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1.1 Introductio n

On January 24, 2020 at55.11 p.m. local time (UTC.55.11 p.m.) a moment magnitude M

6.8 (AFAD; Disaster and Emergency Management Presidency; www.afad.gowr) 6r7

(USGS) earthquake occurred on the East Anatolian Fault zone, due t8\WNEike-slip fault

rupture along the SivrieButlrge Segmentid | © ZuEkey. Within the confines of this report,

the findings of geological, seismological and geotechnical and structural reconnaissance studies
as well as preliminary field investigation studies will be presented. In addition to geological
and geoteahical evaluations in the course of reconnaissance studies, some typical lifeline and
superstructure damage examples are also given. Independent engineering groups composed of
earth scientists, geological, geophysical, and civil engineers have compiledandented
perishable data immediate updl ©3i&ife earthquake. For the purpose of honoring
collaborative research studies among different disciplines and universities, it was decided to
present the findings in a @uthored report. We believe that this report and others will
encourage and irdorce further interdisciplinary studies and culture of collaborative research.

The cities ofe | ©ané [flalatya are located in the eastern Turkey as shown in Figure 1.1. The
epicenter is located at N38.3593°, E39.0630°, approximately 37 kmsoutiwet of E| ©z € ]

and 64 kms east of Malatya with a focal depth of 8.06 km (AFAD). SHRidgérge segment is

located within the East Anatolian Fault system in association with the tectonic boundary of the
Eurasian, Arabian and African plates and Anatolian cBlowhich accommodates
approximately 510 mm annual slip (Gulerce et,a017). The effects of thE | ©3i&ife

earthquake have been widely observed ackbts© and Malatya regions, extending from

Hazar Lake in the east to downtown Malatya in the westThe ci ti es of Kah
Diyarbaker, Adéeyaman, kanl eurfa and Bat man h
strongly. Despite attempts to identify and map surface expressions of fault rupture, a clear
evidence has not been reported (yet)wieer, in the literature and the press, there exist
contradicting opinions.

Turkey is a tectonically active country, and regularly experiences damaging earthquakes.
Within 250 km of January 24, 2020 earthquake event, on the EAFZ, seven gtBerNarge
events have been reported to occur since 187

1 In May 1971, M, 6.9 Bingol earthquake, 150 km to the northeast of this recent event
killed 65 people and also caused significant damage.

1 In September 1978)w 6.7 Lice earthquake, about 140 km to the east of the recent event
killed more than 2,000 people and caused significant local damage.

1 In May 1986, M, 6.1 Sirgu earthquake, about 120 km to the west of this earthquake,
killed 15 people and damaged overGQhouses.

1 InMay?2003,M\6. 4 Bi ng®©°l earthquake, 140 km to
epicenter killed 177 people, injured hundreds, and destroyed over 700 buildings.

1 InMarch 2010, M6.1E| GK@yancél ar earthquake, 100 ki
event killed 42 people, injured 100 people, and destroyed close to 300 buildings.
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&l

Figurel.1 Map of Turkey (Google MapdJhe gicenter of the Jauary 24, 202@arthquake
is shown withared pin.

On the basis of the events listed and the map shown in Figure 1.2, it can be concluded that
January 24, 2020 event has occurred on a segment of the east Anatolian fault, which has been
seismically quietiace the last earthquake in 1875.

41 citizens lost their lives, and owing to successfully managed search and rescue operations, 45
citizens have been rescued from the heavily damaged and/or collapsed residential structures.
1,587 out of 1,631 injured citens are soon discharged, 46 of citizens, 5 of whom are under
intensive care, continue to be treated, as of February 3, 2020. Following the major shock of
E | ©3iwife earthquake, again as of February 3, 2020, a total number of 1,948 aftershocks
occurredn the region. 23 of these aftershocks have magnitudes over 4.0.
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In response to this event, several research teavesisated the region to investigate the effects

of the earthquake. The preliminary objective of the reconnaissance efforts was to document the
effects of strong shaking on buildings and ground failure such as the prevalence of liquefaction,
landslides andurface fault rupture. Our research team has visited the area of tifed@dauary

to collect and document perishable data in the form of ground deformations, liquefaction, lateral
spreading and slope instabilities, rock falls and retaining structéeditionally, the
performances of railway systems, hydraulic structures, highways and residential structures on
the investigation route are also documented. As a result, the subsequent investigative efforts
have been mostly focused on documenting thewviatig topics:

Background information related to the geology of the region,
Seismology and ground motions of the event,

Detailed mapping of ground deformations,

Measuring ground deformation in the very near fault region,
Assessing the performance of slopstabilities

Assessing the performance of hydraulic structures and railways.

E R

The findings regarding all these will be presented next.
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2.1  Tectonic Setting

January 24, 20261 ©8eyr i ce Eart hquake occurred on Tu
system: left lateral strike slip East Anat i an Faul t Zo rPétirge segreeAtF Z) S|
The EAFZ is defined by a zone of fault segments that joins the eastern end of the North
Anatolian Fault Zone (NAFZ) to the Mediterranean Sea in the Gulf of Iskenderun (Taymaz et

al 1991). NAFZ meets EAFZa t he Karl éova junction.

