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Turkiye'nin Dogusunda 23.Ekim.2011 tarihinde
saat 13:41 de Van il merkezi (43:20E, 38:28N) ile Ercis
ilce merkezini (43:30E, 38:49N) etkileyen Van-Tabanl
koyu merkezli 6.7 Richter blyikliginde [1], (Mw=7.2
[2]) siddetli bir deprem meydana gelmistir. Van il
merkezinde kismi hasara sebep olan deprem, Ercis
ilcesindeki yapilarda daha yaygin bir hasara sebep
olmustur. Deprem dis merkezine 116 km uzaklktaki
Bitlis-Merkez’'de en yiiksek ivme degeri D-B yoniinde
102 gal olarak 6I<;(Jlmij§ti]r;[1].
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Introduction

A damaging earthquake (6.7 Richter scale [1],
Mw=7.2 [2]) hit the city Van (43:20E, 38:28N) on
October 23, 2011, 13:41 hrs-local. The epicenter of the
earthquake was declared as the Tabanli village of Van
[1, 2]. Earthquake caused damage on individual
buildings in the city center of Van, while the damage
was more spread on the main street of the town Ercis.
The peak ground acceleration measured at the city
center of Bitlis, 116km from the epicenter, reached 102
gals in East-West direction [1].
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Harita 1 — Deprem Bolgesi

Map 1 - Earthquake Region
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Sekil 1 - Bitlis Merkezde Kaydedilen D-B Yonli Deprem
ivme Kaydi [1] ve ivme Spektrumu (%5 sdniim)

Bolgenin Jeolojik-Jeofizik ve Tektonik Karakteri
Van ili yerlesim alani gol, akarsu ve karasal
cokellerin tekrarlanmasindan olusan gevsek oOzellikteki
kum, cakil, mil ve kil ardalanmasindan olusmaktadir.
Yeralti su seviyesi ylizeye yakindir ve Van ovasini
olusturan zemin gevsek ozelliktedir. Boélgede Nemrut,
Stiphan, Tendirek gibi bilinen volkanlar bulunmaktadir.

Figure 1 - Recorded E-W Acceleration [1] (Bitlis city
center) ,and the Acceleration Spectrum (5% damping)

Geologic, Geophysical and Techtronic Background

The surrounding area of the city Van is
composed of lake, rive and land sediments and has
layers of loose sand, gravel and clay. Ground water
table is high, especially for the areas close the Lake
Van. There are well known volcanoes like Nemrut,
Suphan and Tendurek in the hinterland of Van.

Onceki Onemli Depremler / Previous Significant Seismic Activities

Catak
Van
Caldiran
Ercis

Yapisal Hasar
Bolgedeki yapilarin deprem performanslari ve

hasar yayihmlari UG¢ vyapr tipi bashg altinda
incelenmistir.  Bu bashklar sirasiyla “Kdltir Mirasi
Yapilar”,”Yerinde Ddékme Betonarme Yapilar”, ve
“Betonarme Prefabrik Yapilar”dir.
Kiiltir Mirasi Yapilar
1. Seyh Abdurrahman Gazi Camii ve Tiirbesi
Tek kubbeli ve kare planli bir camidir. Son

cemaat yeri (¢ kemerli olan caminin dis cephesi kesme
tastan yapilmistir.  Son cemaat yerindeki bir tarafi

1945 M=5.8
1972 M=5.2
1976 M=7.2
1977 M=5.1

Structural Damage

The earthquake performance of the structures
in the region is investigated for three group of
buildings, namely “Cultural Heritage Buildings”, “Cast
in Place Reinforced Concrete Buildings”, and the “Pre-
Cast Reinforced Concrete Buildings”

Cultural Heritage Structures

1. Sheikh Abdurrahman Mosque and Tomb

The mosque has a square plan with single
dome. The late prayers’ porch, which has 3 parallel
arches supported by the mosque exterior walls on one
side and marble columns on the other side, has
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sttunlara, diger tarafi beden duvarina basan kemerlerin
en dista olanlarinda minimal seviyede kilcal ¢atlakaklar
gozlenmistir. Beden duvarlarinda herhangi bir hasar
bulunmamaktadir. Cami genel olarak hasarsizdir. Van
kalesinin Kuzey-Dogu ucundadir.
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minimal cracks, specially on the outer ones. The
exterior walls of the Sheikh Abdurrahman Mosque is
free of any EQ damage, as well as the tomb. The Tomb
and the Mosque is located on the Eastern outskirts of
the Castle Van

Fotograf/Picture 1- Seyh Abdurrahman Gazi Camii ve
Turbesi, Son Cemaat Yeri Kemer ve Sttunlar / Sheikh
Abdurrahman Mosque and the Late Prayers’ Porch

2. Hiisrev Pasa Camii

Van Kalesi’'nin Giney ucunda ve Orta Kapi
Mahallesinde bulunan Hisrev Pasa Camii 1567 yilinda
Van Beylerbeyi Koca Hisrev Pasa tarafindan
yaptiriimistir. Mimarinin  Mimar Sinan oldugu
soylenmektedir. Kare planh olup tek kubbelidir. Duvar
kahnliklari yaklagik 180cm dir. Bes kemerli son cemaat
yeri ve kare kaideli bir minaresi bulunmaktadir.

Son cemaat yerindeki beden duvarlarina dik
kemerlerin acgilmasi ile bu kemerlerin tepe noktalarinda
catlama olmustur, bu acilimalar kigclik kubbelere de
sirayet etmis durumdadir. Son cemaat yerinde beden
duvari ile sGtun arasindaki gergi demirlerinin kismen
aderans kaybi ile yerlerinden c¢iktigi gozlenmektedir.
Kare kesitli minare kaidesinin beden duvarina ¢arpmasi
ile tek yonla ve yaklasik 45 derece dogrultusunda kaide
de kesme catlaklari olusmustur (Kuzey ve Giliney
cepheleri). Minarenin  Dogu-Bati  yoniindeki
hareketinden dolaylr Bati yliziindeki taslarda ezilme
hasari mevcuttur. Giris kapisi tstlinde bulunan yazitda
taslarin birbirlerinin Gzerinde kaydigini gosterir ¢atlaklar
takip edilmektedir. Caminin igine giris imkani
olmamigtir. Bu ylizden duvarlarinda ve kubbesinde
icten hasar takibi yapilamamustir.

Fotograf/Picture 2- Seyh Abdurrahman Gazi Camii ve
Tlrbesi, Beden Duvarlari ve Kursun Kubbesi / Sheikh
Abdurrahman Mosque Side Walls

2. Husrev Pasha Mosque

Husrev Pasha Mosque, which is located in Orta
Kapt locale, the Southern skirts of the Castle Van, was
made constructed by Husrev Pasha in 1567, the Grand
Seigneur of Van. Sinan, the great architect, is believed
the architect of the mosque. The mosque has a square
plan with a single dome. Peripheral walls (external
walls, body-walls) has a thickness reaching
approximately 180cm. The late prayers’ porch has a
five arch plan layout, having four small domes in
between the arches. The minaret, constructed by the
mosque with a continuous stone wall facade, has a
square pedestal.

Due to the support movement of the arches of
the late prayers’ porch (mainly due to the outward
movement of the columns relative to the peripheral
walls) The arch crests has tensile cracking. Moreover
these cracks spread to the small domes above. It is
believed that such cracking of both the arches and the
covering domes were mainly caused by the insufficient
performance of the tension ties. In fact, the pull-out
failure of the tension ties was observed. Due to the
differences in natural frequencies of the minaret and
the mosque body, a heavy damage was accumulated
on the square pedestal of the minaret, with outward
cracks of 45 degrees (North and South faces of
pedestal). Crushing of pedestal walls was observed on
the West facade. The cut-stones just above the
entrance door have cracking and sliding on their bed
joints. No damage investigation was allowed inside.
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Fotograf/Picture 3- Hiisrev Pasa Camii Genel Fotograf/Picture 4 — Son Cemaat Kemerlerindeki
Goriunusu / General View of Husrev Pasha Mosque GCekme Catlaklari / Tensile Cracks on the Arch Crests of
the Late Preyers’ Porch
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Fotograf/Picture 5 — Yerinden Cikan Kemer Gergileri / Fotograf/Picture 6 — Kare Minare Kaidesinin Bati

Pull-out Failure of the Arch Tension Ties Yuzundeki Tas Ezilmeleri / Compressive Crushing on the
Western Minaret Pedestal Walls

Fotograf/Picture 7 — Kaidede Gozlenen kesme Fotograf/Picture 8 — Giris Kapisi Ustiinde Gézlenen
Gatlaklari / Shear Sliding Cracks on Minaret Pedestal Derz Oynamalari / Sliding Shear in Stone Bed Joints
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3. Kaya Celebi Camii

Van kalesinin Gliney ucundaki tarihi camilerden
bir digeri de Kaya Celebi Camiidir. 17. ylzyilda
yapimistir ve Hisrev Pasa Camisinden ornek alindigi
diisiinilmektedir.  iki renkli tastan yapilan caminin
kubbesinde kirmizi ve siyah renkli Ahlat tasi
kullanilmistir. Hafifletme kemerleri ile desteklenmis bir
kubbeye sahip olan Kaya Celebi Camii 1660 yilinda Kaya
Celebizade Kogi Bey tarafindan yapilmaya baslanmistir.

