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Nearby Places

Nurdagi, Gaziantep, Turkey Population: 12827
26.2 km (16.3 mi) W

Gaziantep, Gaziantep, Turkey Population: 1065975
33.6 km (20.9 mi) ESE

Bahge, Adana, Turkey Population: 19566
40.4 km (25.1 mi) W

Pazarcik, Kahramanmaras, Turke  pgpulation: 23850
42.1 km (26.2 mi) NE
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Nearby Places

Ekinéz(, Kahramanmaras, Turkey Population: 6298
4.2 km (2.6 mi) NNW

Elbistan, Kahramanmaras, Turkey Population: 80456
20.3 km (12.6 mi) N

Caglayancerit, Kahramanmaras, Turkey Population: 15530  rarwns
31.8 km (19.8 mi) SSE

Afsin, Kahramanmarag, Turkey Population: 39613
35.5 km (22.1 mi) NW

Kahramanmarag, Kahramanmarag, Turkey FPopulation: 376045
54.5 km (33.9 mi) SSW
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SHAKING |Not felt| Weak | Light | Moderate | Strong | Very strong Severe Violent | Extreme

DAMAGE None | None | None | Very light| Light Moderate |Moderate/heavy | Heavy | Very heavy

PGA(%g) [<0.04640.297| 2.76 6.2 11.5 21.5 40.1 74.7 >139

PGV(cm/s) |<0.0215 0.135| 141 4.65 9.64 20 41.4 85.8 >178

INTENSITY 1 n-m | w Vv Vi Vil Vil X4 X
Scale based on Worden et al. (2012) Version 5: Processed 2023-02-06T05:11:59Z
A Seismic Instrument o Reported Intensity Y Epicenter [ Rupture
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SHAKING |Not felt| weak | Light | Moderate | Strong | Very strong Severe Violent | Extreme
DAMAGE None | None | None | Very light| Light Moderate |Moderate/heavy | Heavy | Very heavy
PGA(%g) [<0.0464 0.297| 2.76 6.2 11.5 21.5 40.1 74.7 >139
PGV(cm/s) [<0.021540.135| 1.41 4.65 9.64 20 414 85.8 >178
INTENSITY 1 1n-m \" v Vi Vil VIl B2 Xt

Scale based on Worden et al. (2012)
A Seismic Instrument
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43 Central Turkey
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ESM Databaseff F¥ & &%

ESM, the Engineering Strong-Motion Database, provides a set of facilities to search,
select, download and analyse ground-motion data and associated metadata. The
waveforms contained in ESM are relative to events with magnitude > 4.0, mainly

recorded in the European-Mediterranean regions and the Middle-East.
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Date: 2023-02-06 01:17:36 (UTC) A ; o

Magnitude: Mw 7.8 : DU £

Depth: 20km et | N R e O i
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TR EE R 2023-02-13 09:40 (UTC+8)
¥ More than 34,000 people have been killed
and tens of thousands injured after a
magnitude 7.8 earthquake struck Turkey and
Syria on Monday, officials said.

3 Survivors, many of whom are homeless,

| could face "a secondary disaster" as cold and
snow lead to "worsening and horrific
conditions," the World Health Organization
said Thursday.

FAL %R © CNN
https://edition.cnn.com
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https.//www.youtube.com/watch?v=npow8eiaP0s
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https://www.youtube.com/watch?v=mvx2T50BCg4
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7R kR (AGU blog):
https://blogs.agu.org/landslideblog/2023/02/07/turkey-syria-earthquakes/
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https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/map
https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/map
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A Iy A 38345 7 Afringo Maydanki <3 IR B« e fok e A A o

7 kR ¢ https://english.enabbaladi.net/archives/2023/02/turkey-syria-earthquake-maydanki-dam-cracked-what-is-the-consequence/
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It is appropriate to classify masonry buildings in Turkey as rural-type and
urban-type buildings. Rural type masonry buildings...are low-rise dwellings
built by using adobe or stone units. They may be called “non-engineered
buildings”...On the other hand, urban-type masonry buildings are low-rise or
mid-rise dwellings with a larger floor area when compared to rural-types.
However, they are generally irregular in plan...They were constructed by
using brick units and concrete blocks and they have an “engineering
touch”...both rural- and urban-type masonry dwellings suffered severe
damage or collapse.

