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Deprem Siddeti
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Bir Depremin Buyukltigi Nasil
Tanimlanir?
m (1) Maksimum Siddet

= Eski bir yontem
= Aletsel bilgi kullaniimaz
= Bir ok problem tagir

m (2) Blydklik Olcekleri
= Modern yontem
= Aletsel bilgi kullanilir
= Daha az problem tasir
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Siddet ;

Depremin cevredeki etkilerinin bir 6lctistidir. Bu nedenle,
bir noktadan digerine degisik degerler alabilir.

Bir noktadaki deprem siddeti ;

m depremin biyukligine

m jeolojik kosullara

m bina tlrlerine

m kaynaktan uzakligina

m depremden etkilenen insan sayisina
m goOzlem yapan kisilerin deneyimine

bagl olarak degisebilir
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Modern siddet Olcekleri :

m EMS-98 (European Macroseismic Scale)
m MMI (Modified Mercalli Scale)
m JMA (Japan Meteorological Agency Scale)
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EMS Scale of 1998 (abstracted)
1 Not felt Not felt.
I Scarcely felt Felt only by very few individual people at rest in houses.

Weak Felt indoors by a few people. People at rest feel a swaying or
light trembling.

Largely observed  Felt indoors by many people, outdoors by very few. A few
people are awakened. Windows, doors and dishes rattle.

Strong Felt indoors by most. outdoors by few. Many sleeping people
awake. A few are frightened. Buildings tremble throughout.
Hanging objects swing considerably. Small objects are shifted.
Doors and windows swing open or shut.

Slightly damaging Many people are frightened and run outdoors. Some objects fall.
Some houses suffer slight non-structural damage like hair-line
cracks and fall of small pieces of plaster.
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Most people are frightened and mun outdoors. Furnifure 15 shifted
and objects fall from shelves in large numbers. Many well buult
ordinary buildings suffer moderate damage: small cracks in
walls, fall of plaster. parts of clumneys fall down; older
buildings may show large cracks 1n walls and fatlure of fill-in
walls.

Heavily damaging Many people find it difficult to stand. Many houses have large
cracks in walls. A few well built ordinary buildings show
serious fatlure of walls, while weak older structures may
collapse.

Destructive General panic. Many weak constructions collapse. Even well
built ordinary buildings show very heavy damage: serious
fatlure of walls and partial structural failure.

Very destructive  Many ordinary well built buildings collapse.

Devastating Most ordinary well built buildings collapse, even some with
good earthquake resistant design are destroyed.

Completely devastating  Almost all buildings are destroyed.
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Modified Mercalli Siddet Olgegi

I. Hemen hemen hig hissedilmez.

II. Binalarin Ust katlarinda hareketsiz haldeki insanlar disinda kimse
hissetmez. Saglam asilmamis cisimler sallanabilir.

1. Ozellikle binalarin (st katlarindakiler agikga hissederler. Pek ¢ok Kisi
bunun bir deprem oldugunu farketmez. Duran motorlu araglar hafifce
sallanabilir. Sarsinti, bir kamyonun yol agtigina yakindir. Baglama ve
bitisi insanlar tarafindan hissedilir.

IV. Gilindiiz olursa, binalarda bulunanlarin ¢ogunlugu, disridakilerinse
bir kismi hisseder. Gece olursa, bazilarini uyandirir. Tabak-ganak
yerinden oynar, pencereler, kapilar titrer; duvarlardan catlama sesleri
gelir. Agir bir tagitin binaya garpmasina benzer bir etki uyandirir.
Hareket halinde olmayan motorlu araglar gérinur bir sekilde sallanir.
V. Hemen herkes hisseder; gece vakti pek¢ok insan uykudan uyanir.
Tabak-g¢anak, pencere ve camlardan bazilari kirilir. Agag ve direk gibi
yuksek cisimlerin sallandigi bazen farkedilir. Sarkagh saatler durabilir.
VI. Herkes hisseder, pek ¢ok kisi korkar ve disari firlar. Bazi agir
mobilyalar hareket eder. Sivalar dokiilebilir ve bacalar hasar gorebilir.
Genel olarak hafif hasarla sonuglanir.
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VII. lyi ingsa edilmis ve iyi tasarlanmis binalarda hasar gézardi edilebilecek
dizeydedir; iyi yapilmis siradan yapilarda hasar ya ¢ok

