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Abstract. Earthquakes, which are unavoidable natural phe-earthquake, 61 in the center, 66 in villages in the vicinity and
nomena in Turkey, have often produced economic and so477 in Ercis; 40 people died because of second earthquake).
cial disaster. The latest destructive earthquakes happened iFhe total economic loss is about 1 billion Turkish Lira (TL)
Van city. Van, Turkey, earthquakes witf = 7.2 occurred  to 4 billion TL (approx. 555 million—2.2 billion USD). This

on 23 October 2011 at 13:41 (local time), whose epicentemwould represent around 17 to 66 % of the provincial GDP
was about 16 km north of Van (Tabanlivillage) ald= 5.6 (Gross Domestic Product) of Van (AFAD, 2011).

on 9 November 2011 epicentered near the town of Edremit The second (centered in Edremit, Van) earthquake
south of Van in eastern Turkey and caused the loss of life(9 November 2011My = 5.6) caused much more structural
and heavy damages. Both earthquakes killed 644 peopldamage in Van city center than first earthquake (23 Septem-
and 2608 people were injured. Approximately 4000 build- ber 2011,My = 7.2). The epicenter of the earthquake was
ings collapsed or were seriously damaged. The majority ofnear the town Edremit south of Van (as shown in Fig. 1).
the damaged structures were seismically insufficient, unreLightly or moderately damaged buildings in Van totally col-
inforced masonry and adobe buildings in rural areas. In thidapsed or were heavily damaged. The second earthquake
paper, site surveys of the damaged masonry and adobe buildaused collapse or heavy damage in Van city center (40 peo-
ings are presented and the reasons for the caused damagae killed by earthquake) with thousands of buildings seri-
are discussed in detail. ously damaged in Van city center.

In the area of Lake Van and further east, tectonics is domi-
nated by the Bitlis suture zone (in eastern Turkey) and Zagros
fold and thrust belt (toward Iran). The 23 October 2011 earth-
1 Introduction guake occurred in a broad region of convergence beyond the

eastern extent of Anatolian strike-slip tectonics. The focal
23 October 2011, Van city in eastern Turkey was hit by a mechanism of recent earthquakes is consistent with oblique-
large earthquake at 13:41 (10:41 GMT), on Sunday afternooRhryst faulting similar to mapped faults in the region. Given
of magnitude 7.2. This earthquake can be evaluated as shgks tectonic history, a major earthquake in Anatolia is by no
low earthquake (about 10km depth). The Van earthquakemeans an unusual event and other major earthquake events
whose epicenter was about 16 km north of Van province, beyre to be expected in the region as the central block contin-
tween Ercis county (population about 77 000) and Van city yes to be squeezed westwards and lateral movement occurs
(population about 370000), has devastated the area (demokjong the fault complexes of both North and East Anatolian
ished many buildings with hundreds of people dead and thouggt (as shown in Fig. 2).
sands injured under the ruins. The location of epicenter can Major earthquakes such as this one have occurred in the
be seen in Fig. 1. Ercis County (90 km away from Van city) year 1111 causing major damage and having a magnitude
was mainly affected by earthquake. Hundreds of buildingszround 6.5-7. In the year 1646 or 1648, Van was again

totally collapsed; thousands of them were heavily damagedstryck by aM = 6.7 (magnitude= 6.7) quake killing around
and 644 people died as shown in Table 1 (604 died in first
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Fig. 1. Location of earthquake epicenter. Fig. 2. Van and Ercis are located in eastern Turkey by Lake Van
(BBC, 2011).

Table 1.Human loss and collapsed buildings.

