages. It is written
in the historical records that the earthquake had caused
damage between Bursa and Edirne and was felt in Egypt,
Greece, and Austria (Ambraseys and Finkel, 1990;
Ambraseys and Finkel, 1995).

The 1766 Earthquake, which occurred on 22 May, 1766
in the Eastern Marmara Sea, 257 years after the 1509
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Table 1. Earthquakes that affected Istanbul between the year 325 - 1912.

Year Max.intensity (lo)) Year Max.intensity (lo)) Year Max.intensity (lo)
325 IX 986 IX 1766 IX
427 IX 1344 IX 1894 X
478 IX 1462 IX 1912 IX
553 IX 1509 X
865 IX 1659 IX
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Figure 1. Estimated surface breaks of some earthquakes that caused destructive damages in Istanbul (Barka, 2000).

Earthquake, damaged a wide region between Izmit and
Tekirdag; and the tsunami waves caused major damages
in Istanbul and Mudanya (Figure 2a). Even the after-
shocks of the earthquakes had continued for 8 months.
The 1894 Earthquake (Figure 2b) is the most known
among the historical earthquakes. Even isoseismal maps
belonging to this earthquake were created. The city walls,
mosques, and churches were collapsed, a great number
of structures were damaged, and 3000 - 5000 people had
lost their lives in the 1894 Earthquake. 3 km long surface
breaks, and ruptures that were parallel to the sea shore
were formed. There is also a rumor that the sealine
displayed an ebb current of 50 m (Gindo du, 1991).

Seismic risks in Istanbul

The North Anatolia Fault Line, starting from Karliova in
the North Anatolia and extending towards the west of
Greece for 2000 km, had experienced 6 major earth-
guakes between 1939 — 1967, from the 1939 Erzincan
Earthquake (Figure 3), that gradually activated the
Istanbul, and finally induced the Golcuk (Izmit) and Duzce
Earthquakes in 1999 (Gurkan et al., 2005).

During the time period between these earthquakes, the
seismic activity of the Marmara Region continued and
there occurred a great number of earthquakes with a
magnitude of more than 2. The seismic activity of the
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Figure 2a. A display of the damage in Istanbul caused by May 22nd 1766
earthquake (Ambraseys and Finkel, 1990).

Topkap taralinda kaleburcu harabes!

Figure 2b. A display of the damage in Istanbul caused by 1894 earthquake (Urekli, 1999).
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Figure 3. Recent destructive earthquakes occurred in the North Anatolia Fault Line (www.mta.gov.tr).

Figure 4. Seismicity of the Marmara region (1900 - 19.11.1999) (Erdik et al., 2000).

Marmara Region is shown in Figure 4. occurred. The empty space in the middle sections, where
A concentration of seismic activity, as can be seen from the earthquakes did not occur, can be called a seismic

Figure 4, captures the attention in the region where gap; and there exists a strike-slip fault below that seismic

Golcuk (Izmit) and Duzce Earthquakes of 1999 had gap, which caused the 1509 and 1912 Earthquakes and



also would affect Istanbul, in the fault map belonging to
the Marmara Sea (Figure 1) (Gundo du et al., 2003). As
can be seen from Figure 1, the Izmit Segment on the east
of the Ganos Fault, one of the active faults in the
Marmara Region, was ruptured, whereas the active fault
in between has been silent for a while (Figure 4). The
western section of this fault was ruptured in 1509 while
the last rupture was recorded in 1766 on the eastern
section. Thus, the western section has not been ruptured
for 500 years while the eastern section, likewise, has not
ruptured for approximately 250 years.