hafiftir ya da orta diizeydedir. Kétii malzeme kullaniimis ya da kéti
tasarlanmis binalarda dnemli dlclide hasar gozlenir; bazi bacalar yikilir.
VIII. Ozel olarak depreme dayanikli tasarlanmis binalarda ¢ok az hasar
gorulir; dayanikh, fakat deprem igin 6zel tasarlanmamis siradan binalarda
kismi gokme gorulir. Kétu inga edilmis yapilarda blyuk hasar gorulir.
Bacalar, kolonlar ve duvarlar yikilir. Agir mobilyalar devrilir.

IX. Ozel olarak depreme dayanikl tasarlanmis binalarda belirgin hasar
olur. Tas ya da tugladan yapilar ve demirli betondan yapilmis olanlar hafif
egdilir. Siradan binalarda hasar blyuktir; kismen ¢cokerler. Binalar
temellerinden kayarlar.

X. lyi inga edilmis ahsap yapilardan bazilari hasar gériir, tas ve kafes
yapilarin gogu temelleriyle birlikte yikilir. Demiryollari egilir.

XI. Birkag yapi (6zellkle tas) disinda tiim binalar ve kopriler yikilir.
Demiryollari bayuk oranda egilir ve bukulur

XII. Mutlak bir hasar vardir. Bolge yerle bir olur, tas tas Ustunde kalmaz.
Cisimler havaya firlar.
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1. Instrumental Generally not felt by people unless in favorable conditions.

Felt only by a few people at rest, especially on the upper floors of buildings. Delicately suspended objects
(including chandeliers) may swing slightly.

Felt quite noticeably by people indoors, especially on the upper floors of buildings. Many do not recognize it as an
earthquake. Standing automobiles may rock slightly. Vibration similar to the passing of a truck. Duration can be
estimated. Indoor objects (including chandeliers) may shake.

Felt indoors by many to all people, and outdoors by few people. Some awakened. Dishes, windows, and doors
disturbed, and walls make cracking sounds. Chandeliers and indoor objects shake noticeably. The sensation is
more like a heavy truck striking building. Standing automobiles rock noticeably. Dishes and windows rattle
alarmingly. Damage none.

Felt inside by most or all, and outside. Dishes and windows may break and bells will ring. Vibrations are more like a
. Rather Strong large train passing close to a house. Possible slight damage to buildings. Liquids may spill out of glasses or open
containers. None to a few people are frightened and run outdoors.

Felt by everyone, outside or inside; many frightened and run outdoors, walk unsteadily. Windows, dishes,
1. Strong glassware broken; books fall off shelves; some heavy furniture moved or overturned; a few instances of fallen
plaster. Damage slight to moderate to poorly designed buildings, all others receive none to slight damage.

Difficult to stand. Furniture broken. Damage light in building of good design and construction; slight to moderate in
1I. Very Strong ordinarily built structures; considerable damage in poorly built or badly designed structures; some chimneys
broken or heavily damaged. Noticed by people driving automobiles.

Damage slight in structures of good design, considerable in normal buildings with a possible partial collapse.
TI1. Destructive Damage great in poorly built structures. Brick buildings easily receive moderate to extremely heavy damage.
Possible fall of chimneys, factory stacks, columns, monuments, walls, etc. Heavy furniture moved.

General panic. Damage slight to moderate (possibly heavy) in well-designed structures. Well-designed structures
IX. Violent thrown out of plumb. Damage moderate to great in substantial buildings, with a possible partial collapse. Some
buildings may be shifted off foundations. Walls can fall down or collapse.

