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SEISMIC RESPONSE OF THE SCHOOL BUILDINGS IN SEISMIC RESPONSE OF THE SCHOOL BUILDINGS IN 
VAN TO THE EARTHQUAKE OCTOBER 23, 2011VAN TO THE EARTHQUAKE OCTOBER 23, 2011

(Observations and evaluations)(Observations and evaluations)

1. Recent earthquakes in Van
TabanlTabanlıı (Van)  23.10.2011(Van)  23.10.2011
EdremitEdremit (Van) (Van) 09.11.201109.11.2011

2. School buildings in the Turkish Seismic Code
3. Typical school buildings in Turkey
4. Seismic damages in the school buildings in Van
5. Evaluation criteria of the building for further use
6. Conclusions
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1. 1. Recent earthquakesRecent earthquakes in Vanin Van
• Four seismic regions are defined in Turkey
• Effective ground acceleration coefficent

Ao = 0.40, 0.30, 0.20 and 0.10

Map for seismic regions

Van
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Van regionVan region
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Recent earthquakes in VanRecent earthquakes in Van

TabanlTabanlıı (Van)  23.10.2011(Van)  23.10.2011
Mw: Mw: 7.27.2

Focal depth: 10~20km
Distance of the epicenter 
to Van: 32km

Acceleration record in 
Muradiye (43km to Van) : 

0.18g0.18g
Acceleration estimated 
in Van: 

0.10g0.10g
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Recent earthquakes in VanRecent earthquakes in Van

EdremitEdremit (Van)(Van) 09.11.201109.11.2011
Mw = 5.6Mw = 5.6

Focal depth : 5km

Distance of the epicenter 
to Van: 20km

Acceleration record in Van: 
0.25g0.25g
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2. School buildings in the Turkish Seismic Code2. School buildings in the Turkish Seismic Code

Effective seismic acceleration coefficients Effective seismic acceleration coefficients 
AoAo = 0.4= 0.400,, 00.3.300, 0.2, 0.200, 0.1, 0.100

New New residential buildingsresidential buildings:
DesignDesign EEarthquakearthquake
Building importance factor: Building importance factor: I = 1I = 1.00.00
Life Life SSafetyafety is targetedis targeted

New New school buildings to be designed:school buildings to be designed:
DesignDesign EEarthquakearthquake
Building importance factor: Building importance factor: I = 1.4I = 1.400
Life Life SSafetyafety is targetedis targeted
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Existing school buildings to be checked Existing school buildings to be checked 
seismically:seismically:

DDesign esign EEarthquakearthquake ((AoAo))
IImmediate mmediate OOccupancyccupancy performance level is performance level is 

targetedtargeted

MMaximum aximum CConsideredonsidered EEarthquakearthquake (1.5Ao)(1.5Ao)
LLife ife SSafetyafety performance levelperformance level is is targetedtargeted

Generally it is difficult to satisfy. These conditions Generally it is difficult to satisfy. These conditions 
are more severe than those applied to new school are more severe than those applied to new school 
buildings to be design.buildings to be design.
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3. Typical school buildings in Turkey3. Typical school buildings in Turkey

There various typical projects prepared by the There various typical projects prepared by the 
Ministry of Educations. There are reinforced Ministry of Educations. There are reinforced 
concrete buildings having frame system consisting concrete buildings having frame system consisting 
of beam columns and shear walls.of beam columns and shear walls.

School buildings have various number of stories, School buildings have various number of stories, 
such as 3, 4 and 5.such as 3, 4 and 5.

Some examples are given to represent school Some examples are given to represent school 
typical buildingtypical buildingss and their strengthening and their strengthening 
interventionintervention..
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School building type 1:School building type 1:
Existing structureExisting structure
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School building type 2:School building type 2:
Existing structureExisting structure
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School building type School building type 33::
Existing structureExisting structure
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4. 4. Seismic damages in the school buildings in VanSeismic damages in the school buildings in Van

Following the destructive Van Earthquake of 23 Following the destructive Van Earthquake of 23 
October 2011 October 2011 epicenteredepicentered in in TabanlTabanlıı (Van), the (Van), the 
teams from Istanbul Technical University, Middle teams from Istanbul Technical University, Middle 
East Technical University and East Technical University and SakaryaSakarya University University 
investigated school buildings in Van to determine investigated school buildings in Van to determine 
the extent of the seismic damages upon the the extent of the seismic damages upon the 
request of the governorship of Van.request of the governorship of Van.

The authorThe authorss were two members of the team of were two members of the team of 
formed by Earthquake Engineering and Emergency formed by Earthquake Engineering and Emergency 
Management Institute and Faculty of Civil Management Institute and Faculty of Civil 
Engineering, Istanbul Technical University and Engineering, Istanbul Technical University and 
took part in this investigation extensively.took part in this investigation extensively.
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Although the maximum acceleration in the Although the maximum acceleration in the 
seismic event is found to be considerable lower seismic event is found to be considerable lower 
than the maximum acceleration expected in the than the maximum acceleration expected in the 
region, various levels of damages starting from region, various levels of damages starting from 
fine cracks to the serious damages in the fine cracks to the serious damages in the 
structural members are observed.structural members are observed.

