February 2023 Earthquakes in Turkiye/and Syria:
Observations from the Field and
the Structural Engineering Office

Ayse Hortacsu
* Applied Technology Council
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Losses

[ ] >4 8’ O O O C a S u a I t i e S {@ TURKIYE CUMHURIYETI CUMHURBASKANLIGI

; STRATEJI VE BUTCE BASKANLIGI

. $100B damage - 9% of the GDP - -
o 1.7M buildings inspected in region B, RAMANMARAS VE HATAY

DEPREMLERI RAPORU

o (65% of all buildings)
o 15% heavy damage /collapse/demolition (230k)

Tablo 11: Depremden Etkilenzn illerde Toplam Bina Sayisi

Il Mesken Igyeri Kamu Diger| Genel Toplam
Adana 404 502 29.920 8.916 Ti79 A5 N7
Adiyaman 107 242 5.765 4370 319 120496
Diyvarbakir 199138 1412 11.964 3.165 225679
Elazg 106.569 1.221 2872 7.051 123.713
Gaziantep 269.212 22 829 5480 8.162 305683
Hatay 357 467 3351 10382 489 406 849
Kahramanmarag 219.351 12.358 6.879 4565 243153
Kilis 33.399 1526 1651 736 37.312 o
Malatya 159.896 8370 6.670 £ 051 178.987
Osmaniye 128.163 9.428 3105 2384 143.080
sanhurfa 347902 18.847 1.790 £ 089 382.628
Bélge Toplamu 2.332.841 161.187 74079 50.590 2.618.697

Kaynak: icisleri Bakanhdn, MAKS
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f@, TORKIYE CUMHURIYETI CUMHURBASKANLIGI
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N STRATEJI VE BUTCE BASKANLIGI 2023 Tiirkiye Earthquake

St EER Sequence
Initiated 6 February 2023
@ STRUCTURAL Released: March 29, 2023
- ‘o EXTREME EvENTs  NHERI DesignSafe Project ID: PRU-

L RECOMNAISSANCE 3824
arcik, Turkoglu), Hatay (Kirikhan), 2023

Mw 7,7 Kahraman (Elbistan / Nurhak-Cardak) | o — KAH RAMAN MARAS VE HATAY EARTHQUAKE ENGINEERING %

e DEPREMLERi RAPORU RESEARCH INSTITUTE
DEPREMLERI ——

-

JOINT PRELIMINARY VIRTUAL RECONNAISSANCE REPORT (PVRR)

i

Joint Report Leads:

On Inceleme Raporu

Abdullah Dilsiz, Ankara Yildinm Beyazit University, Tarkiye
Selim Giinay, University of Califoria, Berkeley
Khalid M. Mosalam, University of California, Berkeley

Joint Report Section Leads:

Eduardo Miranda, Stanford University Manny Hakhamaneshi, California High-
Carlos Arteta, Universidad del Norte speed Rail Authority
Halil Sezen, Chio State University Wasl M. Hagsan, University of Alaska

Erica Fischer, Oregon State University

Joint Report Authors:
(in alphabetical order)

Bilal Alhawamdeh, Wester Michigan University | Marko Marinkovié, University of Belgrade,
Samuel Andrus, Chapman University Serbia
Jorge Archbold, Universidad del Norts Amory Martin, Exponent

Safak Arslantdrkeglu, ETH Zurich Yvonne Merino, Pontificia Universidad
Hurullah Bektag, Széchenyi Istvan University Catdlica de Chile, Chile
Luis Ceferino, New York University Magziar Mivehehi, University of Califoria, -

Jade Cohen, Exponent Davis FEBRUARY 6, 2023 TURKIYE EARTHQUAKES:

Burak Duran, University of New Hampshire Luis Moya, Pontificia Universidad Catdlica
Kalil Erazo, Rice University del Perd, Peru