EAFZ exhibits translational characteristics, which is induced due to continehhent
collision of ArabiarAfrican and the Eurasian plates. The interaction of four major tectonic
plates of Arabian, Eurasian, Indian, and Afrioaith relatively smaller tectonic block of
Anatolia is the source of high seismicity in the region, as shown in Figure 2.1 (USGS, Bozkurt
2001). Owing to more recent tectonic processes, EAFZ is under a tectonic compression regime
in the NS direction. TheAnatolian block, squeezed between NAFZ and EAFZ, is moving
towards the west ; AFADK Repog 2010).€The EAHZ.predortirta@lp
produces leftateral strikeslip events with occasional normal segments, but its fault trace is
less continuousral less localized than that of the NAFZ. Recent GPS data indicated that the
slip rate in the EAFZ has an upper bound of 8£1 mm/year (Ambra@93).

Historically, the EAFZ has nucleated relatively small magnitude earthquakes in the twentieth
century (vww.koeri.boun.edu.jrcontrary to NAFZ, which characteristically generates M
greater than 7 events. Figure 2.2 shows the active fault map of Turkey as provided by General
Directorate of Mineral Research and Exaltions (MTA).

I N ] . 1 N O e 1
21° 27° / 33° 3PN\ e , 45°
Black Sea ‘&r

_420 Caucasu_
§

5
EURASIAN PLATE \ Lesser Ca,,
l Ca

/@ ------- =

WEST ANATOLIAN
EXTENSIONAL CENTRAL ANATOLIAN
/ “OVA” PROVINCE

EAST ANATOLIAN _
CONTRACTIONAL
PROVINCE

Figure2.1 Tectonic structure of Turkey (from Bozkurt 2001).
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Figure2.2 Active faults and fault segments in the vicinitytof ©ané [fldatya cities (MTA
2020)

2.2  Historical Earthquakes

In the twentieth century, EAFZ produced several large earthquakgs7§Mvith surface
rupturing exhibiting complex migration patterns, as shown in Figure 2.3 (B3%86; Utkucu
et al, 2003). As reported bpFAD 2020, in the 20 century, on the EAFZ, 299 earthquakes
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occurred with M, larger than 4.0, the largest of which was a 6.9 moment magnitude event.
Also, before year 1900, 40 historical earthquakes have been reported in the region.

Several of these d&uctive earthquakes as summarized by USGS are briefly discussed below:

1 Mw 6.9 Bingdl earthquake in May 1971, 150 km to the northeast of the killed 65 and
also caused significant damage.
1 Mw 6.7 Lice earthquake in September 1975, about 140 km to the easf today@a
earthquake killed more than 2,000 people and caused significant local damage.
1 Mw 6.1 Surgu earthquake in May 1986, about 120 km to the west of this earthquake,
killed 15 and damaged over 4,000 houses.
1 Mw 6.4 Bingol earthquake in May 2003,014 k m t o t he northeast
177 people, injured hundreds, and destroyed over 700 buildings.
1 Mw6.lEl GKE@yancél ar earthquake in March 2010
42, injured 100, and destroyed close to 300 buildings.
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Figure2.3 Seismicity of EAFZ during the last century (AFAR020)
2.3  Geological Setting of the Region

The geological units d& | ©@ra¥ifce, starting from the oldest to the youngest, are listed as:

1 Keban metmorphites consisting of Permo Triassic aged crystallized limestones,
8



1 E | © Kaginatites consisting of senonian aged granite, granodiorite, basalt, basaltic
pillow lava, andesite and dacite dykes and volcanosedimanter rocks,

9 Harami Formation consisting of gpr Maestrichtian aged massive limestones,

T Kérkge-it Formati on -UgperSligeceéne aged canglomieratel d | e
sandstone, marl and limestones,

1 Mine Complex consisting of sedimentary rocks such as mudstone, sandstone, claystone
and magmaticocks such as basalt, andesite and diabase,

1T Karabaker Formati on, c -bawer i Ridcenen @gedotéff, up p e
agglomerate, basaltic lava and lacustrine limestones with lateral transition.

Figure 2.4 shows the geological map of the provincé&swll be discussed in the next sections
as compiled by Aksoy (1993), Avkar (1983) an

/ " ACIKLAMALAR

:I Harami Fm

———  Dirl Faylar(DAF-KAF) [=5] Altivyon (Holosen) =] ticeFm. =] Hazar Karmasigi

e Bindirme zonu Aluvyou([’leislosen): Kyrkgegit Fm E Elazig Magmatikleri

I Antiklinal ekseni EZ=2 rpliyosen E Maden Karmasigi Y] Ofiyolitler (Kretase)

El\:‘ e e [ Karabakir Fm. 5 SeskeFm [E=T] Keban Metamorfikleri

= = [=] AliboncaFm. Kuscular Fm. = pitirge Masifi
Figure2.4 GeologicalmapoE| ©zredvi nce (Pal utoj !l u, M., Tany
2.3.1 Keban Met amorphics
Keban metamorphicsiB| ©z éijs mostly | ocated i rSatrhBe uadrueka
districts and Allahuekber Hill, and on the skirts of Mount Meryem southwest of SUrsurt district.
I't is covered by angul amatiomamteshibitsunconformityevish o f K
Kar abakeér Formati on at the foot of Mount \Y
Cumhuriyet Saré-ubuk districts, and All ahuek
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Keban Metamorphics consist of recrystallized limestaradsschist, marble,
metacmglomeratecalcillites, but are mostly represented by recrystallized limestones in the
study area.

