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(finite fault model)
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Building Stock

Almost 60% of the

Institution of Design
and Construction
Control System

1940 1944 1961 1968 1975 1998 = 2007 2019
Earthquake Earthquake Earthquake Earthquake Earthquake Earthquake Earthquake Earthquake
Code Code " Code Code Code " Code Code Code
» Ar A A : A 'S
H
Number of e -
Buildings Py :2;/ [ - 1570 | 2135 | 2360 : ;2000’1 .
4% 3% 9 .
(x10%) | T | el 16% | 22% | 24% : _
40s 50s 60s 70s 80s 90s 2800s
1930 < 1 l - l l & =P Now
1939 1967 199
Erzincan |1\,18§|z Bolu-Mudurnu Bolu-DJzce
M=7.8 _1942 1044 M=7.1 1957 M=7.2 1976 M=7.2
Tokit-Erbaa Bolu- Abant | Van-Muradiye . 2023
M=7.0 M=7.5 19'5'3 M=7.1 v 1 M=7.5 1'9'99 e 20'1'1 Kahramanmaras
v - 1 - " -
1944 g?el:]ede Canakkale-Yenice Ballkegiers-‘RAanyas Kut:nh—y;-gedlz :;f;eé' . Van-Tabanli Ea;:::; ;ke
Courtesy of Mustafa Erdik, ~ K@stamonu Tosya M=7.2 M=7.0 o T M=7.2
. M=7 .4 -
Professor Emeritus, LOW CODE HIGH CODE
Bogazici University —
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2.3 20234 X|XIC 2 QIst H|sl HE4

Province Resident Workplace Public Other Overall Total
Adana 404,502 29,920 8,916 7,779 451,117
Adiyaman 107,242 5,765 4,370 3,119 120,496
Diyarbakir 199,138 11,412 11,964 3,165 225,679
Elazig 106,569 7,221 2,872 7,051 123,713
Gaziantep 269,212 22,829 5,480 8,162 305,683
Hatay 357,467 33,511 10,382 5,489 406,849
Kahramanmaras 219,351 12,358 6,879 4,565 243,153
Kilis 33,399 1,526 1,651 736 37,312
Malatya 159,896 8,370 6,670 4,051 178,987
Osmaniye 128,163 9,428 3,105 2,384 143,080
Sanliurfa 347,902 18,847 11,790 4,089 382,628
Total in 11 Provinces 2,332,841 161,187 74,079 50,590 2,618,697
Source: MoEUCC Emr =l

Status Number of buildings Percentage of total

i Undamaged 860,006 50.2%
Lightly damaged 431,421 25.2%
Moderately damaged 40,228 2.3%
Severely damaged 179,786 10.5%
Collapsed 35,355 21% i b ) W “{‘ A
Requiring urgent demolition | 17,491 1.0% Y Y ) }/.\ x]'] =)

4\
Not assessed 147,895 8.6% ]
Immediate Damage Life Collapse
Total 1,712,182 100% Occupancy Control Safety Prevention Hisate
Mieler and Garai (2023) Sumer et al.(2023)
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HME Ao mj2t £8510] {012 13510{0} 8 (EERC 2003).

120f 2 S = JHQ] | X Q1 Kocaeli (Izimit)

11, 19994 8&1}H1
22| 774 (ready mix concrete)

1, 238 FEHA

=2 19984 FH HEE
10E0= d=2=

(1) 81847 |x=
(7.6)2f Diizce XIT (7.2)0] 225 QM0 B 2.
(2) 2000 41 RC €4 710|=2t21 (TS-500)0] 7HH A

4L ARZ 0] tiet -0] MIAIE.
(3) 712 Z2] (Building Inspection) $0] 20013 1974 EAIE HACE ML, 20
=510{ Ij310| 2ol =

ogz
== @©™T1r

ip O]=0f| X0 H=

2.
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(4) we

[2kA1 2000 OZH0f| X0

GARINI and GAZETAS (2023)

33



ofl

Zeynep Tuna Deger (2023)

GEER report 082 (2023)
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Zeynep Tuna Deger (2023)
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Zeynep Tuna Deger (2023)

36



ITX|
==

E 3%}

(@)
== =3¢

)

Zeynep Tuna Deger (2023)

37



pR—

ABASASAE SRR A AR RIS

oolx HE

1o

= AP AT N

https://www.esquire.com/news—politics/a43217538/turkey-earthquake-photos/

Garini and Gazetas (2023)




Courtesy of Mustafa Erdik, Professor Emeritus, Deger (2023), Garini and Gazetas (2023), Mieler and Garai (2023)
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https://www.eeri.org/about-eeri/news/14872-eeri-response-to-m7-
8-and-m7-5-earthquakes—-in—southern-turkey

40

Garini and Gazetas (2023)



= 200041 OH ZMEl RC TESO| ALHHQI T3 LAy 24!

