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ABSTRACT

CAPACITY RELATED PROPERTIES AND ASSESSMENT OF SCHOOL
BUILDINGS IN TURKEY

Kalem, Ilker
M.S., Department of Civil Engineering
Supervisor: Assoc. Prof. Dr. Ahmet Yakut

January 2010, 92 pages

Turkey is located on a seismically active region. Heavy damage
observed in school buildings during recent earthquakes, revealed that seismic
performance of school buildings is considerably poor. Therefore, determination
of seismic vulnerability of these buildings has gained significant attention.
Capacity curves that reflect properties of buildings are used to determine the
seismic demand, thus, a decision can be made about the expected performance
of the buildings. In addition, seismic vulnerability assessment procedures are

also developed to assess the expected performance of buildings.

In this study, it was intended to determine capacity related properties of
school buildings located in Turkey. Additionally, applicability of some existing
seismic vulnerability assessment procedures for school buildings is
investigated. The procedures developed by Yakut [3], Hassan & Sozen [8] and
Ozcebe et al. [10] were employed. For this purpose, a set of school buildings
that are believed to represent typical cases were employed. Nonlinear static
analysis was carried out to determine the capacity related properties and

approximate seismic demand. All buildings were assessed using the available

v



preliminary seismic assessment procedures and the results were compared with

detailed assessment procedures.

Keywords: School buildings, capacity curve, capacity related properties and

seismic vulnerability assessment procedures



(074

TURKIYE’DEKI OKUL BINALARININ KAPASITE ILISKILI
OZELLIKLERI VE DEGERLENDIRILMESI

Kalem, Ilker
Yiiksek Lisans, insaat Miithendisligi Boliimii
Tez Yoneticisi : Dog. Dr. Ahmet Yakut

Ocak 2010, 92 sayfa

Tiirkiye sismik olarak aktif bir bolgede konumlanmistir. Son
depremlerde, okul binalarinda agir hasarlarin  gézlenmis olmasi, okul
binalarinin sismik performansinin oldukc¢a zayif oldugunu gostermistir. Bu
nedenle, bu binalarin sismik hasar gorebilirliklerinin belirlenmesi 6nem
kazanmistir. Binalarin 06zelliklerini yansitan kapasite egrisi, sismik talebi
belirlemek icin kullanilir; boylece, binalarin beklenen performansi hakkinda bir
karar verilebilir. Ayrica, binalarin beklenen performansini1 degerlendirmek icin

sismik performans degerlendirme yontemleri de gelistirilmistir.

Bu c¢alismada Tiirkiye’deki okul binalarmin kapasite iligkili
Ozelliklerinin belirlenmesi amag¢lanmistir. Ayrica, bazi sismik degerlendirme
yontemlerinin okul binalar1 i¢in uygulanabilirligi arastirilmistir. Yakut [3],
Hassan & Sozen [8] ve Ozcebe vd. [10] tarafindan gelistirilen yontemler bu
kapsamda kullanilmigtir. Bu amagla, tipik 6zellikleri temsil ettigi kabul edilen
bir grup okul binasi incelenmistir. Kapasite iligkili ozellikleri ve yaklasik
sismik talebi belirlemek i¢in lineer olmayan statik analiz yontemi
kullanilmigtir. Tiim binalar mevcut sismik 6n degerlendirme ydntemleri ile

incelenmis ve sonuglar detayli degerlendirme yontemleriyle karsilagtirilmagtir.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Turkey lies in one of the most seismically active regions in the world.
In recent decades, earthquakes caused tens of thousands of deaths, huge
amounts of economic losses and significant damage to buildings in Turkey.
Recent observations after the Marmara (17 August 1999, M,,=7.4), Diizce (12
November 1999, M,=7.2) and Bingdl (1 May 2003, M,=6.4) earthquakes
revealed that school buildings have been among the most severely damaged
buildings. It has also been revealed that seismic performance of existing school
buildings is inadequate, unfortunately, as evidenced by huge damage
experienced by these buildings. Especially, the tragic collapse of the
Celtiksuyu Primary School Dormitory in Bingol earthquake that killed 84
students and a teacher had striking evidence of how vulnerable these buildings
were. Because of poor performance of school buildings in Turkey, researches
focusing on determination of seismic vulnerability of these buildings have
gained prominence. Capacity curves that reflect properties of buildings can be
used to determine the seismic demand due to a given hazard represented by
response spectrum. Based on this demand, a decision can be made about the
expected performance of the building. In addition, seismic vulnerability
assessment procedures that rely on capacity related properties of buildings can
also be developed to assess the expected performance of such buildings.

Capacity curves are developed through parameters obtained with

nonlinear analyses. Since they directly affect building vulnerability and



consequently the losses, the accuracy and reliability of these curves have a
significant role on seismic loss estimation studies. They reflect features of the
existing buildings. Capacity curves are recommended to be used in loss
estimation, risk assessment and quick evaluation studies for reinforced concrete
frame buildings. [1]

Researches become valuable as the prediction of the seismic
vulnerability of existing buildings come into prominence. Seismic performance
assessment procedures can be divided into three main categories in the
literature. These are walk down (street survey), preliminary evaluation
procedures and detailed assessment procedures.

Walk-down survey or street survey is the simplest and quickest way.
Superficial data collected from a brief inspection of the building is sufficient.
Typical parameters are the number of stories, vertical and plan irregularities,
location of the building, age of the building, its structural system and apparent
material and workmanship quality. Rapid evaluation techniques serve to
identify or rank highly vulnerable buildings. These highly vulnerable buildings
are investigated in detail. [3]

Preliminary assessment techniques are employed when a more detailed
and reliable assessment than the walk-down survey is needed. In addition to the
data collected for the walk-down survey procedures, the size and orientation of
the structural components, material properties and layout are needed. [3, 5]

The detailed vulnerability assessment procedures, the third category
among assessment procedures, involve the in-depth evaluation of the buildings.
In addition to the available information, the geometrical properties of the
components, mechanical properties of the materials, and detailing of the
components are needed. Linear or non-linear analyses are also needed to
determine the response quantities in these procedures. [3, 5].

Although comprehensive research devoted to reinforced concrete
residential buildings yielded capacity curve parameters and seismic
vulnerability assessment procedures for residential buildings in Turkey, similar

endeavor has not been given to school buildings. Therefore, this study focuses



on determination of capacity curve parameters and validity of existing

assessment procedures for school buildings in Turkey.

1.2 PREVIOUS WORK/LITERATURE SURVEY

In the sections that follow, previous studies on capacity related
properties of reinforced concrete buildings will be summarized along with the
preliminary seismic vulnerability assessment procedures developed for the

buildings in Turkey.

1.2.1 Capacity Related Properties of RC Buildings

In the HAZUS (Hazard United States) [6] methodology, the capacity
curves are used to determine seismic vulnerability. These capacity curves are
composed according to the design codes and they are very idealistic. Moreover,
these curves don’t take into account the variations in the regional design
practices. They are represented in the acceleration displacement response
spectra (ADRS) format. The parameters such as fundamental period, yield
over-strength ratio, post elastic stiffness, yield base shear coefficient, yield and
ultimate drift ratios have been obtained from the idealized capacity curves.
These parameters are used to determine seismic response of buildings under a
given hazard level. [1]

A typical capacity curve recommended by HAZUS [6] representing
building response by three segments is illustrated in Figure 1.1. In this curve,
point A shows the code design point, point B represents actual elastic limit and

point C shows the ultimate point beyond which the structure fails.



C (Sdu, Sau)

B (Sdy. Say)

A (Sdd, Sad)

Spectral Acceleration, g

Spectral Displacement

Figure 1.1 Capacity Curve as Described in HAZUS [6]

These points are obtained from Equations (1.1), (1.2), (1.3) and (1.4):

C

Sa, ==L (1.1)
a,

sa =418 (12)

YU 4P .

Sa, = 2Sa, (1.3)

Sd, = usSd, (1.4)

where

C; : design strength coefficient (fraction of building weight)
vy : yield over-strength ratio

a : modal weight factor

T. : effective building period

A : ultimate over-strength ratio

u : ductility ratio

Sa,, Sa,: Yield and ultimate spectral acceleration, respectively

Sd,, Sd,: Yield and ultimate spectral displacement, respectively



Up to yield (between Origin and Point B), the capacity curve is
assumed to be linear. From yield to the ultimate point (between Point B and
Point C), the capacity curve is assumed to be in the nonlinear range.

ATC-40 [30] and FEMA 356 [31] represent original capacity curve by
an approximate bilinear curve as most of the approximate procedures do.
Regional construction practice and design codes generally guide these capacity
curves. HAZUS [6] uses capacity curves and fragilities that are derived from
expert opinion based on the ideal building characteristics. These characteristics
comply with the codes and also reflect properties of the existing buildings in
the U.S. In addition, they are suitable for regions where the as-built and design
properties of the existing buildings are similar. In case of poor code
compliance, properties of existing buildings differ from the design values,
which is generally the case for Turkish buildings as revealed by the major 1999
earthquakes. This calls for specific building properties to be used in their
vulnerability analysis. Pushover analyses serve to obtain the capacity of a
particular structure when structural information is available. Old existing
buildings are usually deprived of this information. Regional vulnerability can
be determined if similar buildings’ capacity curves are obtained rather than a
single buildings’ capacity curve, just like loss estimation studies. [1]

A comprehensive study has been performed by Yakut [1] to obtain
capacity related properties of reinforced concrete frame buildings in Turkey. In
this study, thirty three sample buildings were selected to represent a typical
subset of a comprehensive database consisting of nearly 500 buildings. All
buildings were reinforced concrete frame structures with masonry infill walls
and located in the highest seismic zone (Zone 1 and 2 according to TEC 1997)
of Turkey. The number of stories of the buildings ranged from two to five. The
statistical properties of all parameters needed to describe the capacity curve are

given in Table 1-1 for each number of stories. [1]



Table 1-1 Statistics of Capacity Curve Parameters [1]

Number of Stories
Parameter 2 3 4 5
mean 0.75 1.06 1.67 1.52
Sd, (cm)
st. dev. 0.25 0.29 0.71 0.35
mean 0.25 0.18 0.16 0.12
Sa,(g)
st. dev. 0.09 0.07 0.04 0.04
mean 7.30 10.65 12.84 14.06
Sd, (cm)
st. dev. 1.50 2.65 3.61 5.40
mean 0.28 0.21 0.18 0.14
Sa, (g)
st. dev. 0.10 0.08 0.05 0.04
c mean 0.10 0.10 0.10 0.10
" [st.dev.| 000 | 000 | 0.0 0.00
T mean 0.27 0.34 0.47 0.55
© [stdev. | 005 | 011 | 0.11 0.14
- mean 1.17 1.24 1.28 1.29
st. dev. 0.02 0.04 0.02 0.01
mean 0.94 0.88 0.83 0.83
a
st. dev. 0.02 0.06 0.05 0.03
mean 2.31 1.58 1.30 1.02
Y
st. dev. 0.85 0.52 0.39 0.32
N mean 1.13 1.15 1.14 1.16
st. dev. 0.04 0.12 0.03 0.06
mean 9.23 9.26 7.67 7.86
T
st. dev. 3.03 3.12 3.01 2.22

A number of attempts have also been made recently to recommend
idealized capacity curves for the common building types in Turkey. A study

conducted by Japan International Cooperation Agency (JICA) [22] and



Istanbul Metropolitan Municipality [22] focused on estimating losses from
future earthquakes that are likely to impact Istanbul. The study idealized the
capacity curves using the elasto-plastic approximation. These curves were
obtained from the simplified analyses. A further study by Bogazici
University [23] dealt with the earthquake risk assessment for the Istanbul
region. The capacity curves were represented by elasto-plastic behavior similar
to JICA study. The analyses performed by Yakut [1] were based on 3D
modeling. However, both JICA and Bogazici University studies are the results

of simpler analyses using certain approximations and assumptions.