2.3.2 A h ¥ WigMatites

E | © Magmatites are subBivided into magmatic rocks and Volcasedimentary rocks.

Magmatic rocks are located in the west of Harput,moftFevzicakmak, Esentepe and Safran

di stricts, at the north of Férat University,
east of kahinkaya Vill age, Yeni k°y and Yadi
Kar at ak h isediment are/usualty donated in between Eski Beyydkda r Kk € y a k a
districts.

Keban Metamorphics tectonically overiel © agatites, whose base is not visible in the

central settlement arealbfl ©zrée¢gvi nce, and i n accordance wi't
and Karabakér formati ok$ O Bla&gmatites muig dithodogically n c o n f
composed of gabbrdiorites at the base, basaliadesitic volcanic rocks, and volcadlastics

overlying them, and granodioritenalites and dacite dykes cuttingte

2.3.3 Harami Formation

Harami formation exists as a few hundred squmaeters pockets in the north, south and east of
Harput. The unit coverine | ©kMagmat i t es i s cover edenerblly Keér k
represented by massive limestones. This unit conefstenticular red conglomerate and
sandstone at the bottom, sandy limestone and massive limestone at the lower levels. Formation
environments are shallow, clear, not widespread, disconnected and exhibit recifal
characteristics. Harami Formation was defsusiin a narrow and shallow basin in
Maastrichtian. Red conglomerates and sandstones at the base are terrestrial deposits with fan
delta character. The sandy limestone and limestones overlying them are carbonate deposits,
deposited in shallow sea. Accordito paleontological findings, it is Maastrichtian or older.

234 GyngcaOetprgBkni ]

The Kéerkge-it For mati on, which extends to t
lithological columns. Sandstomaarl units outcrop in the north of Virane district, thetlast and

northwest. The conglomeraseandst one i s observed in the vic
Vill ages and K°rpénar district, i n the north

northeast of Harput, and the Marn units inthe nofthoAkyaz é and Virane di
1 km to the north. The sandstemarl layers arinterchangeable arigear conglomerate levels.
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235 Gl n] "] gytnogBkni ]

Karabaker formati on S mapped i n t hree ge
conglomeratesand$one. Volcanic rocks are located about one km east of Yenikdy, and west

of Yadig®G©r districts. Limestone member can b
west of Dojukent, Sal ébaba, -sénadtoadliesenkhmmeh di st r
and northeast of Yenik©°y District, around Y

Keban Metamorphic | O©M@agmat i t es and Kérkge-it For mat
al so unconformity Pl eistocene rngtiendsthe Upgpervi ums
Miocene according to its paleontological findings

2.3.6 Alluvium

Alluvium sediments, which spread over large areas, are mapped in three separate units. Due to
their different lithologies they are classified as silty clay, sandy graekl)yand sandyravel.

Silty clay dominates the southeast of S¢r s
Nail bey, University and ¢arkeé districts.

Sandy gravelly clays are mapped in the Sanay
and north apkaar tdiosft rKzczte,t pYeni di strict, sout h
sout h, north and northwest of S¢rsegreg distri

near the north of Yadigar district, in the direction of Aksaray district.

The sanegrawe | | ayer S in the north and northwe
Cumhuriyet di strict, in Ulukent, Yél dézbajl
Aksaray, Kezeéelay, G¢m¢gkkavak and nortnte, of Sa

Dojukent di stri e&Ktag KEegtawae ndi Stalrek deopdstians vVely e s a n
from district to district with also variable clay layer thicknesses.

Figure 2.5 shows the geological units mapped in the vicinify bf © atg denter, along vii

representative crossections, as explained in the preceding subsections. Also Figure 2.6
presents theaneralizedstratigraphic columnar section representing ©geéldgical setting.

11



o

i

T

s g
i ki

e
Sl

S,

Bt

M g

Jotigensater

Reiiatice
[y

19 s

AN

vy
LIRS T b

icivive o
SR e ot o !

SN a2

Qa

S o

SR TR,
KPINAR. Qa3
5 Sl atsTrungn

canayi Salibaba Mal
——— Sanavii Mah... 32 —',K_-w_uy«kam..n

Akpiar
Mt

Srald M. —————— Ol Mah oo

——————— Cumburiya Mah.

