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Abstract. Van, a city in Eastern Anatolian Turkey, was hit buildings which had already been damaged in the first earth-
by two earthquakes with magnitudesmf, = 7.2 andM,, = quake also collapsed. It has been reported that most of the
5.6 in October and November 2011. Both earthquakes causedamage was due to the effect of the first earthquake and that
extensive damage to many buildings. Unreinforced masonnapproximately 2200 of the damaged buildings were in ru-
buildings, especially in rural areas, suffered from those earthral areas (Kizilkanat et al., 2011). Almost all of these build-
quakes extensively as in many other cases observed in Turkengs were URM structures in accordance with the typical
during other previous earthquakes. This paper presents a sitauilding stock of the region. It was reported that 644 people
survey of damaged masonry buildings. Reasons for the widelied and approximately 4000 people injured by the two earth-
spread damages are discussed in the paper. quakes (AFAD, 2011; Kizilkanat et al. 2011).

Characteristics of the earthquake are described and dam-
age patterns and reasons for the extensive damages on URM
buildings are presented in this paper. Many of the damaged
1 Introduction buildings were unreinforced stone masonry having low con-

L _ struction quality.
Many people are living in unreinforced masonry (URM)

structures, which constitute an important percentage of the

building stock in Turkey. URM structures located on seis-2 Seismological issues

mically active regions of Turkey are mainly non-engineered,

deficient buildings. They have shown poor performance dur-Van city center and Ercis district observed severe damage

ing many previous earthquakes. Damages to those buildingdue to two earthquakes with magnitudesiad§, = 7.2 and

have caused many casualties and economic losses. SignifM,, = 5.6 in October and November, 2011. The 23 Octo-

cant earthquake engineering lessons have been learned frober 2011 Van earthquakéf, = 7.2, KOERI) is among the

surveys of these damaged buildings (Bayraktar et al., 200710 highest magnitude earthquakes that have occurred in the

Korkmaz et al., 2010). last century in Turkey. Epicenters of these two earthquakes
An earthquake of magnitude 7.2 occurred at 13:41 (localand distances to the regions damaged are shown in Fig. 1.

time) on 23 October 2011 (KOERI, 2011) in Van, which is It is indicated by METU-EERC (2012) that each of these

located in east Anatolia in Turkey. After 17 days, a smallertwo sequential earthquakes had different fault mechanisms.

magnitude earthquaké#fy = 5.6) occurred at 21:23 (local The seismological data related with the earthquakes obtained

time) on 9 November 2011 (KOERI, 2011) in the same re-from KOERI is shown in Table 1.

gion (Fig. 1). More than 2300 buildings collapsed in the first The Eastern Anatolian Tectonic Region has been the

earthquake and in the second earthquake a small number sfte of many historical earthquakes. An important historical
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Table 1.23 October and 9 November 2011 Van Earthquakes’ seismological parameters reported by KOERI (2011).

Institution  Date Time Epicenter Epicenter Depth My
(GMT) Latitude Longitude (km)

KOERI 23 October 2011  10:41:21 38.758 43.360 5 7.2

KOERI 9 November 2011  19:23:21 38.429 43.234 5 5.6

Fine to medium or rarely thick layers of sandstones and
thin layer slopes are observed in the Van Formation which is
formed generally from clastic rocks (Aksoy, 1988).

Celebi et al. (2011) detected sand cones, traces of lat-
eral spreading and landslides in the observations made in
Topaktas village (Van, City Center) one week after the earth-
quake.

The main shock of the Van 2011 earthquake was recorded
at the 22 stations of the National Strong Motion Net-
work. During the main shock, acceleration records close
to the assumed fault source could not be obtained since
the Van Strong Motion Station was not recording at the
Fig. 1. Van and Van—Edremit earthquakes distance to epicentetime. Nonetheless, Muradiye Strong motion station records,
(Onen et al., 2011). which show similar soil properties, were used for the evalua-

tions (Table 2). Comparison of the response spectra of Van—
Ercis Muradiye and Van—-Edremit earthquakes is shown in
earthquake occurred on 3 October 1275 (or 3 Octo-Fig. 4.
ber 1276 according to Ambraseys, 2009) on the north
side of Van lake (Guidoboni and Comastri, 2005; Albini,
2011). This earthquake affected Ercis and Ahlat districts

and caused heavy damages. Another known earthquake 0gjr\ buildings are usually constructed from locally avail-
curred on 31 March 1648 and caused serious damages ifpje construction materials in the countryside of Van

Van city (Berberian, 1997). The Malazgirt earthquake thatprgyince. Masonry construction technique is similar in ru-

occurred on 28 April 1903 caused serious damages aroungh) setilement areas at the disaster region. Most of the af-
the settlements on the north and west of Van Lake (Kam'k'fected buildings were one-storey and had a heavy roofing

