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Plakalar ve Ana Favlar

Earth: Cros_s Section

Atmosphere
Nitrogen. Oxygen.
Carbon Dioxide

Crust

Oxygen, Silicon, Aluminum, iron,
Calcium, Sodium, Potassium,
Magnesium

Upper Mantle
Plastic Mognesium, Iron, Aluminium,
Silicon, Oxygen 700 - 1

Lower Mantle

Olivine. Pyroxene and
Feldspar 1800 - 2800°C

Outer Core
Liquid Iron, Sulfur, Nickel
and Oxygen 3200°C

Inner Core
Solid iron & Nickel 4500°C

(http://ykonline.yksd.com/distanceedcourses/Courses09/PhysicalScience/Lessons/ThirdQuarter/Chapter0
7/07-04/02EarthCrossSection.jpg)



Derinlik Sicaklik

20 km 600°C

100km 1000-1500 °C
700km 2000 °C
Cekirdekte 4000-5000 °C

Radyoaktif malzeme 1s1 yayilmasina neden olur.
Bu 1se magmada akimlari olusturur ve plakalar

hareket eder.



Ana Kitalar

* Avrupa

* Pasifik

* America
* Africa

* Hindistan
» Antartika

Her kata (plaka) kend1 1¢inde kiicuk plakalara ayrilir.
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Worldwide earthquake distribution
(Elnashal and D1 Sarno, 2008)



Eurasia Plata ¥ :

- - |Ii
Alputa™

Bl JMEA
tranch D Fuca
-Jepan Plate
Iresnct
Mil_ﬂaﬂas . i
Pacific [ [EET T
tranch Plate trench >
Maw Hesrkdes Cocos /*

irench

2 o
i :I].rﬂ:i'-:'a'—- - ; '-II- o
. - 5:" 5g g5 - I'_I_I -"'ficﬁf
E.gs_!lr;i”: ;,,.'[ U fidgg .-:" f"r-’

\ %
X h .____,__,-x.-ﬁ_.-{;ﬁf
.\,__‘_._a-—--'_‘ i

-'3 — p.'baﬁ"ﬂ

Antarctic Plate

Anlarcilic Plate Ar
Koy
—& &  Subductipn zone o Ungertain plate bourdary
Sarke-slip [transtorm) faulls _____ Fidge mces
The major tectonic plales, mid-oceanic ridpes, trenches, and framsfon Tiilts of the eanh. Arnoes indicate directions of plase movement. (Adter Fowler,
1FM1,

(Kramer, 1996 XXXXXX)



Tiirkiye Deprem Goézlem A



*Normal Fault-Normal Fay

A normal fault is defined as a fault where the hanging

wall block has moved downward with respect to the
fonhwall hinek

: < H:ngmgwall 7]

, -

DURING
Iustration of a normal fault. For a normal fault, the hangingwa II h-J ock has mo 1{.1 down-

ward with respect o the f}{w.- ll block. (Adapted from Namson and Dav IEJHS(Day 2012)
’



*Strike-Slip Fault-Yanal
Atihhmh Fay

Ilustration of a strike-slip fault.

(Day, 2012)
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Deprem Buyuklugu
Earthquake Magnitude

* Deprem biiylikligii 4.5 dan az

- Aciga c¢ikan enerji 10 +8 kilojoules

- Hasara neden olmaz

- Deprem merkezinden 50 to 100km uzaktan hissedilir
* Deprem buytkligu 4.5 to 5.5

- Aciga c¢ikan enerji 10 +9 kilojoules

- Zayif yapilarda hasara neden olur

- Deprem merkezinden 100 to 200km uzaktan hissedilir



* Deprem buyuklugu 6.0 - 7.0 arasinda
- Ac1ga ¢ikan enerj1 10 +10 kilojoules
- Yapilarda hasara neden olur
- 7 buyukliigiindeki deprem 500km uzaktan hissedilir

- 6.3 buyuklugundeki depremin enerjisi 1 Atom
Bombasina esittir

* Deprem buyuklugu 7.0 - 8.9 arasinda

- 8 buiyukliugiindeki depremin enerjisi 10 +13
Kilojoules olup yaklasik 400 atom bombasinin
enerjisine esittir

-Y1ikict depremlerdir.