Location Killed Injured Total Collapsed
Building
Center, Van 101 1150 10
Ercis, Van 477 1058 100
Villages 66 400 2197 s
Total 644 2608 2307

-

2000 people. In 1881, & = 6.3 earthquake near Van killed
95 people. Again, in 1941, & =5.9 earthquake affected &
Ercis and Van killing between 190 and 430 people. 1945-
1946 as well as 1972 brought again damages and casudcisss

ties, bearing earthquakes to the Van province. In 1976, th¢= S &
Muradiye, Van, earthquake struck the border region with
a M =7, killing around 3840 people and causing around
51 O_OO people to become homeless. In recent past (accord'rﬁg. 3. Views of surface rupture along the fault trace (Emre et al.,
to historical records from 1900), there were 10 earthquakes; 1),

that happened wittl = 5-6, 3 earthquakes withf = 6—7,

and 2 earthquakes witlf = 7—7.5. The damages and human

loss in eastern Turkey can be seen Fig. 3. The energy released - - . i
by earthquake is calculated as 2:090% J. This energy is Fasement consisting of Bitlis metamorphic rocks, Upper Cre

: ; ; : ; taceous ophiolites and Tertiary-aged marine sediments. In
33.2 times more than Hiroshima atomic bomb explosion en-, . . ; .

o the region surrounding Van Lake, different rock units and
ergy (Ozkaymak et al., 2003).

This earthquake caused extensive damages not only to thaelluwal deposits formed between Paleozoic and Holocene

. ; are observed. Van Lake region includes metamorphic rocks
reinforced concrete structures but also unreinforced mason

buildinas. Manv of the damaaed building tvpes were Stone%elonging to the Bitlis massive to the south, and volcanic
gs. y 9 9 yp 'and volcano-clastic rocks to the west and north that orig-

brick or briquette masonry or adobe with low construction . )
. . . ; inated from the old volcanoes called NemrutjpBan and
and material quality. In this paper, the results of the site sur- . . A
Tendirek. Van Lake, situated at 1.648 ma.s.l. in the eastern
veys are presented and the lessons learned from the eartlil- . .
. aurus Mountains of southeast Turkey, is the fourth largest
quake and structural damages are discussed. ; . . .
terminal lake in the world (a body of water with streams dis-
charging into it without any outflows).
2 Seismological and geological properties of the region The main shock is believed to have been on a WSW-ENE
reverse fault with north-dipping fault plane; the fault was not
The Van Lake Basin is located in the East Anatolian Plateaujdentified on the active fault map of Turkey. The Novem-
which resulted from the collision between the Eurasian anber quake (second earthquake) is believed to have occurred
Arabian Plates in Late Miocene (Seémwgand Kidd, 1979; on a strike-slip fault also previously unidentified. The es-
Sengr and Yilmaz, 1983). The basin, formed in Late timated average relative displacement of the fault is more

Pliocene (Sar@lu and Yilmaz, 1986), is underlined by a than 2m according to the empirical relation proposed by
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Fig. 5. Loss count for historic earthquakes in eastern Turkey.
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METU, 2011a). . . .
( ' 3) Fig. 6. Acceleration response spectra at selected strong motion sta-

tions.

Aydan (2007); there was no clear fault scarp on the ground

surface as shown in Fig. 3. The earthquake originated at a The acceleration responses of these strong motion stations
depth ranging between 5-19km depending upon the instiyggether with those of Malazgirt and Mus strong motion sta-
tutes, and it resulted from the movement of a 50-km-longjons are shown in Fig. 6. Maximum spectral acceleration is
and 20-km-wide t.hrust fault trending abc_>ut E-W direction gpserved for a natural period of 0.4's for Muradiye (42 km)
from Ercek Lake into Van Lake. The major energy releaseyecord. In view of natural periods common to reinforced con-
occurred within 205, although the total duration of the rup- crete (RC) structures in Turkey, the acceleration response of
ture was about 505s. 66 and 86story RC buildings should have been much higher.