Many well-built structures destroyed, collapsed, or moderately to severely damaged. Most other structures

X. Intense destroyed, possibly shifted off foundation. Large landslides.

XI. Extreme Few, if any structures remain standing. Numerous landslides, cracks and deformation of the ground.

[ Total destruction — everything is destroyed. Lines of sight and level distorted. Objects thrown into the air. The
XII. Catastrophic ground moves in waves or ripples. Large amounts of rock move position. Landscape altered, or leveled by several
meters. Even the routes of rivers can be changed.

Siddet haritalari nasil hazirlanir :

m Anket ve gozlem verisi kullanilarak
m Internet (izerinden bilgi toplayarak
m Aletsel kayit bilgileri kullanilarak
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Makrosismik anket sorulari :

m Neredeydin? Ne yapiyordun?
m Sarsintyl tanimlarmisin?

m Insanlar ve hayvanlar {izerinde etkileri
nelerdir?

m Objeler ve yapilar Gzerinde etkileri
nelerdir?
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Did you feel it? — Tell Us !

[
Weak |
O<«=sfoms O

You felt this earthgauke. Tell us!
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Classification of damage to masonry buildings

Grade 1= Negligible to sight damage
{ibd STl dainage,
slight mon-structural damage)
Hasi-Hie cracks i very few walls
Fall of small pieces of plaster only
Fall of loass stanes from upper parts of
g i very faw enaes

Grade I Moderare damage
(skight structural damage. moderate
on-strnerieal dan, gv:

Partial collapse of clumneys.

Grade 32 Substantial to beavy damage
{moderate sir
la vy il structural damnage)
and extensive ceacks din most walls,
Roof tiles detach. Clivineys fracture at the
seof lse: failure of individual non-strue-
mral elements (partinions, gable walls)

Grade 42 Verv hesvy damage
1 s ge,
VEry leavy not-strncrural damage)
Serions failire of walls: partial stiuctial
failurs of reofs and flaors

Grade 52 Desiructiog
{very heavy struciural domage)

Total or near total callapse.
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Zemin fvmesi Yer
(gal) ( .5sn | Titresiminin
periyod araligi (0.5-2sn AX
igin) periyod hlZl 'S (Tu;u]a
n aralig: konutlar) yapilar) yapilar)

% 5 Orta %5 Hafif
Hasar hasar
% 50 Hafif

Hasar

5 Yikinti %S5 Orta % 5 Hafif
Agir Hasar hasar hasar

% 5 Fazla Yikint: gir hasar
Yikintt 50 Agir Hasar | % 50 Orta
% 50 Yikint1

16.1-32.0 % 50 Fazla % 5 Fazla 605 Yikinti
$ Yikintt o 50 Agir Hasar
%50 Yikint

32.1-64.0 % 75 Fazla %50 Fazla % 5 Fazla
Yikintt Yikintt Yikintt
0 Yikint1

Yararlanilan Kaynaklar
WWW.USGS.gov E. YALGINKAYA
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http://www.usgs.gov/

M6 Depinm 132 Lats 41 T Lofm 28 6255
Map of. INTENS

————
M 0 W@ 0.

A 00N
¥

; » Bu. EMG GeONe e e A e
| v

Depremden hemen sonra otomatik olarak uretilmis tahnmm iddet haritas
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Maksimum Siddet

= Maksimum siddet, daha 2z W 2o e
cok tarihsel depremlerin -, Nevada
biiyiikliiklerini ve
episantrlarini belirlemek
amaciyla kullanilir.

California

100 km
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1906 SF ve 1811 New Madrid

B Siddet = [ Vi< Siddet <

Bu depremlerin bayukluklerinin birbirine ¢ok yakin olmasina
karsin, siddet konturlar birbirinden c¢ok farkhdir.
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Deprem Blyuklik
Olcekleri

1930’larda Japonya’da Wadati, Amerika'da
Richter, farkli depremlere ait kayitlarda
maksimum genliklerin farkli oldugunu fakat
genliklerin uzaklikla azalimlarinin benzer
ozellikler gosterdigini gézlemlemislerdir.

