Preliminary Report on The 2023 Turkey—Syria Earthquake from Geotechnical Aspects
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Figure 11. Liquefaction and lateral spreading sites at the coastal plain south of Antakya. Most of the
sites are found along the course of Asi (Orantes) river and over abandoned fluvial features.
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Figure 6. Overview map of liquefaction and lateral spreading sites identified and mapped using  Figure 12. Liquefaction and lateral spreading sites at the port city of Iskenderun. Mast of the sites t Ibg\b n 6 .
were found along the coastal front and within the reclaimed port facilities and piers of the old port.

Insets show liquefaction ejecta and submerged sections of piers. Widespread lateral spreading and
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satellite imagery. Areas with major concentrations of liquefaction manifestations are Amik plain north
of Hatay/Antakya, the extensive fluvial basins near to the M7.7 epicenter and the coastal plains of

) - subsidence was manifested along a > 6km section of the coastal front.
Hatay/Antakya and Iskenderun. Simplified geology fram MTA (2002). 5
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Ficure 4: The Vg profiles implemented by MAM test in the study area [8].
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m FILVOEARTORETHA D MEED (serdar et al., 2022, Fahjan, 2017, TBDY, 2017)

- Earthquake Recurrence Probability of Description
° i&%i’] B%%&(DD) Level Period Exceedance
. DD-1 2475 2% Largest arthquake
o B0OFELINDEBBEREMRICEL > THEEMEED KT S 24K DD-2 475 10% Standard
earthquake
& (2 4B DD-3 72 50% Frequent
earthquake
s RF o 3% DD-4 43 68% Service
° 7]”@. xz ~ 7 I~ )l’ﬁéﬁ earthquake
o Vs30=760m/stEHY DB ZEAE L L T, LUT D2(R# A DD-1 ISIK and DEMIRKIRAN, 2021

A >DD-4% TWebGISETHE (FLIEAN DT 72X
FTEARN?)
- JEREIMEEZR RS P ILRESS)
o 1PEEINEER RS FIVRES,)
- MERREREB(F, F)

o Sg&S DELHIBEBX O oERERK T ETE L CRETHE e
RHEAMEER R b IVREL(Sys) & BRETE1# EEAMRE X R o

1 DD-1, 5,D ML aAERNTODH
7 FIARE(Sp ) ZE kD B



FILVOAEARNTOEETHAIHESD (serdar et al., 2022, Fahjan, 2017, TBDY, 2017)