Van depreminde minare, serefe seviyesinden
sonrasi yikilarak cami kubbesinin lzerine Gliney-Dogu
dogrultusunda dismistir. Bu diisme esnasinda
kubbede cesitli seviyede catlak ve ezilmeler olusmustur.
Ayrica disme sebebiyle kubbenin etrafina yerlestirilmis
hafifletme kemerlerinde ve son cemaat yerindeki
minareye en yakin kubbe (izerinde hasar olusmustur.
Son cemaat vyerindeki beden duvarina dik olan
kemerlerin tepelerinde ise agilmalar mevcuttur. Beden
duvari ile sttunlarin birbirlerinden uzaklasmasiyla gergi
demirlerinin yerlerinden c¢iktigl gézlenmektedir. Kare
minare kaidesinin beden duvarina ¢arpmasindan dolayi
Hisrev Pasa Camisindekine benzer sekilde kesme hasari
mevcuttur. Minarenin Gliney-Dogu yiiziinde taslarin
birbirlerinin lizerinde kaydigi ve derzlerin acildigi
gozlenebilmektedir. Pencere Ustlerindeki tas
islemelerde yer yer catlaklar gézlenmektedir. Caminin
icine giris imkani olmamistir. Bu ylzden duvarlarinda
ve kubbesinde icten hasar takibi yapilamamistir.
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3. Kaya Celebi Mosque

Kaya (elebi Mosque is the second mosque
located in Orta Kapi locale, the Southern skirts of the
castle. It is claimed that the Husrev Pasha Mosque was
very much inspired during the construction of the
Kaya Celebi Mosque in the 17t century. Main dome of
the mosque, which has semi-arches all around, is
covered with black and red color Ahlat Stones. The
mosque was made constructed by Kaya (Celebizade
Koci Bey around 1660.

The upper part of the two colour minaret,
above the sherefe (place where the Islamic call to
prayer is called 5 times a day) is toppled (movement
was in the East-West direction) and dropped on top of
the big dome causing crushing and various level of
cracking. Besides the main dome, the stones that
dropped from the minaret also damaged the semi-
arches around the big dome as well as the nearest
small dome covering the late prayers’ porch. There
observed tensile cracks on the crest of arches,
penetrating to the small domes in the late prayers’
porch. Tension ties for the arches were experienced
pull-out type of failure, same as Husrev Pasha Mosque.
A very similar shear failure (similar to that of Husrev
Pasha M.) was observed at the pedestal of the minaret.
However, the stones of the round part of the minaret
also experienced bed joint sliding in this mosque.
Tension cracks are observed on the arches of the
windows.  No damage investigation was allowed
inside.

Fotograf/Picture 9 — Kaya Celebi Camisinin Genel
Goriintisii ve Minarenin Serefe Uzerinden Yikilmis Hali /
Overall view of Kaya Celebi Mosque and the Failure of

Minaret above Sherefe
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Fotograf/Picture 10 —Yikilan Minarenin Ana Kubbeye
ve Hafifletme Kemerlerine Verdigi Hasar / The Damage
on the Main Dome and the Surrounding Semi-Arches
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Fotograf/Picture 11 — Son Cemaat Yerinde Kemerlerin Fotograf/Picture 12 — Gergilerde Baglanti Noktasi
Beden Duvarina Oturdugu noktalarda gozlenen Cekme Hasarlari / Pull-out Type of Failures — Tension Ties
ve Ezilme Hasarlar / Tensile and Crushing Type of
Failures on the Arches at the Connection to the
Peripheral walls

i

Fotograf/Picture 13 — Minare Kaidesinde Kesme Fotograf/Picture 14 — Minarede Derz Oynamalari /
Gatlaklari / Shear Failure of the Minaret Pedestal Bed-joint Failures on the Minaret
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Fotograf/Picture 15 — Pencere Ustlerindeki Catlaklar / Fotograf/Picture 16 —Kiclik Kubbelere Sirayet Eden
Cracks Above the Windows Gatlaklar / Cracks propogating to Domes from Arches
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4. Kizil Minareli Camii

Sinaniye Camii veya Tebriz Kapisi Camii olarak
da bilinen Kizil Minareli Camii, Van Kalesi giiney
kisminda kalan “Eski Van Sehri” bolgesindeki tescilli
tarihi yapilardan bir digeridir. Hangi tarihte yapildigi
kesin olarak bilinmemektedir. Silindirik gévdeli olarak
imal edilmis olan minarenin, Selguklu déneminden
kaldigi bilinmektedir. Ust kismi yikik olan minarenin
kaide kismi kesme tas, govde kismi ise tugladan
Orlmustir. Osmanli devrinde yenilenmis olan caminin
sadece minaresi ve duvar kalintilari giniimiize ulasmis
bulunmaktadir.

Yapida izlenen hasarlarin hangilerinin son
depremlerle olustugu ayirt edilememekle birlikte yeni
oldugu disinilen bir yikintiya rastlanmamustir.
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4. Mosque with Scarlet-Color Minaret

The Mosque with Scarlet-Color Minaret is also
known as Sinaniye Mosque or Tebriz Kapt Mosque. It
is located on the Southern skirts of the Castle Van.
Although the construction date is not clearly known,
the mosque is believed to be constructed in the
Seldjoukides era of Anatolia. The main body of the
mosque has already demolished. ~The remains of
Minaret and the ruins of the minaret’s pedestal are the
only leftovers. The minaret was constructed with clay
bricks, while the pedestal was out of stone.

No damage that can surely be attributed to the
latest earthquake could be traced. There was no trace
of recent collapses.
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Fotograf/Picture 17 — Kizil Minareli Cami Genel Gorlinusti / Overall view of Mosque with Scarlet-Colour Minaret

5. Ulu Camii

Van Kalesi glineyindeki Eski Van Sehrinde yer
alan ve kismen ayakta olan bir baska tarihi eser yapi da
Ulu Camii’dir. Selguklu eserlerinden glinimuize ulasan
yapitlarindan biri olarak kabul edilen yapinin, beden
duvarlarinin  bir kismi ve minaresinin serefe alti
bolimleri ayaktadir.

Yapida izlenen hasarlarin hangilerinin son
depremlerle olustugu ayirt edilememekle birlikte yeni
oldugu disundlen bir yikintiya rastlanmamistir.

Fotograf/Picture 18 — Ulu Cami Kalintilarindan Genel Gorlinlis / General view of the Grand Mosque Leftovers

5. Grand Mosque

Grand Mosque is one of the Heritage
Structures from the Seldjoukides era. Only part of the
peripheral walls of the mosque and that part of the
minaret below the Sherefe are the remains.

No damage that can surely be attributed to the
latest earthquake could be traced. There was no trace
of recent collapses.
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6. Van Endiistri Meslek Lisesi

Cumhuriyet Donemi yapilarinin en
niteliklilerinden olan ve 1951 yilinda egitime baslayan
yapi iki katli ve yigma binadir. Kapi ve pencere gergevesi
tas soveden olusmaktadir. Dikdértgen olan ana binaya
planda dik koridorlar halinde vyerlestirilmis atdlye
binalari 1966 yilinda imal edilmistir. Kampusdeki ek
derslik binalari 1978 yilinda hizmete acgilmistir.

Ana bina dis duvarlari ve i¢ duvarlari hasarsizdir;
kisa agikhgr dogrultusunda bulunan ve koridoru kesen
kirislerde kemer formunda catlaklar meydana gelmistir.
Kapi st duvarlarda olusan catlaklar da kemer
formundadir. Ana binaya dik yerlestirilmis olan tek katli
atélyenin pencere bosluklari aralarindaki duvarlarda
diyagonal kesme catlaklari gézlenmis olup bu durum
kapasitede O6nemli  kayiplara sebep  olmustur.