Richter’in Gozlemleri

Richter (19586)

e By

P

Log En Biyik Genlik (mm)

o~ Bl )

T~ By,

200 400 50C 600
Uzaklik (km)
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Genel olarak magnittid bagintisi;
M =log(A/T)+ f(A,h)+c, +cC,

A ; kullanilan fazin yerdegistirme genligi (mikron)
T ; baskin periyod (sn)

f(4, h); kaynak derinligi ve alici uzakligina bagl azalim
dizeltmesi

C,; alhicinin bulundugu yerel zemin kogsullariyla ilgili diizeltme

G, ; kaynak bdlgesi ile ilgili dizeltme
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Logaritmik Olgek

= Logaritmik bir 6l¢ekte biiyiikliik

Biiyiikliikteki bir birimlik bir degisiklik, yer
titresimi genliginde 10 kat1 bir degisiklige
karsilik gelir.

P 8 R
A bt .;}/A_

A magnitude 8.7 earthquake is 794 HEI-'OA

a) Magnitudes 6

times BIGGER on a seismogram |2 Magnitude 7 —J‘l“—%{\ ﬂﬂ

D

than a magnitude 5.8 earthquake. /"""T“"“
The magnitude scale is logarithmic, ‘ i

SO

(10+8.7)/(10%*5.8) = Ik |
(5.01%10%%9)/(6.31*10**6) = &) Magnitude 8 —
794%10%*3 = 794 |

OR = 10**(8.7-5.8) = 10**2.9 =
794.328
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Sismogramlardaki En Biiyiik

Genlik

= En biiyiik genlik, kayitlarda sifir ¢izgisinden
Olciilen en biiylik uzakliktir.

b
Seiamemeter

Buytiklik Olcekleri

Lokal Magnittd (M,)

. Cisim DalgasI Magnitudu (m,)
. Yuzey Dalgasi Magnitudu (Mg)
Stireye Bagh Magnittid (Mp)

Moment Magnittdu (M,y)

E. YALCINKAYA
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Lokal Magnitiid (M)
(Richter Magnitidi)

= Richter bir referans degeri A, belirledi
M, = logA - log A,
— A, sismogramdaki genlik, A, ; bir referans
depremi i¢in gozlenen genlik.

= Giiney California i¢in
M, = logA +2.76 log(A) - 2.48
— A ; mesafe (km).

o
&
Sy
&
=)

£ o AMPLITUDE -23mm

0= AMPLITUDE
DISTAMNCE MAGNITUDE {mm)
(k) 5-P TIME (5)
0

E. YALCINKAYA
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Lokal Magnitud (M,)

m California depremleri icin rélatif blyuklikleri veren
pratik bir olcektir.

m Genlik; Wood-Anderson adi verilen 6zel bir
sismograf tarafindan alinan kayittan olcilen en
buyilk genliktir (genellikle S dalgasi).

m Son yillarda kullaniminin oldukca azalmasina
karsin, Wood-Anderson sismografin hakim
perlyodu 0.8 sn olup bir cok yapinin hakim
periyoduna yakin oldugundan M, ozellikle
muhendislik sismolojisinde yararlh bir blyukltuk
olmustur.
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Telesismik Mg ve my

« Iki en 6nemli modern biiyiikliik 6l¢egi:

My, Yiizey dalgasi bilyiikligii (Rayleigh dalgasi)
my,, Cisim dalgasi biiytikliigii (P-dalgasi)

measuradﬂ_‘\'t

here

oty W‘MMVMWM\W

1 | 1 1 1
1500 2000 2500 50&0

Time (s)
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Cisim dalgasl magnitidd (my)
m, =10g(A/T)+Q(A,h)

m A ; genlik (mikron): ilk gelen birkac
saniyelik P dalgasindan okunur

m T ; periyod (sn) : genellikle periyodu 1 sn
civarindaki dalgalar kullanilir

m Q : uzaklk ve derinlige bagh dizeltme
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YUzey dalgasi magnitidu (Mg)
M. =log(A/T)+1.66logA+3.3
M. =logA,, +1.66logA+2.0

m A ; genlik (mikron): dusey bilesen
Rayleigh dalgasindan okunur

m T ; periyod (sn) : genelikle periyodu 20 sn
civarinda olan Rayleigh dalgalari kullanihr
m A : uzaklik (derece)