It is comprehended that the vicinity of Istanbul has
been rather seismically active when the seismicity of the
region, in both historical (A.D. 32-1899) and instrumental
periods, was examined. Some, among those, have
caused major damages and loss of lives. These
earthquakes are related to the extensions of the North
Anatolia Fault Line in the Marmara Sea. 12 major earth-
quakes (lo>IX) had occurred in the Marmara Region,
which has a busy earthquake activity, within 1500 years.
Parson et al. (2000) and Barka (1991) state that the
possibility of of having an earthquake with a magnitude of
M>VII within 30 years is 62% according to the calculus of
properties of the historical earthquakes. Furthermore,
according to the Ambrayes and Finkel (1991), the
repetition period of a VIII magnitude earthquake is 95
years while the same period is 200 - 250 years for a IX
magnitude earthquake. It is comprehended that the fault
on the east of the Marmara Sea has not been broken for
250 years and, according to the calculus of properties
presented by Barka, the repetition periods of the
earthquakes with VIII and IX magnitudes have been
exceeded. According to Barka (1999), again, the tensions
of the both east and west extensions belong to the
broken fault following the 17th August, 1999 Earthquake;
thus, leading to the Duzce Earthquake on November
12th. On the other hand, the western section of the fault,
the Marmara Fault, had been triggered; and the risk has
been concentrated in this region. The statistical evalua-
tions point out the fault, in which May 1766 Earthquake
had occurred (Figure 1), and project that this fault can be
heaved. It is also possible to state that this fault, on the
east of the Marmara Sea, is compatible with the Model A
presented in the report prepared by JICA-IBB/(IMM).

Four scenario earthquake models were determined, as
can be seen from Figure 5 in the report prepared by JICA
and IBB. Model A, accordingly, displays an earthquake
that would occur on the 120 km fault extending from the
west of the the fault, on which the August 17th Golcuk
Earthquake had occurred, towards Silivri. In this model,
which has the highest possibility of occurance, the
earthquake magnitude is M = 7.5 (Figure 5a). The
maximum ground accerelation that could occur is a = 0.4
g according to this model; and this accerelation
decreases to 0.2 - 0.3 g towards the north. The
earthquake magnitude is approximately M = 7.4 which is
created by 110 km fault that extends from
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Murefte — Sarkoy towards Bak rkoy open seas (Figure
5b). The ground accerelation values created by this
scenario earthquake are close to the values of Model A.

According to Erdik et al. (2000)'s study, the magnitude
of the scenario earthquake to be used for Istanbul is M =
7.5 while the ground accerelations of approximately 0.5 -
0.6 g in the regions are near the shores. All these
presented values do coincide with the Model A projected
by JICA and IBB.

PROBABLE STRUCTURAL DAMAGES ACCORDING
TO THE ISTANBUL SCENARIO EARTHQUAKES

In a study by Ansal (1991), a probable Istanbul
Earthquake with a magnitude of 7 - 7.5 is estimated to
damage 600,000 buildings; and it is stated that 100,000,
200,000, and 300,000 of them would be severely,
moderately damaged, and mildly damaged, respectively.
It is also stated that, in such an earthquake, 40,000
people would lose their lives while there would be
100,000 injured people. Erdik et al. (2000); however, it is
considered that approximately 50% of the building stock
would be exposed to an earthquake with a magnitude of
7.5 and minimum intensity of VIIl. According to this
assumption, approximately 40,000 - 50,000 buildings
would be severely damaged, 5,000-6,000 buildings would
completely collapse; and the number of lives lost would
be approxi-mately 40,000 - 50,000, with approximately
30,000 injured people. Earthquake Master Plan, prepared
by JICA-IBB, estimates that approximately 51,000
buildings would be severely damaged or collapsed while
the loss of lives would be 73,000 according to the
earthquake in scenario A.

The expected number of damaged buildings is about 7
- 10% according to the values given above. Erdik et al.
(2000)’'s, 1998 European Macroseismic Scale (EMS,
1998), and Ambraseys ve Jackson (1991)’s studies, state
that there would be 1 life loss and 4 injuries per severely
damaged or reinforced concrete collapsed building in an
earthquake with a magnitude of M 5. On the other
hand, the damage that is observed in the reinforced
concrete buildings in Turkey is 10 times more compared
to the European countries. Furthermore, the above
mentioned estimates are seen to be rather optimistic
compared to the results of these studies.

BUILDING INSPECTIONS AND ASSESMENTS
CONDUCTED IN THE DISTRICTS OF ISTANBUL

467 buildings were determined from 23 different districts
of Istanbul; their projects were obtained, inspections were
conducted on the building itself and their projects. The
districts of the buildings and their numbers are presented
in Table 2. The inspections of the buildings were
conducted in two phases. The first phase is the
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Model A

Model B

Figure 5. Scenario Earthquakes according to the JICA-IBB study (Japan International Cooperation Agency (JICA) and Istanbul

Metropolitan Municipality (IBB), 2002).