6) 7I5-2 &5 ot

a. Beam-column joint without proper  b. Insufficient lateral ties at the joint [11].

design. h ke il key, . . .
oy sy carthuake in TUrkeY: 1 tps://dol.org/10.1016/j.conbuildmat 2021124105

Park and Mossalam
2013


https://doi.org/10.1016/j.conbuildmat.2021.124105
https://doi.org/10.1016/j.conbuildmat.2021.124105
https://doi.org/10.1016/j.conbuildmat.2021.124105
https://doi.org/10.1016/j.conbuildmat.2021.124105

https://doi.org/10.3390/buildings301017
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2.5 RC ==

= 20004 O] HHE RC =29 bl
(1) |:_|'O|O|'EEDH% %—g@' Jél'*._ %EHE (ﬂeX|bIe jOiSt S|ab) Al’% Wide-beam that is 7
—_— parallel to joists 250-1000 mm
#:l \ solet 300-350 mm
dEsa ) iacas NN sxisi WEdEE HH
| o
Clay. ciidar ] ‘ 100-120 mm 350-450 mm
sw‘,'_azam o 500-900 mm

block infill A1

GEER Report 082
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Mieler and Garai (2023)
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location of spliced bars

=1 location of spliced bar
DI |50 oh D'}“m ’ iy =
]1 : j N Pl
§ z
m?e:uio«m-h‘ - ! Piection - Multi-directionald -
Reaction beany—swivel joint 1 |
% \% 3 9 x
1.3xle = =
N sdng Vb 2 13 @
F "—a-b—") (Sec.10.7.6.2) =
~ 24) x O H +E Specimen—|
A A s |c « \ i3 xho ] G
= -_]
= = = - J—78 F  Reaction beam
i = S S '
| | ! (n
t_vc_-} | : | . H Hydraulic actuator
| g | I \ 1 " Hydraulic jack
t f | f T | Reaction floor
I 1500 ! f 1500 1 (a) Test setup ( x - z plane) (b} Test setup ( x - v plane)
Lightly reinforced OMF column
AlS{z471 ATHE{ O] S St x HEAH = A0 Ao XA =]
(QEE 72 7|= AhN) (REFHEZX 7|= Ahy) (ZEZM) ZEIE AT XH0| LY, OMFIIS Ch+=2| ZEO| M0 ZF
. First
Fi .F'm . First diagonal Cover
sl diagonal Cover K K i .
crack crack spalling Failure oL s spaing : Failure
Side vigw Sidke v Side view icle i Frock vaew Side view e view Side view ; Sude view Froot vew
\ } i
: 'l,t\ isg 1l ]/
SNE[INE SN P PR AT
= [ _Hd—h | i g \ ILA'K L:Aﬂ 1 J\{
— e pa | oy o S ] [q\*r
i 0 (0 O
= e —1— — h—1— m |/ - L) b | =
f ] f ’“ﬂ“g’“ ;’EE B o Ll
I(=SE|=aE SRS IR BN N T
= '\-\_P"\-.\‘{__l-‘\—'_ 'h_ﬂ"\-,\{-rp'\—'— '\-\_ﬁ"'\-c.\:__-—'— i:l-ﬂ';{'-‘:‘:::- N 53N | 195 E9] K | 0 / Q E Q ?\_,.-,ua‘
| ca : \ il
= = P Al ebld V1 DAY
e 041% 1.13% 1.58% By = 1.58% 8=041% 1.13% 3.10% Gy = 4.34%
Lightly reinforced OMF column Han and Kang (2023)
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Han and Kang (2023)
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USGS, https://earthquake.usgs.gov/storymap/index—turkey2023.htm|

USGS.https://earthquake.usgs.gov/earthquakes/eventpage/us6000jlga/shakemap/intensity

USGS. https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/shakemap/intensity

Mike Mieler and Rupa Garai, EERI Buildings Reconnaissance Team Briefing, EERI, 2023.

Zeynep Tuna Deger, Field Observations on Structural Performance of Public Buildings in Turkey, LTE 50, EERI.

2023.

Wang Tao, Chen Jie , Zhou Yujiang, Wang Xiaoging, Lin Xuchuan, Wang Xiaoting and Shang Qingxue,

Preliminary investigation of building damage in Hatay under February 6, 2023 Turkey earthquakes, Earthg Eng

& Eng Vib, 2023. https://doi.org/10.1007/s11803-023-2201-0

7. Ali Sumer, Bret Lizundia, Maryann Phipps, Ricardo Henoch, Ali Roufegarinejad, Onder Akinci, Observations
on Structural and Nonstructural Performance of Hospitals, LFE 50, EERI. 2023.