Hasar Olusturan Depremler

* 1992 Erzincan Depremi KAF
« 1995 Dinar Depremi EGE
e 1998 Ceyhan Depremi DAF
» 1999 Kocaeli Deprem KAF
* 1999 Duzce Depremi KAF
« 2002 Sultandagi Depremi EGE
« 2010 Elazig Palu Depremi DAF
« 2011 Van Ercis Depremi DAF
« 2020 Izmir Depremi EGE

« 2023 6 Subat 2023 Kahramanmaras Dep.

KAF: Kuzey Anadolu Fayi
DAF: Dogu Anadolu Fayi



17 August 1999 Kocaeli Earthquake

 Buyukluk (M) 7.4
« Kuzey Anadolu Fay Zonu 15 km derinlikte
« Sag yanal atilimli

* a,...s—407 gal



1999 Kocaeli - 1999 Diuzce
Depremleri
Si1ddet Haritasz
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MARMARA BOLGESi DEPREM AKTIVITESI (17.08.1999 - 08.12.1999)

BOGAZIGI UNIVERSITESI

KANDILLI RASATHANESI VE DEPREM ARASTIRMA ENSTITUSU
SiSMOLOJI LABORATUVARI

@ 17.08.1999-12.11.1999
© 12.11.1999-08.12.1999

41°

40°
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Sakarya Baseninin Sismo-Tektonik
Gecmisi

» Swvilagma sonucu ozeminde meydana  « Tagima giicii kayiplari
gelen oturmalar

» Yanal yayilmalar « Zemin Blyltmeleri
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12 Kasim 1999 Duzce Depremi
Kaynasli
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1999 Kocaell Depremi Golcuk
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Degirmendere’de zemin kesiti

Tip Resistance, q.(MPa)
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Depth (m)

Tip Resistance, q.(MPa)

Bloweount, Ngg (bl/ft)
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Degirmendere’de zemin kesit:

Tip Resistance, q.{MPa)

Blowcount, Ngo (bIft)  Friction Ratio, Ry(%)
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13.09.1999 (Izmit) Artci Depremin Ivme
Kayitlar

Yumugak Zemin Ayrismis Kaya
Sire 80 sn Siire 45 sn

a=96 gal a=46 gal
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« Cumbhuriyet
e Tigcilar
* Erenler

 Hanlilar

* Industrial C.

Industrial et Toyota
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(Komazawa et.al, 2002)
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Adapazarili Basen Kesiti
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Typical Soil Condition in Cumhuriyet Distric
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Ip = 20 (top layer)
LL = 45-65%
w = 26-44%

Sandy soils
FC =6 to 12%.




Tilted Building in Tlgalar'
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Orselenmemis kumlu non plastic siltli
zeminin dinamik davranisi

0.4

'%O_Zﬂf\(\f\(\{\ nNAAAANAANADNA A A AN
e AN AN AN AN AN AN AN AN AN AN A WA WA WAL WA
PN RVRVAVAVAYAVAVAVAVAVAVAVAVAVIVAVHVAVIIAY
%_0:4UUVVUVVUUUVUUVUUUUVU
0 2 4 6 8 10 12 14 16 18 20 22
Number of Cycles, N
R 40
E ég . e NN /‘\vf"‘\vf\vt’\vf\uf -\vm\;( A ﬂ (.\ nr [
? 20 pRAR A AY
.5 40 BH4 Depth=3.0-3.5 m FC=56% |,=NP ,=100 kPa
= 0 2 4 6 8 10 12 14 16 18 20 22
Number of Cycles, N
1.2
0_08 ~ A AN }\_'r"’"
o 98 NN NV AV AVATATAVATRY
& oo ANANNYVVV VY VYV VY VYYD
-0.4

0 2 4 6 8 10 12 14 16 18 20 22
Number of Cycles, N

BH4 Depth=3.0-3.5 m FC=56% IP=NP oc=100 kPa



CyCIlIC Benaviour oT undisturbed clay
SampleOrselenmemis killi zeminin dinamik
davranisi
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Dynamic Strength of Adapazari Soils
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Dinamik Uc Eksenli Basing
Deney Sisteminde Dinamik
Deneyler

