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Abstract. Earthquake safety of existing buildings has gained considerable importance after earthquakes
which have occurred in our country especially in the last 30 years. Performance based assessment methods
have been widely used for existing reinforced concrete structures. This study aims to investigate the
earthquake performances of the building stock located in Van Lake basin in Eastern Anatolia of Turkey. The
case study of buildings has been modeled on and the structural performances have been determined by
employing the non-linear methods described in the latest Turkish Earthquake Code published in 2007. The
Van lake basin is located on the very seismically active in a region. On October 23, 2011, a magnitude of
Mw 7.2 earthquake struck the Van province in eastern Turkey. The earthquake ground motion was recorded
as about 0.1g in Bitlis province. Performance evaluations have been performed by taking samples from each
district consisting urban building stocks of Bitlis. A total of 16 reinforced concrete buildings have been
evaluated. Among them, 53% of those buildings were determined in the Fully Operational performance
level; 13% of them in the Life Safety performance and 34% of them could not be evaluated because of the
ratio of the effective mass of first mode to the total mass of the buildings was smaller than 0.70. Therefore,
incremental equivalent seismic load methods, which are a part of Turkish Earthquake Code -2007, cannot be
used.
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1. Introduction

The seismic risk of building stock is of growing interest for academia as well as for
governments due to the increasing urbanization and concentration of population in earthquake
prone and earthquake vulnerable areas. Turkey, since 1999, is known as one of the most
earthquake prone regions in the world. This is somewhat true considering that the most of the
country is under the threat of an earthquake. There are frequent moderate to large magnitude
earthquakes striking not only in the western part Turkey but also in the rest of the country. This
paper states that in a case of a large magnitude earthquake, a similar one to those which occurred
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in the past hits the region, the death toll could rise up to dramatic numbers. It should be noted that
the recent Van Earthquakes of Mw=7.2 and Mw=5.6 in 2011 caused 641 deaths in the city of Van
and its proximity.

Lake Van basin is located in Eastern Turkey, a region which has suffered very severe tectonic
deformation (Horasan et al. 2007, Toker et al. 2007). Destructive earthquakes that might occur in
Lake Van Basin in the future will affect the city of Bitlis as it happened during the 2011 Van
earthquakes.

The province of Bitlis lies in Lake Van Basin in the eastern Anatolian Region of Turkey, which
is considered to be one of the most important provinces of that strategic corridor in Turkey. Bitlis
is the capital of Bitlis Province which has a total population of 70,000. The town is located at an
elevation of 1,400 meters, 15 km from Lake Van, in the steep-sided valley of the Bitlis River, a
tributary of the Tigris River. A popular folk etymology explanation, without any historical basis, is
that it is derived from “Batlis”, the name of a Commander, said to have built Bitlis castle on the
command of Alexander the Great (Armenian Soviet Encyclopaedia 1976).

In order to reduce the damages of the earthquakes in the Lake Van region, which are also likely
to affect residential areas, firstly the performance of existing buildings needs to be determined. The
most affective damage reduction method of an earthquake is to strengthen the buildings, which are
under the risk of collapsing collapsed or being damaged. If strengthening is not efficient, then the
building needs to be demolished and rebuilt (Sucuoglu 2006). In recent years, with the effect of an
increasing consciousness on earthquakes, the society has started to think more rationally about the
dangers related to earthquakes and they want to learn about the performance of their buildings
against a possible earthquake. This consciousness is coming both from individuals and companies.
Turkish Earthquake Code 2007 (TEC-07), Section 7 has the characteristics of responding to those
needs.

In performance based design and assessment method it is possible to determine in quantities the
damage levels that may arise under the design ground motion within the structural system
elements. It is checked whether this damage stays under the acceptable damage levels for each
related element. Acceptable damage limits are defined in a way to be consistent with the foreseen
performance targets at various earthquake levels (Aydinoglu 2007, Doran et al. 2011, Kutanis and
Boru 2014).