8. EERI, February 6, 2023 Tiirkiye Earthquakes: Report on Geoscience and Engineering Impacts, LFE Program
GEER Association Report 082, 2023.

9. Evangelia GARINI and George GAZETAS, The 2 earthquakes of February 6th 2023 in Turkey, NTUA, Greece,
2023.

10.EERI, EERI Response to M7.8 and M7.5 earthquakes in Southern Turkeyhttps://www.eeri.org/about—
eeri/news/14872-eeri-response-to-m7-8-and-m7-5-earthquakes-in—southern-turkey, 2023.

11.Kemal Onder Cetin, Makbule llgac, Gizem Can and Elife Cak 1 r, Preliminary Reconnaissance Report on

12.February 6, 2023, Pazarc | k Mw=7.7 and Elbistan Mw=7.6, Kahramanmaras—Tiirkiye Earthquakes, Report no.
METU/EERC 2023-01, METU, 2023.

13.Sangjoon Park, Khalid M. Mosalam, Parameters for shear strength prediction of exterior beam—column joints
without transverse reinforcement, Engineering Structures,36, 198-209, 2012.

14.https://doi.org/10.1016/j.engstruct.2011.11.017

15.Sang Whan Han, Hojae Kang Han. Seismic behavior of high—-performance fiber reinforced cementitious
composites columns with limited reinforcement details, Engineering Structures 277:115419, 2023.

16.Han SW, Lee SH, Cyclic behavior of high—performance fiber-reinforced cementitious composite corner joints ,

Journal of Building Engineering, 47:103892, 2022.
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Operational Status at 6 Weeks by PGA
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3.5 SHA|AY HIFZRA

- T2 ds
- Iskenderun Government Hospital: 3xtg| 712 &4 > AAAEY 713 Hs =0l
| M dEs2 SYts
TEH U HIFEEQA &AFF|SHE

- BRI R A BIRIE Ay R un
1968
2005 Concrete
Building Building
1968 2005
Building Concrete
Building
EVACUATED
2020 Steel
2020 Building
Building
3% [EX: GEER]

» 1 Iskenderun Government Hospital A|lSH = Olaf
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3.5 SHA|AY HIFZRA
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- B3 SOl 0| 1™OZ Qlgt M- &M O|g7|7| O|Zt= (recalibration 2Q)

P 0182} Chiller, 39| M, CT 2F7|7| A8 25 Atdl [EX: GEER]
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the Antioch Greek Orthodox Church
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S92 Metsn pEsn as

Hatay Airport in southeastern Ttirkiye has suspended operatlons due to runway damage caused
by the-earthquake.segyenge

: [htips //tvvﬂtercomfrag}pso fu/étatusﬂ 622484958211988386]
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(Source: Reuters via National Post ).

https://nationalpost.com/news/
world/turkey-syria—earthquake-

fault-line . .
Source: Extracted from Sokagin Sesi

Gazetesi, Twitter).
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https://expatguideturkey.com/tag-highway-divided-in—-two/
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(Source: Channel News Asia)

https://www.channelnewsasia.com/singapore/singaporeans—turkey-turkiye—earthquake-syria-damage-
death-toll-3257291
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| XIS O|=(differential movement)

(Source: Veryansin TV)
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Bahce — Gaziantep 40+000
junction
Malatya — Golbasi - 5th 76+000, Erkenek E{'20j|
District 78+000 23| E a2t
Malatya — Yazihan 61+000; — 3 e ola) Tohma i, 15 &7
62+3000 e EsT =s 210] 517.50m
Adiyaman - Celikhan 49+000 o Bulam 37 &k £1],
' e 32471, 20| 55.3m
Celikhan = Surgu 3+000 - Balikburnuu! £,
° ug s ci7t 14.9m
Hatay — Reyhanli 20+000; o
22+000 = el
Goksun — Maras 47+825 S[EESY
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https://v&w.trthaber.com/haber/turkiye/64|uk-deprem-sonrasi-kopru-lO-santimetre-coktu-747709.html
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Yarseli Baraji Dam
Potentally affected
flooded areas detectad downstream