Statik Deneyler

Dinamik Yukleme Sonrasi
Statik Deneyler
(Orselenmemis Adapazari
Zeminleri)
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Cyclic stress ratio, gd/25¢
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Dinamik yuk sonrasi statik
mukavemet (Adapazari)
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PI=20-30 Orta Kati Killer
(Dinar)
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PI=30-44 Orta Kati Killer
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Axial Stress (kPa)
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Post Cyclic Axial Stress (kPa)
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Dinamik Yukleme- Dinamik Sonrasi
Statik Yiikleme 1le Meydana Gelen
Hacim Degisimler: (Oturmalar)



Orselenmemis Dinar Zeminleril
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Sonuclar

* Depremler sirasinda zeminlerin statik
mukavemetinin azalmasi nedeni 1le tasima giict
kayiplar1 olusmaktadir.

* Zeminlerin mukavemetinin azalmasi deprem
sirasinda zeminde olusan bosluk suyu basinglari
ve deformasyonlar nedeni ile meydana
gelmektedir.




* Mukavemetteki azalma zeminin plastisitesine, kivamina ve olasi
depreme bagli olmaktadir.

* 7.5 buytukliugundeki deprem sirasinda dinamik burulmali ytuikleme
sonucu P1=18 olan zeminde mukavemetteki azalma %40 lara
ulasmaktadir. Bu durumda zeminin deprem sirasindaki tasima giicii
baslangi¢ (sadece statik yliklere gore) tasima giiciiniin %40 na kadar
azalmaktadir.



2010 Kovancilar Palu (Elazig) Depremi
Stabilite Kayiplar1 (Sev Kaymasi)
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2010 Kovancilar Palu (Elazig) Depremi
Sev Kaymalar
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Van 2011 Depremi Ercis-Celebibag: - Sivilasma ve
yanal yayilma
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yayillma
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Yapisal Hasarlarin Nedenleri

e Zemin sivilasmasi

e Zemin yumusamasi-Tasima giicu kaybi
e Zemin buyltmesi

* Basen etkisi

* Yapisal yetersizlik (proje yetersizligi, beton kalitesi, yap1 1s¢iliginin
kotu olmasi, korozyon, zemin ve yap1 peryodunun benzer olmasi
(rezonans)



Kaynaklar

 Elnashal, A. S., Di Sarno, L. (2008).
Fundamentals of Earthquake Engineering, Wiley.

» Bogazici Universitesi Kandilli Rasathanesi ve
Deprem Arastirma Enstituisu

e Ishihara, K. (1996). Soil Behaviour in Earthquake
Geotechnics, 1rst ed., Oxford, Claredon Press.

« Kramer, S.L. (1996). Geotechnical earthquake
engineering, Prentice Hall.

« Wair, B. R., Dedong, J. T., Shantz, T. (2012).
Guidelines for Estimation of Shear Wave Velocity
Profiles.




Van 2011 Depremi Ercis-Celebibagi
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Van 2011 Depremi Van Ercis Karayolu -Gedikbulak
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30 Ekim 2020 Izmir Depremi

* 30.10.2020 giinii Ege Denizi, Seferihisar (Izmir) agiklar1 -17.26 km
mesafede 16.54 km derininde Mw 6.6 buytukluglinde bir deprem
meydana gelmistir.

* Ana soktan, 02.11.2020 12:54'e kadar gecen zamanda, buiyiikliikler1
1.0 1le 5.1 arasinda degisen 1230 art¢1 deprem kaydedilmaistir.