Besides of the structural damages, often nonBesides of the structural damages, often non--
structural damages are found to be surprisingly structural damages are found to be surprisingly 
high.high.
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Typical school buildings in VanTypical school buildings in Van
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Typical school buildings in VanTypical school buildings in Van
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Typical school buildings in VanTypical school buildings in Van
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DamageDamage
in in 

concrete concrete ccoverover

CracksCracks
in in 

PartitionPartition wallswalls
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Short column Short column 
damagesdamages

Inadequate Inadequate 
splicesplice
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Inadequate Inadequate 
concrete coverconcrete cover
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No ties in beamNo ties in beam--column jointscolumn joints
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Segregation in concreteSegregation in concrete Partition wall damagePartition wall damage
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Cracks in beamsCracks in beams
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Total collapse Total collapse 
((GedikGedik BulakBulak School)School)

Zekai Celep, Yavuz Durgun, Istanbul Technical University, 8-9 February, 2012-Istanbul
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Total collapse Total collapse 
((GedikGedik BulakBulak School)School)
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SeismicSeismic responseresponse of of thethe schoolschool buildingsbuildings in Van in Van toto earthquakeearthquake OctoberOctober 23, 201123, 2011
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Total collapse Total collapse 
((GedikGedik BulakBulak School)School)



GedikGedik BulakBulak SchoolSchool
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Inadequate hooks configuration  Inadequate hooks configuration  
((GedikGedik BulakBulak School)School)
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Inadequate ties in the beamInadequate ties in the beam--column jointscolumn joints
and damages in the shear wall and damages in the shear wall 

((GedikGedik BulakBulak School)School)
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Inadequate ties in the beamInadequate ties in the beam--column jointscolumn joints
((GedikGedik BulakBulak School)School)



31/40

Improper Improper granugranulolometrymetry
in concretein concrete

Low concrete strengthLow concrete strength,

Low bond strengthLow bond strength

((GedikbulakGedikbulak school)school)

Zekai Celep, Yavuz Durgun, Istanbul Technical University, 8-9 February, 2012-Istanbul
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5. 5. Possible strengthening recommendation: Possible strengthening recommendation: 
Shear wall Shear wall additiadditionon

School building type 1School building type 1 : : SStrengthenedtrengthened structurestructure

Zekai Celep, Yavuz Durgun, Istanbul Technical University, 8-9 February, 2012-Istanbul
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School building type 2School building type 2 : : Strengthened structureStrengthened structure
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School building type School building type 3: 3: Strengthened structureStrengthened structure
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Seismic response of the school buildings in Van to earthquake OcSeismic response of the school buildings in Van to earthquake October 23, 2011tober 23, 2011

:

DamagesDamages::

Damages are due to deficiencies which have been Damages are due to deficiencies which have been 
seen in the previous events as well.seen in the previous events as well.

Most of them due to simple engineering errors done Most of them due to simple engineering errors done 
in worksites. In other words buildings do notin worksites. In other words buildings do not
received adequate engineering attention.received adequate engineering attention.

Low concrete quality, inadequate Low concrete quality, inadequate granulometrygranulometry

Low bond strength, inadequate workmanship,Low bond strength, inadequate workmanship,

Inadequate lateral reinforcement detailingInadequate lateral reinforcement detailing

Inadequate lap splice lengthInadequate lap splice length

Zekai Celep, Yavuz Durgun, Istanbul Technical University, 8-9 February, 2012-Istanbul
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6. Evaluation of seismic damage in the6. Evaluation of seismic damage in the
schoolschool buildings:buildings:

In Van area relatively large number school are In Van area relatively large number school are 
constructed in last 10 years.constructed in last 10 years. The crucial question The crucial question 
asked by the governorship of Van:asked by the governorship of Van:

Can the school buildings be used for schooling?

The team of the universities have grouped the 
school buildings into three categories:
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6.Evaluation of seismic damage in the 6.Evaluation of seismic damage in the sschoolchool
buildings:buildings:

TThe school buildings which do not have almost structural and he school buildings which do not have almost structural and 
nonnon--structural cracks and damages. structural cracks and damages. Most of them are neMost of them are neww
buildings and have received engineering attention in constructiobuildings and have received engineering attention in construction. n. 
They can be used for schooling.They can be used for schooling.

The school buildings which have limited cracks in the The school buildings which have limited cracks in the 
structural elements. structural elements. They can be used for schooling temporarily, They can be used for schooling temporarily, 
however it should be investigated to decide whether any however it should be investigated to decide whether any 
strengthening is required.strengthening is required.

The school buildings which have serious cracks and damages in The school buildings which have serious cracks and damages in 
the structural elements. the structural elements. They can not be used for schooling, They can not be used for schooling, 
however it should be investigated thoroughly to decide whether however it should be investigated thoroughly to decide whether 
any strengthening is required.any strengthening is required.
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Evaluation of seismic damage in the schoolEvaluation of seismic damage in the school buildingsbuildings
Evaluated byEvaluated by

Earthquake Engineering and Emergency Earthquake Engineering and Emergency 
Management Institute and Faculty of Civil Management Institute and Faculty of Civil 
Engineering, Istanbul Technical Engineering, Istanbul Technical UniversityUniversity
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DamageDamage
levellevel

NoNo
damagedamage

LightLight
damagedamage

MediumMedium
damagedamage

SeriousSerious
DamageDamage

Number of theNumber of the
school buildingsschool buildings 4444 105105 3232 88
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A proposal for the existing school buildings to be investigated for
seismic safety:

Design earthquake Design earthquake ((AoAo))
LLifeife safety safety performanceperformance levellevel is is checkedchecked

Maximum considered earthquake Maximum considered earthquake (1.5Ao)(1.5Ao)
CollapseCollapse preventionprevention performanceperformance levellevel is is checkedchecked

A proposal for the existing school buildings which do not pass above
check. They should be strengthened by considering:

Design earthquake Design earthquake ((AoAo))
ImmediatleImmediatle occupancyoccupancy performanceperformance levellevel is is targetedtargeted

Maximum considered earthquake Maximum considered earthquake (1.5Ao)(1.5Ao)
Life Life safetysafety performanceperformance levellevel is is checkedchecked
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Thank you for your attentionThank you for your attention
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