2. Tectonics setting and seismicity of bitlis and surrounding areas

General tectonic setting of Eastern Anatolia is mainly controlled by the collision of northerly
moving Arabian plate against the Anatolian plate along a deformation zone known as Bitlis Thrust
Zone (Fig. 1). The collision leads to the westward extrusion of the Anatolian plate along the two
notorious transform faults with different sense of slip, the dextral North Anatolian Fault and the
sinistral East Anatolian Fault zones, which join each other in Karliova Triple Junction (KTJ) in the
Eastern Anatolia (Fig. 1). In the eastern side of KTJ; however, the collision deformation is largely
accommodated within the Eastern Anatolian Block through distributed NW-SE trending dextral
faults and NE-SW trending sinistral faults representing escape tectonics, and shortening of the
continental lithosphere along the Caucasus thrust zone. East-west trending Mush-Lake Van and
Pasinler ramp basins constitute other conspicuous tectonic properties within the Eastern Anatolian
border (Sengor et al. 1985, Barka and Kadinsky-Cade 1998, Mc Clusky et al. 2000, Reilinger et
al. 2006, Utkucu 2013).



Performance based assessment for existing residential buildings in Lake Van basin... 895

The East Anatolian Fault Zone is a 550 km-long, approximately northeast-trending, sinistral
strike-slip fault zone (Fig. 1) that comprises a series of faults arranged parallelly, sub-parallelly or
obliquely to the general trend. The Bitlis Suture is a complex continent-continent and continent-
ocean collisional boundary that lies north of fold-and-thrust belt of the Arabian platform and
extends from south-eastern Turkey to the Zagros Mountains in Iran (Homke 2007, Bonnin et al.
1996, Piper et al. 2008, Stern et al. 2008, Lyberis et al. 1992). The area to the east of Karliova
triple junction is characterized by an N-S compressional tectonic regime (Fig. 2). Conjugate
strike-slip faults of dextral and sinistral character paralleling to North and East Anatolian fault
zones are the dominant structural elements of the region. Some of these structures include Agri
Fault, Bulanik Fault, Caldiran Fault, Ercis, Fault, Horasan Fault, Igdir Fault, Malazgirt Fault,
Stiphan Fault, Balikligolii Fault Zone, Baskale Fault, Cobandede Fault Zone, Dumlu Fault Zone,
Hasan Timur Fault Zone, Kavakbasi Fault, Kagizman Fault Zone, Dogubayazit Fault Zone,
Karayazi Fault, Tutak Fault Zone, Yiiksekova—Semdinli Fault Zone and the Northeast Anatolian
Fault Zone (Fig. 2) (Bozkurt 2001).

The faults are seismically active and form the source for many earthquakes. Some of the major
earthquakes in the 20th Century are 13 September 1924 Pasinler (M=6.8), 1975 Lice (M=6.6), 24
November 1976 Caldiran (M=7.3), 30 October 1983 Horasan-Narman (M=6.8), 5 May 1986
(M=5.8) and 6 June 1986 Dogangchir (M=5.6) earthquakes (Bozkurt 2001).

Bitlis Centre is in first degree of seismic zones in current seismic hazard map of Turkey (Fig.
3). Fig. 3 indicates first and second degree of seismic zones.

Lake Van basin has been a seismically active region as indicated by historical sources. Table 1
tabulates significant earthquakes which occurred in Bitlis and its surrounding area before and after
20th century.
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Fig. 1 Tectonic map of Turkey including major structural features (from Bozkurt 2001)
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Fig. 3 Seismic hazard map of Bitlis region where the red areas indicate the first degree zone with a minimum
effective acceleration of 0.40 g and the pink areas mark the second degree zone with a minimum
acceleration 0f 0.30 g

The examination of historical and instrumental earthquakes in Bitlis and its surroundings

proves that this region is constantly under the influence of micro and macro earthquakes. Thus,
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Bitlis remains under a great influence of large earthquakes (Isik et al, 2012). Therefore, its
buildings must be constructed, especially in Lake Van Basin where earthquake resistant design has
always been neglected, according to earthquake codes.