Birbirlerinden farkli mahya kotlari ile biten
betonarme plak ¢ati désemesine sahip olan elektronik
binasindaki kisa kolonlar agir hasar gérmustr.
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6. Van Vocational High School

The building is serving since 1951, as one of
the best known buildings of its age. Two story
Vocational High School building was a masonry
structure with a rectangular plan geometry. Stone
masonry works around the windows are very much
attractive. The machine-shop buildings which were
constructed around 1966 and rectangular in plan, are
located on the backyard of the main campus, and
directly connected to the main building.  The
additional buildings in the campus are dating back to
1978.

The fagade walls and partition walls were free
of damage, while arch type of cracks were observed on
each beam spanning in the short direction of the beam
and passing over the main corridor. Besides, the

facade walls of the machine-shop buildings in the long
direction of the building yielded shear cracking. The
short columns of the additional buildings experienced
shear failure, as expected.

Fotograf/Picture 19 — Van Endustri Meslek Lisesi Ana
Bina / Main Building of Van Technical High School

Fotograf/Picture 20 — Ana Bina ve Atolye Binasi / Main
Building and the Work Shops

Fotograf/Picture 21 — Koridor Kirislerindeki Hasarlar /
Damage on Corridor Beams

Fotograf/Picture 22 — Atélye Cephesi Kesme Catlaklar
/ Shear Cracks on the Workshop Build. Facade
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Fotograf/Picture 23- Elektronik Binasi Genel Goriinus /
General View of Electronic Education Building

7. TEKEL Binasi

Cumbhuriyet Caddesi Uzerinde bulunan TEKEL
Binasi, Cumhuriyet Dénemi vyapilarindandir. iki kath
yigma yapidir ve dis cephesi tas kaplamadir. Halihazirda
kullanilmamaktadir.

Yapinin cephe duvarlari hasarsizdir. Bina icine
girilemedigi icin i¢ duvarlarda hasar takibi
yapilamamistir.  Diger taraftan Tekel Binasinin arka
cephesine imal edilen vyapi pargasindaki duvar
sureksizligi (Tekel Binasinin arka duvarina dik birlesen
parga) ana binada hasara yol agmistir. Burada binanin
zayif eksenindeki duvar parcasi ile birlesen ve gigli
ekseninde olan duvarin arasindaki deplasman
uyumsuzlugu on plana ¢ikmistir.

Fotograf/Picture 25 - Tekel Binasi Genel Gorunis /
General View of Tekel Building
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Fotograf/Picture 24 — Kisa Kolon Hasari / Damage due
to Short Column

7. TEKEL Building

TEKEL building is located in the city center on
Cumhuriyet Street. The building is a two storey
masonry structure with a cut-stone fagade.

The building facade and the peripheral walls
(except the back side wall) were without damage.
Damage investigation on the inner walls could not be
possible since the building was not in use at the time of
investigation. The back side of the building has a set-
back, resulting a strong-to-weak axis wall connection.
Due to the displacement incompatibility a vertical
crack was observed on the wall.

Fotograf/Picture 26 - Duvar hasari (dusey c¢atlak) /
Damage on Wall (vertical cracks)
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8. Van Eski Guimriik Binasi

Van GUmrik Binasi Cumhuriyet Caddesi
Uzerinde olup 2 katli betonarme karkas bir Cumhuriyet
donemi vyapisidir.  Glmriik binasini sehirdeki diger
yapilardan ayiran en 6nemli Ozellikler dolgu
duvarlarinin beton blok tuglalarla olusturulmus olmasi
ve orgl seklinin donatili duvar olmasidir. Yapi Kiltar
Varliklarini Koruma Kurulu tarafindan heniiz tescilli
degildir.

Yapi genelinde az hasarlidir. Kolon ve kirislerde
herhangi bir hasar bulunmamaktadir.  Duvarlarda
herhangi bir kesme catlagi bulunmamaktadir. ikinci kat
duvarlarinin bir kisminda dizlem disi hareketin izleri

gozlenmistir.  Bu durum agir beton bloklarin duvar
elemani olarak kullanilmis olmasindan
kaynaklanmaktadir. Hasarin sadece duvarlarin

cercevelerden ayrilma seviyesinde kalmasi ve duvarlarin
yikilmamasinin en énemli sebebi ise duvarin 6rilmesi
esnasinda kullanilan ve kolonlara baglanmis olan yatay
demir donatilardir ve bunlarin derzleri takip etmesidir.

Fotograf/Picture 27 —Van Gumrik Binasi Genel
Gorinus / General View of Van Custom Building

Fotograf/Picture 29 — Bina Yan Cephesi / Side View of
the Building
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8. 0ld Custom Building of Van

The Old Custom Building of the city of Van is a
2 storey reinforced concrete building on the
Cumbhuriyet Street. The most striking characteristic of
the building is the concrete masonry blocks used for
the infil walls and the construction practice which is
reinforced masonry. The building is not registered yet
by the Directory of Cultural Heritage.

The building experienced minor damage. The
frame system was practically without damage, and no
shear cracks were observed on the partition walls. Out
of plane deformations are visible on the second storey
external infill walls, and this may be attributed to the
inertia force developed by the heavy concrete masonry.
None of the outer walls fall out of their frames, due to
the positive effect of the horizontal reinforcement laid
in the brick beds and spanning from consecutive
columns.

) N LS
Fotograf/Picture 28 — Bina Yan Cephesi / Side View of
the Building

Fotoéraf/Pictur 30 — Duvar Hasarlari / Damage on
Confined Masonry Walls
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Fotograf/Picture 32 — Binanin Yan Gorunusi / Side
View of the Building

8. Ahsap Catkili Eski Kerpi¢ Ev ve Hamam - Ercis

Ercis ilgesinde en biyik bina yikimlarin oldugu
Van Yolu Caddesi lzerinde bulunan tas yigma hamam
ve kerpi¢c yigma evde diger binalara nazaran hasar
bulunmamaktadir. 1939 Erzincan depreminden o6nce
yapildigini 6grendigimiz iki kath kerpi¢ yapida yaklasik
1m aralikla yatay ahsap hatillarin kullanilmis olmasinin
yaninda bu hatillarin  bina  koselerinde  de
surekliliklerinin saglanacagi sekilde birlestirilmis olmasi
binanin Ustlin deprem performansinin en 6nemli sebebi
olarak gbze carpmaktadir. Binada dosemeler ahsap

Fooéraf/Pictur 33 - Binanin yan Duvarlari Side
Walls of the Building

8. Mud-brick Masonry House w. Timber Ties and
Hammam in the Same Yard - Ercis

The mud-brick masonry building and the
hammam located on the Van Yolu Street, where many
building collapses took place, experienced no damage
at all. It was learned that the building was
constructed before the devastating Erzincan
Earthquake of 1939. The superior performance of
such a structure may well be attributed to the
horizontal timber beams located approximately at
every other meters in elevation, if not their continuity
at the wall corners. The floors were with logs
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kalaslardan olusturulmus olup tek yonde (6n ve arka
cephe) yik aktarimi yapmaktadir.

Hamam yapisi igin ise ne zaman yapildigi ile ilgili
bir bilgi (s6zli tarihten) edinilememistir.  Hamam
yapisinda da kubbe ve duvarlarda herhangi bir hasar
gozlenmemistir.
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spanning between the front and back facade wall,
resulting one-way load distribution.

Not a definite date was learned for the
construction time of the hammam. The walls and the
single dome of the hammam was without earthquake
damage

e
RO ¢

Fotograf/Picture 34 — Kerpig Yapinin On Cephesi 1/
Front View of the Mud-Brick Masonry Building 1

Fotograf/Picture 35 — Kerpig Yapinin On Cephesi 2 /
Front View of the Mud-Brick Masonry Building 2

Fotograf/Picture 36 — Kerpig Yapinin Yan Cephesi ve
Ahsap Kirislemeler / Side View of the Mud-Brick
Masonry Building and the Timber Ties in the Walls

9. Kadempasa Hatun Kiimbeti

Ercis’'in Van yoniinden girisinde bulunan Kadempasa
Hatun Kiimbeti kesme tastan yapilmis bir yigma yapidir.
Temel kotunda herhangi bir deprem hasari
gozlenmemistir.  Diger taraftan cephede gobzlenen
nislerin Ust seviyelerinden itibaren ince yonu taslarin
derzleri lizerinden kaydigl gozlenmistir. Gelecek
depremlerde bu kaymalarin artmasiyla beraber bolgesel
gdcmeler imkan dahilindedir. ivedilikle giiglendirilmesi
uygun olacaktir.

