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performance of a template design 

RC school building before and 

after strengthening
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The aim of the project was to introduce the participants into advanced 

-

revealed low seismic resistant in the past earthquakes in Turkey. There-

a campaign to investigate and strengthen these buildings all over Turkey.

In the frame of these campaign one typical school building, with 

quite similar ground plans to the school building which failed during 

before and after strengthening. 

The participants of the project assessed the performance of the struc-

ture before and after the applied strengthening measures on the basis 

of measured building response data and evaluate the earthquake 

resistant design. They carried out damage prognosis for the given seis-

mic action and compared it with the real occurred damage after the 

Introduction

School buildings belong to the building class of higher priority accord-

ing to the common code requirements, because of their use as meet-

ing point and shelter in the immediate aftermath of a disaster as well 

as their high occupancy rate.

-

quake code and under the consideration of obsolete seismic demands. 

In many cases rules of earthquake resistant design were not applied. 
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serious number of school buildings. Therefore the Turkish Government 

initiated a programme for the systematic inspection of school and hos-

pital buildings in Turkey together with the application of strengthen-

ing measures for governmental buildings with poor performance.

In the frame of a project the project partner of the summer course 

Mustafa Kemal University could accompany a strengthen measure of a 

school building by dynamic investigation.

Study Object

General Information

The considered school building is one of three school buildings in 

Hatay (Turkey), which could be dynamically investigated before and after 

-
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structural walls (red walls), which is a common strengthening tech-

nique in Turkey to increase the building capacity and to decrease the 

maximum displacements. The chosen school building is thus rep-

resentative for a large number of school buildings in whole Turkey 

before and after strengthening.

Evaluation of the structural system

was carried out on the basis of regularity and construction details 

check. The general layout obeys with the regularity criteria of an 

the check of the location of the centre of mass (red point) and rigidity 

The location of the centre of mass and rigidity a translational behav-

iour of the building in both directions can be expected under seismic 

action due to the quite small distances between as well as the location 
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of both points. That means in case of the unstrengthen structure only 

less additional forces can be expected due to torsional behaviour. Due 

will become higher.

The reinforcement details are in general of poor quality, which was 

Observed building performance after the Bingöl EQ

The comparison of the general layouts from the damage structures 

and the study object indicates the representativeness of the studied 

object and provides the opportunity to adopt the experiences from 

the Bingöl earthquake to the study area Antakya. Thus, the results 

of the damage prognosis can be compared with the observed dam-

ages on school building with a nearly identical (template) design for a 

known seismic action.



hij

klmnopqnrstu snvsv

Building response measurements

Mustafa Kemal University carried out building response measurements 

sensors are oriented at the main axis of the building. In general, two 

sensors were installed in two opposite corners on the roof and two 

A “lightweight” exciter (transportable by two men; covering a fre-

kutwxoation and interpretation of the measured data

Different programmes were applied to determine the eigenfrequen-

cies and corresponding mode shapes. The ambient and forced vibra-

tion data were conditioned with the programme MATLAB for the use 

in the programme ARTeMIS, the MATLAB toolbox MACEC as well as 

MATLAB routines.

the programme ARTeMIS and the toolbox MACEC provide directly a 

sketch of the mode shape. 

school building caused by the 
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The pure analysis of the data by the application of FFT techniques 

-

urement point.

ARTeMIS and MACEC, which could be determined for the building 

before and after strengthening with. It can be clearly seen,

-

malization accounts for different amounts of weights which were used 

-

cially in the case without strengthening clear peaks can be determined, 

the resonance to the natural frequencies of the building in each direction.

-
acteristic modes before and 
after strengthening by the use 
of instrumental data
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two modes (f , f ) before and after strengthening. But it has to be 

approach only might be lead to other results, because at some sensors 

approaches is recommended.

®¯°±²³²±´µ ±µ ¯¶·±¸ection Excitation in y-direction

Analytical Studies

the building supplied the required geometrical data. Material properties 

for the given quality were assumed according to the Turkish standards.

MACEC

ARTeMIS

FFT

f1

6.90

7.08

6.79

f2

7.50

7.52

7.25

f1

8.30

8.25

8.25

f2

9.12

9.03

8.97

Frequency [Hz]

Software before strengthening after strengthening

¹º»¼½ ¾ ¿ À½Á½ÂÃÄÅ½Æ ÇÈÅÆº-
mental frequencies from the 
experimental testing

ÉÄÊÈÂ -
ing response (normalized FFT 

y- direction
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Columns were generally assumed as rigidly connected to the under-

ground. Floors were modeled as rigid diaphragms; roof constructions 

neglected to reduce the modeling and analysis effort, because of the 

limited time window.

The material parameters for concrete were assumed to have character-

-

with beam and shell elements. The adaption of beam elements for 

the added shear walls was necessary to apply nonlinear hinges for the 

push over analysis.

áâãäåe strengthening after strengthening

æçè éêëìíîèëïíð ñèòóôìõ ôé ïçè öêóðìóë÷õø ùçóúç ùèòè ûëôùë ìêè ïô

the dynamic recordings, were used as a measure for the calibration of 

of identical material. In the frame of the project the goal was not to 

achieve a perfect match for the building. Congruency of the main mode 

shapes and frequencies/periods was nevertheless seen as important.

(without calibration) determined fundamental periods of the school 

building before and after strengthening. The calibration of the model 

problems and limited time only the communication could be realized 

and after strengthening (Using 
shell elements for the mod-
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Therefore the natural frequencies of the analytical model are so far 

not comparable with the results from the measurement, which indi-

cates the need of model calibration. The results show, that modeling 

much different dynamic behavior and thus to un-conservative seismic 

D����� ��ognosis

Nonlinear static pushover analysis was applied to determine the build-

ing capacity in form of the capacity spectrum in x- and y-direction and 

design spectrum excitation. A design spectrum according to the Turk-

-

tion between the capacity spectrum and the design spectrum resulted; 

thus, according to the calculations performed here, the building would 

not be able to withstand an earthquake corresponding to the required 

-

mine the level of peak ground acceleration the building could resist. 

-

MACEC

ARTeMIS

FFT

T1

0,145

0,141

0,147

0,310

T2

0,133

0,133

0,138

0,180

T1

0,120

0,121

0,129

0,135

T2

0,110

0,111

0,118

0,132

Period [sec]

Software before strengthening after strengthening
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fundamental periods before 
and after strengthening

+%,-$

characteristic periods on the 
example of the Turkish Code 
Spectrum 
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Conclusions

In the frame of the project a damage prognosis was carried out for 

measurement data and modern software tools. Experimental testing at 

the building could be done before and after strengthening of the struc-

ture by the project partner MKU, who provided the data for the project. 

For the strengthening of the structure shear walls were added to increase 

the building capacity and to decrease the maximum displacements.

The provided building response data were analyzed to determine 

the principle fundamental periods and corresponding mode shapes, 

which were used for the calibration of the structural models. The com-

necessity of model calibration. First analytical results indicate a much 

weaker behavior of the structure, which can lead to un-conservative 

seismic load assumptions.

Estimations of structural performance were conducted using site-spe-

in x- and y- direction by the 
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or collapse of the building. The structure is only capable to withstand 

measures could not be realized in the frame of the project.
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