1.2.2 Preliminary Seismic Assessment Procedures

The procedures developed by Yakut [3], Hassan & Sozen [8] and
Ozcebe et al. [10] are some examples of the preliminary assessment procedures

developed mainly for the reinforced concrete structures in Turkey.

1.2.2.1 Yakut’s Procedure [3]

Yakut [3] developed a preliminary procedure to evaluate seismic
performance of low- to mid-rise reinforced concrete buildings in Turkey. This
procedure incorporates the following factors that are observed to be the main
cause of damage in Turkey;

e Improper configuration of architectural and structural system

e Poor and inadequate detailing and proportioning

e Substandard construction quality due to lack of technical control
and supervision

The shear capacity of each structural component is computed
considering only the concrete contribution using Equation (1.5);

Vc, = caf;’tkbwh (15)



where

V. : shear capacity of a rectangular concrete member without web

reinforcement

by, h : dimensions of the member considered

fow : direct concrete tensile strength

o : combined effect of strength reduction factor and the shear-tensile
strength relation (0.65 for Turkish Design Code for RC buildings)

¢ : member orientation factor

c is taken as 2/3 when the capacity in the longitudinal direction of the
member is calculated, 1/3 in transverse direction and 1 for shear walls in their
own plane.

The total shear capacity is found by adding the member capacities in
the direction of each principal axis. Afterwards, the yield base shear capacity,
V,, can be obtained in Equation (1.6) for the buildings that have no infill walls;

XV,

y = 0.95e0.125n (16)

where
V, :yield base shear capacity
n : number of stories

Considering the influence of infill walls, the yield base shear capacity is

computed in Equation (1.7) for the buildings that have infill walls;

V,.=V,| 46 A, +1 (1.7)
Ay
where

A,, : total area of the filler walls

Ay : total floor area of the building

From these values, the Basic Capacity Index (BCPI) called as yield
over-strength ratio in the literature is calculated.

v
BCP[ =—2 (1.8)

code




where

Veode : the code base shear

The code base shear computed according to the design criteria in the
code.

The BCPI is then modified with some factors that account for negative

architectural features and the resulting value is called Capacity Index (CPI).

CPI = CACMBCP] (1.9)
CA :1_(CAS+CASC+CAP+CAF) (1-10)
where

Ca : coefficient reflecting the architectural features

Cw : coefficient reflecting the construction quality

Cas : coefficient reflecting the soft story features

Casc : coefficient reflecting the short column

Cap : coefficient reflecting the effect of plan irregularity that results in
horizontal torsion and significant amount of overhangs

Car : coefficient reflecting the vertical and in-plan discontinuity of
frames

The penalty scores for this procedure are presented in Table 1-2 and

recommended values of Cy are given in Table 1-3.

Table 1-2 Coefficients for Architectural Factors

Feature Coefficients
Soft Story (Cas) 0.135
Short Column (Casc) 0.052
Plan Irregularity (Cxp) 0.055
Frame Irregularity (Car) 0.035




Table 1-3 Recommended Values of Cy

Quality of construction C
and workmanship M
Poor 1-Q(1-Ca)
Average 1-Q(1-Cx)/3
Good 1

Q; ratios of either 0.44 or 0.55 are recommended for Turkey based on
the field data and the extensive experience of bad construction. [3] In this
thesis, the value of 0.44 was used. The capacity index values are, then,
compared with some cut-off values to arrive at a final decision on the building

safety. As reasonable limit value 1.2 is recommended.

1.2.2.2 Hassan and Sozen’s Procedure [8]

This procedure aims to classify low-rise monolithic reinforced concrete
structures in a given region according to their seismic vulnerability. This
procedure requires the dimensions and locations of the structural elements and
the floor area. It is based on two indices. One of these is the wall index (WI)

obtained from Equation (1.11);

ACVV + mw
10
Wl =——2x100 (1.11)
Aﬁ
where
A,y : total cross-section area of reinforced concrete walls in one
horizontal direction at base
Anmw : total cross-section area of nonreinforced masonry filler walls in
one horizontal direction at base

Ay : total floor area above base in a building

10



The second index is the column index (CI) obtained using Equation

(1.12);
(A)
CI =222 %100 (1.12)
fi
A
A, =Tl 1.13
L= (1.13)

A.. : effective cross-sectional area of columns at base

Aol : total cross-sectional area of columns above base

A plot of these indexes is prepared such that the y-axis represents the
wall index (WI) and the x-axis represents the column index (CI) as shown in
Figure 1-2. The closer is the point located by the two indices to the origin, the
more vulnerable is the building. Figure 1.3 shows the assessment carried out
for the data obtained from 1992 Erzincan earthquake. The March 13, 1992
Erzincan earthquake event was rated to have a Richter surface magnitude of
6.8. Its epicenter was located at 39.7° latitude and 39.6° longitude. The
estimated focal depth was 28 km. Maximum ground acceleration, recorded on
alluvium with a depth of approximately 200 m, were 0.5G (E-W) and 0.4G
(N-S). Maximum ground displacement, calculated in a direction parallel to the

North Anatolia Fault (N 34 E), was 0.25 m. [34]
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1.2.2.3 Ozcebe et al.’s Procedure [10]

This procedure that is based on a statistical model aims to identify the
buildings that are highly vulnerable to earthquakes. The procedure is applicable
to one- to seven-story reinforced concrete buildings. There are six parameters
described below that are used in this methodology;

e Number of stories (n)
e Minimum normalized lateral stiffness index (mnlstfi)

e Minimum normalized lateral strength index (mnlsi)
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e Normalized redundancy score (nrs)
e Soft story index (ssi)
e Overhang ratio (or)

1. Number of Stories (n): This is the total number of individual floor
systems above the ground level.

2. Minimum Normalized Lateral Stiffness Index (mnlstfi): This index
represents the lateral rigidity of the ground story, which is usually the most
critical story. It is calculated by considering the columns and the structural
walls at the ground story. The mnlstfi parameter shall be computed based on

the following relationship;

mnlstfi =min(/,, 1, ) (1.14)
2 L)+ 2.,
I, = %1000 (1.15)
2.4
D NI NUB P (1.16)

2.4

where, X(Ico1)x and Z(Icor)y are the summation of the moment of inertias
of all columns about their centroidal x and y axes, respectively. X(Ls)x and
2(Isw)y are the summation of the moment of inertias of all structural walls about
their centroidal x and y axes, respectively. I« and I,y are the total normalized
moment of inertia of all members about x and y axes, respectively. ZA¢ is the
total floor area above ground level.

3. Minimum Normalized Lateral Strength Index (mnlsi): It indicates the
base shear capacity of the critical story. In the calculation of this index,
unreinforced masonry filler walls are assumed to carry 10 percent of the shear
force that can be carried by a structural wall having the same cross-sectional
area. As in mnlstfi calculation, the vertical reinforced members with a cross-
sectional aspect ratio of 7 or more are classified as structural walls. The mnlsi

parameter shall be calculated by using the following Equation;
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mnlsi =min(4,,, 4,,) (1.17)

. D (A) + D (A4,) +0.1>(4,,), %1000

- (1.18)
24
A + A +0.1> (4
Any — Z( col)y Z( sw)y Z( mw)y XIOOO (119)
2.4
For each column with a cross-sectional area denoted by Aoi;
(Acol )x = kx = Aco[ s (Acol )y = ky X Acul (1 20)

where; ky=1/2 for square and circular columns; ky=2/3 for rectangular
columns with b,>by; ke=1/3 for rectangular columns with by<by; and k,=1-ky
For each shear wall with cross-sectional area denoted by Agy;

(Asw)x :kxxAsw9 (Asw)y :kyXAsw (121)

where; k=1 for structural walls in the directional of x-axis; k=0 for
structural walls in the direction of y-axis; and k,=1-ky

For each unreinforced masonry filler wall with no window or door
opening and having a cross-sectional area denoted by Amw;

(Amw)x = kx X Amw 4 (Amw)y = ky X Amw (1 22)

where; k=1 for masonry walls in the direction of x-axis; k=0 for
masonry walls in the direction of y-axis; and ky=1-ky

4. Normalized Redundancy Score (nrs): Redundancy is the indication of
the degree of the continuity of multiple frame lines which distribute lateral
forces throughout the structural system. The normalized redundancy ratio (nrr)

of a frame structure is calculated by using the following expression;

R ) 123)

A,

where; Ay is the tributary area for a typical column. Ay shall be taken as
25 m’ if nf, and nfj are both greater than and equal to 3. In all other cases, Ay
shall be taken as 12.5 m’. nfy, nf, are the number of continuous frame lines in
the critical story (usually the ground story) in x and y directions, respectively.

A,r 1s the area of the ground story, i.e. the footprint area of the building.
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Depending on the value of nrr computed from Equation (1.23), the
following discrete values are assigned to the normalized redundancy
score (nrs):

nrs = 1 for 0 <nrr <0.5

nrs =2 for 0.5 <nrr< 1.0

nrs =3 for 1.0 <nrr

5. Soft Story Index (ssi): On the ground story, there are usually fewer
partition walls than in the upper stories. This situation is one of the main
reasons for the soft story formations. Since the effects of masonry walls are
included in the calculation of mnlsi, soft story index is defined as the ratio of
the height of first story (i.e. the ground story), Hj, to the height of the second
story, Hj.

NS % (1.24)

6. Overhang Ratio (or): In a typical floor plan, the area beyond the
outermost frame lines on all sides is defined as the overhang area. The
summation of the overhang area of each story, Agverhang, divided by the area of
the ground story, Ay, 1s defined as the overhang ratio.