Fotograf/Picture 37 — Hamam Genel Gorinis /
General View of Hammam

9. Tomb of Kadempasa Hatun

The tomb of Kadempasa hatun, which was located on
the Van Yolu street at the entrance of Ercis, was
constructed out of fine cut stones. No earthquake
damage was observed on the tomb’s foundation level.
On the other hand the fine-cut stones were
experienced bed-sliding above the nische level. It is
believed that the successive earthquakes will increase
the bed joint sliding between the facade stones,
resulting local collapses. The tomb must be retrofitted
against future earthquakes.
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Fotograf/Picture 38 — Kadempasa Hatun Kiimbeti Genel Gorlnls / General View of Tomb of Kadempasa Hatun

10. Tas Yigma Ev - Ercis

Ercis’in Van tarafindan girisinde, Van Yolu Caddesi
Uzerinde bulunan tek kath, tas yigma evde deprem
hasari tesbit edilmistir. Tum duvarlarinda yatay yonde
ahsap kirisler bulunan evin duvarlarinda har¢ olarak
¢amur kullanilmistir. Duvarlarinda neredeyse hig bir
diizlem ici kesme hasari olmayan evin 6n cephesindeki
duvarlarda yer yer dékiilmeler gdzlenmektedir. i¢ ve
dis katman, arasi moloz seklinde 6rilen duvarlarin dis
katmaninda dizlem disi hareket olusmustur. Bu

dizlem disi hareketin hem kullanilan yatay ahsap
kirislemeleri duvarin her iki ylziinde birbirine baglayan
kasnaklarin olmayisi (duvari diizlemine dik kesen ve 6n
ylzdeki ahsap kirisleme ile arka ytzdekini birlestiren
ahsap parca) hem de disey yiikin kapasiteye oranla
daha fazla olmasindan kaynaklandigi diisintilmektedir.

Fotograf/Picture 39 — Tas Yigma Bina On Cephe Genel
Gorilinls / General View of The Stone Masonry
Building, front Face

10. Stone Masonry House - Ercis

The stone masonry house was located on the Van Yolu
Street, on the Van bound outskirts of Ercis. The house
experienced earthquake damage in the form of wall
collapses. All walls were constructed with horizontal
timber ties, resulting earthquake resistant walls. No
in-plane earthquake cracking was observed on either
walls of the building. On the other hand, the front
fagcade experienced out-of-plane collapse of the outer
wall layer. This may well be attributed either to the
lack of timber ties perpendicular to the wall plane
(connecting the horizontal timber ties located on both
faces of the individual walls) or the low quality mud-
mortar resulting low normal force capacity.

Fotograf/Picture 40 — Tas Yigma Bina Yan Cephe
Genel Gorlinus / General View of The Stone Masonry
Building, Side Face

“23 EKIM 2011 TARIHLI VAN DEPREMIi”NDE GOZLENEN YAPI HASARLARI”
“RECONNAISSANCE REPORT ON VAN EARTHQUAKE of OCTOBER 2011”

S. OZDEN, E. AKPINAR, H.M. ATALAY




Fotograf/Picture 41 — Tas Yigma Binada Yatay Ahsap
Kirislemeler / The Horizontal Timber Ties within the
Stone Masonry Walls

Betonarme Yapilar
Van depreminden Van sehir merkezi orta

seviyede, Ercis ilce merkezi ise ileri seviyede etkilenmis
olup hasar goren betonarme binalar agirlikh olarak bu
iki merkezde toplanmistir.

Van il merkezinde yikilan bina sayisi Ercis ilce
merkezine oranla ¢ok daha azdir. Bina yikilmalari
Van’da veya Ercis’de zemine bagl olarak belirli bir
bolgede yogunlagsmistir. Yikilan veya agir hasar goren
binalar genellikle 4-7 kat arasindadir. Agir yikimlarin
fotograflandigl binalarin hemen yani basinda hasarsiz
veya minimum hasarli yapilari gormek mimkindir. Bu
durum vyikilan binalarda sistematik olarak tekrarlanan
bir hatanin veya hatalar grubunun varhgini isaret
etmektedir. Van ve Ercis merkezlerde betonarme
binalardaki hasar sebepleri (bundan onceki hemen
hemen bitin depremlerde de benzer sekildedir)
asagida maddeler halinde verilmistir.

a.) Yikilan hicbir binada kolon-kiris digiim
bolgelerinde etriye gorlilmemistir: Bina gdcmelerinin
bir cogu diugim bolgesinin gli¢ tiikenmesine ulasmasi
ile meydana gelmistir. Bu tiir gogcmelerde digliime bagl
olan elemanlarda hasar gozlenememektedir. Bu
hasarsizlik kolon ve Kkirislerin hesap kapasitelerine
ulasmadan once zincirin en zayif halkasl olan digim
bolgesinin giic tikenmesiyle yapinin goctigliniin 6nemli
bir gostergesidir.  Normal olarak kolon etriyesine
paralel etriyelerin diugim bolgesinde kullaniimasiyla
olusturulan digim sargilama donatisi, Ercis’deki bir
binada asagida fotograflarda verildigi gibi yanlislikla kiris
etriyesinin digim bolgesinde de devam ettiriimesiyle
yapilmaya calisiimistir.

b.) Filiz, bindirme ve ankraj boylari yikilan bitiin
binalarda yetersizdir: Bu donatilarin yerlerinden siyrilip
¢ikacagi yuk veya deplasman (veya digiim donme agisi)
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Fotograf/Picture 42 — On Cephede Gozlenen Tas
Duvar Dis Katman Gég¢mesi / The Failure of the Outer
Wythe of the Stone Masonry at Front Face

Reinforced Concrete Structures

The reinforced concrete structures in two city
centers namely Van city center and Ercis town center
experienced considerable damage. The buildings in
Ercis experienced relatively heavy damage.

The number of total collapses and casualties in
Van was relatively less in comparison to Ercis. There
was not a clear evidence of sub foundation soil effect
on collapses and heavy damages observed either in
Van or Ercis. The damaged or collapsed reinforced
concrete structures were mainly 4 to 7 storey
buildings. It was possible to see minimum damage
buildings just beside the totally collapsed ones,
indicating the existence of a systematically repeated
error in the building construction in the region. The
observed reasons of damage / collapse of the
reinforced concrete buildings are discussed below. The
reasons of damage, unfortunately, were similar to that
of previous ones.

a.) No hoop reinforcement was observed at the

beam column connections in the collapsed buildings:
Most of the collapses in Van and Ercis were caused by

the failure of beam-column connections. The
connecting members, namely beams and columns were
mostly not yielded due either to the failure of
connections or due to shear failures encountered. The
hoop reinforcement that should be a continuation of
the column confining reinforcement was mis-
interpreted by the local craftsmen and beam shear
reinforcement was made continuous in one of the
heavily damaged buildings in Ercis, as shown in
pictures below.

b.) Anchorage and lap-splice lengths of flexural
reinforcement was inadequate in all collapsed
buildings: The building behavior may be elasto-plastic
until the load or drift level (even a joint rotation level)
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noktasina kadar betonarme olarak davranan binalar bu
seviyenin asilmasi ile son derece gevrek go¢cmekte ve
hatta bu tlr zafiyetler toptan go¢melere sebep
olmaktadir. Ankraj boyu probleminin toptan gécmeye
sebep olmasinin en carpici 6rnegi Ercis-Gedikbulak koyl
ilkogretim okulunda gobzlenmistir.  Perdelere zayif
yonlerinde saplanan 6-7m aciklikh kirislerin donatilari
perde icerisinde yaklasik 8-10cm kadar bir uzunlukta
ankre olmus, neticesinde siyrilarak yapinin toptan
gocmesine sebep olmuslardir. Diger taraftan, yine ayni
yapinin perde duvar-gati dodsemesi birlesimine
bakildiginda (asagida fotograflarda verilmistir) perde
donatilarinin yalnizca déseme kalinhiginda ankre edildigi
ve surekliligin saglanmasinda bu ankraj boyunun
yetersizliginden kaynakli gevrek gdcmelerin oldugu
gorilmektedir. Yikilan binalarin neredeyse tamaminda
diz vylzeyli donati kullanilmistir. Buna karsin
uygulamada kolonlarda karsilasilan filiz boylari, nervirli
donati kullanilmis olmasi durumu icin gereken filiz boyu
ile hemen hemen aynidir.