Tablo 2.1 — Kisa periyot bolgesi icin Yerel Zemin Etki Katsayilan

Verel Ust 30 metrede ortalama Yerel Kisa periyot bélgesi i¢in Yerel Zemin Etki Katsayis Fy
Zenun Zemin Cinsi : N 3 Zemin » = ™ . a
Siadt ﬁ?;f : il ] ([Z:P);f smifi | S.<025 | 5.=050 | S.=075 | s;=100 | s.=125 | 5,2150
ZA Saglam. sert kayalar = 1500 = = ZA 0.8 0.8 0.8 0.8 0.8 0.8
ZB Az aynisnus, orta saglam kayalar 760 —1500 - - ZB 0.9 0.9 0.9 0.9 0.9 0.9
y 1 7 3 7 2 2 2
7c Coksnkxkut;xqmeﬁzlfar;kalan\eya 360 — 760 5 250 ZC 13 23 1.2 1.2 1.2 1.2
LIS, SO GO SR ZD 16 14 12 1.1 1.0 1.0
ZD g:j;‘li‘n' Ao, gaacym golk Xat et 180 — 360 15-50 70250 ZE 24 1.7 13 1.1 0.9 058
Gevsek kum, cakil veya yumusak — kati kil ZF Sahaya ézel zemin davramig analizi yapilacaktir (Bkz.16.5).
tabakalar: veya
ZE | PI>20ve w>% 40 kosullanmu saglayan <180 <15 <70 Tablo 2.2 — 1.0 saniye periyot icin Yerel Zemin Etki Katsayilan
toplamda 3 metreden daha kalin yumusak kil
tabakasi (¢, <25 kPa ) igeren profiller Yerel 1.0 saniye periyot igin Yerel Zemin Etki Katsayis1 F
N - ‘ - - Zemin
Sahaya bz¢l aragtirma ve deferlendirme gerektiren zemunler: o Smfi 5,010 | $,=020 | 5,=030 | §,=040 | 5,=050 | S, 2060
1) Deprem etkisi altinda ¢ékme ve potansiyel gé¢me riskine sahip zenunler (sivilagabilir zemunler,
7F yiiksek derecede hassas killer, gocebilir zayif ¢cimentolu zeminler vb.), ZA 0.8 08 08 08 08 0.8
2) Toplam kalinlig1 3 metreden fazla turba ve/veya organik icerig1 yitksek killer, 7B 0.8 08 08 08 08 0.8
3) Toplam kalinlig1 8 metreden fazla olan yiiksek plastisiteli (P7>50) killer, . . . : - :
4) Cok kalin (> 35 m) yumusak veya orta kati killer. ZC 125 1.5 1.5 1.5 15 14
ZD 24 22 20 19 18 1.7
HhAE T 4\ e ZE 4.2 33 28 2.4 22 2.0
X ~ \ ~
¢ ‘& |: ‘—’t VSS 0 ( N 60)3 0 ’ C u 30 C j( i 75 L\— /j-\L AE é ZF Sahaya ézel zemin davramg analizi yapilacaknr (Bkz.16.5).
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m FILOBERTORETHAADMEED (serdar et al., 2022, Fahjan, 2017, TBDY, 2017)
© Sps, Sp1 DB EHRICEKTF L 7= 3RS FK M IERE X R S,e(T)

5 B IVS(T) & BEAKFHETRRARY b IS, (T)% I
LUTORXTEERT S .
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s“(r)=(o.4+o.6—]st (0<T<T,) ; ;
T, z
S,.(T) = Sps (I, ST<T)
Sae(T)=h (TB STSTL) r t r r >
T, T, 10 T T
S, (T)="2"L SDI TL (I, <T)
Sae(T)
S S
I;r —g2 : 7. =2D1 _
A ’ T, =6
SDS SDS L
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FILVOAEARNTOEETHAIHESD (serdar et al., 2022, Fahjan, 2017, TBDY, 2017)

- EBYMREBKS)ICL - TEMEEERBU)NATE
« BKS&(DD-2L NILDFEFEEKETAINRE X R b IVRE(Sps) D S THRERETY T A (DTS) W RTE
« DTSEEBYE I oEBYME Y 7 A (BYS)WRE
o BYSHOLERMRELERAT7A—FZATE
- KK(IEBE L) < SHEREER) < KH (IBEEE) < GO (BIIEBA IE)
- DGT(8EE%ET), SGDT(ZE M%&)
« JUBSEBOEYICIEEVWEXREEN KD OND

A > 7 ) — biE - SREGEREY D BERKMAE & FHlERET T 7 0 — T (BYS>=2)

DTS =1.1a®_2.2a® 3 3a.4.4a DTS =1a®_ 2a®)

Normal Performans | Degerlendirme/Tasarim | Iler: Performans | Degerlendirme/Tasanm
Hedef Yaklagimu Hedefi Yaklaginu

- SH SGDT
DGT® KH DGTGY
ey KH SGDT




|~ JL3 EI I*_I & 1&@@%&%1—%2%%%@10)1:&& (Dogangun and Livaoglu, 2004)