Table 2. The distribution of the inspected buildings according to their districts.

District name No. of building ins.- earthquake region (°)

District name No. of building ins.- earthquake region (°)

Avcilar 36 (1)
Bagcilar 28 (2)
Bahcelievler 19 (2)
Bak rkoy 25 (1)
Bayrampasa 14 (2)
Besiktas 11 (2)
Beyoglu 12 (2)
Buyukcekmece 15 (2)
Catalca 13 (2)
Esenler 23 (2)
Esenyurt 9(2)
Eyup 8 (3)

Fatih 17 (2)
Gungoren 12 (2)
Had mkoy 6 (1)

Kad koy 21 (1)
Kagithane 18 (2)
Kartal 16 (1)
Kucukcekmece 113 (1)
Sancaktepe 9(2)

Sariyer 11 (3)
Sisli 12 (2)
Zeytinburnu 19 (1)
Total 467

determination of the concrete strength, reinforcement
class, and the amount and arrangement of the
reinforcement used in the structural elements of the
building, and the suitability of the determined concrete
strength and amount of reinforcement to its project. The
second phase, however, is the investigation of the
buildings according to the suitability of its project (if there
is any), the adequacy of the architectural and reinforced
concrete projects (if there is any) to the vertical and
horizontal loads, the architectural and structural system
disarrangements of the building, constructional and
manufacturing defects, usage defects and changes made
afterwards, the damage conditions of the structural and
non-structural  buildings, dampness and corrosion
conditions on the building, and the other negativities.

51, 45, and 4% of the inspected buildings fall into 1%,
2" and 3" Seismic Zones, respectively.

467 buildings from a total of 23 districts were inspected
in details and evaluated accordingly, as can be seen from

Table 2. Special care was taken that the buildings
evaluated had a license; in spite of this care, 205 of the
buildings had projects whereas 262 of them did not have
a project or their projects could not be reached. 51,
among the buildings with projects, were suitable to its
project, whereas 154 buildings were not suitable to the
project. In other words, 154 of them had been built
improperly, as regards to its project, both architecturally
and structurally. It was determined that only 48, among
all the buildings that were inspected, were used for
inhabiting purposes. The ratio of the buildings that were
suitable to their projects was 11% while the number of
the buildings used for inhabiting purposes corresponded
to 10%. The classification of the buildings according to
their construction dates is given in Figure 6. Furthermore,
buildings were classified according to their storeys,
including the basement storey; and this classification is
given in Figure 7.

The vertical structural system of the inspected buildings



Kocak 475

140+
120+
V)
O
< 100-
=
'S 80-
28]
[ V— 60-
©)
@ 404
O
E  20-
>
Z o
© c
o
:5 5 % g % g g g £ 8
0 £ % ® = s 0 § % = 3
£ 3 2 g g 5 3 G g
@ YEARS| 8

Figure 6. The classification of the inspected buildings according to their construction dates.
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Figure 7. The classification of the inspected buildings according to their storey numbers.
(excluding masonry buildings) is the frame system, made determined 64 buildings. The ratio of the buildings with

up of columns and beams, except 64 buildings. Shear shear elements to all inspected buildings was found as
columns, although not sufficient, were used in the 13.7%.
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The buildings were furthermore classified according to
their flooring system and the results were given in Figure
8.

THE APPLICATION OF CONCRETE STRENGTH
TESTS ON THE INSPECTED BUILDINGS AND THE
ASSESMENT OF REINFORCEMENT

The results of the ultrasound pulse velocity and Schmidt
Hammer tests, which are coring and non-destructive
concrete tests, were used as a basis to determine the
concrete quality of the buildings. The core samples were
taken from the structural systems of these buildings and
their compressive strengths were found. Then, ultrasound
pulse velocity and Schmidt Hammer tests, among the
non-destructive methods, were implemented on the same
elements. A relation, by also considering the core test
results, was found between the results of the non-
destructive method; and accordingly, the compressive
strengths of the other structural elements were estimated
by wusing this relation. Consequently, a regression
analysis was conducted between the core test results
and the other non-destructive methods.