G P o Dgs S Unversty | Gésar e, Lnmerod deNore REPORT ON GEOSCIENCE AND

Tal Feinstein, Exponent Nicolas Quintero, Universidad del Norte

ENGINEERING IMPACTS

e StEER .;::’MHE“P&\;R& 2023 Turkiye Earthquake

@ PR-3224 | Releassd: 3282023 1 -y 9

;. o Building Resiliense through Reconnaissance B ~ & -~ 1
Mart 2023 L » \ / METU
Foografiar Anadolu Ajansi = = N =4

Istanbul Technical Turkiye Ministry of Strategy NSF-funded StEER and NSF-funded GEER and
University EERI EERI

Conference Special Sessions and Journals:

* 2023 EERI Annual Meeting

» 18t World Conference on Earthquake Engineering (June 2024)
* Earthquake Spectra Special Issue
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Typical construction
Typical damage
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Damage Descriptions

Figure 5.10. Types of damage observed in the residential buildings visited by the EERI Buildings team.
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Implications for the US (Preliminary)

slide from Gunay and Mossalam
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4-8 story reinforced concrete (RC) frames with no Non-code compliant nonductile RC frame in California
code compliance (Kelam et al., 2022) (Jeon et al., 2015)

Kelam, A.A., Karimzadeh, S., Yousefibavil, K., Akglin, H., Askan, A., Erberik, M.A., Kockar, M.K., Pekcan, O. & Ciftci, H., 2022. An evaluation of seismic hazard
and potential damage in Gaziantep, Turkey using site specific models for sources, velocity structure and building stock. Soil Dynamics & Earthquake

Engineering, 154, p.107129.
Jeon, 1.S., Lowes, L.N., DesRoches, R. & Brilakis, I., 2015. Fragility curves for non-ductile reinforced concrete frames that exhibit different component response

mechanisms. Engineering Structures, 85, pp.127-143.
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Kahramanmaras from Google Street View (by A. irfanoglu)
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Kahramanmaras (by A. irfanoglu)
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The story of 4 hospitals
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City Hospita

Back-up systems
operational

Continued
operations after
15t shock

Paused
operations for
one day

Serving 300
patients
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NeW HOSp|ta| 361 base isolators

* 9-story wing to be added

(under construction)

* 18cm movement



City Hospital
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from EERI-GEER report

FEBRUARY 6, 2023 TURKIYE EARTHQUAKES:
REPORT ON GEOSCIENCE AND
ENGINEERING IMPACTS

@ ¢ 0oTi
R & ) METU

Mumber of Buidings

15

10

Operational Status at 6 weeks by Year of Construction

Open Partial Closed
6
1
4 6
T
' 3 3 1
g 1 1

1960 - 19659 15970 - 1979 1950 - 1999 2000 - 2009 2010 - IE?IEI' 2020 - 2023

Year of Construction

* There are more hospitals built recently.
 Newer hospitals had better functional recovery.

Fixed base construction: 1962 to 2023
Seismically isolated construction: 2017 to 2023
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Lifelines Performance



“Hatay had its bones broken in pieces”
— Anton Andonov (EEFIT Team)
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Fire Station in Antakya
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36,965 likes

turkiyeitfaiyeteskilati « Follow

Original audic

turkiyeitfaiyeteskilati Hayat
kurtarmak igin giktiklan yollarda
onlarla beraber olan itfaiye araclan bu
seferde kahramanlanmizi korudu.
Hatay'in Antakya ilgesinde itfaiye
ekiplerinin kaldigi bina ¢dkti. O sirada
kagmaya ¢alisan gdrevdeki itfaiyecilen
glimden bindiklen araglar kurtard.
Binanin tamamen ¢dkmesini, itfaiye
araglar engellerken, enkazdan gikan
itfaiyeciler kosa kosa yardima gitti.
Bazi itfaiye erlerinin ise yakinlarim
enkazda biraktiklan, hig digiinmeden
can kurtarmak icin gbreve kostuklan
dgrenildi. Yakinlanin kaybeden itfaiye
erlerinin, cenazelere bile
katilamadiklan 10 glindlr gérevde
olduklan ifade edildi.