ﬁ
s et e

£
BE

g

n — Cumbariye=t Mnh;ﬁrf Siirsiwrii M:ﬂs,———.—ﬁ o
] " 1
] . i

[arry R
s it

[Z]m=re

o
Ky | magmatsior
Fany

Figure2.5 Gedogical mapofeE | ©2iefy Cent er

12

(Palutojl u,



- B
=
@ | 2 S LiTOLOJI w | ACIKLAMLAR
m o —
o | 2 E 5 .g = 2
2 W 7] — m 7]
= & > Siltli kil
5 E % Kumlu ¢akilh kil
@5 )
E a8 Kum - ¢akil
= ' o] Cakiltagi - kumtag: ardalanmasi
EIFE 52 |
8 Qo % S Killi kiregtasi - kiltagi; killi
1 ; . ltas .
M Z. t E kiregtas1 ve kiltagi ardalanmasi
o— TSR - %
> | 3 | &= % &
o s 3 j st Volkanitler; bazalt,andezit
g Z ve bunlarin curuflan
Z Marn
84
w2
z | L& =2
2 |g3| |§8
8 8 g 8 w1 - { Tk, | Kumtagi - marn ardalanmas:
[FA
2 | g° 5 % e —
A & v [ £ -
O = -, § ! - - = Tk 5 | Cakiltag: - kumtagi ardalanmas:
& | o B o o
B ==
e o ET_HJTLFTH_L]_]TTKT_LI_L
M 3 E é g s L T L T Kh | Masif kiregtag:
; E = nod N S ——— —
(@) o = = ] S e e e e e
8] %} IS VeV Ve \/V\/ \ARY) K
€, | Volkano - sedimenterkayaglar;
w2 = E E V \/ \/ \/ . V V \y volkanik kumtagi ve gamurtasi
E g = é o E 5 /Bfﬁfﬁ/"’ f"ﬁf"ﬁf"/af" /J
= S N 1: i
E = tlds) 4
7] é )3 B )3 ,B Kcz Bazalt, bazaltik yastuk lav,
andezit ve bunlan kesen
v Bﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ dasit dayklan
S < 73|
—
@) Z z =
8 %' o) % E Kristalize kiregtagt
< |2 :
a~ | B Sk

Figure2.6 Generalized stratigraphic columnar sectiofedf © z € j
(Palutojl u, M. and Tanyol u,

13






Chapter 3
Seismological Setting and Strong
Ground Motion Characteristics

Prof. KemalOnder¢ E T K N

Prof.Ay K e KANG! NDOJA N
Prof.ZeynepGULERCE

Inst. Shaghayegk ARKMZ AREBHSHKNEH

Res. AsstMakbulelLGAC?
Res. AsstGizemCAN?
Res. AsstElife CAKIR?!
Res. AsstBerkanSOYLEMEZ!

AbdullahALTINDAL *

1 Middle East Technical University



3.1 Introduction

On January 24, 2020 at58.11 p.m. local time (UTC 55.11 p.m.), a destructive earthquake
occurred on the East Anatolian Fault Zone (EAFZ) due to the rupture of the faul ieith

lateral strike slip source mechanism more specifically along the Pitlirge segment extending in
the NESW direction. The earthquake was reported with a moment magnitue®.8
according to the Disaster and Emergency Management Presi&RayY) and amoment
magnitudeM,=6.7 according tahe United States Geological Survey (USGS). The epicenter
was located at N38.3593°, E39.0630°, approximately 37 km SHM oPané §4 km east of
Malatya with the focal depth of 8.06 km according to AFAD.

3.2  Seismological Characteristics of the Earthquake

EAFZ is a NESW striking, leftlateral intracontinental strike slip fault system that extends

bet ween the Karl éova junction and Antakya at
al., 1992). Duman and Emre (20)8pposed seven segments with segment lengths ranging
between 31 and 113 km for the EAFZ master fault strand which is adopted in the Updated
Active Fault Maps of MTA as well (Emre et al., 2013). Two separate segments are defined by
Duman and Emre (2013): ¢hPalu segment between Palu and Lake Hazar and the Puturge
segment between Lake Hazar and Sincik separated by the Lake Hazar releasing bend. The
rupture zone of the 201B| GK@y anc él ar Mg@l) coinaidedavitte the(Palu
segment; whereas, the rupture zone of this event is associated with the Putlirge segment (Figure
3.1). The causative fault of the 2020 event is considered to have increased stress levels due to
the 2010 Kovancélar earthquake (Akkar et al

According to the preliminary report of field observations published by MTA, surface
deformations related to this earthquake was observed for approximately 48 kilometers, starting
from the Hazar Lake dowto Putlrge (Malatya). These observations are consistent with the
spatial distribution of the aftershocks shown in Figure 3.2. Therefore, the approximate rupture
plane defined by the surface deformations given in the preliminary MTA report is considered
in this report to calculate the soutmesite distance.