R kR - Erberik, M. Altug. "Seismic risk assessment of masonry buildings in Istanbul for effective risk
mitigation." Earthquake Spectra 26.4 (2010): 967-982.
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...increasing the number of stories in a masonry building generally means
increasing the probability of its suffering damage in an earthquake...It should
be also noted that reinforced or confined masonry construction is not common
in Turkey, and it is not covered by the seismic code regulations. Another
important structural parameter that affects the seismic performance of
masonry buildings is plan geometry...In previous earthquakes, especially after
the 1995 Dinar earthquake, it was observed that irregular buildings suffered
localized damage and collapse due to torsional effects.

L kR - Erberik, M. Altug. "Seismic risk assessment of masonry buildings in Istanbul for effective risk
mitigation." Earthquake Spectra 26.4 (2010): 967-982.
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Masonry dwellings...are constituted with adobe, brick and stone walls and

mostly vulnerable to intensive seismic motions. However, these buildings had
been lost their strength and durability due to their old age.

T kR Sayn, Erkut, et al. "24 January 2020 Sivrice-Elazig, Turkey earthquake: geotechnical evaluation and
performance of structures.” Bulletin of Earthquake Engineering 19 (2021): 657-684
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A total of 348 buildings were inspected in Van and Ercis...A majority of the collapsed
or heavily damaged buildings exhibits a combination of very low concrete strength,
use of plain reinforcing bars, inadequate stirrups and member-end confinements,
and lack of lateral rigidity due to insufficient lateral load carrying systems. The most
common structural deficiencies that lead to collapse are weak- and soft-stories. From
the observations, it is also seen that damage state of buildings with four and five

stories were higher than those with lower and higher numbers of stories.
5%

10% 18% 24% ® Total Collapse
% o Severe Damage
) 16%  Moderate Damage
21% 20% Light Damage
4 27% 16% Non-damaged
38% 17% ?
(a) (b) (¢)

Figure 11. Damage statistics of reinforced concrete frame buildings in (a) Van, (b) Ercis, and
(c) Van and Ercis (adapted from METU-EERC 2011).

TR kiR ¢ Akansel, V., et al. "The 23 October 2011 Mw 7.0 Van (Eastern Turkey) earthquake: Interpretations of recorded
strong ground motions and post-earthquake conditions of nearby structures." Earthquake Spectra 30.2 (2014): 657-682.
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Most older public buildings in Turkey constructed before the 1990s are three-
to six-story reinforced concrete frames with concrete slabs. Their framing
systems are quite regular, especially in the school buildings that dominate the
public building stock...Concrete quality is usually low, between 10-15 MPa.
Plain reinforcement bars with nominal yield strength of 200 MPa are typical.
Gravity loads dominate design; hence beams are stronger than the columns
around a joint. Critical end regions of beams and columns are not confined;
lateral reinforcement is basically provided for shear. Frame bays are infilled
with unreinforced clay masonry walls at the exterior frames and at interior
space separations. These buildings possess brittle seismic response confirmed
by the past earthquakes consistently.

F %R Sucuoglu, HalU k, et al. "Seismic risk prioritization and retrofit cost evaluation of code-deficient RC public
buildings in Turkey." Earthquake Spectra 31.1 (2015): 601-614.
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Fifty-four buildings without structural shear walls suffered more damage, and
all reported cases of collapse happened in this type of construction...but those
with low-quality material and workmanship suffered substantial
damage...The experience provided by the Bingol earthquake shows that there
Is a significant gap between the requirements established by the Turkish
seismic design code and construction practice in rural areas...On the contrary,
the performance of buildings with shear walls was satisfactory in terms of
collapse prevention.

TR kR 0 zhendekci, Nuri, and Devrim 0 zhendekci. "Rapid seismic vulnerability assessment of low-to mid-rise
reinforced concrete buildings using Bing6l's regional data." Earthquake Spectra 28.3 (2012): 1165-1187.
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Damage State vs. Number of Stories

in A3
2011-10-23 MW 7.0 Van (Eastern Turkey) Earthquake

Table 3. Damage state of buildings with respect to number of stories (adapted from
METU-EERC 2011)

Number
of stories  Total collapse  Severe damage  Moderate damage  Light damage  Undamaged

1 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (100%)
2 0 (0%) 1 (5%) 1 (5%) 2 (10%) 16 (80%)
3 4 (10%) 5 (13%) 6 (15%) 12 (31%) 12 (31%)
4 17 (31%) 7 (13%) 8 (15%) 15 (27%) 8 (15%)
5 26 (22%) 19 (16%) 18 (15%) 37 (32%) 17 (15%)
6 6 (10%) 15 (24%) 12 (20%) 16 (26%) 12 (20%)
7 3 (9%) 7 (21%) 8 (24%) 8 (24%) 7 (22%)
8 1 (8%) 1 (8%) 1 (8%) 5 (42%) 4 (34%)
9 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (100%)