E. YALCINKAYA
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Stireye bagh magnitid (Mp)

M, =-0.87+2.0logz +0.0035A

m 7 ; depremin devam suresi (sn)
m A ; episantr uzakhgi (km)

m Depremin belirli bir genlik degerini astigi
ve tekrar bu degerin altina distigl an
arasindaki zaman kullanilir.

m Klclik ve yerel depremler icin kullanihr.
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Magnitid Farkliliklari

+ [deal olarak istenen her bir deprem icin
ayn1 bliytikliik degerinin bulunmasidir,
yani,

Mg =m, =M,

= Fakat bu her zaman gerceklesmez:
[zmit 17/8/99: Mg = 7.8, m, = 6.3
Taiwan 20/9/99: Mg = 7.7, m, = 6.6

E. YALCINKAYA
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Nicin Buyuklik Olgeklers
Farkh?

En basit cevap:

* Depremler cok karmasik bir fizige sahip
olaylardir ve tek bir degerle tam olarak
tanimlanamazlar.
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Nicin Buyukluk Olcekleri Farkli?

Daha karmasik cevap:

» Her buyukluk farkli frekansta dalgalar
kullanilarak hesaplanir.

« Genlikler igin yapilan uzakhk duzeltmesi
jeolojiye baghdir.

» Derin depremler buyuk yuzey dalgalari
uretmezler — Mg derin depremler igin kuiguk
hesaplanir.

« Bazi depremler ayni genlige sahip olmalarina
kargin digerlerinden. daha.uzun surerler.
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Nicin Buyuklik Olgeklers
Farkli?

En karmasik cevap:
» Buyukluk olcekleri doyuma ulasir

* Bu, deprem buyuklugune aldirmaksizin
blayukluk olgeklerinde bir Ust sinirin var
oldugunu gosterir

« Ornegin M, (yUzey dalgasi bayukliagi) 8.2-
8.3 degerini agsmaz
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Ornek: my, “Doyum”

Magnitude = 6.1
I ot Nl A e o i
« m, seyrek olarak 6.7 ’ a

degerini asar- yani ( Largs amplitudes
i s starts after
doyuma” ulasir.

|

| ' Magnitude =77

—_—

kaydin ilk 5
saniyeden
hesaplanmalidir.

. ET M h;\
|

1 | 1 | 1 |
690 700 o
Time (seconds)

E. YALCINKAYA
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Doyum

Olgiilen
Byklik
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Doyuma Ne Sebep Olur?

= Kirilma 1slemi

— Kiigiik depremler kiiciik alanlar kirarlar ve nispeten
kisa periyotlu dalgalardan olusurlar

— Biiylik depremler biiyiik alanlar1 kirarlar ve nispeten
uzun periyotlu dalgalardan olusurlar

Fauht
Surface

Small Earthguake

Earthguake
E. YALGINKAYA
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m, ve M, hala faydalimidir?

EVET!

Cogu deprem doyum olusturamayacak kadar
kGcuktur

Aciga ¢ikan enerji ve my, - M buyuklukleri
arasinda ampirik iligkiler mevcuttur

m, - M orani verilen bir sismogramin bir
depremden mi yoksa nukleer bir patlatmadan
mi kaynaklandigini gosterebilir
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Daha iyi bir olgek var ?
Evet, sismik moment — M,

« Buyukluk sinirlamasindan kurtulmak igin
1960’larda kesfedildi

 Fiziksel olarak eneriji birimine sahip (Nm, cal, J)

* Depremin buyuklugune isaret eden Ug faktorin
carpimidir

M, = (kayma modult) x (kirilma alani) x (kayma miktari)
M, = ©AD

E. YALCINKAYA
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M, = AD
u; kabuk icin 3.0x101! dyne.cm

A ; kinlma alani (cm?)

D ; fay lGizerinde ortalama atim miktari (cm)

Izmit-Golciik depremi icin ;

A = 145 x 20 = 290 km?
D=4m

M=3.0x1011 * 290x1010 * 4x102
M, = 3.48x10%° dyne.cm

E. YALCINKAYA

Moment Magnitidi, M,

= Karsilastirmalar yapmak i¢in sismik
momentten hesaplanan moment
magnitiidiinii kullaniriz.