Table 1 Major earthquakes which occurred in Bitlis and its surrounding area between 461 A.D. and 2011

No Date Lat. (°) Lon. (°) Location Magnitude Intensity
1 461 39.10 42.50 Malazgirt X
2 1012 39.10 42.50 Malazgirt 1
3 1101 38.50 43.50 Ahlat - Van VI
4 1110 38.50 43.50 Ahlat - Van VIl
5 1111 38.50 42.70 Ahlat - Van IX
6 1208 38.70 42.50 Ahlat-Van-Bitlis-Mus 6.5
7 1245 38.74 42.50 Abhlat - Bitlis- Van - Mus VIl
8 1246 38.90 42.90 Lake Van (Ahlat - Ercis —Van) VIl
9 1275 38.40 42.10 Bitlis- Ahlat -Ercis — Van VII
10 1276 38.90 42.50 Bitlis- Ahlat -Ercis — Van Vil
11 1282 38.90 42.90 Ahlat — Er¢is VII
12 1345 39.10 42.50 Malazgirt VI
13 1363 38.70 41.50 Mus and surrounding IX
14 1415 38.50 43.00 Van Golu \%
15 1439 38.50 42.10 Nemrut VI
16 1441 38.35 42.10 Nemrut VI
17 1444 38.50 43.40 Nemrut - Van Vi
18 1546 38.50 43.40 Van - Bitlis \%
19 1582 38.35 42.10 Bitlis and surrounding VI
20 1646 38.50 43.40 Van and surrounding VIl
21 1647 39.15 44.00 Van - Mus -Bitlis IX
22 1648 38.30 43.70 Van and surrounding 6,7 VIl
23 1670 38.00 42.00 Hizan - Siirt 6.6
24 1682 38.40 42.10 Bitlis
25 1696 39.10 43.70 Caldiran - Bitlis 6,8 X
26 1701 38.50 43.40 Van and surrounding VIl
27 1704 38.50 43.40 Van VI
28 1705 38.40 42.10 Bitlis 6,7 IX-X
29 1715 38.70 43.50 Van - Er¢is 6,6 VIl
30 1869 38.40 42.10 Bitlis and surrounding VIl
31 1871 38.50 43.40 Van -Nemrut 55 VI
32 30.05.1881  38.50 43.40 Van and surrounding 7,3 IX
33 1884 37.50 42.50 Bitlis - Pervari 6,9
34 1891 38.80 42.50 Malazgirt- Adilcevaz-Bitlis 55 VI
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Table 1 Continued

No Date Lat. (°) Lon. (°) Location Magnitude Intensity
35 1892 39.10 4250 Malazgirt - Mus Vil
36 1903 39.14  42.65 Malazgirt and surrounding 6,7

37 1906 38.90 42.60 Nemrut and surrounding 5,0

38 1914 3846 4215 Bitlis 58

39 1915 38.80 42,50 Ahlat 5,6

40 1930 38.22  44.660 Salmas 7,2

41 1941 3945 4332 Ercis 59

42 1945 38.63  43.33 Van 52

43 1964 39.13  43.19 Van 53

44 1951905 39.20 4160 Varto - Mus 6,9

45 1976 39.0506 44.0368 Muradiye- Caldiran 75

46 1977 39.2703 43.7006 Van 51

47 1988 38,5034 43.0727 Van 5,0

48 2000 38.5100 43.0100 Lake Van 57

49 23.10.2011 38.7300 43.4300 Van 7,2

50 09.11.2011 38.4472 43.2638 Edremit- Van 5,6

3. Methodology

In order to evaluate the performance of the existing buildings in Bitlis territory, a detailed
computer structural analysis of each building based on the information obtained from the regional
seismology, geotechnical investigations, as-built condition surveys is required. Data collection
from the existing building structures for this evaluation was conducted during the period from
2009 to 2011 by the authors of this article. Site survey consisted of the measurement of structural
member dimensions, the examination of reinforcing steel amounts, evidence for corrosion and
verification of location, it also involved taking concrete cores from buildings and taking the steel
samples for testing purposes.