* Depremin belirgin siiresi ise ilk hesaplamalara gore 15.68 sn olarak
belirlenmistir.
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12 Kasim 1999 Duzce Depremi
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Adapazari Tigcilar
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Tigcilarda devrilen binanin Zemin kg
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Degirmendere’de zemlin kesit:
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13.09.1999 (Izmit) Artci Depremin Ivme
Kayitlar

Yumugak Zemin Ayrismis Kaya
Sire 80 sn Siire 45 sn

a=96 gal a=46 gal
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Cyclic Behaviour of Undisturbed
Sandy Non-Plastic Silt Sample
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Cyclic Behaviour of Undisturbed Clay
Sample
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Dynamic Strength of Adapazari Soils
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Dinamik U¢ Eksenli Basin¢ Deney
Sisteminde Dinamik Deneyler

Statik Deneyler

Dinamik Yikleme Sonrasi Statik
Deneyler

(Orselenmemis Adapazar1 Zeminleri)
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Cyclic stress ratio, d/25¢
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Dinamik yuk sonrasi statik mukavemet
(Adapazari)
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P1=26-30 Orta Kat1 Killer (Dinar)

Cyclic Axial Stress, sd/2sc
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Post Cyclic Axial Stress (kPa)
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Dinamik Yukleme- Dinamik Sonrasi
Statik Yiikleme 1le Meydana Gelen
Hacim Degisimler: (Oturmalar)
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sonuclar

* Depremler sirasinda zeminlerin statik
mukavemetinin azalmasi nedeni ile tasima
glicu kayiplar1 olugsmaktadir.

* Zeminlerin mukavemetinin azalmasi
deprem sirasinda zeminde olusan bosluk
suyu basing¢lar1 ve deformasyonlar nedeni
Ile meydana gelmektedir.



* Mukavemetteki azalma zeminin plastisitesine, kivamina ve
olas1 depreme bagli olmaktadir.

* 7.5 buylikliigiindeki deprem sirasinda dinamik burulmali
yliikleme sonucu PI=18 olan zeminde mukavemetteki azalma
%40 lara ulasmaktadir. Bu durumda zeminin deprem
sirasindaki tasima glicti baslangi¢ (sadece statik ytiklere gore)
tasima gucunun %40 na kadar azalmaktadir.



2010 Kovancilar Palu (Elazig) Depremi
Stabilite Kayiplar1 (Sev Kaymasi)
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2010 Kovancilar Palu (Elazig) Depremi
Sev Kaymalari
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Van 2011 Depremi Ercis-Celebibagi -
Sivilasma ve yanal yayilma

113



yayillma
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Van 2011 Depremi Ercis-Celebibagi
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Van 2011 Deprem1 Ercis-Celebibagi
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Van 2011 Depremi Van Ercis Karayolu -Gedikbulak
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30 Ekim 2020 Izmir Depremi

* 30.10.2020 giinti Ege Denizi, Seferthisar (Izmir) aciklar -
17.26 km mesafede 16.54 km derininde Mw 6.6
bliyiikliiglinde bir deprem meydana gelmistir.

* Ana soktan, 02.11.2020 12:54'e kadar gecen zamanda,
buytikliikler: 1.0 ile 5.1 arasinda degisen 1230 art¢i deprem
kaydedilmistir.

* Depremin belirgin stiresi ise 1lk hesaplamalara gore 15.68 sn
olarak belirlenmistir.
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Yapisal Hasarlarin Nedenleri

e Zemin sivilasmasi

e Zemin yumusamasi-Tasima giicu kaybi
e Zemin buyltmesi

* Basen etkisi

* Yapisal yetersizlik (proje yetersizligi, beton kalitesi, yap1 1s¢iliginin
kotu olmasi, korozyon, zemin ve yap1 peryodunun benzer olmasi
(rezonans)



Ince Daneli Zeminlerin Tasima Gucu Kayiplarinin
Bulunmasi ve Diger Deprem Ozellkleri ile Ilgili
Tezler

ene inamik yiikleme sonrasi statik
ene

e 1995 Dinar depremi — Orselenmemis Dinar zeminleri (Dr.Recep
OZAY Doktora Tezi)

* 1999 Kocaeli Depremi — Orselenmemis Adapazari zeminleri
(Dr.Ziilkut KAYA- Doktora Tez IS

 Kirlenmis kumlu zeminlerin Sivilasmasi) Ayta¢ Yasargiin
* Coklu Fay kirilmasi (Selda Atarod-Doktora Tezi)
e Tamamlanms 5 Yiiksek Lisans Tezi

* Dina g ksenli Basing Dengy Sisteminde Dinamik
n‘[er- tatik deneyler-
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