According to the results of the experiment, 205
buildings of the total 433 inspected buildings, if masonry
buildings are excluded, had projects; and the concrete
strength of 165 of them provided the values that were
required in their systems. Of the other 40 buildings with
projects, the mean concrete strength values met the
expected values in the project. The concrete strength
values of the remaining 238 buildings did meet the lowest
concrete strength values of their construction dates
(C14), only with a ratio of 28%. The standard deviation
between the lowest and highest value of the concrete
strengths was found to be considerably high in almost all
of the buildings, while the lowest strength value was
found as 5 Mpa. Moreoever, the minimum average con-
crete strength value, for all of the files, was found as 7.92
Mpa as the cyclinder strength value while the maximum
concrete strength value was found as 26,12 Mpa. These
results do display how weak buildings are according to
the concrete quality. Consequentially, it is possible to
say concrete strength was ensured for 20% of the
buildings with projects; and, for all of the buildings, the
same ratio was 25% while 75% of the buildigs inspected
did not meet the concrete strength require-ments.

The reinforcement class for almost all of the buildings,
except the ones that are built more recently, was
determined as S220. The minimum reinforcement ratio
was used in the columns and beams. Therefore,
sufficient stirrup spacing was not applied in all of the
buildings, except a few recently built ones.

THE DAMAGE CONDITIONS OF THE BUILDING
INSPECTED, BUILDING DAMAGES AND DEGREES

The buildings inspected were classified according to the

detected damages by taking the evaluations of Ministry of
Public Works and Settlement and MSK International
Scale presented in Polat (2000) as the basis. The
classification according to the damage conditions was
realized according to the criteria mentioned below. The
buildings evaluated according to these criteria were
classified as presented in Figure 9.

First degree damage (lightly damaged’ in the
implemen-tations of Ministry of Public Works and
Settlement): Thin plastering cracks, falling of small sized
plastering; total building inclination less than 0.005.

Second degree damage (‘Midly damaged’ in the
implementations of Ministry of Public Works and
Settlement): Horizontal cracks not exceeding 0.2 mm in
the columns, vertical cracks not exceeding 0.3 mm in the
beams, and slanted cracks not exceeding 1 mm in the
walls, total building inclination less than 0.015.

Third degree damage (‘Moderately damaged’ in the
implementations of Ministry of Public Works and
Settlement): Bending and shear-bending cracks with
wideness of 2 mm in the walls, 1.5 mm in the reinforced
columns, 2 mm in the beams, and 0.5 mm in the joints;
crushing of the concrete shell and local spillage in the
reinforced concrete; total building inclination less than
0.03.

Fourth degree damage (‘Severely damaged’ in the
implementations of Ministry of Public Works and
Settlement): Cracks that diffuse deeper than the shell
concrete, crushing and falling of the concrete and display
of the reinforcement; shortening of the column size in
observable amounts; lateral displacement of the column
bracing section in observable amounts; bending and
shear-bending cracks wider than 5 mm in walls, 2 mm in
the reinforced concrete columns, 3 mm in beams; total
building inclination more than 0.03. The evaluation of the
damages according to the intensity scales are presented
in Table 3. Moreover, one of the major problems, which is
encountered during the evaluation of the buildings,
causing building damage is the humidity and the related
corrosion effect. Humidity and corrosion were
encountered in 42% of the inspected buildings.

SUITABILITY OF THE INSPECTED BUILDINGS TO
THEIR PROJECTS

The buildings that were built by using a project were
compared with their projects according to both their
architectural and structural aspects. Generally, changes
in the columns and beams were encountered in the
buildings; what is more striking is that in all of the
structural projects designed before the 1998 Turkish
Seismic Code, stirrup spacing was not shown, and
concrete and reinforcement class was not written in the
project. Nonetheless, more serious approach and more
attention regarding the quality was observed in the projects
that is designed after 1999 Goélcik Earthquake. The
evaluations regarding other project inconsistencies are
presented in Figure 10.
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Figure 9. The distribution of the inspected buildings according to their damage conditions.

Table 3. Building damage degrees.