The assessment procedure aims to estimate the earthquake force demand at which the building
would sustain the performance objectives. Demand spectrum, which is used in determining the
performance of the building’s system, shows the maximum response that a building gives against
seismic activities during an earthquake (llki and Celep 2011). The assessment calculations were
done based on a simple technique called the ‘equivalent displacement rule’. The equivalent
displacement approximation is based on the assumption that inelastic spectral displacement is the
same as that which would occur if the structure remained perfectly elastic (ATC-40 1996). For the
flexible structures, where the natural vibrational periods are greater than the corner periods, this
rule yields acceptable results. In other cases, particularly in short period (rigid) structures, where
the natural vibrational periods are shorter than the corner periods, the displacements obtained from
this approximation method might be significantly different from the actual results. (Fig. 4, Fig. 5).
In such cases, elastic spectral displacement is modified by multiplying it with a spectral
displacement amplification factor (Cg;) to obtain inelastic spectral displacement.
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Fig. 5 Equivalent Displacement Rule: Rigid structures

The seismic hazard level during seismic safety assessment of the existing buildings in Bitlis
and the required minimum seismic performance levels for a number of representative models are
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shown in Table 2 (modified from TEC-2007 Table 7.7). The building owners (a client), who has
desired to have higher performance objectives than the objectives proposed by seismic codes, are
also provided by the project engineer (Fig. 6). The procedure is summarized as follows: First of
all, the seismic hazard level (demand) is determined, then, the performance objective (a target)
under this hazard level is determined. For example, a target may be set by the client such as ‘my
building should show the performance of ‘Life Safety (LS)’ for major earthquakes, which has 2%
of probability of exceedance in 50 years. If the result of LS performance is obtained through
structural analysis, there won’t be any strengthening work done on building’s structure. But if the
performance is assessed with the result of ‘about to collapse (CP)’, the structure of a building
needs to be strengthened to a LS level (TEC- 2007, Kutanis 2006, Gékalp et al. 2009).

Earthquake performance of the buildings, which are evaluated in this work, will be determined
by nonlinear methods. The purpose of nonlinear assessment methods is to calculate plastic
deformation or force demands at each structural member. These demands are then compared with
the internal force capacities and strain limit states of the member. As opposed to many other
assessment codes, the TEC-2007 assumes a certain level of damage to be reached only if some

Table 2 Minimum seismic performance levels for design earthquakes (Table 7.7, TEC -2007)
Probability of exceedance

Purpose of Occupancy and Type of building in 50 years
50% 10% 2%
Buildings required to be utilized immediately after the earthquake - 10 LS

Intensively and long-term occupied buildings and

buildings preserving valuable goods i 10 LS
Intensively but short-term occupied buildings 10 LS -

Buildings containing or storing toxic, explosive and flammable materials. - 10 CP
Other buildings - LS -

(10: immediate occupancy; LS: life safety CP: collapse prevention)

Force
parameter
A LS P
10 f T
! |
| | ! Global
: : : capacity
| | | curve
|< =|< >
Minor Damage Limited Structural
overall | control | safety : collapse
damage : ! )
! » Displacement
Immediate Life Collapse limits
Occupancy Safety Prevention

Fig. 6 Damage Limits at TEC-2007
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percentages of the beams or columns have reached the sectional limit state defined a priori.

Two fundamental parameters of performance based design and assessment are earthquake
demand and capacity (Ozer 2007, Fajfar 1999). Earthquake demand represents the earthquake
ground movement, whereas capacity represents building’s reaction under the effect of an
earthquake. Structural capacity is represented by static pushover and capacity curve. This curve is
derived by drawing the function between base shear force and building’s roof displacement.
Capacity curve is derived by calculating building system with gravitational loads and
proportionately increasing lateral forces up to the target point where structural capacity ends. The
actual purpose of the nonlinear static method is to determine the target displacement of a building,
then by performing a final pushover analysis by increasing the lateral loads up to the target
displacement. As a result, the demand values such as internal forces, rotations, strains and
displacements are computed and the performance of the analyzed section is then evaluated by
comparing the strains obtained from the total curvature of the section with the upper boundary
strains designated for different cross-sectional performance levels. After deciding the performance
levels of the sections and structural elements, building performance is measured by considering the
conditions existing in different building performance levels as given in Table 2.