c.) Kolon ve kirislerde etriye araliklarinin eleman
boyutundan bagimsiz ve yaklasik 30-35 cm civarinda
oldugu gozlenmistir: Bu etriyeler kolon ve kirislerde
¢ogunlukla diiz yizeylidir (5220). Yikilan veya hasar
goren binalarin tamaminda kolon etriye uglarinin 90
derece bikilmuis oldugu gorilmustir. Kolon ve Kkiris
uclarinda  sargilama bolgesi  olusturulmamustir.
Kullanilan etriye c¢aplar standart olmayip 4-8mm
arasinda degismektedir.  Bazi kirislerde hig¢ etriye
kullanilmadigi  tesbit  edilmistir. Perde-cerceve
binalarda perde uclarinda yapilmasi gereken baslik

bolgelerinin  olusturulmus olsa da etriye ile
sargilanmadigi goralmdastar.
d.) Yapilarda kullanilan betonlarin _agrega

gradasyonu hemen hemen hi¢c 6nemsenmemistir: Yer
yer aciga cikan betonlarda siddetli ayrisma ve ince
malzeme eksikligi gozlenmektedir. Bu durum donati
aderansi Uzerinde negatif etki olusturmaktadir. Zaten
yetersiz aderans boyuna sahip olan donatilarin,
gradasyonu bozuk bu beton ile birlikte aderanslarinin
iyice yetersiz hale geldigi bir gergektir. Yikilan binalarin
bircogu filiz, bindirme ve ankraj boylarinin yetersizligi ve
beton kalitesindeki bu bozuklukla birlikte gevrek
gocmeler yasamistir.

e.) Kolon boyutlari yetersiz, aks acikliklari
blyiik, bina kiitleleri abartihdir: Boélge genelinde genis
konutlar ve biylik salon veya oda ihtiyacglari ister
istemez betonarme binalarda bulytk acgikhiklarin
kullanilmasina (yaklasik 7 m civari) sebep olmustur.
Deprem gibi vyatay vyikler olusana kadar kolon
boyutlarindaki kiguklGgiin algilanamamasindan dolayi
da imal edilen kiiclik kolon boyutlari yapilarda diistik
yatay rijitlige sebep olmustur. Yikilan yapilarin hemen
hemen hig birinde perde kullanilmamistir. Cephelerde
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at which the anchorage or lap-splice failure takes
place. Beyond that point, the building response may
well be classified as brittle.  Such response in
reinforced concrete buildings results in total collapses.
The most striking result of the inadequate anchorage
length of flexural reinforcement was observed at the
primary school building of Ercis-Gedikbulak village.
The top and bottom reinforcements of the beams
spanning 6 to 7m were anchored to the shear walls not
more than 8 to 10 cm, and anchorage failure of these
reinforcements resulted in the total collapse of the
building. Besides, the flexural reinforcement of the
shear walls were anchored to the roof slab, only a
couple of cm’s, and the integrity of the building was
damaged at the load or displacement level where the
anchorage failure took place. Smooth surface mild
steel reinforcement was used as flexural reinforcement
in all collapsed or heavily damaged buildings. The lap
splice length in columns was mostly very similar to
that of ribbed reinforcement, although smooth bars
were used.

c.) The spacing of the hoop reinforcement in

beams or columns was in the range of 30-35cm,
regardless to the member cross sectional dimensions:
The hoop reinforcement was mostly smooth surface
Grade220 bars with end anchorages of 90 degrees
(anchored to the cover concrete). There was no
confinement at the member ends, neither in columns
nor beams. The diameter of hoop reinforcement was
changing between 4 to 8 mm. It was observed that, in
some beams of the collapsed buildings, no shear
reinforcement or confining reinforcement was used.
No confinement was observed on shear-wall edges,
although flexural reinforcement was concentrated in
these reagions.

d.) The aggregate used in concrete was poorly
graded and segregation was observed in most of the

buildings: Such poor construction practice inversely
affected the bond behavior of flexural reinforcement
which was even not adequate due to its mis-predicted
lengths. The buildings underwent brittle failures both
due to inferior concrete quality and bond length
triggered by both the concrete quality and ignorance
on bond length.

e.) The column dimensions were small, span
lengths were big and the masses were exaggerated:
The larger flat areas and the need for bigger living
room dimensions which is common in the region,
forced the span lengths increase up to 7 meters.
Beyond this, the column dimensions were small, and
mostly designed and detailed for the gravity loads.
Such small dimensions of the columns resulted in
smaller lateral stiffness values. No shear walls were
observed in either of the collapsed buildings. The big
balconies, heavy facade and partition wall materials,
the use of double walls (with such heavy wall
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kullanilan buylk balkonlar, agir malzemeden iretilmis
bolme ve cephe duvarlari, izolasyon igin cephelerde ¢ift
sira ve agir malzemeden yapilmis duvar kullanimi ve
iscilik kalitesi ile orantili olarak uygulanan asiri kalin siva
ve saplar yapi kitlesini arttirmistir. Yetersiz yanal rijitlik
ile birlesen blyuk kitleler depremde binalarin daha
blylik yatay deplasman yapmalarina sebep olmus,
neticesinde diglimlerde daha biylk donme ihtiyaclar
ortaya ¢ikarmistir. DiUglmlerdeki vyetersiz ankraj
boyuna sahip donatilar ise bu dénme ihtiyacina cevap
verememistir.  Van il merkezinde az sayida hemen
kullanilabilir seviyede olan bina bulunmakta, bu binalar
incelendiginde bina planlarinda her iki dogrultuda
betonarme perde kullanildigr gorilmustar. Diger
taraftan hasarsiz veya minimum hasar goren cerceve
yapilarda kolon boyutlari yaklasik 30x40cm ve aks
acikhiklari yaklasik 4m’dir.

f.) Binalarin _hemen hemen hepsinin altinda
bulunan diikkanlar hasarin siddetinde etkili olmuslardir:
Zemin katlardaki diikkanlarin yatay rijitliklerinin azligina
karsin Ust katlarda kullanilan gigli  dolgu duvar
malzemesi neredeyse tim hasarin dikkan katina
birikmesine sebep olmustur. Hasarin tim katlarda
yaygin olmasi, bir baska tanimiyla deprem enerijisinin
tim katlarda yaklasik esit oranda tiketilmesi dnemli bir
tasarim yaklasimidir. Bolgedeki binalarda ise tiim hasar
zemin katta ve Ozellikle de zemin kat kolon-kiris digim
bolgelerinde birikmistir.

g.) Cati_kalkan duvarlari _gerekli &nlemler
alinmaksizin imal edilmistir: Hasarsiz bir¢ok yapida dahi
kalkan duvarlari gogmiustir. Yapisal olarak bir zafiyet
olusturmasa da kalkan duvarlarinin gécmesi cevre
binalara, bina c¢evresindeki insan ve araglara zarar
vermistir.

h.) Dilatasyon derzleri ya sivanarak kapatiimis,
ya da kirilgan kaplama ile kaplanmistir: Komsu binalar
arasindaki dilatasyon derzleri yaninda, ayni mal
sahibine ait biyldk ve diatasyonlarla ayrilmis olan
yapilarda dahi derz bosluklarinin varhgi ve islevi gbzardi
edilmistir. Birgok yapinin dis cephesinde bu derzler
kirilgan seramik veya mermer ile kaplanmis, i¢c cephede
ise surekliligi kesilmeksizin asma tavanla kapatiimistir.
Komsu bloklarin deplasman farkhliklari 6ncelikle bu
derzleri kaplayan malzemelerde gdzlenen ve kullaniciyi
rahatsiz eden hasarlar olarak ortaya gitkmistir.

Bolgede yapilan binalarin bir kisminda toptan gdécme
yasanirken bir kisminin hasarsiz olmasi veya minimum
hasar  almasi,  yikilan  vyapilarin  yirirlukteki
yonetmeliklere uygun yapilmamis oldugu ve higbir
sekilde kontrol ve mihendislik hizmeti almamis
olduklarini  gostermektedir. Yikimlarin neredeyse
tamami yetersiz yatay rijitligin yaninda demir donati
detaylarina dikkat edilmemesi ve bu isciligi yapan
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materials) for heat insulation, very thick plastering
and very floor loads resulted in increases in the mass
of the building. In combination with the inadequate
lateral stiffness, the increase in building mass resulted
in both increased inter-storey drifts and increased
joint rotations. The flexural reinforcements with
inferior anchorage length could not follow the rotation
demands. There were limited number of buildings
which could be classified as immediate occupancy, and
the common characteristics of these buildings was the
existence of shear walls. The approximate column
dimensions were 30x40cm and span lengths were 4m
for the frame buildings classified in minor damage.

f.) The commercial spaces in most of the
buildings increased the spread of damage in the
region: In spite of the low stiffness at the firs storey
level (commercial space with higher ceiling), heavy
facade and partition wall material brought
unexpectedly high lateral stiffness to the upper storeys.
This construction practice caused the damage of first
storey, (especially the beam-column joints of the first
storey) yielding heavy damage or total collapse.

g.) Wind-walls of the roofs were constructed
very_high without special precautions: Heavy wind-
wall damage or total collapse was observed even in
the building with minimum structural damage. Such
failures damaged the surrounding structures and cars
parked under.

h.) The expansion joints were either plastered
or covered with brittle materials: The reason of
heaving expansion joints between neighboring
buildings, even the ones within the same building
complex, seems forgotten and covered. In most cases
the joints were covered with brittle ceramic tiles or
marble, resulting damages on facades. Even false
ceilings were kept continuous over the expansion
joints in the shopping malls. The failures of such false-
ceilings are shown in pictures below.