3.3 Source Characteristics of the Event

The mainshockocal mechanism solutionwovided by AFAD and USG8&re shown in Table

3.1 They both provide planes that prove left lateral strike slip motions ménedot source
mechanisms consistent with the regional tectonics and the properties of the causative fault.
Additionally, geometricdistribution and focal mechanism solutsoof the aftershocks with
moment magnitudealues rangindgpetween 4.45.1,arealsoshown in Figure3.3.
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Space-Time Migration of Large North Anatolian Fault Zone Earthquakes
1999 M=7.4

1344 M=7.3 1939 M=7.8
1967 M.Valley,M=7.
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Figure3.1 Major tectonic structures and epicenters of the 2020 (red star) and 2010 (grey star)
earthquakes along with seismicity within the last cengbiyure is modified from Akkar et
al,, (2011))
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Figure3.2 Spatial distributions of the aftershocks betw2éf01/202628/01/2020
(https://deprem.afad.gov.tr/ddakatalpgu
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Themainshockvas followedby 1948 aftershocks with magnitudes rangmbetween 0.8 and
5.1,within 10 days after the everithefocal deptls of the aftershockare mostly concentrated

in between 20 kms from the ground surface consistent with the seismogenic depth of the
region(Figure 3.4)

3.4 Preliminary Analysis of Recorded Strong Ground
Motions

The mainshock is recorded by 66 strong ground motion stations according to the preliminary
report published immediately after the event by AFAD. In the preliminary report, only three
component peak ground accelerations (PGA) recorded by five nearby stations were provided.
Up this date, the waveforms or the response spectra of the recordings were not disseminated to
the public by AFAD. Therefore, a detailed analysis of the strong motiaracteristics is not
included in this report. On the other hand, provided PGA values are useful for the preliminary
and comparative analysis of recorded ground shaking levels with the current ground motion
prediction equations (GMPESs) and the design PGldegsmprovided in the recentlypdated

Turkish Seismic Hazard Map (2018).

Table 3.2 provides thFGA val ues recorded in this event
preliminary report. Fortunately, the shear wave velocity profiles for all stations are aailabl

the timeaveraged shear wave velocity at the first 30 metegsg(Yor Pitirge (ID#4404),
Center (1 D#2301), and Maden (1 D#2302) static
and disseminated throudttp://kyhdata.deprem.gov.(last accessed January 31, 2020). The
Vsaovalues of the other two stations, Sivrice (ID#2308) and Gerger (ID# 0204), are taken from
the final report of a recently finalized prc
values are also provided in Table 3.2. To compare the distance atianofathe recorded

strong ground motions with the distance scaling of current GMPESs, the recorded values are
normalized to ¥30= 400 m/s by using the site amplification scaling utilized in each model.
Rupture (Rup) and JoyneBoore (Rg) distances giveim Table 3.2 are calculated by using the

fault plane shown in Figure 3.5. Because the termination points at both ends of the rupture plane

are still controversial, the sourte site-distance metrics for Sivrice and Maden stations include

a certain degreef uncertainty.

Abrahamson et al. 2008 (ASK08) fromN&®e st GMPEO6s i s used al ong
distance metrics and site conditions to predict the peak ground accelerations (PGA). Figure 3.6
shows the geometric mean of the recorded PGA valugsasared with the GMPE predictions

for Vs3=200, 350, 500 and 1100 m/s. Based on these comparisons, it is concluded that the
recorded PGA values are in conformance with the predictions of Abrahamson et al GMPE.
According to Wells and Coppersmith (1994atenship, the length of the rupture is estimated

as to vary in the range of /8D km consistent with the field and aftershock observations. This
value is also compatible with the regional characteristics of the local tectonic environment, as
stated in Glerce et al(2017).
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Table3.1 Moment tensor solution by AFAD and USGS

AFAD Strike 1 Dip 1 Rake 1 Strike 2 Dip 2 Rake 2

8 248 76 1 158 89 166

USGS Strike 1 Dip 1 Rake 1 Strike 2 Dip 2 Rake 2
337 78 -170 245 80 -12
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Figure3.3 24/01/2020 Malatyd | ©Eaglguake M=6.8 and aftershoaflistributionalong
with focal mechanism solutisrgiven by AFAD.

(https://deprem.afad.gov.}r/
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Figure3.4 My, vs. focal depth scatters recorded between January 24 to February 03, 2020
following the mainshock of 2028 | © 3i&i¢e Earthquake (AFAD)

Table3.2 Strong Ground Motion Stations and Recorded PGA values (AFAD)
Measured

Stations Acceleration
Values (gals)

*R rup *ij Vs3d"*
(km) | (km) | (m/s)

Station
Code
2308 | Sivrice | 38.451 39.310 | 238|292.8/190.1| 1.76 | 1.45 | 450
4404 | Plturge| 38.196 38.874 | 207 | 239.2| 153.9| 549 | 54 1380
204 Gerger| 38.029 39.035 94 | 110.1| 60.8 | 28.62| 28.6 | 555
2301 Center| 38.670 39.193 | 119 140.7| 66.3 | 27.87| 27.85| 407
2302 Maden | 38.392 39.675 |26.3] 34 | 22.8|31.27|31.25| 907

Estimated based on the approximate location of the rupture plane based on the preliminary
MTA report.