A
or = overhang (1 25)

Agf

Performance Classification: The damage index or the damage score
corresponding to the life safety performance classification (DIis) shall be
computed from the discriminant function described below;

DI, ; =0.620n —0.246mnlstfi — 0.182mnlsi — 0.699nrs + 3.269ssi + 2.7280r — 4.905
(1.26)

In the case of immediate occupancy performance classification (IOPC),
the discriminant function, where DIjo is the damage score corresponding to
IOPC, based on these variables is;

DI,, =0.808n —0.334mnlistfi —0.107mnlsi —0.687nrs + 0.508ssi + 3.8840r —2.868
(1.27)
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After determination of the DI, g and DI;o values, cutoff values based on

number of stories for each performance classification is obtained;

CV,; = CMC x(-0.090n" +1.498n> —7.518n +11.885) (1.28)

CV,, = CMC x(~0.0851 +1.416n" — 6.9511n+9.979) (1.29)

The CMC values that are based on soil classification and distance are

given in Table 1.4.

Table 1-4 Variation of CMC Values with Soil Type and Distance to Fault

Soil Distance to Fault (km)
Classification Shea.r Wave
(JICA) Velocity (m/s) 0-4 5-8 9-15 | 1625 | >26
B >760 0.778 | 0.824 | 0.928 | 1.128 | 1.538
C 360-760 0.864 | 1.000 | 1.240 | 1.642 | 2.414
D 180-360 0.970 | 1.180 | 1.530 | 2.099 | 3.177
E <180 1.082 | 1.360 | 1.810 | 2.534 | 1.900

By comparing the CV values with associated DI values, the
performance grouping of the building for life safety performance classification
and immediate occupancy performance classification are calculated as follows:

If DI; s > CV,g take PG =1

If DI s < CVys take PG s =0

If DI;jo > CVjp take PGip =1

If DIjp < CVjp take PGip =0

To decide the probable expected performance level of the building, the
damage scores should be compared with the story dependent cutoff values. In
each case, the building under evaluation is assigned an indicator variable of “0”
or “1”. The indicator variable “0” corresponds to “none, light or moderate
damage” in the case of LSPC and “none or light damage” in the case of IOPC.
Similarly, the indicator variable “1” corresponds to “severe damage or

collapse” in the case of LSPC and “moderate or severe damage or collapse” in
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the case of IOPC. In the final stage, the building is rated in the “low risk
group” if both indicator values are zero or in the “high risk group” when both
indicator values are equal to unity. In all other cases buildings are classified as
the cases “requiring further investigation™ that indicates that these buildings

generally lie in the “moderate risk group.” [10]

1.2.3 Displacement Coefficient Method

An advanced approach for determining seismic vulnerability is based
on approximate determination of the displacement demand, generally called as
target displacement. This displacement can then be compared with the capacity
curve to determine the expected seismic performance. The target displacement
can be computed using a widely employed method that is displacement
coefficient method. Displacement coefficient method aims to determine a
target displacement from the elastic displacement through modification factors.
The effective fundamental period, T., and target displacement, &, are

calculated as;

T = |=iT (1.30)

2
6, = C,CCGS, 47;62_2 g (1.31)

where
Co : coefficient that converts SDOF spectral displacement to MDOF

roof displacement (elastic)

The values for modification factor Cy are presented in Table 1-5. [13]
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Table 1-5 Values for Modification Factor Cy

Number of C
Stories 0
1 1.0
2 1.2
3 1.3
5 1.4
10+ 1.5

C; : expected maximum inelastic displacement divided by elastic

displacement
o =1+§;21 (1.32)

e

=

C.(T=025),T <0.2s
1.0,7 >1.0s

In this equation, a is 130, 90 and 60 for soil site B, C and D,

respectively.
R=—_¢ (1.33)
V.Iw

The values for effective mass factor (C,) are presented in

Table 1-6. [13]

Table 1-6 Values for Effective Mass Factor (Cy,)

Number of Concrete Concrete
Stories Frame Shear Wall
1-2 1.0 1.0
>3 0.9 0.8
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C, : coefficient that incorporates the effects of pinched hysteretic shape,
stiffness degradation and strength deterioration

2
c, =1+$[RT_IJ (1.34)

, =

C,(T =0.25),T <0.2s
1.0, > 0.7s

C; : factor that reflects the increased displacements due to dynamic P-A

effects

1.0, 20
C. = 132
’ 1+—a(RT D ,a

e

<0

The target displacement computed from Equation (1.31) can be used
along with the capacity curve to approximately determine the expected seismic
performance of the building. For this, the capacity curve of the building is
represented by an idealized bilinear curve as shown in Figure 1.4. The
idealization can be done using the approach proposed in FEMA 356 [31] as
depicted in Figure 1.4 where the intersection of the idealized curve and the
actual curve occurs at base shear value that is equal to 0.6V, V, being the
yield base shear of the idealized curve. The area under both curves must
approximately be the same. After the idealization of the curve, performance
limits are computed by considering yield displacement and ultimate
displacement to determine the seismic performance of the building. The
ultimate displacement is accepted to be the limiting value for the collapse
prevention performance level. The displacement limit for life safety
performance is assigned the third quartile of the ultimate displacement. The
yield displacement is accepted to be the limiting value for the immediate
occupancy performance level. Then, the target displacement is compared with
the calculated performance limits and the expected seismic performance of the

building is determined.
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1.3 OBJECT AND SCOPE

There are two primary aims of this study: 1) to determine capacity
related properties of school buildings located in Turkey, 2) to investigate the
applicability, on school buildings, of existing seismic vulnerability assessment
procedures developed for residential buildings in Turkey.

The thesis is composed of four main chapters. First chapter gives a
general overview of the study and brief information about capacity curves,
preliminary seismic assessment procedures and displacement coefficient
method.

Chapter 2 includes the description and analysis of buildings. In this
chapter, properties of building inventory such as description of the database,
general properties about selected buildings are given. Nonlinear static analysis

results and dynamic properties of the buildings are also presented.
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Chapter 3 includes results of existing assessment procedures,
displacement coefficient method and their comparisons.
Finally, Chapter 4 is devoted to summary and conclusions.

Recommendations are also given for future studies.
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CHAPTER 2

DESCRIPTION AND ANALYSIS OF BUILDINGS

2.1 PROPERTIES OF BUILDING INVENTORY

2.1.1 Description of Building Database

Turkey is an earthquake-prone country. Strong earthquakes have led to
significant damage of many school buildings in the past. Because of
unexpected consequences, the government officials have initiated some
projects to reduce seismic vulnerability of existing school buildings. Within
this endeavor, Istanbul is given a special emphasis because of probability of a
major potential earthquake in coming years. The Governorship of Istanbul has
established an administrative unit to manage Istanbul Seismic Risk Mitigation
and Emergency Preparedness Projects (ISMEP). This project is a significant
attempt to implement essential principals of comprehensive disaster
management financed by the World Bank. The main goals are to improve
preparedness for a potential earthquake and retrofit or reconstruct of priority
public buildings in Istanbul. ISMEP project consists of three components:

e Component A: Enhancing Emergency Preparedness

e Component B: Seismic Risk Mitigation for Priority Public
Buildings

e Component C: Enforcement of Building Codes [20]

In this thesis, thirty three representative reinforced concrete school
buildings that were selected from the inventory of school buildings contained

in the ISMEP project were investigated. Of these, twenty eight buildings
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(BLD1 - BLD28) were used to determine capacity related properties of school
buildings and five buildings (BLD29 - BLD33) were employed to determine
applicability of preliminary seismic assessment procedures for school
buildings. These buildings were selected according to the number of stories,
plan area, compressive concrete strength, shear wall density (percent) and basic
capacity index (BCPI) proposed by Yakut [3]. The number of stories of the
buildings ranged from three to five. Four-story buildings dominated the set.
Figure 2-1 presents building statistics related to the number of stories. The plan
arca of the buildings displayed in Figure 2-2 was between 300-800 m’.
Distribution of compressive concrete strength shown in Figure 2-3 reveals that
the compressive concrete strength was generally between 7-18 MPa with an
average value of approximately 12 MPa. The structural system of the buildings
was made of reinforced concrete with varying percentage of the column and
shear wall area. The shear wall densities presented in Figure 2-4 is the
minimum value of the shear wall area divided by the total floor area above the
ground floor level corresponding to the two directions of the building. Most of
the buildings had no shear walls. The percent of shear wall density was
generally 0.25 in the shear wall structural system. Lastly, basic capacity index
(BCPI) calculated in the more vulnerable direction for these buildings was

between 0.25-2.00 (Figure 2-5).
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Figure 2.1 Distribution of Number of Stories
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2.1.2 General Properties of Selected Buildings

Twenty eight buildings that were selected to determine capacity related
properties were located in Istanbul, Turkey. The remaining five buildings were
located in Afyon, Izmir and Kutahya, Turkey. Six buildings were located in the
highest seismic zone of Turkey and the remaining twenty seven being in the
second highest seismic zone according to the current seismic zone map.
General properties of selected buildings are presented in Table 2-1. Detailed
properties of these buildings are summarized in Table A.1-1 of Appendix A.
Figures 2-6 and 2-7 show period versus story number relationship and period
versus height relationship for the buildings, respectively. Despite a large scatter
of the period with respect to the number of stories, a reasonable trend is
observed with respect to the building height. The equation given in the Turkish
earthquake code (T=0.07H") seems to not adequately represent the
distribution for the selected buildings (Figure 2-7).

26



2.00

180 T ~JoxDirection| =~ o o T
160 L -/®YDirection| ____________________ .
o
I e e R e e
o
R - 8 °
B 100 F---mmmmm e g -
Q080 -~ $------- 5 --*
- 8 .
0.60 - -----------------—---—-- g &
s 8
040 6 8 —————————————————
020 f---------mmmmm oo i ————————————————————————
0.00 T T T \ T
0 1 2 3 4 5 6

Period (s)

2.00

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Story Number, n

Figure 2.6 Period versus Story Number Relationship

1 | o XDirection| (O [
1__| m YDirection|--- - - - - - ________________________
— TEC 1997 le)
O S e S -
o
] . ot
o
, O.-O [ ]
8 " o [
]
1 e T -
[] o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,!,,l ,,,,,,, —
(@) 0’ -
rlo 9;,491,‘!' ,,,,,,,,,,,,,,,,
O
-—_ &8 ood
i [ 9] " m n
LI
0 4 8 12 16 20
Height (m)