The region around Van has a complex seismic setting duerhs result can explain why 6-8 story RC buildings collapsed
to the interaction between the Arabian and the Eurasian tecy, were heavily damaged during this earthquake.

tonic plates. The area has east-west thrust fault zones, as well The strong ground motion station in Van did not record
as northwest-southeast right-lateral and northeast-southwegt o ground shaking from the October main shock due to a
left-lateral translational fault zones as shown in Fig. 4. malfunction. The closest station that recorded ground mo-
The seismic intensity map shows us aftershocks have beefyn, was the Muradiye station (38.9901N, 43.76302 E),
concentrated around the edge of the north-east edge of Vagy,roximately 40 km NNE from the epicenter. Acceleration
Lake at zone of NE-SW direction. _ . response spectra are shown in Fig. 7. It is believed that Er-
The largest earthquake recorded in the region during th&;s had ground shaking more strongly than that in Muradiye.
last century was the 1976/ =7.2 Caldiran (Muradiye) The station in Van recorded the November ground motion
earthquake (Gulkan etal., 1978), although the 1845 5.8 \yith peak accelerations (unprocessed) as 148%(hsW),
Catak, 1972 = 5.2 Van, and the 197¥ = 5.1 Ercisearth- 5465 cm/Q (E-W), and 151 cm?s(U-D).
quakes were significant as well. The loss count for historic
earthquakes in eastern Turkey is shown in Fig. 5.
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Fig. 7. Response spectra for the N-S and E-W records for the Mu-
radiye station motion (unprocessed) recorded during the main shoc
(METU, 2011b).

Fig. 9. Lack of interlocking between wall leaves in school building
(Gollu village, Van).

Fig. 8. Heavy roof with wooden beams of damaged and collapsed
adobe building (@vegli village, Van). One of the most important reasons was the use of improper

construction material. Rubble stone, briquette and soft stone

blocks were the masonry materials widely used in the dam-
3 Seismic performance of masonry and adobe buildings aged or collapsed buildings. Dried mud blocks and wooden

beams were the most common material for adobe build-
Adobe and masonry buildings are very common in ruralings. Soft stone blocks used in masonry have low compres-
areas of Turkey because of easy workmanship and cheagion strength and ductility values. The rubble stone blocks
construction cost. However, these buildings are always seritaken from the river beds and banks used as masonry ma-
ously affected by earthquakes as observed before (Cetinkayggrial do not have a proper shape for the use in the ma-
2011). The masonry buildings in the region hit by the earth-sonry walls. These blocks have smooth and round surfaces
quakes were constructed by mud bricks, stones/pebbles takewith irregular dimension and improper granulometry. It is
from the river banks, soft natural stone blocks and lime hol-nearly impossible to construct an overlapping masonry wall
low/solid blocks. Adobe buildings were constructed from section using this type of construction material without cut-
adobe bricks made by formation of mud with wooden brac-ting them into proper dimensions and shapes. Adobe blocks
ings. These materials have been used as structural materigkiried mud) also have low compression and tensile strength.
however, they do not fulfill code or any provision (Turkish Wooden elements used in adobe vertically and horizontally
seismic codes MPW, 1975, 1998, 2007) requirements. Gendo not have desired material and mechanical properties. That
erally existing buildings in the region were one or two storiesis why many adobe buildings totally collapsed or were heav-
with a very heavy roof over a wooden infrastructure (Fig. 8). ily damaged in the region because of earthquake. In addition
This type of heavy roofing significantly increases the mass ofto this, poor workmanship is another source of damage of
the building that leads to an increase in seismic forces durthese types of structures.
ing earthquakes. Turkish structural design code defines such The masonry walls built by stone were constructed as in-
masonry buildings as non-earthquake resistant buildings. ner and outer leaves. The total thickness of them was gen-