** Adapted from AFAD Ground Motion Station

Town | Latitude | Longitude | N-S | E-W U

*

The geometric mean of the PGA values for the closest five stations to the zone of energy release
are conpared with the predicted median values obtained by ASKO08. Figure 3.6 shows the
calculated PGA values at different distances as compared to the values recorded at strong
ground motion stations. Based on these comparisons, it is concluded that desdydsiight

values recorded at Sivrice and Maden stations, the PGA values are roughly in good agreement
with the predictions of GMPE. The discussions and interpretations will be enriched when strong
ground motion records and station data become publiclyadkail
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Google Earth

Figure35Locati ons of the five strong motion st a
report.
Rjs values are approximately estimated according to the surface rupture given in MTA report
(blue dashed line). Blue and green linestaeePalu and Putlrge segments that are slightly
modified for their termination points by Gulerce et al. (2017)

A recent study by Kale (2019) has utilized several ranking methods for comparing the predictive
performance of GMPEs for shallow crustal andvactectonic regions with the Turkish strong
motion database. Analyses results indicated that the regional Kale et al. (2015) model, Turkey
adjusted version of the Boore and Atkinson (2008) model (Gulerce at al., 2016) and the global
Chiou and Youngs (20)4model have better predictive performance among the other
alternatives. Based on these findings, the normalized PGA values from this event are compared
with the predictions | yi n g-adjusied Bdore anthatknsoan N1 {
(2008), TRadusted Chiou and Youngs (2008), Boore at al. (2014), Chiou and Youngs (2014)
and Kale et al. (2015) in Figure 3.7. According to Figure 3.7, the PGAs recorded in Pltlrge,
Gerger ancE | © eatpr stations are equal to or very close to the median estimetitires
tested GMPEs. The PGA values recorded at the Sivrice recording station, which is the closest
location to the epicenter, are lower than the median estimations of Kale et al. (2015) and are
approximately one standard deviation lower than the medi@mations of the other GMPEs.
Similarly, the PGA value recorded at Maden station is significantly lower ttremedian
estimati ons, l ying outside the medianN1G rar
with the distance attenuation plots given in Akkar et al. (2011): faster attenuation of waves due
to low quality factor values in the region beyond 16®Wwas observed in the recorded ground
motions ofthe 2018 | K@y anc él ar Eart hquake. The amount
30 km distance is currently very limited; therefore, the discussions and interpretations given
here will be further elaboradlevhen the strong ground motion records are publicly available.
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Figure3.6 Comparison of the PGA values at different distances estimated by ASKO08 to the
recorded PGA values at the SGM Stations

The Turkish Seismic Hazard Map (TSHM) was updated in 2018 (Akkar et al., 2018) and is
enforced by the updated Turkish Building Earthquake Code (TBEC, 2019) to obtain the design
spectrum of regular buildings since the beginning of 2019. The short period gratiodsn

(Sps) with 50% and 10% chance of exceedance in 50 years (72 and 475 years return period,
respectively) are downloaded from https://tdth.afad.gov.tr (last accessed in Feb 11, 2020) for
each station as shown in Figure 3.8 and presented in TableoX3lclilate the s values, the

site classifications given in Table 3.2 are considered and the PGA values at the same hazard
level are calculated by taking 40% of SDS.

TSHM suggests that the PGA values for4/@ars and 7-3ears return periods are eq0al22g

and 0.277g respectively for Sivrice station with the closest distance to the fault plane. Maximum
accelerations recorded in this station (0.3g) is significantly lower than the PGA fyedrb

return period and close to but slightly higher tharRB& for 72years return period. A similar
observation is valid for the Putlrge station as well. For the other stations with higher source to
site distances, recorded maximum accelerations are smaller than the PGA suggested by TSHM
for 72-years return peod. As a result of these inferences, it is clearly seen th&t th®eveni

is less severe than the design level earthquake.
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Figure3.8 The Updated Turkish Earthquake Hazard Map (frbttps://tdth.afad.gov.tr
E | ©3iwife station (ID#2308) is pinned in blue color on the map and 475 years PGA value
for that particular location is shown on the same #gur

Table3.3 Strong Ground Motion Station Characteristics and Recorded PGA values

. . 72-year retum period 475-year retum period
*
Station| Site PGA SGA DA

Y%

Code [Class| **°| (@ [ Ss S Ses | S [ | S| S| Ses S|y
2308 | zC | 450 | 0.3 | 0539 | 0.126 | 0.692 | 0.189 | 0.277 [ 1.504{0.39¢ 1.805|0.594] 0.722
4404 | zB | 1380] 0.24 | 0548 | 0.122 | 0.493 | 0.098 | 0.197 [ 1.578]0.403 1.42]0.322] 0.568
204 | zC | 555 | 0.11 | 0.344 | 0.085 | 0.447 [ 0.127 | 0.179 | 0.883][0.233 1.06 | 0.35] 0.424
2301 | zCc | 407 | 0.14 | 0.342 | 0.097 | 0.445 | 0.146 | 0.178 | 0.912]0.257 1.094] 0.386] 0.438
2302 | zB | 907 | 0.04 | 0.428 | 0.107 | 0.385 | 0.086 | 0.154 | 1.148]0.30¢ 1.033]0.245] 0.413
**Maxi mum values of the recorded PGAOs ar e
** Since PGA values that are compatible with field conditions aravailable, the scaleths

value for field conditions is converted to PGA values approximately by multiplysegvigh