« E|27]0§2| Sultansuyu H
« A|2]0t2| Maydanki(Afrin)
* Yarseli Baraji &

o XX SH0| 50k m3 0|2l O
=, M= M7 MMI 50| 491 B2t
HAE US

(MMI=V: =AM MMI=VI: L2t

MMI=VII: Aot =2 MMI=VIII: &

St =3I MMI=IX: 27 FAk

- To =21 "1/

Joint Technical Report

M7.8 and M7.5 Earthquakes

in Tirkiye and Syria

JRC Scientific Analysis: Update#3 10
Feb 2023 19.00 UTC

European commission



(Source: ntv.com)
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https://ilkha.com/guncel/malatyadaki-sultansuyu-baraji-govde-aksindaki-catlaklar-nedeniyle-tahliye-ediliyor-313589
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https://yesilgazete.org/suriyede- depremln yiktigi-baraj-nedeniyle-bir-koyu-sel-basti/
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Afrln Dam (== Maydanki &
* AllepoA|GiA 70km=AZ%

. *Iﬂlof SME A

« = H (earth—filled dam)

- 22 YT

+ O} 2% 2y

+ © £0| 73m, H+8 12/0H0Im3
+ 25MWO| 8 WS B

+ 719| 200,000F0174 A2 HIZ

+ [H=k 30,000<EL E(74 00001|0|91)9|

Soly, AR U X2 )

»

longitudinal and transverse cracks in the Afrin dam (Source: Syrian Television via misbar.com)
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(Source: Reuters via Washington Post) Koseli OS2 Mg =2 o1,
0l= Ad | yaman X|29] Ad | yaman—-Sanliurfa-Gaziantep 1&=25 S1}

Failure of the embankment road in the village of Koseli, which passes over the

Ad | yaman-Sanliurfa-Gaziantep Highway in the Ad | yaman province
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K| %= AXE HO|X[2H XXl = Sfxf
21X 2 2XH Q1 Ofol7 elistod, Of
A7HE 2+ 20| SHEUC.
(Source: Odessa Journal).
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Antep, Hatay, and KilisX|Z WA 3074 O|AQ] HFMAT} X|XICZ OJHE 2tM (The Telegraph, 2023)
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Network Connectivity by Region - Turkey: 2023-02-05 to 2023-02-08 UTC
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EARTHQUAKE

Thousands dead in Turkey, Syria earthquakes

Two large earthquakes - a magnitude 7.8 quake followed by a 7.6 tremor - struck ' _
southeastern Turkey along its border with Syria. The quakes were also felt across « C|Of=Ht7 |§(D lya rbaki r)
Lebanon and Cyprus. : - — -

T AT T T h
2S5 e ' Magnitude 7.8 quake |
i . Magnitude 7.6 quake
@ Magnitude 4+ quakes |

I

SANLIURFA

102



4.7 28I - 7IX|QHHII I &

. / A bastion or bulwark is a structure projecting outward
-7/ from the curtain wall of a fortification, most commonly
’ angular in shape and positioned at the corners of the fort.

AHEHO| x| A& = S|EI0|E H=0| H i
XS A=
pS-— « 2~3M7| 20} X|=20| H2=Z =%
FEURETEE) 2 - o J|¥= 5274~ 5ebHEN| SAE|L|OFEA

' ":.'l'q';”‘- . &y 5 | TMI7t CHE MO 2 4= 2ot Ha

SPE AW LA ¢ 4 - 2 SHEIE @ Mol == 1,200 0/H (3,900

T ey ft)
« Y2 == XA 2H 4oz 12719
HZ(towers).

)

The structure is regarded for its unusual
circular shape—spanning a diameter of
about 328 feet(117m)—and its 12 towers.
Most recently, the castle has been used to
house the Gaziantep Defense and

103 Heroism Panoramic Museum



J =2 - X AH I IS

>ERDAR MURAT GURSEI.
ORICAL SITES PROTECTION AND SUPERVISION, GAZIANTEP




4.7 =X — EMx|2] 8i2] (Delamination of Cladding)

Ref: A systematic method for post-earthquake damage assessment: Case study of
the Antep Castle, Turkiye by Lale Karatas, Tahir Ates , Ayd | n Alptekin, Murat Da,
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The State of Cultural
Heritage in the
Ancient City of Aleppo

Alg[ot Lol SH7 AHO| U=
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O|27|7HK| EZE &= Ot X
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Ayyubid palace
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C i t a d e l (1)Slope and Stone Cladding (6) Entrance Complex (10) Excavations of (16) Excavations along 9_’.
(2)Moat (7)Souk and the the Ancient Temple the Fortifications 0n
17) Mill
(3)Ring Wall and Excavations to the West (11) Mosque of Abraham (17)
0 e p p 0 Advance Towers Visitor Centre (8) Hammam Nur ad-Din (12) Ottoman Dwellings (18) Modern Theatre
(4)Bridge Tower and Cafeteria (9) Persian-Byzantine Hall (17) Big Mosque (19) Ayyubid Cistern
Visitor Site Plan (5)Bridge o (14) Barracks of (20) Mamluk Tower
Ibrahim Pasha