TR kR o Akansel, V., et al. "The 23 October 2011 Mw 7.0 Van (Eastern Turkey) earthquake: Interpretations of recorded
strong ground motions and post-earthquake conditions of nearby structures." Earthquake Spectra 30.2 (2014): 657-682.
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\ Damage State vs. Number of Stories
D 16 B F 3 W The 17 August and 12 November 1999 earthquakes in Turkey
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T &R - Inel, Mehmet, Hayri Baytan Ozmen, and Erdal Akyol. "Observations on the building damages
after 19 May 2011 Simav (Turkey) earthquake.” Bulletin of Earthquake Engineering 11.1 (2013): 255-283.
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2020-01-24 Sivrice-Elazig earthquakes in Turkey

Damages of the structural elements observed by the technical team can be
listed as follows:

Insufficient transverse reinforcement in structural elements
Short column

Inadequate gaps between adjacent buildings

Strong beam-weak column

Poor concrete quality and corrosion

Failure of gable walls

Damages to infill walls

T kR Sayn, Erkut, et al. "24 January 2020 Sivrice-Elazig, Turkey earthquake: geotechnical evaluation and
performance of structures.” Bulletin of Earthquake Engineering 19 (2021): 657-684.
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Reasons of Damages of Structural Elements

ﬂ R Yy 1 The 17 August and 12 November 1999 earthquakes in Turkey

Brittle behavior was a consequence of poor reinforcement detailing (Figures 7
and 8), presence of captive columns (Figure 9), soft stories, and torsional
response.

Figure 8. Failure of a shear wall in Bolu.

i Tek-oien s i EolN gpaeama ol Figure 9. Typical example of captive columns. (Photograph by Mete Sozen)

T kR ¢ Donmez, C., and S. Pujol. "Spatial distribution of damage caused by the 1999 earthquakes in Turkey."
Earthquake Spectra 21.1 (2005): 53-69. 47
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Table 5. Results of case study buildings
Perf. level
Perf. level from
Concrete Steel from TEC (2007)
No. | compressive reinf. TEC (2007) nonlinear Perf. level
Building Construction  of strength yield str. Lateral force linear elastic elastic from new
no. Type Location date storied  f.n (MPa) f. (MPa) resisting system procedure procedure  provisions
1 New High seismic 2007 6 17 365 Moment resisting | Life safety  Life safety Not critical
zone frame
2 New High seismic 2007 6 17 365 Shear wall+momen Collapse Life safety Not critical
zone resisting frame
3 New High seismic 2007 8 17 365 Moment resisting |  Life safety  Life safety Not critical
zone frame
- New High seismic 1975 6 12 191 Moment resisting Collapse Life safety Not critical
zone frame
5 Existing Van Not 4 10 191 Moment resisting Collapse Life safety Not critical
known frame
6 Existing  Bakirkdy, 1967 5 11 191 Moment resisting Collapse Life safety Cntical
Istanbul frame
7 Moderate  Adapazan 1994 5 9.5 191 Shear wall+momen Collapse Life safety Cntical
damage resisting Frame
8 Moderate Ceyhan, Not 3 83 191 Moment resisting Collapse Life safety Cntical
damage Adana known frame
9 Heavy Adapazan 1993 6 9.5 191 Moment resisting Collapse Collapse Cntical
damage frame
10 Moderate Dlizce Not 5 12 191 Shear wall+momen Collapse Collapse  Not critical
Damage known resisting frame

_—  —__— P/ __________
7o %R - Binici, Baris, et al. "Provisions for the seismic risk evaluation of existing reinforced concrete buildings
in turkey under the urban renewal law." Earthquake Spectra 31.3 (2015): 1353-1370.
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In Turkey, using of ready-mix concrete became common after 1999 Kocaeli
earthquake. Before this earthquake, handmade concrete was generally used
without using a vibrator. Because of this wrong application, a homogeneous
mixing could not be obtained, and the expected compressive strength could bot
be provided....Provincial Directorate of the Ministry of Environment and
Urban Planning declared that compressive strengths of the concrete cored
from the collapsed and damaged structures were around 7-10 MPa.

R &R - Sayn, Erkut, et al. "24 January 2020 Sivrice-Elaz1g, Turkey earthquake: geotechnical evaluation and
performance of structures.” Bulletin of Earthquake Engineering 19 (2021): 657-684.
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Figure 3. 3-D illustration of the reinforced concrete moment-resisting frame of the original
apartment structure.