Figure 2.7 Period versus Height Relationship

27



Table 2-1 General Properties of Selected Buildings

o1 Plan . Concrete
Bullllcjhng Location ;\10. .Of R EQ Area Height Strength
ories | Region (m?) (m) (Mpa)
BLD1 |Istanbul/Bahcelievler 4 2 595 | 12,50 | 9.70
BLD2 |Istanbul/Bayrampasa 3 2 435 | 11.70 | 16.00
BLD3 | Istanbul/Bayrampasa 4 2 335 | 12.80 | 11.20
BLD4 |Istanbul/Bayrampasa 4 2 655 | 13.60 | 10.80
BLDS5 | Istanbul/Eminonu 5 1 356 | 15.50 | 13.60
BLD6 | Istanbul/Eminonu 5 2 653 | 17.95 | 12.00
BLD7 |Istanbul/Eminonu 3 1 315 | 10.00 | 10.70
BLDS8 | Istanbul/Eminonu 4 1 475 | 13.65| 13.20
BLD9 | Istanbul/Eminonu 4 1 540 | 14.10 | 10.50
BLDI10 |Istanbul/Esenler 4 2 425 | 13.40 | 14.70
BLDI11 |Istanbul/Esenler 3 2 320 8.40 12.00
BLDI12 |Istanbul/Fatih 3 2 780 | 10.75 8.80
BLDI13 |Istanbul/Fatih 3 2 630 | 10.35| 18.20
BLD14 |Istanbul/Fatih 4 2 410 | 14.30 | 14.00
BLDI15 |Istanbul/Fatih 4 2 650 | 13.30 | 12.80
BLD16 |Istanbul/Fatih 5 2 505 | 17.25 | 16.50
BLD17 |Istanbul/Fatih 4 2 700 | 13.25| 17.70
BLDI18 |Istanbul/Fatih 4 2 545 | 14.10 | 13.30
BLD19 |Istanbul/Fatih 3 2 322 | 9.10 7.10
BLD20 |Istanbul/Fatih 4 2 520 | 12.00 | 8.00
BLD21 |Istanbul/Fatih 3 2 355 110.00 | 8.50
BLD22 |Istanbul/Gaziosmanpasa| 5 2 495 | 17.00 | 11.20
BLD23 |Istanbul/Gaziosmanpasa| 3 2 430 | 9.45 9.60
BLD24 |Istanbul/Gaziosmanpasa| 4 2 555 | 12.65 9.80
BLD25 |Istanbul/Gaziosmanpasa| 4 2 413 | 13.40 9.50
BLD26 |Istanbul/Gaziosmanpasa| 4 2 425 | 11.60 | 12.80
BLD27 |Istanbul/Kagithane 4 2 625 | 13.55| 14.20
BLD28 |Istanbul/Kagithane 4 2 310 | 13.40 7.00
BLD29 | Afyon/Merkez 3 2 260 | 10.20 | 10.40
BLD30 |Izmir/Konak 3 1 355 9.20 9.30
BLD31 | Afyon/Merkez 4 2 800 | 13.60 | 8.30
BLD32 |Izmir/Torbali 4 1 800 | 13.20 | 12.30
BLD33 |Kutahya/Tavsanli 3 2 560 | 10.81 7.00
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2.2 MODELING AND ANALYSIS

2.2.1 Modeling Using SAP2000 Software and Assumptions

The structural analysis program SAP2000 is a software package
developed by Computers and Structures Inc. [32]. It is based on the finite
element method for modeling and analysis. In this program, a frame element is
modeled as a line element that has linearly elastic properties. The nonlinear
force-displacement characteristics of individual frame elements are modeled as
hinges represented by a series of straight line segments. A generalized force-
deformation relationship for hinges used in pushover analysis is shown in

Figure 2-8.

A
C
§ B
1S
=
D E
A Deformation g

Figure 2.8 Generalized Force-Deformation or Moment-Rotation

Relationship

Point A represents the origin (unloading condition) and point B
represents the yielding state. Point C corresponds to the ultimate strength,
where significant strength degradation begins. The drop from C to D represents
the initial failure of the element. Point D corresponds to the residual strength

and point E represents total failure.
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There are three types of hinge properties in SAP2000 [32]. These are
default hinge properties, user-defined hinge properties and generated hinge
properties. Only default hinge properties and user-defined hinge properties can
be assigned to frame elements.

Since the default properties are section dependent, default hinge
properties can not be modified. When default hinge properties are used, the
program combines its built-in default criteria with the defined section
properties for each element. The built-in default hinge properties are typically
based on ATC-40 [30] and FEMA-356 [31] criteria. User-defined hinge
properties can either be based on default properties or be fully user-defined.
When user-defined properties are not based on default properties, the hinge
properties can be modified.

For user-defined hinge properties, the moment-curvature relations are
converted into moment-rotation relations using the following Equations:

4L
6, ==

2.1)

In this equation; L is member length, ¢, is curvature at yield and 0y is
rotation at yield.

Plastic hinge rotation capacity of members is estimated using the
Equation (2.2) proposed by ATC-40 [30].
0,=(,—9)L, (2.2)

In this equation; L, is plastic hinge length, ¢ is curvature at yield, ¢u is
ultimate curvature and 0, is plastic rotation.

ATC-40 [30] suggests that plastic hinge length equals to half of the
cross-section depth (L,= h/2).

In this study, default-PMM hinges for columns and default-M3 hinges
for beams were used.

Stiffness of concrete members is defined by considering cracked
concrete sections. The cracked section stiffness of beams are taken as 40% of
uncracked section stiffness and cracked section stiffness of columns and shear

walls are calculated according to their axial load level:
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Beams : 0.40 (EI), (2.3)

Column and Shear Wall :0.40 (EI), if Np/(Acfem)<0.1 (2.42)

:0.80 (EI), if Np/(Acfem)>0.4 (2.4b)

Np is the axial load under gravity loading, A. is the gross section area,

fom 1s the existing concrete compressive strength, E is the modulus of elasticity

and I is the uncracked moment of inertia. In this study, the cracked section

stiffness of columns and shear walls are assumed to be 65% of uncracked
section stiffness.

Rigid floor diaphragms were assigned at each story level and mass of

the frames was lumped at the mass center of each story.

2.2.2 Linear Analysis

Total equivalent seismic load (base shear) acting on the entire building
in the earthquake direction considered was determined according to Turkish
earthquake code (TEC 2007) [33]. Then, the total equivalent seismic load was
distributed to stories of the buildings as inverted triangular lateral load. The
distributed loads were applied to the mass centers at each story of the building.

The buildings were then analyzed to calculate elastic forces and displacements.

2.2.3 Nonlinear Static Analysis

Nonlinear static analysis, or pushover analysis, has been developed over
the past twenty years. Since the procedure is relatively simple and considers
post-elastic behavior, it has become the preferred analysis procedure for design
and seismic performance evaluation. Pushover analysis is the process of
pushing the structure laterally with a predefined lateral load pattern in
increments until the structure reaches its ultimate deformation state.

The purpose of the pushover analysis is to evaluate the expected
performance of a structural system by estimating its strength and deformation

demands under design earthquakes by means of a static inelastic analysis and
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comparing these demands to available capacities at the performance levels of

interest. [24]

The general sequence of steps involved in performing pushover analysis

can be summarized as follows:

l.
2.

10.

11

The model of the structure is created.

Load-deformation diagrams of all important members that affect
lateral response are defined.

Gravity loads composed of dead loads and a specified portion of
live loads are applied to the structural model initially.

A predefined lateral load pattern which is distributed along the
building height is applied.

Lateral loads are increased until member or some members yield
under the combined effects of gravity and lateral loads.

Base shear and roof displacement are recorded at first yielding.
The structural model is modified to account for the reduced
stiffness of yielded member or members.

A new lateral load increment (AF) is applied to the modified
structural model such that additional member or members yield.
The lateral load increment (AF) and the roof displacement
increment (AU) are added to the corresponding previous total
values to obtain the accumulated values of the base shear and
the roof displacement.

Steps 7, 8 and 9 are repeated until the roof displacement reaches

a certain level of deformation or the structure becomes unstable.

. The base shear is plotted versus the roof displacement to get

pushover curve of the structure (Figure 2-9).
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Figure 2.9 Pushover Curve of Structure

The procedure outlined above was used to carry out pushover analyses

to obtain the capacity curve of the buildings.

23 RESPONSE OF BUILDINGS FROM PUSHOVER
ANALYSIS

Three-dimensional models of all the selected buildings were prepared in
the SAP2000 program. Nonlinear static analyses were conducted and pushover
curves were determined for the buildings. Then, the buildings were grouped by
considering the damage sequence. The corresponding plastic hinge patterns at
significant yielding and ultimate capacity states are shown in the following
figures. The symbols used for hinges indicate whether the yielding is at an
initial level (in the vicinity of point B in Figure 2-8), major (on portion BC in
Figure 2-8) or exceeds the failure initiation state (on portion DE in Figure 2-8).
The buildings were pushed both in the longitudinal and transverse direction.

However, the damage sequence was obtained only in longitudinal
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direction (not necessarily the weak direction). There are three groups
considering the damage sequence of the selected buildings. Figures 2-10, 2-14
and 2-19 present the plan layout of sample buildings in each group.

It can be observed from Figures 2-11, 2-12 and 2-13 that the damage
sequence in Group-1 Buildings starts with the yielding of beam ends at the
lower stories and upper stories and finally with the yielding of column bases.
This is an expected sequence in achieving a ductile beam mechanism.

The damage sequence in Group-2 Buildings observed from Figures
2-15, 2-16, 2-17 and 2-18 starts with the yielding of column bases at the lower
stories, then the yielding of column bases at the upper stories and finally with
the yielding of beam ends at the lower stories. This is an undesirable sequence.
It can be concluded that the beams are stronger than the columns.

Lastly, the damage sequence in Group-3 Buildings observed from
Figure 2-20, 2-21, 2-22, 2-23 and 2-24 starts with the yielding of both column
and beam ends at the lower stories simultaneously, then at the upper stories.

Sample pushover curves of the representative buildings in the
longitudinal direction (x direction) for each group are displayed in Figures

2-25,2-26 and 2-27.
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Figure 2.11a Hinge Patterns at Significant Yield for Group-1
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Figure 2.11b Hinge Patterns at the Ultimate Capacity for Group-1
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Figure 2.12a Hinge Patterns at Significant Yield for Group-1
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Figure 2.12b Hinge Patterns at the Ultimate Capacity for Group-1
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Figure 2.13b Hinge Patterns at the Ultimate Capacity for Group-1
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Figure 2.14 Plan Layout of the Selected Building for Group-2
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Figure 2.15a Hinge Patterns at Significant Yield for Group-2
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Figure 2.15b Hinge Patterns at the Ultimate Capacity for Group-2
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Figure 2.16a Hinge Patterns at Significant Yield for Group-2

P
N
”
A

PN
4
PN
©

P
4

”
\

FRAME B

Figure 2.16b Hinge Patterns at the Ultimate Capacity for Group-2
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Figure 2.17b Hinge Patterns at the Ultimate Capacity for Group-2
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Figure 2.18a Hinge Patterns at Significant Yield for Group-2
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Figure 2.18b Hinge Patterns at the Ultimate Capacity for Group-2
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Figure 2.20a Hinge Patterns at Significant Yield for Group-3
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Figure 2.20b Hinge Patterns at the Ultimate Capacity for Group-3
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Figure 2.21b Hinge Patterns at the Ultimate Capacity for Group-3
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Figure 2.22a Hinge Patterns at Significant Yield for Group-3
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Figure 2.22b Hinge Patterns at the Ultimate Capacity for Group-3
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Figure 2.23a Hinge Patterns at Significant Yield for Group-3
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Figure 2.23b Hinge Patterns at the Ultimate Capacity for Group-3
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Figure 2.24a Hinge Patterns at Significant Yield for Group-3
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Figure 2.24b Hinge Patterns at the Ultimate Capacity for Group-3
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Figure 2.27 Pushover Curve of the Selected Building for Group-3

2.4 CAPACITY RELATED PROPERTIES OF THE BUILDINGS

The results of the nonlinear analyses were processed to determine
parameters needed to describe the capacity curve of the typical reinforced
concrete school buildings in Turkey. The statistical properties of all parameters
are given in Table 2-2 for all number of stories. The statistics of capacity curve
parameters for Group-1, Group-2 and Group-3 buildings are given in Table
2-3, Table 2-4 and Table 2-5, respectively. The corresponding values were
calculated using Equations (1.1), (1.2), (1.3) and (1.4) for capacity curves. The
capacity curve parameters for each building are given in Table A.2-1 of
Appendix A.