Even though the magnitude and spectral acceleration valerally about 50 cm. The unsupported length of the outer leaf

ues of the earthquakes were not so large compared with codef the masonry wall was increased two times because of lack
defined spectra, many masonry and adobe buildings comef interlocking elements which is necessary to connect the
pletely collapsed or were heavily damaged, caused by abovanner and outer leaves to each other and transfer lateral load.
mentioned construction applications and poor constructiorBut its effective thickness being reduced to half of the wall
material. The area hit by earthquake was surveyed, and dehickness results in a dramatic increase in the out-of-plane
tailed studies were carried out on the damaged buildingsollapse risk since it is directly proportional to slenderness
to analyze the reasons of the weak performance of the maratio of the wall. Figure 9 shows this kind of damage.
sonry and adobe buildings. The reasons are discussed in de- The insufficient and inappropriate connection of the walls
tail based on investigations of damaged buildings in the re.was another common reason observed for the damages.
gion. It was observed that the connections in the collapsed or
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Fig. 10. No connection to partition walls of mosque (@l vil-
lage, Van).

damaged buildings had not been properly constructed tq
transfer horizontal forces resulting from earthquake. Fig-i&
ure 10 shows this type of wall collapse. In a building, the
exterior walls should have proper connection with the parti-rjg 11 wall opening close to the building cornerg@gli village,
tion walls. Nevertheless, the exterior walls of the most of theyan).

damaged buildings were found to be not connected to par-

tition walls. Thus, the free span of the exterior wall was so 7

large that it could not resist masonry wall out-of-plane fail- |
ure.

One of the most common reasons for partial or total col-
lapse was incorrect location of the openings in the walls. g
Building codes for seismic design limit the distance between
the two openings and the distance between the opening an
corner of the walls (MPW, 1975, 1998, 2007), because the
masonry and adobe walls are the only structural elements
that bear lateral loads of the masonry buildings. AccordingFig- 12. Out-of-plane failure due to long span {&cli village,
to Turkish Building Code (2007), the minimum distance be- Van)-
tween two openings should be at least 1 m and the minimum

clill\s‘_)t;nce between an opening and a building corner should bgeriously damaged. These sheds were also built as adobe and

Another common reason for damages in the buildings hitbrICk masonry. Compared with adobe and masonry residen-

. i . . tial houses, material and workmanship quality of these sheds
by earthquake is the inadequate distance between two win- .

: R were very low. Animal sheds are also other types of struc-
dows. Irregular shape of the masonry units shown in Fig. 10

is also as vital as the inadequate wall length. In addition tures many of which collapsed or were seriously damaged.

the damage level in that wall could be higher if the bond- Compared with residential houses, these sheds were poorly

ing beams at mid-height and at the top of the walls were notconstructed. They had so much span length due to lack of

damaged. The damage shown in Fig. 11 is an example fOPartmonlng wall. Because of this, the collapse of long, un-

the damages caused by the inadequate distance between tﬁtéppqrted, outer wa]ls occurred throu_ghout off-plane. As
; o seen in most of the figures, the use of improper mortar ma-
opening and the building corner.

Although the bond beams on top of the walls are Veryterlal or poor quality of bonding mortar is also one of the

. o . main reasons for the damages. Mud was even used as mor-
crucial for seismic resistance, damaged masonry and adobe :
. . ) tar to connect wall elements to each other due to economic
buildings did not have this type of beams on top of the Wa"s'reasons
In addition, a heavy roof (filled with earth) with inadequate '
in-plane stiffness does not provide a rigid diaphragm effect,
which is also one of the important reasons for this kind of4 Conclusions
failure (see Fig. 12). Because walls, bond beams and roofs
were not properly connected to each other to transfer the seisFhe rural areas with one- or two-story unreinforced masonry
mic loads to each other, they performed beyond desired levebr adobe structures are the areas where the earthquake dam-
since these infill walls behaved as free-standing walls. aged the buildings most. The lack of interlocking element be-
In this region agriculture and livestock are very important tween external and internal leaves of the wall sections and the
for local economy. However, many animal sheds experiencedack of connection between crossing walls are the most im-
serious damage in the area. Many of them collapsed or werportant reasons why the masonry and adobe structures failed.
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