The concrete of the existing structure has a characteristic yield limit of 16
MPa ...it was deemed to be highly representative of many residential

apartment buildings in and around Istanbul and its design probably based
on the 1967 code...

L kR - Smyth, Andrew W., et al. "Probabilistic benefit-cost analysis for earthquake damage mitigation: Evaluating measures for
apartment houses in Turkey." Earthquake Spectra 20.1 (2004): 171-203. 50
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The case-study building is the main part of the typical branch office of MPWR
which is a five-building complex designed according to requirements of the

1975 Turkish Seismic Design Code (TEC 1975) and constructed in the 1980s.

3
Two-st i
e
s
One-story

building

& o0

2.4

Office building o=

Ground+3 story 5 2
t’_

Saia Case study
Joint building =%
: ,Ground+4 story, Seismic
SRR, R Joint

(a) (b)

Figure 4. (a) General view of the building and (b) plan of the building complex.
F# kiR © Bayhan, Beyhan, and Polat Giilkan. "Buildings subjected to recurring earthquakes: A tale of three cities." Earthquake Spectra
27.3 (2011): 635-659.
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Figure 8. Captive column effect and buckling of longitudinal steel in Bolu (view from the

courtyard). Figure 9. Failure of infill walls.

,-:‘l‘_: g - =
(a) (b)

Figure 10. Flexural beam cracks.

Figure 11. Diagonal shear cracks developed in ground story L-shaped corner columns (C16) in
e . . . (a) Bolu and (b) Bingd]. .
7 4% % /R . Bayhan, Beyhan, and Polat Giilkan. "Buildings subjected to recurring earthquakes: A tale of three cities." Earthquake Spectra

27.3 (2011): 635-659.
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Figure 5. Typical floor plan (adapted from Cagnan 2001).
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54



43ﬁ*&¢%fiﬁ%ﬁﬁ%ﬂ§
BRI NAR

ik Sl b

BEME Turkey earthquake: Why did so
BT many buildings collapse?
Failure to enforce building regulations

Construction requlations have been tightened following previous disasters,
including a 1999 earthquake around the city of Izmit, in the north-west of the
country, in which 17,000 people died.

But the laws, including the latest standards set in 2018, have been poorly
enforced.

"In part, the problem is that there's very little retrofitting of existing buildings,
but there's also very little enforcement of building standards on new builds,"
says Prof Alexander.

ANEBEYEERERRM:
1. Little retrofitting of existing buildings
2. Little enforcement of building standards on new buildings

4L kR o https://www.bbc.com/news/64568826
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m many buildings collapse?

Why is enforcement so weak?

In Turkey, however, the government has provided periodic "construction * EL tl:@ ?E F . |:|:|: aff .

amnesties" - effectively legal exemptions for the payment of a fee, for

structures built without the required safety certificates. These have been ConStrUCtlon AmneStleS
passed since the 1960s (with the latest in 20718).

TR kiR - https://www.bbc.com/news/64568826

Critics have long warned that such amnesties risk catastrophe in the event of a
major earthquake.

Up to 75,000 buildings across the affected earthquake zone in southern
Turkey have been given construction amnesties, according to Pelin Pinar
Giritlioglu, Istanbul head of the Union of Chambers of Turkish Engineers and
Architects' Chamber of City Planners.

Just a few days before the latest disaster, Turkish media reported that a new
draft law is awaiting parliamentary approval which would grant a further
amnesty for recent construction work.

Geologist Celal Sengor said earlier this year that passing such construction
amnesties in a country riven by fault lines amounts to a "crime".

After a deadly earthquake hit the western province of Izmir in 2020, a BBC
Turkish report found that 672,000 buildings in Izmir had benefited from the
most recent amnesty.
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1. Because reinforced or confined masonry construction is not common in
Turkey, typical masonry buildings seem to lack adequate seismic
resistance.

2. Besides plain reinforcements, concrete compressive strength of old
buildings is usually very low. Moreover, old buildings are usually strong
beam-weak column.

3. The most common structural deficiencies that lead to collapse are weak-
and soft-stories.

4. Little enforcement of building standards on new buildings.

. Little retrofitting of existing buildings, especially under the policy of

“construction amnesties”.
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General view of hlghway and V|aduct damages in Kocaeli and Duzce Earthquakes

L kR ¢ Erdik, Mustafa. "Report on 1999 Kocaeli and Duzce (Turkey) earthquakes.” Structural control for civil and
infrastructure engineering. 2001. 149-186.
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(1) Erdik, Mustafa. "Report on 1999 Kocaeli and Duizce (Turkey) earthquakes." Structural control for civil and infrastructure
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