0.4.
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It must be noted that, without full acceleration waveform data, it is not possible to compute and
comment on the spectral acceteyas which are critical on the evaluation of the seismic
performance of the structures in the region.

3.5 Spatial Distribution of Macroseismic (Felt) Intensity
in the Region

One way to measure the anticipated levels of ground shaking is to employ macroseismic
intensity values. Particularly, a spatial distribution of such values is valuable immediately after
an earthquake to evaluate the effects of the earthquake. Even though, the macroseismic intensity
values have certain degrees of uncertainty when compamesttumental measures of ground
motions, they are employed all over the world for immediate assessment of earthquakes,
particularly to see the effects on built environment and humans. It is possible to prepare
empirical iseseismal maps on the field bypservations on human response and building
damage. Another alternative is to use correlations between intensity and peak or spectral ground
motion parameters.

The closest city cente, | ©adow@ritown, is approximately at 26.5 km from the zone of energy
release, similarly Malatya and Adeéawaymoenn ci ty
the epicenterespectively However, there are several smaller towns and villages in the fault
vicinity probablyexperienced higher level of excitations. The preliminary intensity map in

terms of Modified Mercalli Scale (MMI) by AFAD is shown in Figure 3.9. The values in this

map are obtained by AFABED system which employs correlations between MRt strong

ground motion parameters. The earthquake intensity map suggests that the maximum predicted
MMI value is IX around the vicinity of the epicenter. Nea, estimatedIMI map is shown in

Figure 3.10 where MMI distributions acemputedfrom the fdlowing empirical correlation

(Bilal and Askan, 2014):

D0 OoyYtl TICO6 T O ¢ (1)

To compute the PGA values, Kale et al. (2015) is employed followed by calibrations at the 5
stations where PGA values are known. Themveosion to MMI is performed through
Equation (1). After the ground motion data is made public, these efforts will be repeated for the
entire dataset.

It is observed that very similar MMI values are computed in the study area. The distribution of
the inensity values is consistent with the fault plane as well as the spatial distribution of damage
observations in the field, particularly around the rural area. In addition, an observed MMI map
is currently being prepared with the team efforts.
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Figure3.9 Preliminary Intensity Distribution given by AFAD
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Figure3.10 Computed MMI distributions using MMPGA correlations (Bilal and Askan,
2014)
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4.1 Introduction

This chapter discusses the preliminary geotechnical field observations made during and after
the reconnaissance studies performed during the period of Janteeptry . After a brief
introduction of the geotechnical conditionsinl © Prévjnce, the field observations in the

form of pictures and maps along with simple interpretatioil be presentedOn the path

during reconnaissance studies, some structural performance observations were also made,
which will be presented for domentation purpose®fetailed geotechnicaldiscussion and
interpretations including hdepth analyses will be the scope of future studies.

4.2  Downtown A h ¥ ®dil Gite Conditions

On the basis of available local geotechnical data, the geotechnical settowgdwnE | Cozsé |
most affected four districts namel vy, i) Must
be discussed next. The available shear wave velocity measurements bghmitiel Surface

Wave Analysis Method (MASW) along with StandarenBtration Test results establish the

basis of these assessments. A generalized representative borehole is constructed for these
districts as discussed in the following sections.

4.2.1 Downtown Ah¥vy G

4211 Ah¥Vyg® p] bl 1 1] g@eopne p

Several structurally damagedigential buildings were mappedinl ©Gklé §t af apaka di ¢
which is located in the city center & | ©¢zitg.] Must af apaka di-strict
Quaternary aged young sediments. Typical soil type observed in the district is classified as
brown gravelly sang clay. Groundwater table is typically observed at 15 meters. A
representative lithology is presentedrigure 4.1. Shear wave velocity of the upper 30 gxdV

for the region is estimated as 3880 m/s by MuliChannel Surface Wave Analysiselod

(MASW). Note that the borelogiven in Figure 4.Xeflects idealized soil conditiong/hich

may not represeative forthe whole district.
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Figure4.1 Typical BorelogfolE | ©M@ $§t af apaka District

4.2.1.2 A h ¥ vGahthkaya District

Ink a hi n k a yagainaicondemtratiorntstructural damage has besvservedThe district
foundation soil/rock profile is composed mibstly weathered sandstone. The weathering and
fracturing decreases with depth. Groundwater table is located at 6 meters. A representative
soil/rock profile is presented in Figure 4.2. Shear wave velocity of the upper 39OV

the district is estimated a$H@500 m/s by MultiChannel Surface Wave Analysis Method
(MASW).
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Figure4.2 Typical BorelogfolE| Gk &@hi nkaya District