Unconf. Shear
Soil Description of Stand. | Relative | Compres. Wave
Group Soil Group Penetr. | Density | Strength Felocity
(N/30) (%0) (kPa) (m's)
1. Massive volcanic rocks.
unweathered sound
metamorphic rocks, stiff
@ cemented sedimentary rocks —_ — > 1000 > 1000
2. Very dense sand. gravel... »50 | 85-100 —_ > 700
3. Hard clay. silty lay........ 32 — 400 > 700
1. Soft volcanic rocks such
as tuff and agglomerate,
weathered cemented
B) sedimentary rocks with
planes of discontinuty...... . — 500-1000 | 700—-1000
2. Dense sand, gravel.......... 30-50 | 65-85 —_ 400—-700
3. Very stiff clay. silty clay.. | 16-32 — 200400 | 300-700
1. Highly weathered soft
metamorphic rocks and
cemented sedimentary rocks
(C) | with planes of discontinuity = —_— < 500 400-700
2. Medium dense sand and
gravel........... WRCRCT T =) 10-30 | 35-65 — 200—400
3. Suff clav. silty cla 8-16 — 100-200 | 200-300
1. Soft. deep alluvial layers
with high water table.......... _ —_ _ 200
® |2 Loosesand............. | <10 [ <35 — 200
3. Soft clay. silty clay..._..... 8 — 100 200

TABLE 6.2 - LOCAL SITE CLASSES

Local Site Soil Group according to Table 6.1 and
Class Topmost Layer Thickness (/)

71 Group (A) soils
Group (B) soils with iy <15 m

7 Group (B) soils with 1 > 15m
Group (C) soilswithip £15m

73 Group (C)sotls with 15 m < <50m
Group (D) soils with i < 10 m

z4 Group (C) soils with b1 > 50 m
Group (D) soils with i > 10 m

Normalized spectral acceleration

Normalized spectral acceleration

40 r T T T T T
3 | I 1 I I
L | I 1 I I
35 pemmdemccpmmm e c e e e == o
I I 1 I I
- | ' 1 ' 1
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(a) Elastic design spectra for TEC
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EFEHR

) GEM

working tagether to swsess nek

web-services |
web-platform

documentation

sHARE

Swiss Selsmic
Hazard Model

GSHAP Model

Earthquake Hazard Model of
the Middle East (EMMEL14)

update web-platform

start development

—

\ SYNER-D

—

l [ European Seismic
| Hazard Model

©) GEM

EARTHOQUAKE
weorking together to assess ek

Site selection
site Coorainates

Longitude: 36372 Latitude:  36.506

Input coordinates or oliek on the map
+ Hazard Model Selection x ©

European Selsmic hazard Model 2020 (ESHM2 ~

sA >
0.2103% In 1 years (476 years) -
fock_vs30_800ms-1 -
(arthmetic) mean A
Found longitude: 35 382 Found latitude: 36 500
Link (NRML fomat to European

Iodei 2020 (ESHIM20) curve (Agoregation type:
(anihmetic) mean)

Click on tab "Hazard spectra” fo display the spectra

Ground motion type:  SA -

Ground mation vaiue
(g. m, mvs). =

Spectra type: = M<5.5 (Type )
M> 5.5 (Type )

Link o Design Specirum (MT = S4)
L T

Hazard map

°

Whenevermaking use of sclentific products such
s input files or when distributing visualisations of
the European Seismic hazard Mogel 2020
(ESHM20). you must refer to:

DanciuL., Nandan S, Reyes C., Basil R,

Weatherill G., Beauval C., Rovida A, Vilanova S

Sesetyan K., Bard P-Y., Cotton F., Wiemer S.,

Giardini O. (2021) - The 2020 update of the

European Seismic Hazard Model: Mode!

Overview. EFEHR Technical Report 001, v1.0.0
1/d0L 1

ors - I

Background layers.