The fundamental periods that are shown in Table 2-2 appear to be high
because of the geometric properties of members and the low modulus of
elasticity values (use of cracked sections). The participation factor, PF, and
modal mass factor, «, for the first mode of the structure show insignificant
variation with the number of stories. The yield over-strength ratios, y, were
found to decrease as number of stories increases, reaching nearly 1.0 for five

story buildings. As shown in Table A.2-1 of Appendix A, the yield over-
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strength ratios, v, were found to be less than 1.0 in some cases. According to an
earlier study focusing on building performance [3], reinforced concrete frame
buildings that have yield over-strength ratio of less than 1.65 would perform
poorly against a devastating earthquake in Turkey. The ultimate over-strength
ratio, A, for the buildings investigated ranged from 1.02-2.49. The ductility
ratio, p, was found to be low due to inappropriate detailing, irregular plans and
low capacity of members.

The statistics of the properties of idealized capacity curves obtained for
the school buildings are shown in Table 2-6. The approximate average drift
ratios corresponding to the global yield were determined as 0.142, 0.213 and
0.264 percent for 3, 4 and 5 story buildings, respectively. Although, these drift
limits are a bit higher for 4 and 5 stories than the ones obtained for residential
buildings, the limits for 3 stories are close to the ones determined for
residential buildings [2]. This is believed to be due to lesser degree of
irregularity in school buildings compared to residential ones in Turkey. The
coefficient of variation (C.0.V) was found to be large especially for 3 and 4

story buildings.

52



Table 2-2 Statistics of Capacity Curve Parameters

Number of Stories

Parameter 3 4 5
de (cm) mean 1.14 2.36 3.56
st.dev. | 0.84 1.37 1.08
Say (@) mean 0.19 0.13 0.10
st.dev. | 0.12 0.09 0.05
mean 3.84 7.27 12.59
S, M) I~ dev. | 3.00 | 447 | 234
mean 0.27 0.17 0.11
54,(8) I dev. | 0.19 | 013 | 0.06
C mean 0.09 0.07 0.07
) st.dev. | 0.04 0.02 0.01
T mean 0.54 0.95 1.28
¢ st. dev. | 0.32 0.45 0.37
PF mean 1.25 1.24 1.27
st.dev. | 0.13 0.19 0.10
o mean 0.78 0.71 0.73
st.dev. | 0.10 0.13 0.09
mean 1.83 1.39 1.06
i st.dev. | 1.08 | 0.74 | 0.48
A mean 1.39 1.26 1.15
st.dev. | 0.30 0.26 0.08
mean 2.54 2.51 3.19
H st.dev. | 1.08 | 0.90 | 0.66
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Table 2-3 Statistics of Capacity Curve Parameters for Group-1 Buildings

Number of Stories
Parameter 3 4 5
Sd. (cm) mean 0.14 1.99 3.08
Y st. dev. | 0.01 1.36 0.61
Say () mean 0.22 0.13 0.09
st.dev. | 0.11 0.06 0.04
J mean 0.61 6.58 11.94
S, (em) = v, T 0.1 | 483 | 229
mean 0.36 0.16 0.11

54, (@) i dev. | 009 | 0.08 | 0.04
C mean 0.05 0.07 0.07
s st.dev. | 0.00 0.03 0.02
T mean 0.17 0.84 1.22
¢ st.dev. | 0.05 0.44 0.26
PF mean 1.32 1.27 1.28
st.dev. | 0.02 0.17 0.09

o mean 0.75 0.72 0.74
st.dev. | 0.01 0.10 0.08

mean 342 1.51 0.99

v st.dev. | 1.76 | 0.89 | 047
2 mean 1.77 1.24 1.17

st. dev. 0.50 0.17 0.08
mean 2.53 2.74 3.38
H st.dev. | 052 | 1.14 | 0.68
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Table 2-4 Statistics of Capacity Curve Parameters for Group-2 Buildings

Number of Stories

Parameter 3 4 5
Sd._ (cm) mean 1.23 1.88 498
Y st.dev. | 0.85 1.04 0.94
Say () mean 0.19 0.17 0.12
st.dev. | 0.13 0.15 0.08
Sd mean 3.92 5.51 14.55
M) S dev. | 296 | 325 | 139

mean 0.27 0.23 0.13

54,(®) i dev. | 021 | 019 | 010
C mean 0.10 0.08 0.06
) st.dev. | 0.04 0.03 0.00
T mean 0.57 0.88 1.49
¢ st.dev. | 0.32 0.54 0.71
PF mean 1.24 1.23 1.21
st.dev. | 0.15 0.22 0.14

o mean 0.77 0.70 0.69
st.dev. | 0.11 0.14 0.15

mean 1.51 1.32 1.24

v st.dev. | 0.83 | 0.82 | 0.67
3 mean 1.36 1.38 1.11

st.dev. | 024 | 040 | 0.09
mean 2.38 2.13 2.65
H st.dev. | 1.16 | 0.63 | 0.04
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Table 2-5 Statistics of Capacity Curve Parameters for Group-3 Buildings

Number of Stories
Parameter 3 4 5
mean 1.57 3.62 -
Sd, (em) I dev. | 049 | 107 i
mean 0.12 0.10 -
54,@) | Gev. | 002 | 0.05 i
mean 6.57 10.70 -
S, M)~ dev. | 338 | 3.56 i
mean 0.14 0.12 -
54, @) i dev. | 001 | 0.05 i
C mean 0.05 0.05 -
s st. dev. | 0.00 0.01 -
T mean 0.73 1.22 -
¢ st.dev. | 0.16 0.27 -
PF mean 1.27 1.18 -
st. dev. | 0.03 0.21 -
o mean 0.86 0.72 -
st. dev. | 0.05 0.16 -
mean 2.18 1.28 -
v st.dev. | 042 | 021 -
2 mean 1.16 1.15 -
st. dev. 0.04 0.08 -
mean 3.48 2.56 -
H st.dev. | 0.66 | 0.54 -
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Table 2-6 Statistics for the Properties of Idealized Capacity Curves

Parameter Story Mean Median Stagdqrd C.O.V.
Number Deviation

All 0.117 | 0.088 0.097 0.83

Base Shear 3 0.178 | 0.130 0.127 0.71

Coefficient

o 4 0.090 | 0.079 0.064 0.71

5 0.067 | 0.062 0.026 0.38

Yield All 0.00196 | 0.00209 | 0.00108 | 0.55

Global 3 0.00142 | 0.00127 | 0.00091 | 0.64

Drift Ratio 4 0.00213 | 0.00228 | 0.00111 | 0.52

() 5 0.00264 | 0.00251 | 0.00075 | 0.29

Ultimate All 0.00639 | 0.00685 | 0.00373 | 0.58

Global 3 0.00486 | 0.00424 | 0.00365 | 0.75

Drift Ratio 4 0.00659 | 0.00694 | 0.00373 | 0.57

() 5 0.00937 | 0.00906 | 0.00156 | 0.17
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CHAPTER 3

ASSESSMENT OF BUILDINGS

3.1 GENERAL

As mentioned earlier, the buildings employed were assessed using the
current seismic design code in effect in Turkey [33] within the ISMEP project.
The buildings were also independently assessed using the displacement
coefficient method and the pushover curves obtained. In order to evaluate the
efficiency of existing preliminary seismic performance assessment procedures
developed by Yakut [3], Hassan & Sozen [8] and Ozcebe et al. [10], these
procedures were used to determine the expected seismic performance of the
selected buildings. Results of the assessments based on Turkish Earthquake
Code (TEC 2007) [33] and displacement coefficient method have been
assumed as correct and according to these results, the correct classification rate
of preliminary seismic assessment procedures was determined. The assessment
results obtained from these procedures were found to be similar. The
performance of the buildings is mainly grouped into three as immediate
occupancy (I0), life safety (LS) and collapse prevention (CP). In addition, the
physical damage states of the buildings were also identified based on the
performance levels. There are mainly four damage levels that are negligible,
light, moderate and heavy. The negligible and light damage states correspond
to the immediate occupancy performance level. The moderate damage state
corresponds to the life safety performance level and the heavy damage level

corresponds to the collapse prevention.
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3.2 ASSESSMENT USING EXISTING PROCEDURES

3.2.1 Yakut’s Procedure [3]

The procedure developed by Yakut [3] was applied to the buildings.
Capacity index (CPI) values were calculated in both x and y directions, then
compared with the cut-off value. The cut-off value is assumed as 1.20. The
capacity indexes, the cut-off value and performance levels of buildings are
presented in Table 3-1. It is seen that performance level of 9 buildings in x

direction and 15 buildings in y direction is life safety.