4.2.1.3 A h ¥ vSyiréliri District

The mosbf thestructural damagead beeroncentrated ik | ©3Uésjiri district, where Plio
Quaternary aged young sediments dominate foundation praftesupper surficial layers are
classified adrown gravellysandy clay Groundwatetable is located below 15 m depth. Two
representative lithology are presented in Figure 4.3. Shear wave velocity of the upper 30 m
(Vs,30 for the region is estimated 850400 m/s by MultiChannel Surface Wave Analysis
Method (MASW).
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El azéj - S¢grse¢gre¢g District
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Figure4.3 Typical Borelog forlE | ©3uésiirt
During the site visit, a field investigations study including borehole drilling, undisturbed and

disturbed soil sampling with SPT measurements, was witnessed. The borelog of this study is
retrieved by personal communication angisesented in Figure 4.4,
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Figure4.4 Typical Borelog fole | ©3ués{irt District

4.2.1.4 A h ¥ vZaf@an District

Mainly weathered and fractured gragige sandstone is olvged inE | ©Zaégn District. The
rock becomes relatively intact with depth. Groundwater tatdbserved to be deeper than 10
meters. A representatigeil/rockprofile is presented in Figure 4 Shear wave velocity for the
upper 30 m (V39 is estimated as 65000 m/s by MultiChannel Surface Wave Analysis
Method (MASW). The structural damage patterns specific for the district are not avgédable
andwill be the scope of future studies.
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Figure4.5 Typical Borelog fole | ©Zaégn District

4.3  Ground Deformations in the Very Near Fault Region

The reconnaissance team visited © and Malatya regions othe days 0f31.01.2020i
01.02.2020. Hazar Lake is visited on the first dhg, route of which ishown in Figure 4.6.
The team stopped at 16 locations around Hazar Lake. The detailed obssu&thscussed
in Section 4.2.1.
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Figure4.6 Site VisitsDay 1
Kamékl ék, Fér atEl RjKeadgré, k aMsitdsaiz aysited ia thedsecond day

as shown in Figure 4.7. The team stoppegdinat 16 locations. The detailed observasirom
day twoarediscussed in Section 4.2.2.
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4.3.1 Day 1 Hazar Lake Coast

1st stop - Sivrice Road

The surficial soils and the alluvial geological setting are concluded to be suitable for
liquefaction triggering. However, no signs of liquefaction in the form of sand boils, lateral
spread, exceasve settlements, etc. were obseraethe first stopas shown in Figure 4.8.

i g

w7

Figure4.8 A view of the site taken by Sivrice road
(38°28'08.6"N 39°16'40.2"E / 31.01.2020 / 11:47)
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A small crack indicating a local bench failure was observed near the Sivrice road embankment
as shown in Figure 4.9. The crack is exaad and presumed as a sign of a I@mhbllscale
slope instability problem.

Figure4.9 A small crack observed near the highway embankment
(38°28'08.0"N 39°16'38.7"E / 31.01.2020 / 11:50)
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On the firststop just down the road embankmemgghboring site was alsasited as shown
in Figure 4.10. The site is composed of surficial clayey soils based on field observations. No
damage and surface manifestation of ground deformations were observed.

Figure4.10 Clayey site and no signs of ground failure
(38°28'09.0"N 39°16'46.8"E / 31.01.2020 / 11:51)

A crack was observed on the sidewalk near to Sivrice road as presented in Figure 4.11. The

orientation of the cracking does notpport a slope instability problem, which may be
interpreted as an old crack existing before the earthquake.
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Figure4.11 Clayey site, no signs of failure
(38°28'10.0"N 39°17'03.6"E / 31.01.2020 / 11:56)

2"d stop - Sivrice Dock

Seismicallyinduced lateral spreading and volumetric settlements were observed on the natural
beach of Hazar Lake shoreline and Sivrice dock. Observed ground fadsmapped and
discussedn a detailednanner in Section 4.7. Btributionof volumetric settlement and lateral
displacementsre mapped ashown in Figures 4.12 to 4.1€espectively. Next to thiake

beach, where liquefaction manifestation is obseraadighboring beach has exhibited no sign

of ground failure, agiven in Figure 4.20 and 4.21.
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Figure4.12 Seismicallyinduced volumetric settlement in the dock of Hazar Lake
(38°28'10.0"N 39°17'03.6"E / 31.01.2020/ 12:11 & 38°26'53.2"N 39°18'53.4"E / 31.01.20201)
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Figure4.13 Measurements of seismicalilyduced volumetric settlement in the dock of
Hazar Lake
(38°26'53.1"N 39°18'53.6"E / 31.01.2020 / 12:16 & 38°26'53.2"N 39°18'52.9"E / 31.01.2020) 12:13

Inundated Dock

Figure4.14 Displacements observed on reinforced concrete dock blocks
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