Advance Tower View Point (21) Ayyubid Palace
(15) Ayyubid Well (Satura) (22) Palace Hammam

and Facilities

View Point

Visitor Centre

(23) Hellenistic Well

(24) Arsenal

NG o (25)Tawashi Palace
(26) Mamluk Throne Hall
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' v'An agriat ; w taken in the-oh ening of on March 5, 2023 sdes a
destroyed mos@m Kahrafmanmaras, one month after a masswe
earthquake struck south= ea\st Turkey.
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4.7 2| - X|Z| WS 0 OfC I3E 22 BAT

= SIA| 841 EtA (Hac 1 Yusuf Tas) 2A3; X%l m|sH 0|™ vs. X|ZI O|sH 0|

The New Mosque (Turkish: Yeni Cami, pronounced [jeni dzami] originally named the Haci Yusuf Tags Mosque) is a mosque in Malatya, Turkey.
The original mosque was burned down in a fire in Malatya Bazaar in 1889, and was subjected to another fire in 1890 before it was

repaired.lt! Reconstruction began in 1893 and was damaged by an earthquake on March 3, 1893. It took until 1913 to complete the construction.[!
The rebuilt mosque was damaged by a 1964 earthquake and badly damaged in the 2023 Turkey—Syria earthquake.



https://en.wikipedia.org/wiki/Turkish_language
https://en.wikipedia.org/wiki/Help:IPA/Turkish
https://en.wikipedia.org/wiki/Malatya
https://en.wikipedia.org/wiki/Turkey
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/New_Mosque,_Malatya
https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquake
https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquake
https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquake
https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquake
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HLY S (In-Plane Behavior)
» Aspect ratio
» Weak/strong spandrel
» Compressive stress

> Soft Story Collapse of mud

and stone walls

Beams prone to
. collapse due to
* EQ-I / 1%(Out—of—PIane Behawor)Failure of wall the loss of support
> Diaphragm comers  \| {
> Story |OC8tIOI’] o ‘ | Vertical cracks in the
» Boundary condition ‘ walls
» Wall size Diagonal cracks above

Out-of-plane
collapse of a long
wall

== =Te: PN | ‘
. °|37c:>|§9-| Eg__.l_g Diagonal cracks

Vertical cracks at the wall corners
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» Aspect ratio |
> Weak/strong spandrg
» Compressive stress

a , b

> S Oft Sto ry ) Flexural failure ) Shear-diagonal failure i

Possible shear cracking modes.

strong mortar low vertical
weak units compressive stress
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https://sbhushanraj.wordpress.com/2015/10/21/reconnaissance-of-the-effects-of-the-m7-8-gorkha-nepal-earthquake-of-april-25-2015/
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Typical masonry not
satisfying the 'rule of art'

Maximum horizontal
acceleration a_ [m/s?]
/
/

Y
0 4,2

Displacement capacity d [m]

Capacity curves for out-of-plane overturning
depending on the connection of leaves (Giuffr'e, 199 )"'m}’j——'\

Cairbas verlicas

. Effect of In-plane pattern on OOP failure mechanism




4.7 251 - H|EZt XXxO

Class A: One leaf, solid wall

Single stone Thick wall

0300

' ~0.40m '

4
ro
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Examples of the main Roman stone masonry typologies: (a) opus
pseudoisodomum; (b) Roman concrete; (c) infill wall (emplecton); (d)

Class B: Two leaves opus reticolatum with infill; € opus incertum; (f) opus mixtum

Connection with simple Connection with long

With no connection overlapped stones regular stones

&

Yo

——
Class C: Three leaves -
Thin internal leaf Thick internal leaf i
3

n

YI777777777

IQM_=0.433

~0.30m ' ~0.60 m )

Classification of masonry wall sections (Binda L)

]
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|
777777,
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V17177777
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Index of Masonry Quality
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Disintegration of multi-leaf rubble masonry walls due to lack
of transversal connections (Vlachakis et al., 2020).
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Figure 7. Different core infill materials of multiple-leaf masonry walls: (a-c) stone-rubble infill—Complex of Sultan al-Ashraf
Barsbay, (d,) brick rubble infill, (a,b) Complex of Sultan al-Ashraf Barsbay, (¢) Khanqat Khawand Umm Anuk, (d) Sabil Ibrahim
Agha Mustahfizan, (e) Saray Al-Musafir khana Zawiya of ‘All al-Maghrabi.
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