“23 EKIM 2011 TARIHLI VAN DEPREMIi”NDE GOZLENEN YAPI HASARLARI”
“RECONNAISSANCE REPORT ON VAN EARTHQUAKE of OCTOBER 2011”

S. OZDEN, E. AKPINAR, H.M. ATALAY




ustalarin  bilgisiz veya daha kotlisi umursamaz
imalatlari yuziinden gerceklesmistir. Her depremden
sonra ayni veya ¢ok benzer yikim sebeplerinin

listelendigi raporlar ve bu rapor umariz karar vericilere
ingaat ustalarinin Ozellikle de demirci ustalarinin
sertifikalanmasi zamaninin gelmis de geciyor oldugunu
tekrarina gerek kalmaksizin hatirlatir.

1

Fotograf/Picture 43 — Van il Merkezinde Minimal
Hasarli Bir Yapi (yaklasik c./c,: 30x50cm; yaklasik aks
acikhgi 4.00 — 5.00m) / Building with Minor Damage at
Van City Center (approximate cx/c,:30x50cm; approx.
span lengths 4.00 to 5.00 m)

Fotograf/Picture 45 — Van Sehir Merkezinde Toptan
Gogen Bina Kalintisi / Rubbles of a Building with Total
Collapse in the Van City Center
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Fotoéraf/Pictur 44 - 43 Numarali Fotograftaki Binada
Dis Kolon Kiris Birlesimi / A Corner Beam Column Joint
from the Building Shown in Picture 43

-

Fotograf/Picture 46 — Fotograf 45’deki Binanin
Karsisinda Guglendirilirken Deprem Gegiren SGK Binasi /
The SGK Building Opposite to the Building Shown in
Picture 45 was under Strengthening at the Time of
Earthquake
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Fotograf/Picture 47 — SGK Binasinin Kolon ve Kirisleri /  Fotograf/Picture 48 — Sehir Merkezinde Minimal
Beams and Columns of the SGK Building Hasarli Bina, (yaklasik c,/c,: 30x45cm; aks agiklig1 4.00 —

5.00m) / Building with Minor Damage at City Center
(approx. cx/c,:30x45cm; span lengths 4.00 to 5.00 m)
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Fotograf/Picture 49 — Perde+Cerceve Orta Hasarli Bir  Fotograf/Picture 50 — Foto.49 daki Binada Gdgen
Yapi / Frame+Structural Wall Building with Moderate  Perde Basi / Compression failure in the Shear Wall of
Damage Bldg. in Pic. 49
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Fotograf/Picture 51 — Foto.49 daki Binada Perdede Fotograf/Picture 52 — Distk Yanal Rijitlik Sebebiyle
Kesme Catlaklari / Shear failure in the Shear Wall of Duzlem Disi Duvar Hareketi ve Yapisal Hasar / Wall out-
Bldg. in Pic. 49 of-plane Deformation and Structural Damage
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Fotograf/Picture 53 — s=35cm Etriye Araligi ve
Betonda Segregasyon /s=35cm Hoop Spacing and

Heavy Segregation in Concrete
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Fotograf/Picture 54 — Minimal Hasarli Cimento Hargli
Tugla Yigma Yapi / Minimum Damage in Brick Masonry
with Cement Mortar Building

Fotograf/Picture 55 — Erciste Cift Tugla izolasyonlu
Cephe Duvari Hasari 1 / Fagcade Wall Damage in
Double Walls - Ercis 1

Fotograf/Picture 56 — Erciste Cift Tugla izolasyonlu
Cephe Duvari Hasari 2 / Fagcade Wall Damage in
Double Walls - Ercis 2

Fotograf/Picture 57 — Erciste DUgum Bolgesi Hasarlyla
Gogen Bina 1/ Total Collapse due to Joint Failure in
Ercis 1

Fotograf/Picture 58 — Erciste DUgim Bolgesi Hasariyla
Gogen Bina 2 / Total Collapse due to Joint Failure in
Ercis 2
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Fotograf/
Digumden Olusan Hasar / Failure due to Inadequate Gogme/ Joint Failure-Brittle
Lap Splice Length and Confinement in Joints

5 NE A 7 rm_,jk ] S e g e
Fotograf/Picture 60 — Ayni Bolgede Tamamen Go¢cmiis Fotograf/Picture 61 — Kesme ve Sargilama
ve Az Hasarli Binalar / Failed and Minimum Damage Donatilarinin Eksikliginden Olusan Gogcmeler / Failure

Buildings in the Same Area due to Lack of Shear and Confining Reinforcement
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Fotograf/Picture 62 — Kiriste Kesme Donatisi Eksikligi / Fotograf/Picture 63 — Dugiimde Sargi Donatisi Eksikligi
Lack of Beam Shear Reinforcement / Lack of Joint Hoop Reinforcement
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Fotograf/Picture 64 — Gedikbulak ilkdgretim Okulu
Genel Goriinus / General View of Gedikbulak Primary
School

Fotograf/Picture 66 — Perde-Kiris Birlesiminde Ankraj
Boyu Zafiyeti ve Yerinden Gikan Kiris / Anchorage
Failure at Shear Wall to Beam Connection

Fotograf/Picture 68 — Minimum Hasarli Spor Salonu i¢
Gorlnusu - Ercis / A View from the Sport Hall with
Minor Damage - Ercis

Fotograf/Picture 65 — Perde-Ddseme Birlesiminde
Ankraj Boyu Zafiyeti ve Yerinden Cikan Doseme /
Anchorage Failure at Shear Wall to Slab Connection

Fotograf/Picture 67 — Minimum Hasarli Spor Salonu -
Ercis / A Sport Hall with Minor Damage - Ercis

I .- L A

Fotograf/Picture 69 — Kalkan Duvar Hasar / Failure of
Gable Walls
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Fotograf/Picture 69 — Kalkan Duvar Hasari ve
Sonuglari / Failure of Gable Walls and the Resulting
Secondary Damage

Betonarme Prefabrik Yapilar

Van’daki betonarme prefabrik yapi stogu il
merkezinde bulunan moment aktarabilen ard germeli
birlesimlere sahip ¢ok kath bir g¢erceve yapi, yine
moment aktarabilen birlesimlere sahip spor salonu ile,
Organize Sanayi Bolgesinde (OSB) bulunan tek katli altta
ankastre Ustte mafsalli ¢ercevelerden olusan enddistri
yapilarindan olusmaktadir.

Van il merkezindeki yapi yedi katl ve digumleri
moment aktarabilen ard-germeli birlesim detayina
sahiptir (oturum alani yaklasik 380m”> (her iki
dogrultuda da 2 aciklikh. Agikhklar Lx=12.30m ve
Ly=8.00m. Bosluklu déseme kullanilmis ve déseme
plaklari uzun agiklikta mesnetlenmistir. Uzun agiklikta
kiris boyutlari 60x80cm, kisa aciklikta kiris boyutlar
50x70cm. Kolon boyutlari 75x70cm).  Yedi kat
yuksekligindeki kolon fabrikada tek parga olarak
Uretilmis ve insaat sahasinda daha 6nce tamamlanmis
temel (izerine montaji yapilmistir.  inceltilmis uclu
ongermeli kirisler kolonlarda bulunan gizli guselere
oturmaktadir ve birlesimde kismi ard-germe islemi
uygulanmistir. Kismi ard-germeli birlesim ile dogrudan
moment aktarimi saglanmistir.

Deprem sonrasi binada yapilan incelemede
prefabrik elemanlarda, ard germe tendonlarinin
oturdugu yuvalarda ve birlesim bdlgelerinde herhangi
bir yapisal hasar gézlenmemistir. Ayrica kolon-temel
birlesimlerinde de herhangi bir mafsallasma veya
egilme c¢atlagl gorilmemistir. Sonug¢ olarak cergeve
yapinin  deprem  performansi  hasarsiz  olarak
tanimlanabilir.