The pushover curve does not have a direct significance on its own except globally showing
analyzed structural system’s nonlinear strength and system’s location deformation capacity. To
give a meaning to the pushover curve, curve’s coordinates need to be converted to a modal
capacity diagram. (Chopra 2002, Freeman et al. 1975, Arisoy 2010, Aydinoglu 2003) As explained
in TEC-2007 Section 7.6.5.4, when pushover curve to modal capacity diagram transformation
arises, modal capacity diagram is obtained in the ADRS (Acceleration - Displacement - Response
Spectrum) format. For low-rise first mode dominant structures, incremental equivalent seismic
load method provides reasonable accuracy in calculations. According to TEC-2007, modal
displacement is equal to inelastic spectral displacement (Sqi1) as

d:l.( P = Sdil 1

where d;? is the modal displacement request belonging to the first mode and S is the first
mode non-linear spectral displacement value.
The modal displacement is converted to the top displacement of a building with following
equation
ui}?] = q)le 'Fxl .dl(p)

)

where, u'?) is the first mode, Nth story target displacement in the x- direction; Py, is the
amplitude of the first mode at the Nth story in the x- direction and I, is the modal participation
factor in x- direction for the first mode.

The inelastic spectral displacement, (Sq) is computed by multiplying elastic spectral
displacement (Sqe;) by spectral displacement amplification factor, (Cg,)

Sais = Cry Saa (3)

where Sge; is obtained by the equation

S = (601(1) )2 4)
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where S, is the spectral acceleration and " is the first mode frequency on the structure.

Cry is calculated as being dependent on the corner period (Tg). If the first mode free vibration
period is greater than the corner period, then Cgy=1. Otherwise, Cgr;=1 needs to be calculated
according to Section 7C.2.2 of the Codes.

4. Performance based assessment for residential buildings in bitlis province

The investigated buildings, analyzed in this study, have been provided with architectural and
structural drawings and the documents were verified through observations and measurements
made in building site. The distribution of buildings, according to the districts of the Bitlis province
is listed in Table 3.

General information on sixteen buildings analyzed according to nonlinear performance
calculations in the Bitlis city center is given in Table 4.

The limitations of the Incremental Equivalent Seismic Load method: (1) The number of the
stories of the buildings excluding the basement must not be greater than 8 or the total height of a
building must be less than 25 m high, and (2) torsional irregularity factor, #y;, which is defined for
any of the two orthogonal earthquake directions as the ratio of the maximum story drift at any
story to the average story drift at the same story in the same direction, must be less than 1,4. In
addition, the sum of effective participating masses calculated for the first mode in each of the
given x and y perpendicular lateral earthquake directions cannot be less than 70% of the total
building mass. The calculated effective mass ratios are given in Table 5. For example for building
number 1, this ratio is 57% on X direction and 52% on Y direction. The ratio is under 70% both for
X and Y directions. Therefore, Incremental Equivalent Seismic Load method cannot give
reasonable results for building number 1 and therefore, it is not passed to the next stage in
evaluation of this building. In this type of buildings, the nonlinear time history analysis methods
can be used. This method; however, is not employed in this study.

Table 3 Distribution of buildings evaluated by performance

District Name Number of Buildings
H.PASA 4
ATATURK
INONU
MUSTAKBABA
8 AGUSTOS
SEMSI BITLIS
SARAY
HERSAN
YUKSELIS
TAS
GAZIBEY
ZEYDAN
TOTAL

R e ST e e e T T T Y SN SN

-
»
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Table 4 General information of buildings evaluated

903

Ground Normal  Total Dimension of The
- Total . Building Average
Building Floor Floor Height of
number of - ; A Concrete Steel Grade
Number Height Height Building
Floors m) m) m) Lx(m) Ly(m)  Strength
(MPa)
1 6 3,00 3,00 18,00 30,00 17,00 14,00 $220-5420
2 6 290 2,90 17,40 15,80 13,00 11,00 $220-5420
3 8 290 2,90 23,20 16,20 22,00 14,00 S420
4 8 290 2,90 16,20 23,20 22,00 14,00 S420
5 8 290 2,90 23,20 12,90 24,00 14,00 S420
6 7 290 2,90 17,40 15,30 21,00 14,00 S420
7 6 3,20 3,00 23,20 30,90 24,00 16,00 S420
8 8 290 2,90 23,20 14,10 23,40 14,00 S420
9 8 290 2,90 23,20 22,20 10,70 16,00 S420
10 6 290 2,90 17,40 22,00 12,60 8,00 S220
11 4 280 2,80 11,20 14,10 11,00 10,00 S220
12 4 430 2,90 13,00 18,10 18,30 11,00 S220
13 8 3,60 3,00 24,60 30,80 25,60 10,00 S220
14 8 350 2,90 23,80 21,20 17,60 12,00 S420
15 5 3,50 3,00 15,50 12,40 20,00 9,00 S220
16 8 290 2,90 23,20 24,20 14,20 16,00 $220-5420