Boyle gizel bir meslek (sayilmiyor) iste

Log in to like or comment

(A
https://www.instagram.com/reel/CorY

“The main fire station in Antakya
collapsed on top of three fire engines
and one Search&Rescue vehicle.
Fortunately all of it's 25 strong shift
miraculously survived as the trucks
below stopped the failing slab. The
crew didn't have any time to recover
from the shock as they needed to
immediately start suppressing
numerous earthquake induced fires
in addition to Search&Rescue
operations.” — Anton Andonov (EEFIT
Team)

eulLlqoQ/?igshid=OTRMmMjhlYjM%3D



https://www.instagram.com/reel/CorYeuLIqoQ/?igshid=OTRmMjhlYjM%3D
https://www.instagram.com/reel/CorYeuLIqoQ/?igshid=OTRmMjhlYjM%3D
https://www.instagram.com/reel/CorYeuLIqoQ/?igshid=OTRmMjhlYjM%3D

Turkish Earthquake Code
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Table 2. Minimum requirements in various Turkish Seismic Design Codes.

Seismic Design Code

1975 | 1998 | 2007 | 2018
Min. Longitudinal Reinforcement for Columns 1% 1% [ % | %
Confinement Zone Max. Stirrup Spacing (¢cm) 10 10 10 10
135° Stirrup Hook Ends Yes | Yes | Yes  Yes

onfinement Spacing NO Yes Yes | Yes
Shear Wall End Zones: Increased Number of Longitudinal Bars | Yes | Yes | Yes | Yes
Max. Nd/Acfck allowed 0.6% 0.5 0.5 0.4

*from TS500-1984 [19] - Requirements for design and construction of reinforced concrete
structures (Nd = 1.4Ng + 1.6Nq. whereas for the other columns Nd = Ng + Nq + Ne)

Aydogdu, H.H. and Ilki, A., 2023, fib Symposium 2023
https://link.springer.com/chapter/10.1007/978-3-031-32511-3 90



https://link.springer.com/chapter/10.1007/978-3-031-32511-3_90
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Avg. Stirrup Spacing in Confinement Zone
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Increase (%)

Average Stirmup Spacing at the
Confinement Zone (cm)

Year of Construction

Aydogdu, H.H. and Ilki, A., 2023, fib Symposium 2023
https://link.springer.com/chapter/10.1007/978-3-031-32511-3 90
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Who designs?

. 127 Civil Engineering departments

MOB
HENDISLER| OD~S.

- EVERY graduate gets a certificate
to design upto 3 buildings a year

- No licensing
- “yetkin muhendis”



What tools
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LET’'S EXPLORE HOW THE ~ o
3 SOFTWARE GOT ™~ LR
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i

540 15 THE ACRONYM
FOR STRLICTLRAL
ANALYSIS PROGRAM.

. Software packages for “statik proje”

BUT A SAP ¢
I5 AFOOL! 5
G

IN THE FOREWORD OF THE
ORIGINAL SAP MANUIAL
PUBLISHED IN 1970,
PROFESSOR EDWARD L.
WILSON ELOQUENTLY
EXPLAINS WHY SAP IS A
FITTING NAME FOR THE

F

THE SLANG NAME SAP WAS SELECTED TO REMIND
THE USER THAT THIS PROGRAM, LIKE ALL
COMPUTER PROGRAMS, LACKS INTELLIGENCE.
IT IS THE RESPONSIBILITY OF THE ENGINEER TO
IDEALIZE THE STRUCTURE CORRECTLY AND
ASSUME RESPONSIBILITY FOR THE RESLILTS.