Diger taraftan yapida bulunan ve tasiyicihgl
olmayan dis duvarlarda (genlestirilmis hafif blok) ve ig

Fotograf/Picture 70 — Asma Tavan Kaplamasinin
Dilatasyon derzinde de Devam Etmesi Kozmetik Hasara
Sebep Olmus / The Continuity of the False Ceiling over
the Expansion Joint Resulted Damage in Non-
structural Members

Pre-cast Concrete Structures

The precast concrete building stock in Van
consists of a residential multi-storey moment
resisting frame building with post tensioned
connections and two double storey moment frame
sport complex, with moment resisting connections
(welding was used for positive moment continuity,
while cast in situ connection was used for negative
moment continuity), at the city center; and many
single storey industrial buildings, with columns fixed
at the base and pinned at the top, in the City
Industrial Zone.

The residential building with moment
resisting post tensioned connections has 7 storeys
with an approximate foot-print area of 380 m2. (Plan
geometry was rectangular: two bay by two bay. The
bays were Lx=12.30m, Ly=8.00m. Floor system was
hollow core slab type. Hollow core slabs were
supported by the 12.30m span, spanning in the short
direction. The beams spanning in the short direction
were 50/70cm, while the ones spanning on the long
direction was 60/80cm. The columns were
75x70cm.)  The columns of the building were
constructed in single piece with a height of seven
storeys (approximately 22m) and transported to the
construction site. A cast-in-place socket type of
foundations were used and designed as fixed
support. Beams with tapered end were seated on
square corbels of the columns and post tensioning
was used for the connection continuity (between
beam and column).

Post-earthquake damage investigation on
that specific building revealed no structural damage
on neither pre-cast, pre-tensioned members, nor the
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bolme duvarlarda (algi tabanli kuru duvar) yatayla
yaklasik 45 derece egime sahip c¢ift yonllu catlaklar
gozlenmistir. Bu durum cergevenin maruz kaldigi yer
degistirme ge¢misinin, bélme duvarlarin yer degistirme
kapasitesini astigini  gostermektedir. Yapi tastyici
sistemi depremden sonra hemen kullanim limitinde
olan bu vyapinin, tasarim deplasman limitlerinin
azaltilmasi ile vyapisal olmayan hasarlarinin da
azaltilabilecegi distinilmektedir.

Sehir merkezindeki prefabrik yapi sistemine
sahip spor kompleksleri bu inceleme gezisi siirecinde
ziyaret edilmemistir. Bilahare yapilarin tasarimcisi olan
proje ofisinden bahis konusu yapilardan bir tanesinin
hasarsiz, ikincisinin ise minimal hasarli oldugu bilgisi
edinilmistir. Hasarsiz olan yapi zemin katta kolonlar
arasinda yer yer yerinde dékme betonarme perdelerin
kullanildigi, birinci kat birlesimleri moment aktaran,
ikinci kat birlesimleri ise (ikinci kat yiksekligi yaklasik
4m) mafsalli olan bir yapidir. Minimal seviyede hasar
goren yapida ise (yine spor kompleksi) birlesim tipi ve
siralamasi birincisi ile ayni olmasina ragmen kat
yukseklikleri farklidir.  Yerinde dékme perde duvar
kullanilmamistir.

Van ilinin en biyik sanayi yatirnmlarinin oldugu
0SB, il merkezi ile Tabanli kéyl arasinda ve Van Goli
kiyisinda yer almaktadir. Boélgede bulunan betonarme
prefabrik yapilarin tamami tek kath, cok aciklikh ve
baglantilari mafsallidir.  Kolonlar alt kotunda yerinde
dékme betonarme canak temellere oturtulmaktadir.
Kolon Gst ucunda bulunan kisa konsoldan ¢ikan, (4
pime. 1999 Kocaeli derpemi oncesinde c¢ogunlukla 1
veya 2 pim kullaniimistir), pimlere dolu gévdeli egik ¢ati
kirisinin oturtulmasi ve etrafinin harg ile doldurulmasi
ile prefabrik cerceve olusturulmaktadir. Cerceveler
arasindaki baglanti asiklar, oluk kirisleri ve kren kirisleri
ile saglanmaktadir. Asiklar egik cati kirislerine, oluk
kirisleri de kolonlara pimlerle baglanmaktadir. Cati
seviyesinde bir diyafram s6z konusu degildir. Kren
kirislerinin baglantilari ise yine kirislerin kolonda
bulunan kisa konsollar tzerindeki pimlere oturtularak
etraflarinin harg ile doldurulmasi ile olusturulmaktadir.

Deprem etkisinde, bodlgede faaliyet goOsteren
bircok fabrikada minimum seviyede hasar gozlenirken,
ozellikle yapimi devam eden binalarda agir hasar ve
kismi gocmeler meydana gelmistir. Hasarin minimum
seviyede oldugu fabrikalarda Uretime devam
edilmektedir. Hasar seviyesi degisen prefabrik yapilarin
kolon boyutlarinin, kolon aks araliklarinin, ¢ati ve asik
kiris boyutlarinin ve baglanti detaylarinin benzer
olmasina ragmen isletmede olan fabrika yapilarindaki
goreli az hasar, bu yapilardaki mevcut cati kaplamasinin
olusturdugu diyafram etkisine ve c¢evre duvarlarin
varligina baglanabilir.

OSB genelinde hazirlanmis olan zemin etlidi
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post-tensioned connections, and post-tensioning
ducts. The column to foundation connections were
carefully investigated and no flexural or shear
cracking was observed. The frame performance
during the Van Earthquake of October 2011 was
without visible damage.

On the other hand, 45 degrees diagonal
tension cracks were observed on the partition walls
(dry wall) and the exterior walls (light weight
expanded blocks) of the building. This type of
cosmetic damage reveals that the incompatibility of
deformation capacities between the partition walls
and the frame; the frame remained sort of elastic,
while the walls exceeded their failure displacement).
The performance level of the frame was immediate
occupancy, and the same performance level can be
assigned to the exterior and partition walls by
reducing the ultimate design inter-storey drift level.

The two pre-cast concrete moment resisting
frame type of sport complexes were not visited
within this field investigation. After the field
investigation, the designer of these two buildings
lectured about the performances of these buildings
during a meeting and this very paragraph in
particular reflects the ideas of the designer. The
damage level of the two buildings were reported not
equal; one being totally free of damage, the second
being at a minimal level. Both structures have two
storeys. The first storey of both structures have rigid
diaphragm and moment resisting connections, while
she second storeys of both have pinned connections.
It was reported that the damage free building has
cast-in-situ shear walls in the first storey on both
orthogonal directions, and the storey height was less
as compared the one experienced relatively higher
damage.

The City Industrial Zone (CIZ) of Van locates
between the city of Van and the epicenter (Tabanl
Village), by the Lake Van, near the university campus.
All the pre-cast concrete industrial buildings in the
CIZ are single storey, multi span buildings, with pin
connections (not moment resisting). Socket type
foundations were used for the column bases, while
the cantilever columns were free to rotate at their
top levels. The re-cast pre-stressed triangular roof
beams were seated on the corbels of the columns and
connection was solely through the rebars, mostly
four, (before 1999 Kocaeli E.Q. mostly 2 bars were
used) protruding from the corbels and passing
through the holes at the ends of the roof beams. The
adhesion of the rebars was usually made possible
through grout injection to the holes of the beams. In
this type of industrial buildings, all connections,
either between beam and column, or between roof
beam and the purloins or the u-through, or the
beams of crane way and the corbels were through
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raporlarinda yaklasik 20 m derinlige kadar kum ve kil
ardalanmalarinin varhigindan bahsedilmekte olup yer
altt  su seviyesinin daha derinlerde oldugu
belirtilmektedir. Bu bilgi 1siginda incelenen ve
isletmede olan bazi yapilarda temel kotunda zemin
betonu kabarmalari ve oturmalarina rastlanmustir.

Yapimi devam eden bircok sanayi yapisinda,
kolonlar ayakta kalmis, dolu govdeli egik cati kirisleri
pimlerinden cikarak/siyrilarak devrilmistir. Hasar géren
yaptlarin  bir kisminda pim yuvalarinin  heniiz
serbetlenmedigi ve go¢menin bu sebeple oldugu
disinilse dahi, serbetlemesi bitmis olan birlesimlerde
de ayni tip gd¢meler mevcuttur. Gozlem yapanlarin en
¢ok hayrete distligi nokta, bu pimlerin uglarina dis
acilmis olmasina ragmen somun-pul kullanilmamasidir.