1. Degree damage 2. Degree damage 3. Degree damage 4. Degree damage 5. Degree damage

MSK international scale Lightly damaged Moderately damaged Severely damaged Partial collapse Collapsed

Implementations of Min. Lightly damaged Midly damaged Moderately damaged Severely damaged Collapsed
public works and sett.
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SAMPLE PERFORMANCE ANALYSIS FROM THE
BUILDINGS INSPECTED

The aim of this study is to detect the observable defects
and faults of the present building stock. Therefore,
architectural and structural inconsistencies, and the
concrete and reinforcement conditions of all the
determined buildings were determined; and the data
obtained were summarized.

Nonetheless, non-linear performance analysis, as
described in the Turkish Seismic Code, for 4 buildings
was conducted; and their results were presented as
shown in Figures 11 and 12. All of the 4 buildings had a
project, 3 of them were built according to the 1975
Turkish Seismic Code while 1998 Turkish Seismic Code
was used for the designing of the remaining one. The
mean concrete strength value of the first 3 buildings was
approximately C14 while the same value for the last
building was approximately C25. The reinforcement
condition of the first three buildings was used by
providing the minimum percentage for the structural
element dimensions while the reinforcement condition
was used as a result of the calculations. The soil class is
S3 and the code is Seismic Zone #1 for all the buildings.

The seismic performance of the buildings, according to
the 2007 Turkish Seismic Code, is related to the
expected damage condition under the applied earth-
guake. The damage condition and the performance of the
building are defined by determining the damage
conditions of all the elements. The damage conditions,
however, is determined by linear elastic design and non-
linear design. In the linear design, the damage conditions
of the elements can be determined by checking

effect/capacity ratios and relative storey displacement.
The linear non-elastic design, on the other hand, is
performed by determining the section unit deformations
of the elements.

Three limit conditions were determined for the damage
conditions of the elements. These are, Minimum Damage
Limit (MN), Safety Limit (GV) and Failure Limit (GC); and
the elements’ damage conditions are determined by the
displacement limits given below. These limits are
presented in Equations 1, 2 and 3.

(8) For Section Minimum Damage Limit (MN), upper
limits for the unit compressive displacement of the
concrete on the outmost fiber, and unit displacement of
reinforcement steel are:

(€4),y =0.0035; (e,),,, =0.010 (@)

(b) For Section Safety Limit (GV), upper limits for the unit
compressive displacement of the concrete on the
outmost fiber in the stirrup region, and unit displacement
of reinforcement steel are:

(), =0.0035+0.01(r, + r,,) £ 0.0135;
(e.)s, =0.04 @)

(c) For Section Failure Limit (GC), upper limits for the
unit compressive displacement of the concrete on the
outmost fiber in the stirrup region, and unit displacement
of reinforcement steel are:



Figure 11. View of the evaluated buildings.

Figure 12. The model belonging to the one of the buildings
evaluated and plastic joints formed in the beginning steps.

(65 ).. =0.004+0.014(r +r ) £0.018;
(6.). =006 (3

According to these analyses, as can be seen in Figure
13a, the elements that cannot reach MN are located in
the Minimum Damage Region; the elements that fall
between MN and GV do stay in the Dinstinctive Damage
Region; the elements that are between MN and GV are
located in the Advanced Damage Region; and the
elements that exceed GC fall can be stated to be in the
Failure Region.

The elements damage conditions are determined by
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this method. Following the determination of the damage
conditions, determination of the performance level of the
system becomes the second step. There are three limits
in this phase as well; and they are instant usage
performance (HK), life safety performance level (CG),
performance level before failure (GO), and the situation
of failure (Figure 13b).

In the instant usage performance level (HK), maximum

10% of the beams could fall into the Distinctive Damage
Region in the calculations for any storey and any
earthquake direction. Likewise, maximum 10% of the
beams could fall into the Advanced Damage Region in
the life safety performance level. The performance level
of the buildings at the Advanced Damage Region is
determined so that shear force transferred by the
columns should not exceed 20% of the total shear force
in the system. The targeted performance level for the
buildings is the Life Safety (CG) limit designed for the
earthquake having an exceeding probability of 10% in 50
years by the more damaging earthquakes.
The analysis of the buildings evaluated in this study was
performed by the SAP2000 (2007) program. As for the
material models used in analysis, Mander et al.(1988)
model in the concrete and strain hardening behavior
model for the reinforcement were utilized in the study.
The data in Table 4 were obtained as a result of the
analysis performed. In Figure 14, however, the thrust
curves of the buildings are displayed.