1969). of a thick composite slab made from mud and timber. This
type of heavy roofing significantly increases the seismic base
shear demand. Those non-engineered URM buildings were

3 Geological and geotechnical issues not earthquake resistant and were not in compliance with
Turkish Seismic Codes (MPW, 1975; MPW, 1998; MPW,

The Lake Van basin is surfaced with metaformic rocks be-2007). Various types of damages are exemplified in Fig. 5.

longing to Bitlis Massive (Ketin, 1947; Helvaciand Griffin, ~ Many URM buildings were heavily damaged or collapsed

1984; Yilmaz et al., 1981, 1993, 1998; Ustaer et al., 2009; in the region. Besides, a considerable number of them had

Obertansli et al., 2010) at the south of Lake Van basin, some level of damage due to bad local construction prac-

volcanic and volcanoclastic rocks coming from Nemrut andtice. The disaster area was surveyed by our research team

Suphan Mountains at the west and north, volcanic rocks andind detailed studies were carried out on the damaged build-

ofiyolit compounds from Yiksekova complex at the east, cur- ings. During the investigations, the main reasons for the poor

rent river and lake deposits, and carbonates (Fig. 2). performance of URM buildings were determined. Use of im-

In the map of active faults in the Van region prepared proper masonry units, formation of inappropriate wall cross
by Bozkurt (2001), as shown in Fig. 3, no active fault- sections, inadequate or no connection of crossing walls, ir-
ing is seen at the epicenter of the Van 2011 earthquaketegular wall openings and improper roofing are in the most

Ozkaymak (2003) has indicated the existence of active faultsmportant place. Most of those deficiencies initiated out of

and young tectonic formations and that the tectonic marks irplane failures. The aforementioned deficiencies are illus-

the region are in parallel with the regime of compression in atrated below and their consequences are discussed in detail.
north—south direction. The occurrence of serious earthquakes

in the region is possibly explained by these observations.

4 Damages to URM buildings
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Table 2. Characteristics of earthquake records used for the evaluation of Van earthgDakeset al., 2011).

Earthquakes  Record date Recorded station Effective PGA PGV
(coordinates) record (cms2) (cms™1
Time (s) NS, EW, Vertical NS, EW, Vertical
Van-Ercig 23 October 2011  Muradiye 38.85 (NS) 195.49 26.95
13:41:20 Meteorology 22.29 (EW) 167.18 17.45
(38.68 N-43.46 E) 80.51 6.22
Van—Edremit 9 November 2011 Edremit TOK 17.57 (NS) 69.28 118.59
21:23:33 (38.44N-43.26 E) 34.58 (EW) 103.08 137.70
44.85 43.53

Quaternary [ Alluvial deposits Oligocene-L.Miocene [ | Van Formation
Quaternary FHEH Travertines Eocene [ Tekmal Formation
Quaternary [l Alluvial fan U. Paleogene [ | Toprakkale Formation

U.Cretaceous-Paleogene [ Sedimentary and Volcanic rocks
Jurassic [ Neritic Limestones
Pre-Cenozoic [l Ophiolitic rocks
Pre-Cenozoic [JJll Metamorphic rocks

" Active Fault — Undefined Fault

Pliccene-Quaternary [Jll Terrestrial detritus

Pliocene-Quaternary - Volcanic rocks

L. Pliocene-Pliocene | | Terrestrial detritus
L-U. Miocene [ | Neritic Limestones

Fig. 2. Geological map of Lake Van and the surrounding area (MTA, 2002).

4.1 Wall materials and wall cross section matic shapes, with parallel surfaces. In most of the investi-
gated cases, stone blocks do not have a proper shape to be
Use of improper masonry units is one of the most common&S a masonry wall material. Walls were Usua”y formed by
deficiencies of the URM buildings in the disaster area. Adobevarying sizes of stone blocks. In the region, walls were com-
or stone constructions were very common. Sometimes im{P0sed of aninner and an outer wythe. However, configuration
proper briquettes and bricks with large holes were used a8f those without interlocking elements causes both wythes
wall materials. Stone blocks were available in the nature ad0 behave as independent walls, where the net length of the
a wall material, but they usually have sphere-like shapesouter wythes of walls was considerably greater than the in-
However, stone used in wall construction should have prisner. Therefore, outer wythes become more prone to out-of-
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Fig. 3. Map of active faults in the Van region (Bozkurt, 2001).

plane failure. Typical examples of these types of damage#.3 Wall openings
are shown in Figs. 6 and 7.