Boundaries
A/ country borders

] Hazard Map

ESHM20, SA(5 Hz) - Mean Return Period 475yrs
(POE 10%50years)
5 0.0001 < accl. [g] < 0.05005

0.1 < acdl. [g] < 0.15

0.2 <accl. [g] < 0.25
0.3 < accl. [g) < 0.35
0.4 < accl. [g] < 0.45
05 <accl. [g] < 0.55
0.6 < accl. (g] < 0.65
0.7 < accl. [g] < 0.75

L1g] > 0.8

Site selection

Remove all sites.

sie Goarainates

Longitude: 36.372 Latitude: 36506

Input coordinates or Ciick on the map

+ Hazard Model Selection x @

European Seismic hazard Model 2020 (ESHM2 ~

SA ~

0.2103% In 1 years (476 years) -

rock_vs30_800ms-1 i

{arithmetic) mean -
Found longitude: 35 362 Found latitude: 36 500
Link (NRML format), pean Seismic hazard

). Curve (Agoregation tvpe'

(afihmetic) mean)

Click on tab "Hazard spectra” to dispiay the spectra

o1
008
0.06

Spactral acceleration fa] GA)

R
Ground motion type:  SA -
Ground motion value
(9. m, mis) (=
Specira type: +/M<55(Type ll)

M>55(Type 1)

Link to Design Spectium {IMT = SA)

001
0008
¢ 02 o5 0rs 1 125 15 175 H 225 25 275 3 325 35 375 4 425 45 415 s
Spectral Period [sec]

——8&—— 36500, 36,382, European Seismic hazard Model 2020 (ESHMZ0), SA, D.2103% in 1 years (476 years), rock_v330.800ms-1, 0.5 arthmetic
——t—— Design Spectrum - g. 0.2, spectraType: M < 5.5 (Type i)
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36.0°N

Damage Proxy Map (Copernicus Sentinel-1)

EOS-RS Damage Proxy
Map: Turkiye (Turkey)
and Syria, Earthquake,
10 Feb 2023, v0.9

The Earth Observatory of Singapare - Remote
Sensing Lab (EOS-RS) created this preliminary
Damage Proxy Map (DPM) depicting areas that
are likely damaged in Tiirkiye (Turkey) and Syria
due to the M7.8 and M7.5 earthquakes that
occurred on 6 Feb 2023. This map was derived
from synthetic aperture radar (SAR) images
acquired by the Copernicus Sentinel-1 satellite
operated by the European Space Agency (ESA)
before (13 Oct 2022 to 29 Jan 2023) and after
(10 Feb 2023) the event.

Malatya

Adiyaman

The image covers an area indicated by the
large white polygon. Each pixel measures
about 30 meters across. The colour variation
from light blue to dark blue indicates
increasingly more significant surface change.
Preliminary validation was done by comparing
with high-resolution optical imagery and media
reports. This map could be used as a guidance
10 identify damaged areas, and may be less
reliable over vegetated areas. Scattered pixels
over vegetated areas may be false positives,
and a lack of colored pixels over vegetated
areas may not mean no damage. Some pixels in
the north may be due to presence of snow
cover,

..Kahraménr_nara§

‘Gaziantep

The product contains modified Copernicus
Sentinel data (2022-2023), processed by ESA
and analyzed by the Earth Observatory of
Singapore - Remote Sensing Lab (EOS-RS) in
collaboration with NASA-JPL and Caltech, using
the Advanced Rapid Imaging and Analysis
(ARIA) system originally developed at NASA's
Jet Propulsion Laboratory, California Institute of
Technology, and modified at EOS-RS.

More map details and files at: http://eos-rs-
products.earthobservatory.sg/EOS-
RS_202302_Turkiye_Syria_Earthquake/

Credits: Earth Observatory of Singapore -
Remote Sensing Lab (EOS-RS), Advanced Rapid
Imaging and Analysis (ARIA), NASA-JPL/
Caltech, Contains modified Copernicus
Sentinel data (2022-2023) Validated with
FirstLook Imagery © 2023 Maxar

Increasing Change

Earth @bservatory of Singapore Product
Validation: FirstLook [Magery © 2023 Maxar Technologies:

Contains modifiBd CAperleus Sentinel data(2092:0023) 1 EOS-RS Twitter:  EIyHE
Basemap: Bing Maps, Microsoft, Earthstar Geographics SIO, Maxar