E.L. WILSON

TO THIS DAY I THINK —
: THIS IS THE MOST
INSISGHTFUL ADVICE TO
el USERS OF ANY
O\ STRUCTURAL ENGINEERING
; SOFTWARE.

THE SLANG NAME SAP WAS SELECTED TO REMIND [ ae=—"
THE USER THAT THIS PROGRAM, LIKE ALL
COMPLITER PROGRAMS, LACKS INTELLIGENCE.
IT IS THE RESPONSIBILITY OF THE ENGINEER TO
IDEALIZE THE STRUCTURE CORRECTLY AND
ASSUME RESPONSIGILITY FOR THE RESULTS,

BERKELEY, CALIFORNIA
SEPTEMBER 1970

E.L. WILSON
BERKELEY, CALIFORNIA

SEPTEMBER 19470




Turkey’s chamber of civil engineers, for example, has argued for
years that experienced engineers are stretched too thin to
adequately supervise construction projects. The group has called
for every project to get a dedicated engineer. That idea, which

government sued the group in 2015, blocking it from issuing its

own, stricter certifications for engineers.

In Erdogan’s Turkey, a Building System Fatally
Weakened by Corruption § 4

Turkish families got wealthy off a construction system rife with
patronage. A Times investigation reveals just how fatally shaky
that system was.



Who is respon5|ble?

https /lwww.nytimes. com/2023/05/04/wor|d/europe/turkev earthquake-corruption.html



https://www.nytimes.com/2023/05/04/world/europe/turkey-earthquake-corruption.html
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What’s Next?
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Impact on households in the region

%
: : Total Heavy Damage %
REgem HOUIEEN Household Collapse Any Damage
Demolish

Kahramanmaras 1.2M 480k 20% 60%
Hatay 1.7M 850k 25% 48%
EQ Region 5.6M o o
(11 cities) 14M 14% of country 07 £

Housing for 2.7M people affected in the region
(Avg 3.5 persons per household)

Estimated cost $100B (9% of GDP)

from Government report March 6, 2023
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Insurance

- DASK initiated in 2000

- In 2019, 9.5M subscribers

* 54% of the country
* 66% in Marmara region

- DASK has a claims-paying
capacity of approx. US S5B

nBUILD

BUILD CHANGE NEEDS ASSESSMENT AND
POST-DISASTER RECONNAISSANCE REPORT

On 2023-08-23:
1USD =28 TL

LEVEL OF STATE HOUSING
DAMAGE SUBSIDIES DASK INSURANCE STATE CREDITS | BANK CREDITS
Retrofitting Stat;:!i::ks
Not Damaged NA NA NA credits by provac
retrofitting
AFAD* .
credits”®
. .. State Banks
Slightly 10,000 TL per | Insurance SPM? firms Retru.flttlng provide
damaged household refunds™* provide insurance credits by retrofitting
refunds** AFAD* .
credits™
. Retrofitting State B.anks
Cash aids for credits b provide
Moderately rent, moving Insurance Insurance AFAD* 4 retrofitting
Damaged and basic refunds** refunds™* . and
Right owner .
needsg**** rocess* rebuilding
P credits
- Cash aids for At I::‘:’::D%
rent, moving/ buildin
. furniture and . g
Highly basic Insurance Insurance Right owner process must
Damaged needs refunds** refunds™* process*** be finished to
- Container apply for
house mortgage
loans
At least 70%
- Cagh aids for of the
Needs Urgent rent, furnlf.ure _ building
Demolition or and basic Insurance Insurance Right owner process must
Demolished needs**** refunds** refunds™* process™** be finished to
- Container apply for
house mortgage
loans

*To obtain retrofitting credits, estate owners must obtain a "risky area certificate” from the Ministry.




ATC
Rebuilding / Retrofi

Accelerated rebuilding
Tunnel form construction

Istanbul has 250,000
high risk buildings!

http://db.world-housing.net/building/101/



Ayse Hortacsu
ayse@atcouncil.org

www.ATCouncil.org
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