Yapimi devam eden ve birlesimlerinde aderans
gocmesi olmamis binalarda, kolonlarin eylemsizlik
kiitlelerinin etkisi ile birlikte kirislerin tek tarafinin
dismesi ve diger taraftaki pimin siyrilmamasi
neticesinde diisen egik cati kirisinin kolona getirdigi
ilave etki ile kolon tabaninda mafsallasma ve ezilmeler
meydana gelmistir. Bu kolonlarin bir kisminda boy
donatilardaki uzama, akma platolarinin 6tesine ge¢mis,
peklesme sonrasi kopma uzamalarina ulasmistir. Boy
donatilari koparak gocen kolon kesitlerinde yapilan
Olgimlerde boy donati oraninin %0.60 ile %0.75
araliginda oldugu tespit edilmistir. Boy donati
oranlarinin bu kadar diisik oldugu kolonlarda plastik
mafsal boylari ahsilmisin  disinda, vyaklasik kesit
boyutunun 1.50 katina ulasmigtir. Ozel deprem
¢irozlarinda, bir ucta 135 derece, diger ucta 90 derece
olan kanca kivrimlari hem disey hem de vyatay
dogrultuda  sasirtmali  olarak  dlzenlenmemistir
(DBYBHY-2007 madde 3.2.8.1).

Hemen hemen tiim yapilarin kolon kiris baglanti
bolgelerinde, kiris uclarinda ve konsol betonunda
ezilme ve catlaklar gozlenmistir. Agir ve az hasar goren
yapilarin hicbirinde  kolon-kiris  baglantilarinda
elastomer mesnet kullanilmadig tespit edilmistir. Az
hasar goren yapilarda ise birlesim bolgelerindeki lokal
basin¢ yigilmalar ile olusan catlamalarin sebebi yine
elastomer mesnet kullanilmamasidir.

Gogen yapilarin bir kisminda kirislerde birakilan
pim yuvalarinin etrafinda olasi ¢ekme gerilmelerini
tasimak Uzere gerekli donati detayinin bulunmadigi,
bazi yapilarda ise yine kiris pim deliklerinin bir kisminin
imalat esnasinda unutulmus oldugu gozlenmistir. Bu
durum imalat asamasinin 6zensiz oldugunun énemli bir
gostergesidir.

Sonug¢ olarak 1998 Ceyhan, 1999 Kocaeli ve
Dizce  depremleri sonrasinda  yapilan saha
incelemelerinde tek katli sanayi yapilarinda gozlenen
hasarlar, sistematik olarak 23 Ekim 2011 Van
depreminde de tekrarlanmistir. Yerinde yapilan
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the re bars shown in the following pictures. No
diaphragm was provided at the roof level through
structural members.

The level of damage was minimum for the
factories which were in use during the EQ (in other
words, for the factories having facade walls and roof
covers installed), in contrary to the heavy damage or
wide spread collapses observed in the structures of
which the peripheral walls and roof covers were not
yet installed, in other words for the frames under
construction. It is believed that the existence of
peripheral walls reduce the inter-storey drift, while
the metallic roof cover results in a sort of diaphragm
action.

The geotechnical reports, prepared within
the CIZ area, mostly concludes that sandy and clayey
soil layers exist until the depth of 20m, and the
ground water table is even deeper. In some factories,
local settlement and heaving of the floor cover was
observed on the opposite faces of the precast
columns.

The failure of most of the industrial buildings
under construction was with the falling of triangular
roof beams. Although the falling of roof beams may
easily be attributed to the lack of grouting (since
building was under construction and the producer
claims that EQ happened just before grouting), there
observed failures of connections where the grouting
has already been made. To our surprise, although
there exist treats at the re-bar ends connecting the
column and the roof beam (as shown in the pictures),
no nuts and washers were used during the assembly.

In the spans where the roof beam to column
connections worked well on one end and failed on
the other, the columns not only underwent inertia
forces but also the gravity forces created by the
falling roof beams, resulting flexural hinging at the
column bases. The longitudinal reinforcement in
such columns experienced yielding, even strain
hardening and rupture, resulting total collapse of the
columns. To our surprise, the column longitudinal
reinforcement ratio in the columns which were
totally collapsed was changing between 0.60% and
0.75%. The plastic hinge length for the columns with
such low reinforcement ratios was approximately 1.5
times the column dimension. The bending angles at
the ends of the x-ties (not the peripheral hoops)
were allowed 90 degrees on one end and 135
degrees on the second, in condition that the
consecutive two x-ties do not have the same angle on
their same sides according to the national code. This
alternating use of x-tie ends were not observed in the
failed column x-sections.

Compressive crushing and tensile cracking
were observed nearly at all beam column
connections, no matter the frame was failed or not. It
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incelemelerde gbze g¢arpan en 6nemli nokta, birlesim
bolgelerine hem imalat hem de montaj asamalarinda
gerekli 6zenin gosterilmemesidir. Baglantilarda, pim
deliklerinin ¢evresinde donati olmamasi, delik ici dolgu
harcinin kalitesinin yetersizligi, delik ici ylzey alaninin
aderansinin ¢ok iyi olmamasi, dolgu harci ile birlikte
(ayn1 zamanda korozyon etkisinin 6nlenmesi amaciyla)
montaj glvenligini saglayacak pul-somun ve kaynak
detaylarinin uygulanmamis olmasi hasar ve go¢cmelerin
ana nedenlerini olusturmustur. Bununla birlikte
kolonlardaki ¢iroz vyerlesiminin hatali olmasi ve
elastomer mesnet kullanilmamasi gbéze carpan diger
konulardir.

Fotoéraf/Pictuel - Ard Germeli Birlesimlere Sahip
Binanin imalat Asamasindan Bir Gériintli / Moment
Frame of the Building with Post-Tensioned

Connections (from the time of construction)
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was observed that no elastomeric pads were used in
either failed or non-failed pre-cast concrete frames.

In some collapsed frames, it was observed
that the radial reinforcement around the rebar holes
was missing. Even in some buildings, the number of
holes was inconsistent. Such observations reveal the
careless construction and assembly practice in the
local area.

As a summary, similar mistakes as observed
in 1998 Adana-Ceyhan EQ and 1999 Kocaeli EQ,
caused the failure of the pre-cast industrial frames in
the October 21, 2011 Van EQ. The most striking
cause of the damage was the careless construction
and assembly of the connections (especially the
beam to column connections) in the Van CIZ area.
The inner surface of the holes in the beams for the
re-bars protruding from the corbels were smooth,
hence were treating the bond between the grout and
the beam. Beyond this, there were no mechanical
element to secure the connection (such as washer
and nuts), and no elastomeric pads to reduce the
damage in the connections. Although the x-tie
geometry is allowed, the consecutive assembly of it
was not according to the prevailing level of
knowledge.

Fotograf/Picture 72 — Ard-germeli Binada Halihazir
Gorlinls / The Current View of the Building with Post-
Tensioned Connections
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Fotograf/Picture 73 — Ard-germeli Yapida Duvar Fotograf/Picture 74 — Hasarsiz, Ard-germeli Birlesim /
Hasarlari / Damage on Facade Walls of the Frame The Damage Free, Post-Tensioned Connection
Building with Post-tensioned Connections
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Fotograf/Picture 75 —OSB’de Hasarsiz Betonarme Fotograf/Picture 76- Hasarli Prefabrik Cerceve / Failed
Prefabrik Sanayi Yapisi / A Damage Free Building Pre-Cast Concrete Frame
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Fotograf/Picture 77- Kolon Tabaninda Déseme Fotograf/Picture 78- Désemelerde Kabarma / Heavin
Kaplamasi Hasar1 / Damage on Floor at Column Base of the Concrete Factory Floor
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Fotograf/Picture 79- Mesnetlerde Aderans G6¢mesi / Fotograf/Picture 80- Grout Hasari / Insufficient Bond
Bond Failure at the Beam to Column Connections Characteristics and the Resulting Pull-Out Failure

Fotograf/Picture 81- Kolon Alt Bélgesinde Plastik Fotograf/Picture 82- Donati Kopmasi ile Olusan Kolon
Mafsal / Plastic Hinging at Column Base Gogmesi / Reinforcement Rupture and Column Failure

Fotograf/Picture 83- Detay Eksikligi ve Pim Yuvasinda  Fotograf/Picture 84- Unutulan 4. Delik / The Missing
Gogme / Tension Failure at Rebar Hole, No Hoop Reinf. 4t Hole for Beam-Column Connection at the Beam End
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