Table 5 The ratio of the effective mass of first mode to the total mass of buildings that evaluated

Building Number

The Ratio of Effective Mass to Total Mass

X (%) Y (%)
1 57 52
2 81 80
3 79 77
4 80 77
5 78 77
6 50 76
7 87 83
8 59 74
9 70 68
10 81 78
11 50 38
12 57 51
13 83 41
14 57 67
15 64 85
16 78 77
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In this analysis, it is assumed that equivalent earthquake load distribution remain constant for
each building. On the basis of this calculation, pushover curves were obtained from the pushover
analyses that were made under the loads coming towards the floor in proportion to the first natural
vibrations mode. Building pushover curve for X and Y directions for 2nd building are shown as
example (Fig. 7, Fig. 8).

Static pushover curves obtained as a result of Incremental Equivalent Seismic Load method
TEC 2007 Eq. (7.1) and (7.2) coordinates of ‘Modal Displacement - Modal acceleration’ were
changed to capacity diagrams of X and Y as shown in Fig. 9 and Fig. 10.
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Fig. 8 Pushover curve of 2nd building for Y direction
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In order to calculate building top displacement demand, it is necessary to obtain the first mode
displacement demand. Mode displacement demand is calculated depending on building’s capacity
and earthquake’s demand. For this purpose, modal capacity diagram with coordinates ‘acceleration
-displacement’ and response spectrum diagram with coordinates ‘S, - Sy’ are drawn together for
each building analyzed. Modal capacity diagrams for X and Y directions for the 2nd building are
shown as in Fig. 9 and 10.
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Fig. 9 Modal capacity and demand spectrum curves of the 2" building for X direction
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Fig. 9 Modal capacity and demand spectrum curves of the 2" building for Y direction
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The values calculated for buildings target displacement demands are shown in Table 5. For all
the buildings that were analyzed, top displacement will have been calculated for both X and Y as in
Table 6; pushover analysis has been repeated until the values in Table 6 are equalized and all
corresponding levels will have been calculated.

The Evaluation of analyzed buildings based on the performance is as in Table 7.

Table 6 The values for the target displacement demand of the buildings that were evaluated

Buildin L.
numberg Direction  Six  (@1”)°  Sgu T, Cr1 Sai d,® Iy Dy Un1

1 é Effective mass ratio is not enough
9 X 6,965 124,37 0,056 0,60482 1 0,056 0,056 29,57 0,044 0,073
Y 6,082 103,08 0,059 053849 1 0,069 0,059 29,45 0,044 0,067
3 X 569 79,02 0,072 0,8417 1 0,072 0,07 3884 0,033 0,0923
Y 5592 70,78 0,079 0.7975 1 0,079 0,08 37,84 0,035 0,1046
4 X 569 79,02 0,072 0,8417 1 0,072 0,07 3884 0,033 0,0923
Y 5592 70,78 0,079 0.7975 1 0,079 0,08 37,84 0,035 0,1046
5 X 5,052 63,15 0,08 129225 1 0,08 0,08 344 0,039 0,1073
Y 5,788 83,88 0,069 112475 1 0,069 0,069 33,83 0,039 0,091
6 X Effective mass ratio is not enough
Y 6,671 113,07 0,059 0.7975 1 0,059 0,059 32,05 0,042 0,0794
7 X 5,003 63,33 0,079 0,8283 1 0,079 0,079 50,54 0,025 0,0998
Y 7,456 70,78 0,051 0,5722 1 0,051 0,051 46,39 0,028 0,066
8 X Effective mass ratio is not enough
Y 6,671 113,07 0,059 0.7975 1 0,059 0,059 32,05 0,042 0,0794
9 X 4,414 496 0,089 0,7313 1 0,089 0,089 3524 0,037 0,116
Y Effective mass ratio is ot enough
10 X 7,063 133,27 0,053 0,7005 1 0,053 0,053 28,94 0,044 0,0675
Y 4,316 49,05 0,088 0,6002 1 0,088 0,088 31,43 0,041 0,113
11 é Effective mass ratio is not enough
12 é Effective mass ratio is not enough
13 X 5,396 71 0,072 10,7895 1 0,072 0,072 49,4 0,025 0,0889
Y Effective mass ratio is not enough
14 \>: Effective mass ratio is not enough
15 X Effective mass ratio is not enough
Y 6,377 102,85 0,062 0,584 1 0,062 0,062 22,83 0,056 0,079
16 X 5543 71,71 0,073 0,7005 1 0,073 0,073 37,28 0,036 0,098
Y 515 66,03 0,078 0,6002 1 0,078 0,078 34,09 0,039 0,104
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Table 7 Results of performance based assessment