A typlt_:al wall cross S?C“F’” n r_ural areas_of \_/an IS COM-= \pjq| openings should be regular and minimized to improve
pared with a typical seismic resistant section in F.'g‘ 8. It earthquake resistance of URM buildings, which have lateral
clearly shows .how the _slenderness of wythes were mcrease%ad resisting mechanisms provided by walls only. Many
due to lack of interlocking elements. seismic design codes (MPW, 1998, 2007) provide guide-

lines about these openings. They restrict the distance be-
4.2 Connections of crossing walls tween the two openings, distance between an opening and

a corner. Plan length of an opening and ratio of length of
In a seismic-resistant masonry building, crossing walls havewall openings to total wall length are also restricted by Turk-
to be interlocked properly to improve out-of-plane strength.ish Seismic Codes. For example, the newest Turkish Seismic
The problem of unconnected intersecting walls is very com-Code (MPW, 2007) limits the minimum distance between
mon in the region (Fig. 9). Due to bad connection detail two openings as 1 meter for seismic zone 1 and the mini-
of the intersections, safety of the connections relied on tenmum allowable distance between an opening and a building
sile strength of the mortar used for connection. Unconnectedorner is 1.5m.
walls were more prone to out-of-plane failures (Kaplan, et Two examples of damages due to wall openings are given
al., 2008). These types of deficiencies were not limited toin Figs. 10 and 11. The problem in the former is the short
external wall—partition wall intersection. At the corners of distance between two adjacent windows. In the latter figure
the buildings, where two external wall intersects, masonrythe problem is the short distance between the opening and
units were not overlapped sufficiently so as to ensure arthe building corner. Due to this wall formation, damage was
earthquake-resistant connection (Fig. 9). concentrated around the opening.
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Fig. 4. Comparison of response spectra of Van—Ercis Muradiye and Van—Edremit earthquakes with designCipecteadl., 2011).

Fig. 5. Various types of damages observed at URM buildings after the 2011 Van earthquakes.
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Fig. 6. Profile of a poorly constructed damaged wall.

Earthquake Earthquake
resistant prone

Fig. 8. Typical cross sections of earthquake resistant and fragile
stone masonry walls.

Figure 9 shows that walls having damaged corner connec-
tions are more open to out of plane failure.

4.5 Insufficient base shear capacity

In a large portion of the investigated structures, mud was
used as adhesive between wall bricks (Fig. 14) Using nei-
ther cement nor lime as adhesive decreased the cracking
strength and base shear capacity of the wall. For these rea-
sons, wall blocks were separated from each other under very
small shear forces.

4.6 Heavy roofing

Masonry structures constructed according to engineering

specifications, has adequate in-plane shear strength and

therefore can stand high lateral forces. Reasons for the re-

duced wall strength in the investigated structures were given

in previous sections.

Out-of-plane failure is an important component of complex Apart from the reasons ment|oneq before, the base §hear
demand of the structure expected in the earthquake is re-

qonllnear masonry pehgwor. It may result from the Comb'na'lated to the weight of the structure. In many damaged URM
tion of several deficiencies. Long, unsupported, slender walls

and improper wall section formation (like unconnected innerStrUCtures in the earthquake region, heavy soil roofing con-

o I%tructed for thermal and water insulation purposes were ob-
and outer wythes) are some of those deficiencies. The IaCserved (Fig. 15). For this reason, the walls which had alread
of bonding beams at the top of the walls and light roofs with 9. 19)- ' y

) L= . . low lateral strength due to non-engineered construction were
insufficient in-plane stiffness are also important reasons for_ .
; o . subjected to larger shear forces.
this type of damage. In both cases, it is not possible to pro-
vide diaphragm effect at the roof level (Fig. 12).
An example of out-of-plane failure due to unsupporteds Results and discussion
wall length is given in Fig. 13. Unsupported wall length is be-
yond the code limits not only due to improper partition wall The Van 2011 earthquakes caused extensive damages to
configuration but also to unconnected wythes. Net length ofURM structures. Results of the survey of damaged structures
the slender outer wythe was significantly great and it failed.are presented in this paper. Most of the buildings in rural set-
This phenomenon is explained in Sect. 4.1. Besides, insuffitlement areas, which were mostly comprised of one-storey

cient connections of crossing walls can also lead to failure URM structures, had been heavily damaged. A considerable

Fig. 7.Unconnected outer and inner wythes.

4.4 Out-of-plane failures

Nat. Hazards Earth Syst. Sci., 13, 32837, 2013 www.nat-hazards-earth-syst-sci.net/13/329/2013/
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Fig. 9. Damages observed at intersection of outer walls.

Fig. 10.Damage between two wall openings.

portion of those structures were constructed with improperFig. 11. Damage concentrated around wall opening near the build-
masonry blocks. Materials and construction techniques ofng corner.
these structures did not provide any earthquake resistance.
Masonry buildings in Turkey generally have aforemen-
tioned deficiencies, due to which many URM buildings have

www.nat-hazards-earth-syst-sci.net/13/329/2013/ Nat. Hazards Earth Syst. Sci., 13, 329% 2013
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Fig.

Fig. 15.Heavy roofing with soil.
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