FAULTS
BUILDINGS

DETERMINED IN THE EVALUATED

All of the faults of the buildings, evaluated within this
study, were determined and then summarized in Figure
15.
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Table 4. Calculation results of the buildings.

Figure 13b. Element performance regions.

Building no.  No. of insufficient beams in a storey (%) No. of insufficient columns (%) Result
#1 45 32 Insufficient
#2 38 24 Insufficient
#3 41 29 Insufficient
#4 15 4 Sufficient
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Figure 14. The thrust curves of the buildings belonging to the x-x direction.

Conclusion

As a result of the building inspection performed within this
study, numereous faults were encounted in almost all of
the buildings. The most significant problem generally
observed is the insufficiency of the concrete and
reinforcement used. Furthermore, productions that are
suitable to its project and have insufficient labor and
construction faults are included in the buildings with
higher ratios. None of the buildings, except a few,
contained insulation. Consequently, high ratio of
corrosion was observed to be forming in the structural
element reinforcements. Another issue is the deflection
faults in the buildings with console that are caused by the
consoles. Moreover, the inade-quate and wrongful
drawing of the projects and imple-mentations that is
inconsistent with the projects was among the frequently
encountered problems. The most significant problem of
the masonry buildings, however, was the irregular
construction of the buildings. A condition that is suitable to
the present codes could not be detected for these
buildings. A majority of the buildings inspected, 48% of
them, was built between the years of 1987 - 2005.
Likewise, the great majority, 66% of these buildings, was
constructed as between 4 - 7 storeys; and the greatest
risk was detected for these buildings. The effect of the
corrosion was encountered in the 20- 35 years old

buildings.

As a result of the study conducted, it can be stated that
the buildings in our country are in a bad condition.
Therefore, the investigation of the buildings with a
suitable method is the first step among the works that
needs to be done. These methods are mentioned in the
Istanbul Earthquake Master Plan (2003) but it is also
mentioned that they need to be adapted to the conditions
of the country. Moreover, as described in the earthquake
risk analyses, the risk of the expected earthquake in
Istanbul according to the earthquakes in the historical
and instrumental periods is rather high; thus, there is also
a need for retrofitting of the buildings with insufficient
earthquake resistance. On the other hand, the retrofitting
of the building cannot be performed as desired because
the building residents approach the concept negatively
since retrofitting methods are very costly and the
buildings could not be used during the retrofitting
process. Therefore, there is additionally a need for re-
analyzing the retrofitting methods and development of
less costly methods.

Nonetheless, the Earthquake Scenarios and the
expected damage conditions do seem very optimistic
when the above results are evaluated. If the results of the
buildings inspection were statistically evaluated according
to the other buildings, the damage occured in a probable
earthquake would be much more than the 7 - 10% level
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O Insufficient concrete strength

B Construction faults

0O Console deflection

O Existence of cold joint

B Insufficient concrete cover

O No dilatation exists between the neighboring building

B Occurence of soft/ weak storey

Number of buildings

O Existence of juts in the plan (Irregularity type A3)

B Insufficient stirrup spacing

B Faults in the column-beam joints

No drainage

O No drainage

Construction faults
Console deflection
Ribbon window

O Application of columns at the edge of the console

Existence of cold joint

Jtype A3
console

B Flor discontinuities (Irregularity type A2)

Insufficient concrete strength

Insufficient concrete cover

No dilatation exists between the
neighboring building

Occurence of soft/ weak storey

Insufficient stirrup spacing

Faults in the column-beam joints

W Ribbon window

B Discontinuity of the structural elements in the vertical
direction (Irregularity type B3)

Existence of juts in the plan (Irregularity
)Flor discontinuities (Irregularity type A2

Application of columns at the edge of the
Discontinuity of the structural elements in
)the vertical direction (Irregularity type B3

Figure 15. The graphic of the faults determined in the evaluated buildings according to the number of buildings.



which is presented in the scenario earthquakes
summarized above. The expected damage condition
would be also more than the findings of the previous
studies conducted; if it is considered that 20% of the
inspected buildings are damaged even in the present
condition, 75% of the buildings’ concrete strength and
reinforcement arrangement is insufficient, and 42% of
them are exposed to corrosion.
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