Table 3-1 Performance Levels of Buildings Based on Procedure Developed by

Yakut [3]
X Direction Y Direction
Building ID | CPI; | Cut Off | Perf. Level | CPI, | Cut Off | Perf. Level
BLDI1 0.629 | 1.200 Collapse | 1.257 | 1.200 LS
BLD2 1.459 | 1.200 LS 2.807 | 1.200 LS
BLD3 0.721 | 1.200 Collapse | 1.621 | 1.200 LS

BLD4 0.516 | 1.200 Collapse | 0.946 | 1.200 Collapse

BLDS5 0.631 | 1.200 Collapse | 0.579 | 1.200 Collapse

BLD6 0.687 | 1.200 Collapse | 0.566 | 1.200 Collapse
BLD7 0.483 | 1.200 Collapse | 0.946 | 1.200 Collapse

BLDS 0.440 | 1.200 Collapse | 0.659 | 1.200 Collapse

BLD9 0.382 | 1.200 Collapse | 0.765 | 1.200 Collapse
BLDI10 0.879 | 1.200 Collapse | 0.347 | 1.200 Collapse

BLDI11 0.560 | 1.200 Collapse | 1.831 | 1.200 LS
BLDI12 0.497 | 1.200 Collapse | 0.595 | 1.200 Collapse
BLD13 1.593 | 1.200 LS 1.659 | 1.200 LS
BLD14 1.324 | 1.200 LS 2.648 | 1.200 LS

BLDI5 0.888 | 1.200 Collapse | 0.678 | 1.200 Collapse
BLDI16 0.478 | 1.200 Collapse | 0.971 | 1.200 Collapse
BLD17 1.604 | 1.200 LS 2.013 | 1.200 LS
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Table 3-1 (continued)

X Direction

Y Direction

Building ID | CPI; | Cut Off | Perf. Level | CPI, | Cut Off | Perf. Level
BLDI18 0.684 | 1.200 Collapse | 1.369 | 1.200 LS
BLDI19 4.929 | 1.200 LS 3483 | 1.200 LS
BLD20 2.725 | 1.200 LS 0.730 | 1.200 Collapse
BLD21 1.737 | 1.200 LS 1.618 | 1.200 LS
BLD22 0.630 | 1.200 Collapse | 0.995 | 1.200 Collapse
BLD23 0.905 | 1.200 Collapse | 1.817 | 1.200 LS
BLD24 0.850 | 1.200 Collapse | 1.701 | 1.200 LS
BLD25 0.288 | 1.200 Collapse | 0.768 | 1.200 Collapse
BLD26 1.459 | 1.200 LS 1.429 | 1.200 LS
BLD27 0.767 | 1.200 Collapse | 1.535 | 1.200 LS
BLD28 1.082 | 1.200 Collapse | 1.108 | 1.200 Collapse
BLD29 1.548 | 1.200 LS 1.822 | 1.200 LS
BLD30 0.651 | 1.200 Collapse | 0.695 | 1.200 Collapse
BLD31 0.570 | 1.200 Collapse | 0.906 | 1.200 Collapse
BLD32 0.464 | 1.200 Collapse | 1.086 | 1.200 Collapse
BLD33 0.630 | 1.200 Collapse | 0.630 | 1.200 Collapse

3.2.2 Hassan and Sozen’s Procedure [8]

The procedure developed by Hassan and Sozen [8] was employed to

assess the performance of the buildings. Wall index (WI) in both x and y

directions and Column index (CI) values were calculated, then performances of

the buildings were determined. The column index and the wall index values are

presented in Figure 3-1. Performance levels of the buildings are also given in

Table 3-2. It is seen that performance level of 2 buildings in x direction and 4

buildings in y direction is immediate occupancy. In addition, performance level

of 14 buildings in x direction and 10 buildings in y direction is life safety.
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Figure 3.1 Comparison of WI and CI with the Limit Values

Table 3-2 Performance Levels of Buildings Based on Procedure Developed by

Hassan and Sozen [8§]

X Direction Y Direction
Building ID | WI, CI Perf. Level | WI, CI Perf. Level

BLDI1 0.1725 | 0.0956 LS 0.3443 | 0.0956 LS
BLD2 0.0398 | 0.1851 | Collapse | 0.0530 | 0.1851 | Collapse
BLD3 0.0376 | 0.2381 LS 0.0762 | 0.2381 LS
BLD4 0.0300 | 0.1420 | Collapse | 0.0424 | 0.1420 | Collapse
BLDS5 0.0067 | 0.1879 | Collapse | 0.0449 | 0.1879 | Collapse
BLD6 0.0123 | 0.1440 | Collapse | 0.0179 | 0.1440 | Collapse
BLD7 0.1443 | 0.2305 LS 0.0920 | 0.2305 LS
BLD8 0.0236 | 0.1465 | Collapse | 0.0429 | 0.1465 | Collapse
BLD9 0.0328 | 0.1542 | Collapse | 0.0448 | 0.1542 | Collapse
BLDI10 0.1779 | 0.1094 LS 0.0355 | 0.1094 | Collapse
BLDI11 0.0551 | 0.1729 | Collapse | 0.4672 | 0.1729 10
BLDI12 0.1822 | 0.1722 LS 0.1455 | 0.1722 LS
BLD13 0.1448 | 0.1832 LS 0.0678 | 0.1832 | Collapse
BLD14 0.0554 | 0.2098 LS 0.0315 | 0.2098 | Collapse
BLDI15 0.0520 | 0.1424 | Collapse | 0.0413 | 0.1424 | Collapse
BLD16 0.0190 | 0.1101 | Collapse | 0.0809 | 0.1101 | Collapse
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Table 3-2 (continued)

X Direction

Y Direction

Building ID |  WI CI Perf. Level | WI, CI Perf. Level
BLD17 0.1886 | 0.1113 LS 0.1992 | 0.1113 LS
BLDI18§ 0.0000 | 0.1325 | Collapse | 0.0344 | 0.1325 | Collapse
BLD19 0.4852 | 0.1330 10 0.3773 | 0.1330 10
BLD20 0.3620 | 0.1253 LS 0.0495 | 0.1253 | Collapse
BLD21 0.0409 | 0.2444 LS 0.0934 | 0.2444 LS
BLD22 0.0189 | 0.1743 | Collapse | 0.0346 | 0.1743 | Collapse
BLD23 0.1930 | 0.2052 LS 0.4044 | 0.2052 10
BLD24 0.0266 | 0.1937 | Collapse | 0.0506 | 0.1937 | Collapse
BLD25 0.0469 | 0.1096 | Collapse | 0.0327 | 0.1096 | Collapse
BLD26 0.0466 | 0.1443 | Collapse | 0.0579 | 0.1443 | Collapse
BLD27 0.0323 | 0.1550 | Collapse | 0.0457 | 0.1550 | Collapse
BLD28 0.3150 | 0.1310 LS 0.2416 | 0.1310 LS
BLD29 0.4090 | 0.1692 10 0.5167 | 0.1692 10
BLD30 0.1521 | 0.2038 LS 0.2282 | 0.2038 LS
BLD31 0.1553 | 0.1415 LS 0.3100 | 0.1415 LS
BLD32 0.0163 | 0.1647 | Collapse | 0.2762 | 0.1647 LS
BLD33 0.0317 | 0.1607 | Collapse | 0.0576 | 0.1607 | Collapse

3.2.3 Ozcebe et al.’s Procedure [10]

The procedure developed by Ozcebe et al. [10] was applied to the

buildings. Damage index (DI) corresponding to the performance classifications

and cut-off (CV) values based on number of stories for each performance

classification were obtained. Then, performances of the buildings were

determined by comparing the CV values with the associated DI values. The

damage indexes, cut-off values and corresponding performance classification

are given in Table 3-3. It is seen that performance level of 25 buildings is

immediate occupancy and 8 buildings is life safety.
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Table 3-3 Performance Levels of Buildings Considering Procedure Developed

by Ozcebe et al. [10]

Building ID DIo CFo DI g CFis | Perf. Level
BLDI1 -3.8520 | -1.2783 | -3.3647 | 0.0441 10
BLD2 -2.0431 | -0.4794 | -1.2745 | 0.4320 10
BLD3 -1.3938 | -1.0000 | -1.4746 | 0.0345 10
BLD4 -0.6564 | -1.0000 | -0.8062 | 0.0345 LS
BLDS5 -0.6257 | -0.0016 | -1.0190 | 0.8128 10
BLD6 -0.4195 | -0.0016 | -0.0052 | 0.8128 10
BLD7 -2.3455 | -0.8921 | -2.5285 | 0.8039 10
BLDS -0.6874 | -1.0000 | -1.0310 | 0.0345 LS
BLD9 -0.6608 | -1.0000 | -0.8110 | 0.0345 LS
BLDI10 -0.7080 | -0.6870 | -0.8928 | 0.0237 10
BLDI11 -0.8916 | -0.4794 | -0.9131 | 0.4320 10
BLD12 -2.6674 | -0.6979 | -2.8297 | 0.6289 10
BLD13 -1.6236 | -0.6979 | -1.6804 | 0.6289 10
BLD14 -1.2661 | -0.6870 | -0.7334 | 0.0237 10
BLD15 -0.0347 | -1.0000 | -0.2071 | 0.0345 LS
BLDI16 -0.4899 | -0.0016 | -0.8121 | 0.8128 10
BLD17 -1.7868 | -1.0000 | -2.1000 | 0.0345 10
BLD18 -0.6198 | -0.6870 | -0.8134 | 0.0237 LS
BLDI19 -3.2385 | -0.4794 | -2.9295 | 0.4320 10
BLD20 -0.7296 | -0.6870 | -0.9126 | 0.0237 10
BLD21 -0.8000 | -0.4794 | 0.0563 | 0.4320 10
BLD22 -0.5403 | -0.0016 | -0.8948 | 0.8128 10
BLD23 -5.0998 | -0.6979 | -4.4986 | 0.6289 10
BLD24 -1.2144 | -1.0000 | -0.5983 | 0.0345 10
BLD25 -0.6350 | -1.0000 | -0.7758 | 0.0345 LS
BLD26 -0.7297 | -0.6870 | -0.9249 | 0.0237 10
BLD27 -0.6579 | -1.0000 | -0.8513 | 0.0345 LS
BLD28 -1.7021 | -1.4701 | -0.8307 | 0.0507 10
BLD29 -4.5469 | -0.7693 | -4.7057 | 0.6932 10
BLD30 -1.1499 | -0.8921 | -1.4121 | 0.8039 10
BLD31 -2.1838 | -1.2783 | -2.4347 | 0.0441 10
BLD32 0.0167 | -1.1023 | -0.3012 | 0.0380 LS
BLD33 -2.2217 | -0.6979 | -2.2371 | 0.6289 10
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3.3 ASSESSMENT USING DISPLACEMENT COEFFICIENT
METHOD

The target displacement (A4 ) for all buildings in both x and y directions
was computed using displacement coefficient method. Then, performance
limits displayed in Figure 3-2 were computed by considering yield
displacement (Ay) and ultimate displacement (A,). The ultimate displacement is
accepted to be the limiting value for the collapse prevention performance level.
The displacement limit for life safety performance is assigned the third quartile
of the ultimate displacement. The yield displacement is accepted to be the
limiting value for the immediate occupancy performance level. After that,
performance levels of the buildings were determined. Yield displacement,
ultimate displacement and target displacement values and performance levels
of all buildings in both x and y directions are presented in Table 3-4. It is seen
that the target displacements of all buildings in x direction and 31 buildings in
y direction exceed the collapse prevention limit values. The performance level
of the remaining two buildings in y direction is collapse prevention.