Ellijlrlr?tl)r;? Direction Result of performance evaluation

X . .

1 v Effective mass ratio is not enough
X Immediate use

2 Y Immediate use
X Immediate use

3 Y Immediate use
X Immediate use

4 Y Immediate use
X Immediate use

S Y Immediate use

6 X Effective mass ratio is not enough
Y Immediate use

7 X Life safety
Y Immediate use

8 X Effective mass ratio is not enough
Y Immediate use
X Immediate use

o Y Effective mass ratio is not enough
X Immediate use

10 Y Life safety

11 é Effective mass ratio is not enough

12 é Effective mass ratio is not enough
X Immediate use

13 Y Effective mass ratio is not enough

14 é Effective mass ratio is not enough

15 X Effective mass ratio is not enough
Y Life safety
X Immediate use

16 .
Y Immediate use

5. Conclusions

Performance based earthquake engineering filled a very important gap in civil engineering
discipline. With the performance based planning and evaluation, it is possible to determine the
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Performance Evaluation of Bitlis Building Stock
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Fig. 11 Results of performance based assessments in Bitlis

material losses and possible life losses and to calculate quantitatively what level of performance a
building or building stock can have. In order to prevent an earthquake, to turn into a disaster where
lives are lost, performance based method is used to enable decision makers to receive information
on numerical data and calculations considering building performance.

In this study, performance based assessment was carried out in Bitlis building stock by taking
samples from different districts of the province. Sixteen reinforced concrete buildings have been
investigated. 53% of the buildings were evaluated at Immediate Occupancy performance level,
13% of them at Life Safety performance level and 34% of them were not evaluated with
incremental equivalent seismic load method due to the method’s limitations. (Fig. 11).

This work has been done with limited resources and covers only a certain building stock.
Therefore, this work needs to be widened to all the residential area of Bitlis city. Such a work will
lead to system of earthquake prevention, which will be used to analyze an inventory of building
stock against earthquake danger. While taking precautionary measures against reducing earthquake
risk after producing a building inventory, the buildings, which are not safe and not economical to
strengthen, need to be demolished. The buildings, which can be saved by strengthening, need to be
strengthened after necessary engineering work is done. Performance approach of earthquake
engineering will enable new research areas to be introduced compared with classical earthquake
engineering. If 1995 Vision 2000 Report is accepted as it is, the developments achieved over the
last ten years are promising. If substantial amount of databases are formed and necessary analyses
are performed, lost lives and economic loss will be minimized and therefore, earthquakes will
create less havoc in earthquake afflicted region.

As Bitlis is a historical and cultural city, historical buildings in Bitlis need to be a part of the
basis of the performance-based evaluation methods. Considering historical buildings play an
important role in protecting both historical and cultural heritage of Bitlis and Turkey.

Design spectrum given in TEC-2007 has been included in this work. Using the response
spectrum obtained from probabilistic seismic hazard analysis will make obtained data for Bitlis
and other regions which are under a threat of earthquakes.
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Only reinforced concrete buildings are considered in the case study loss model presented herein
and the structural characteristics of which are discussed. Furthermore, loss estimation analyses for
the masonry structures which form a great deal of the building stocks of Bitlis will make results
more valuable.

Bitlis and its vicinity are sensitive to earthquake ground motions, due to negative geologic and
topographic factors. It is practically impossible to perform detailed experimental and analytical
studies for each existing building to determine its collapse vulnerability because of time and
money constraints. Therefore, this region’s buildings must be constructed according to national
earthquake codes especially in Lake Van Basin where a possibility of an earthquake occurrence
has mostly been neglected.
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