@eos_rs [k

38.0°E 40.0°E

https://sentinel-asia.org/EQ/2023/article20230206 TR/EOS-RS_20230210_DPM_S1/EQOS-
RS 20230210 _DPM_S1_Turkey Syria Earthquake v0.9 cvd MAIN_sml.j

43

| 47

Damage Proxy Map

EOS (The Earth Observatory
of Singapore)?*Copernicus
Sentinel-1 [Z & 2 SARE &
1R
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1999 4 X I v PHIE 7 X /sH — 1) TOHHE (Bakir et al., 2002)

Depth (m)

Field SPT Blowcount (Nys)

10 20 30 40 50 60
- FC=5%
% ki \ \u\}\ -FC=15%
A o A oo \‘.\ \ &] FC=35%
AT A§ o = \\ & A  Silty Sand
fle & laa ) mg\ \? : o Sand
ABAA A E; \ \ﬂ =y X o [
5 A4 p@ O
] NEEN RN
A AA +AADA \u \

hIEHEE ED4~6EE TOEYICSEALIEE (2F
MD11.9%)
o RV YT EERNRRICK D 1IRTHELER
MAOHBETILEE + REGAICL2ET
)L DIREE
*%@ﬁi’iiﬁ ZEZICHEDBEHRZF > TV 55
EbHNIE, BRPERNERVEEEH D
EE@%# NEBHRIFZL%EETH—) a7
AR
REBAFERD 5
MM R WFERIC

IEN45HE B THRARL ISXT 9 5 3K




1999F A4 X I v PHIEE 77X /Y — 1) THOHEE (Komazawa et al.. 2002, Yoshida et al., 2001)
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m Landslide at Degirmencik, islahiye (N37.002, E36.593)

Elevation Change

36.590° E

37.006° N

37.004° N

37.002° N

37.000° N

Elevation Change
(+: Increased Elevation)

40 m

36.590° E

36.592° E 36.594° E 36.596° E

FRiE+ E=Line3& V) EDE WEEDRIFE
Landslide mass is considered t be total
volume of blue area above Line 3

R

36.592° E 36.594° E 36.596° E

N ,200LE

N ,900L€E

N ,¥00°LE

N ,000L€

Landslide Area: 0.103 km?

Length: 480 m

Height: 220 m

Slope: 24.6° (tan~1(220/480))

Depth: 45 m (Maximum)

Landslide Volume: 996,000 m3

Height of Landslide Mass clogging the river: 40 m

Catchment Area: 23 km?
DBI (Dimensionless Blockage Index) = 3.01 (=
10g10(23 X 40/09))




BUOSHENFAESLY B
EROFIRES © 23 km?

m Degirmencik T Dl Ai %

Reference: https://www.youtube.com/watch?v=Ro-RRzMMw-c or
https://note.com/ninece300/n/ndd5ba56c0148 (H A FE)

* Module Channel Network and Drainage Basins: Threshold

« Strahler order to begin a channel. Minimum: 1 Default: 5

37.020° N

Troubleshoot:

N ,020'L€

« The message of “Error: tool needs graphical user interface

[Upslope Area]” are shown

* hitps://www.youtube.com/watch?v=t-2ExoyhlfA&t=101s

37.000° N
N ,000L€

Procedure
* Method: SAGA Upslope Area, Deterministic 8

36.980° N
N ,086'9¢

+ Base DEM: deprem_20m provided by Prof. Taskin
« Target coordinate: 285808.993, 4097695.628 (WGS 84 / UTM
zone 37N)

» Convergence: 1.1 (Default)

N ,096'9¢

36.500° E 36.520° E 36.540° E 36.560° E 36.580° E
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After EQ

36.220° E

DSM (Digital Surface Model)
was not generated

Elevation Change
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Elevation Change
(Positive value means uplifted)
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Link to 3D Model : https://skib.ly/oGpp8
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m SARE{&D B (E+#3=5HP)

Anzlysis by GSI from ALOS raw data of JAXA. METI
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