"JT

L

10 LS CP

" et -l |

A, 0.754, A, A
Figure 3.2 Assumed Performance Limits for Performance Levels
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Table 3-4 Performance Levels of Buildings Considering Displacement

Coefficient Method

X Direction

Y Direction

Buildin Perfor. Perfor.
1D i Ay A Ad Level Ay A Ad Level
BLD1 ]0.011 | 0.020 | 0.056 | Collapse | 0.011 | 0.020 | 0.030 | Collapse
BLD2 ]0.037 | 0.105 | 0.190 | Collapse | 0.027 | 0.101 | 0.114 | Collapse
BLD3 |0.024]0.093 | 0.137 | Collapse | 0.030 | 0.070 | 0.157 | Collapse
BLD4 |0.027 | 0.065 | 0.224 | Collapse | 0.025 | 0.065 | 0.224 | Collapse
BLD5 [0.033]0.127 | 0.296 | Collapse | 0.045 | 0.173 | 0.320 | Collapse
BLD6 | 0.046 | 0.156 | 0.308 | Collapse | 0.044 | 0.169 | 0.302 | Collapse
BLD7 ]0.013 | 0.084 | 0.253 | Collapse | 0.020 | 0.055 | 0.308 | Collapse
BLD8 |0.040 | 0.104 | 0.313 | Collapse | 0.036 | 0.121 | 0.288 | Collapse
BLD9 ]0.053 |0.163 | 0.381 | Collapse | 0.045 | 0.180 | 0.395 | Collapse
BLDI10 |0.008 | 0.023 | 0.089 | Collapse | 0.052 | 0.155 | 0.217 | Collapse
BLDI11 |0.017 | 0.046 | 0.086 | Collapse | 0.005 | 0.016 | 0.014 CP
BLD12 | 0.007 | 0.019 | 0.095 | Collapse | 0.013 | 0.022 | 0.143 | Collapse
BLDI13 ]0.006 | 0.017 | 0.276 | Collapse | 0.027 | 0.097 | 0.131 | Collapse
BLD14 | 0.045 | 0.144 | 0.237 | Collapse | 0.045 | 0.134 | 0.172 | Collapse
BLDI15 |0.020 | 0.043 | 0.151 | Collapse | 0.036 | 0.111 | 0.175 | Collapse
BLD16 | 0.074 | 0.204 | 0.431 | Collapse | 0.048 | 0.151 | 0.193 | Collapse
BLD17 |0.008 | 0.040 | 0.136 | Collapse | 0.006 | 0.013 | 0.099 | Collapse
BLDI18 | 0.053 | 0.146 | 0.249 | Collapse | 0.046 | 0.120 | 0.214 | Collapse
BLD19 | 0.002 | 0.007 | 0.020 | Collapse | 0.002 | 0.009 | 0.097 | Collapse
BLD20 | 0.006 | 0.021 | 0.073 | Collapse | 0.039 | 0.097 | 0.126 | Collapse
BLD21 | 0.016 | 0.054 | 0.088 | Collapse | 0.024 | 0.112 | 0.118 | Collapse
BLD22 |0.035]0.169 | 0.229 | Collapse | 0.033 | 0.121 | 0.154 | Collapse
BLD23 | 0.006 | 0.012 | 0.046 | Collapse | 0.004 | 0.010 | 0.032 | Collapse
BLD24 |0.029 | 0.116 | 0.196 | Collapse | 0.029 | 0.074 | 0.167 | Collapse
BLD25 |0.031 | 0.089 | 0.379 | Collapse | 0.029 | 0.080 | 0.266 | Collapse
BLD26 | 0.012 | 0.055 | 0.074 | Collapse | 0.022 | 0.147 | 0.110 CP
BLD27 ]0.039 | 0.152 | 0.246 | Collapse | 0.048 | 0.125 | 0.208 | Collapse
BLD28 | 0.006 | 0.015 | 0.112 | Collapse | 0.007 | 0.017 | 0.122 | Collapse
BLD29 |0.010 | 0.032 | 0.268 | Collapse | 0.010 | 0.024 | 0.120 | Collapse
BLD30 | 0.020 | 0.104 | 0.542 | Collapse | 0.023 | 0.059 | 0.491 | Collapse
BLD31 |0.029 | 0.090 | 0.205 | Collapse | 0.029 | 0.090 | 0.173 | Collapse
BLD32 |0.028 | 0.087 | 0.349 | Collapse | 0.028 | 0.087 | 0.333 | Collapse
BLD33 | 0.015] 0.053 | 0.146 | Collapse | 0.015 | 0.053 | 0.142 | Collapse
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3.4 COMPARISONS AND INTERPRETATION

The results that are obtained from all assessment methods considered
are summarized in Tables 3-5 and 3-6 in x- and y-directions, respectively.
These tables also present the final decision regarding the action to be taken.
According to the assessment reports for the school buildings prepared by
PROMER Consultancy Engineering Ltd. Co. in consultancy with Middle East
Technical University (METU), none of the buildings fully satisfy the
requirements of the Turkish code [33]. The decision regarding the action to be
taken for the rehabilitation of the buildings (whether to retrofit or demolish)
was made based on both requirements of the Turkish Earthquake Code and cost
of the action. If the ratio of retrofitting cost to reconstruction cost exceeded 40
percent, it was decided to suggest demolishing the existing building.
Otherwise, the buildings were retrofitted. The last column in Tables 3-5 and
3-6 indicate the basis of the decision taken. The displacement coefficient
method determines the performance level of almost all buildings as collapse.
According to Ozcebe et al.’s procedure [10], performance levels of 25
buildings are Immediate Occupancy whereas Yakut’s procedure [3] determines
the performance level of 24 buildings in x direction and 18 buildings in y
direction as collapse. This indicates that the classification of Ozcebe et al.’s
procedure [10] is generally not in compliance with other procedures. This is
believed to be due to parameters involved in this procedure. Ozcebe et al.’s
procedure [10] is based on the statistical assessment of observed damage using
mostly architectural attributes such as overhangs, soft story, number of stories
etc. The school buildings generally do not possess many of these architectural
features which are quite dominant in Ozcebe et al.’s procedure [10]. Other
procedures, however, rely mostly on the capacity of structural members. In
Hassan and Sozen’s procedure [8], the correct classification rate of buildings is
approximately 55 percent. This difference can be explained by that the
procedure developed by Yakut [3] considers strength of concrete, regional

seismicity, the negative effect of architectural features and the quality of
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construction in addition to the dimensions of the structure. Moreover, soft
story, short column, in-plan and vertical irregularity are also taken into account
whereas the procedure developed by Hassan & Sozen [8] requires only the total
floor area and cross-sectional areas of columns, shear walls and masonry walls
of structure.

For the sake of completeness the buildings were also assessed
according to the global drift limits given in ATC-40 [30]. The global drift ratio
values were determined as ratio of target displacement calculated using
displacement coefficient method to building height. The results of performance
classification are also shown in Table 3-5 and Table 3-6. The reason for the
results that are generally not in agreement with other procedures is that the drift
limits given in ATC-40 [30] are very unconservative for Turkish buildings
since they are recommended for US buildings that are expected to be in good

compliance with the codes.

67



L00Z DAL 01 2np Sumyonoy Ol asde[jon |asdeyjo) |asdejo) | aenbapeuy | asde[on | 9119
L00T DL 01 2anp sumygonay | ST | osdefo) [osdefjop| ST  |erenbopeuy| osdefjo) | S1a1d
L00C DH.L 01 anp SumonTY Ol ST S ST |oyenbopeuy | osdefjo) | #1714
L00T DH.L 03 anp Sumyonoy Ol ST ST  [osdefjo) |eyenbopeuy | asdefjo) | ¢1q1d
L00Z DAL Pue [BOIIOUOIUN 0} dNP | SUIYSI[OWA Ol ST asdero) Ol orenbopeuy | asdeqo) | zra1g
L00T DL 01 2anp Sumgonay |  OI | osdejo) [esdefoy| ST |oenbopeuy| osdejjod | 1114
L00C DH.L 03 2np SumMoNY Ol ST osdefjop| Q1  |erenbopeuy| osdefjo)d | 01Q1d
L00Z DAL 031 onp Sumyonoy S1 asdero) |asderjo) | asdejo) |orenbopeur | asdefo) | 6a1d
L00Z DAL 01 anp Sumiyonay S1 asdeyo) |asderjo) | asdejo) | arenbopeuy | asdefjo) | fa14
L00T DAL Pue [eo1I0ou0dun 03 anp | Surysijowdq Ol S1 asderjo) [asderjo) [ arenbapeuy | asdejjo) | La1g
L00T Dd.L 03 anp Sumyonay Ol osdefjo) [oesdefopy| ST |oenbopeuy| osdefo) | 9a1d
L00T DAL 03 onp Sumgonay | Ol osdefiop [osdefjop| ST |eyenbopeuy| asdefod | ¢a1d
L00T DL 01 2anp umygonay | ST | osdefopy [esdefjon| ST  [erenbopeuy| osdejo) | +A1d
L00T Dd.L 03 anp Sumyonay Ol S osdefjop| ST  |evenbopeuy| osdefjod | ¢ald
[edrwouod3un 03 NP Surysijowaq Ol asdeqjo) S1 ST | 9enbopeuy| osderjo) | za1g
L00T DL 01 2anp sumygonay | Ol ST |esdefop| Q1 |owenbopeur| asdejjo) | 119
uoreuE|dx3 WOISIAA | oot | ey | MR | 0901V | 2002 03| o WL 6 OF

UonodII( X Ul SaINPadold JO SNsAY oy} Jo uostredwo)) G-¢ 9[qe]

68



L00T DL 01 onp Sumiyonoy Ol osdejop [asde[joy| ST [oenbopeuy| osdejjo) | ¢ca1d
L00Z DAL 03 anp Sumyonoy S1 asde[jop [asdeyjo) [asde[jo) | arenbopeuy | asde[on | zea1g
L00T DAL 03 anp sumyonay o) ST |esdefop| ST |orenbopeur| asdejjo) | reaid
L00T DL 01 onp sumiyonoy Ol ST  |esdefjo) |asderjo) |erenbopeuy | asdefjoy | oca1d
L00T DH.L 03 °np Sumyonay Ol Ol ST  |esdefo) |erenbapeuy| asdefjo) | 6zd1d
L00Z DAL PUe [BOIIOUOAUN 0} NP | FuIysijowdq Ol ST asdero) Ol orenbopeuy | asdeo) | gza1g
[edrwou0d3un 03 dnp Surysijowdq S1 asderjon |asdeqon Q1 | 9enbopeuy| osderjo) | Lza1g
L00C DAL 03 anp SUMoNY Ol asdejon ST Ol  |ovenbopeuy | osdefjo) | 9za1d
L00Z DAL 01 onp Sumyonoy S1 asdero) |asdeqjo) |asderjo) | arenbopeuy | asdefjo) | sza1g
L00T DAL 03 anp sumgonay | OI osdefjo) [oesdefjoy| ST |oenbopeuy| osdefo) | $zA1d
L00C DAL 03 2np SuMoNIY Ol ST osdefjop| Q1 |evenbopeuy| osdefjod | €zd1d
L00T DH.L 03 °np Sumyonay Ol osdefjo) [oesde[o)| ST |oenbopeuy| osdefo) | zzdT1d
L00T DL 03 °np umyonay Ol ST ST Ol |ovenbopeu | osdefjo) | 1za1d
L00T Dd.L 03 °np umyonay Ol ST ST Ol  |orenbopeu | osdefjo) | 0za1d
L00T DH.L 03 °np Sumyonay Ol Ol ST Ol  |9enbopeuy | osdefjod | 61a71d
L00T DAL 03 anp Sumygonay | ST | osdeqjop [esdefon| ST [orenbopeur| osdejjo) | 81a1d
L00T DAL 03 anp Sumiyonoy Ol ST ST ST |oyenbopeuy | asdefjo) | L1714
uorreue|dx3 woisad | | ey | MPIRA | 0901V | 2002 03| oo WUR 6 ST