M, = % logM, —-10.7
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San San
Fernando, Francisco,
1971 1906

My=12x10"% M;=54x1

M,=6.6 M,=78

Slip=14m Slip=4m

Alaska, 1964

Chile, 1960

0¥ M,=5.2x 10"

M,=84

Slip=7m

M, =
2.4 x 10"
M, =83

Slip=21m

100 km

Earthquake

Body wave
magnitude
my

Surface wave
magnitude
M,

Fault
area (km?)
length x width

Average
dislocation
(m)

Moment
(dyn-cm)
M,

Moment
magnitude
M,

Truckee, 1966

San Francisco,
Alaska, 1964
Chile, 1960

San Fernando, 1971 6.2
Loma Prieta, 1989 6.2

54

1906
6.2

59
6.6
7.1
8.2
8.4
8.3

10x 10

20x 14

40x 15

320x 15
500 x 300
800 % 200

0.3

1.4
1.7
4

B
21

8.3 x 107
1.2 x 10%
3.0 x 10%
6.0 % 1077
5.2 % 10%
2.4 x10%

5.8
6.7
6.9
7.8
9.1
9.5

En Blytlik Depremler

M,, ; biiyiik depremleri karsilastirmak i¢in
en iyl secimdir. Ciinkii, doyuma ulasmaz.

1960 Sili
1964 Alaska

9.5
9.2

1952 Kamchatka 9.1

1965 Aleutians 9.0

22



Enerji

Bir deprem sirasinda aciga cikan toplam
enerji iki kisma ayrilir :

1. sismik dalga enerjisi
2. ISl enerjisi

E=E,+E,

E. YALCINKAYA

logE; =11.8+1.5M,
logE; =5.8+2.4m,

Bu bagintilara gore ; blytiklikte bir birim degisiklik,
aciga cikan enerjide yaklasik 30 kat farka yol acar.

The magnitude scale is really comparing amplitudes of waves on a seismogram, not the
STRENGTH (energy) of the quakes. So, a magnitude 8.7 is 794 times bigger than a 5.8 quake as
measured on seismograms, but the 8.7 quake is about 23,000 times STRONGER than the 5.8!
Since it is really the energy or strength that knocks down buildings, this is really the more important
comparison. This means that it would take about 23,000 quakes of magnitude 5.8 to equal the
energy released by one magnitude 8.7 event. Here's how we get that number:

One whole unit of magnitude represents approximately 32 times (actually 10**1.5 times) the
energy, based on a long-standing empirical formula that says log(E) is proportional to 1.5M, where
E is energy and M is magnitude. This means that a change of 0.1 in magnitude is about 1.4 times
the energy release. Therefore, using the shortcut shown eartlier for the amplitude calculation, the
energy is,

32 * 32 * 32 /1.4 = 23,405 or about 23,000

The actual formula would be:

((10**1.5)**8.7)/((10**1.5)**5.8) = 10**(1.5%(8.7-5.8)) = 10**(1.5*2.9) = 22,387

E. YALCINKAYA
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OZET

Biiyiikliik, yer titresim genliginin bir 6l¢iistidiir.

Depremleri ¢alismak i¢in birden ¢ok biiyiikliik dl¢egi
kullanilir.

Tiim biiyiikliik 6l¢ekleri ayni logaritmik dl¢ege sahiptirler.

Farkli periyotlu titresimler ve farkli dalga tipleri
kullanildigindan, biiyiikliik 6lgekleri her zaman ayni1 degeri
vermezler.

Biiyiikliik Sembol Dalga Periyod
Lokal (Richter) M; S veya Yiizey Dalgasi 0.8s
Cisim Dalgast  m, P Is
Yiizey Dalgast M, Rayleigh 20s

Moment M,, Kirilma Alani, Slip 100’s-1000’s

Gelecek ders

m Depremlerin istatistigi

~

E.YALCINKAYA
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