(ponunuoo) ¢-¢ s[qe,

69



L00T DH.L 03 onp Sumyonay Ol osdefjo) |oesdefo)| ST |oenbopeuy| osdefo) | 91 T1d
L00T DAL 03 anp sumygonay | ST | osdefop [esdefjon| ST  |erenbopeuy| osdefjo) | s1a1d
L00C DAL 03 anp SumMonIY Ol asdefjo) ST ST |oyenbopeuy | osdefjo) | +1a71d
L00C DAL 03 anp Sumyonoy Ol asde[jo) ST ST |oenbopeuy | osdefjo) | ¢1a1d
L00Z DAL PUe [BIIIOUOAUN 0} NP | Furysijowdq Ol ST aosdefjop| ST |oenbopeur| osdeqo) | zra1g
L00T DL 03 anp sumygonay | OI oI ST Ol |denbopeuy| dD 1aid
L00T DAL 01 onp Sumyonoy Ol osdejop [asde[oy| ST [oyenbopeuy| osdejjo) | 01AT1d
L00Z DAL 01 onp Sumyonoy S1 asdero) |asdeqjo) | asdejo) | orenbopeur | asdefo) | 6a1d
L00Z DAL 01 onp Sumiyonay S1 asdeo) |asderjo) | asdejo) | arenbopeuy | asdeqjon | a4
L00Z DAL pue [ed1Iou0dun 03 dnp | Surysijowdq Ol S1 asdejo) [ asderjo) [o3enbopeuy | asdejjoy | La1d
L00T DH.L 03 anp Sumyonay Ol osdefjo) |oesdefopy| ST |oenbopeuy| osdefjo) | 9a1d
L00Z DAL 01 onp Sumygonoy [8)i asdero) |asdeqjo) | asdejo) | orenbopeur | asdeqon | sa1dg
L00T DAL 03 anp umygonay | ST | osdefopy [esdefjon| ST  [orenbopeuy| osdefo) | A4
L00T DH.L 03 anp Sumyonay Ol ST ST ST |ewenbopeur | osdefjo) | ¢a1d
[edrouod3un 03 NP Surysrjowaq Ol asdeqjo) S1 Ol oyenbopeuy | asde(jop | zaig
L00T DAL 03 anp Sumyonay | Ol ST ST Ol |oyenbopeuy| osdefjoy | 1d7149
uoreue|dx3 WOISIAA | oot | ey | MR | 0901V | 2002 03| S TR 6 O

UonodII(] A Ul SOINPId0Id JO SINSAY oy} Jo uostredwo)) 9-¢ 9[qe],

70



L00T DL 03 onp Sumiyonoy Ol | osdefjo)y |esdefjop| ST |eenbopeuy| asdefjo) | cca1d
L00T DI.L 03 anp Sumygonay | S1 ST  |9sdefjo) |esdefo) |oyenbopeuy | osdefjo) | zedT1d
L00T DL 01 2anp sumyonoy o) ST |esdefop| ST |orenbopeur| asdejjo) | reaid
L00T DL 03 onp sumiyonoy OI ST  |esdefjo) |asderjo) |erenbopeuy | asdefjoy | oca1d
L00T DL 01 anp Sumyonay Ol Ol S1 ST |oenbopeur | osdejjo) | 6za1d
L00Z DAL PUe [BOIIOUOAUN 0} NP | JuIysijowdq Ol ST asdero) Ol orenbopeuy | asdeo) | gza1g
[earouoddun 03 NP Surysiowaq ST asdeqjo) S1 Q1 | 9enbopeuy| osdeqjo) | Lza1g
L00T DL 03 anp sumyonoy OI | osdefop | ST Ol |denbopeuy| 4D 9za1d
L00T DAL 03 anp Sumyonoy ST | osdefop [osdefop| ST |eyenbopeuy| osdejo) | sza1d
L00T DL 01 anp sumyonay OI | osdefop | S17 ST |oenbopeur | asdefjo) | yza1d
L00T DL 03 anp sumyonoy o) oI ST OI  |aenbopeuy | osdefjop | ¢za1d
L00T DI.L 03 anp Sumyonay OI | osdefjopy [esdefjon| QI |eyenbopeuy| asdefjo) | zza1d
L00T DL 03 anp Sumygonay | Ol S1 ST ST |°yenbopeuy | asdefjo) | 1za1d
L00T DL 03 anp sumyonoy OI | osdefjo) |esdejop| ST [oenbopeuy| osdefjod | oza1d
L00T DI.L 03 anp Sumyonay Ol Ol S1 ST [owenbopeur | osdejjo) | 61a1d
L00T DAL 03 anp Sumygonay | ST | esdefo) | ST ST |oenbopeuy | asdefjo) | 81a1d
L00T DL 01 anp sumyonoy o) ST S1 OlI  |aenbopeuy | asdefjop | L1714
uoreuE|dx3 woisad | o sy | MPIEA | 0701V | 2002 031 | o WL 16 O

(ponunuoo) 9-¢ s[qe,

71



CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 SUMMARY AND CONCLUSIONS

In this study, it is aimed to determine capacity related properties of

school buildings and to investigate the applicability of existing seismic

vulnerability assessment procedures on school buildings in Turkey. Thirty

three reinforced concrete school buildings were extracted from the ISMEP

project. The average value of compressive concrete strength of school

buildings was approximately 12 MPa. All buildings unsatisfy the requirements

of the Turkish code [33]. Nonlinear static analysis was conducted to obtain

pushover curves from which the capacity related properties of school buildings

were determined.

The following conclusions were drawn;

The capacity curve parameters determined are believed to
represent properties of typical school buildings in Turkey. These
properties can be used to assess approximately the seismic
performance as well as loss estimation of existing school
buildings.

The yield over-strength ratios, y, were found to decrease as
number of stories increases, reaching nearly 1.0 for five story
buildings.

The ultimate over-strength ratio, A, for the buildings
investigated ranged from 1.02 - 2.49. Because of inappropriate
detailing, irregular plans and low capacity of members, the
ductility ratio, p, was found to be low.

The mean yield base shear coefficients were determined as 0.19,

0.13 and 0.10 for 3, 4 and 5 stories, respectively. These
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capacities that are similar to the ones obtained for residential
buildings indicate that most of the existing school buildings
have quite low seismic capacity.

e The results showed that the buildings experienced three
different mechanisms as inferred from the formation and
progress of hinges; beam mechanism, column mechanism and
mixed mechanism.

e Existing procedures developed by Yakut [3], Hassan & Sozen
[8] and Ozcebe et al. [10] and displacement coefficient method
were carried out to evaluate the applicability of the existing
procedures. Although none of the procedures were found to
adequately determine the performance, the procedure developed
by Yakut [3] is the most suitable one to assess approximately
the performance of existing reinforced concrete school

buildings.

4.2 RECOMMENDATIONS FOR FUTURE STUDIES

It is clear that extension of the study to include more building
configurations will lead to more reliable results. A specific preliminary
assessment procedure for school buildings should be developed based on more
comprehensive analyses. The study can also be extended to develop fragility

curves for school buildings in Turkey.
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APPENDIX A

PROPERTIES OF BUILDINGS AND RESULTS OF
ANALYSIS

A1l DETAILED PROPERTIES OF SELECTED BUILDINGS

Detailed properties of all selected buildings are summarized in Table
A.l-1and A.1-2.
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A.4 GLOBAL DRIFT RATIO VALUES

Table A.4-1 Global Drift Ratio Values

X DIRECTION Y DIRECTION
Building | Lateral | Height | Global Lateral | Height | Global
ID Def.(m)| (m) |Drift Ratio| Def.(m) | (m) |Drift Ratio
BLDI1 0.056 12.50 0.004 0.030 12.50 0.002
BLD2 0.190 11.70 0.016 0.114 11.70 0.010
BLD3 0.137 12.80 0.011 0.157 12.80 0.012
BLD4 0.224 13.60 0.016 0.224 13.60 0.016
BLDS5 0.296 15.50 0.019 0.320 15.50 0.021
BLD6 0.308 17.95 0.017 0.302 17.95 0.017
BLD7 0.253 10.00 0.025 0.308 10.00 0.031
BLD8 0.313 13.65 0.023 0.288 13.65 0.021
BLD9 0.381 14.10 0.027 0.395 14.10 0.028
BLD10 | 0.089 13.40 0.007 0.217 13.40 0.016
BLDI11 | 0.086 8.40 0.010 0.014 8.40 0.002
BLDI2 | 0.095 10.75 0.009 0.143 10.75 0.013
BLD13 | 0.276 10.35 0.027 0.131 10.35 0.013
BLD14 | 0.237 14.30 0.017 0.172 14.30 0.012
BLDI5 | 0.151 13.30 0.011 0.175 13.30 0.013
BLDI16 | 0.431 17.25 0.025 0.193 17.25 0.011
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Table A.4-1 (continued)

X DIRECTION Y DIRECTION
Building | Lateral | Height | Global Lateral | Height| Global
1D Def.(m) | (m) |Drift Ratio| Def. (m) | (m) | Drift Ratio
BLD17 | 0.136 13.25 0.010 0.099 | 13.25 0.007
BLD18 | 0.249 14.10 0.018 0.214 | 14.10 0.015
BLDI19 | 0.020 9.10 0.002 0.097 9.10 0.011
BLD20 | 0.073 12.00 0.006 0.126 | 12.00 0.010
BLD21 | 0.088 10.00 0.009 0.118 10.00 0.012
BLD22 | 0.229 17.00 0.013 0.154 | 17.00 0.009
BLD23 | 0.046 9.45 0.005 0.032 9.45 0.003
BLD24 | 0.196 12.65 0.015 0.167 12.65 0.013
BLD25 | 0.379 13.40 0.028 0.266 | 13.40 0.020
BLD26 | 0.074 11.60 0.006 0.110 | 11.60 0.009
BLD27 | 0.246 13.55 0.018 0.208 13.55 0.015
BLD28 | 0.112 13.40 0.008 0.122 13.40 0.009
BLD29 | 0.268 10.20 0.026 0.120 | 10.20 0.012
BLD30 | 0.542 9.20 0.059 0.491 9.20 0.053
BLD31 | 0.205 13.60 0.015 0.173 13.60 0.013
BLD32 | 0.349 13.20 0.026 0.333 13.20 0.025
BLD33 | 0.146 10.81 0.014 0.142 | 10.81 0.013
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