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FOLDRENGES KELETKEZESE, JELLEMZESE
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FOLDRENGESEK TIPUSAI

— Természetes foldrengések
— tektonikus mozgdsok miatt
— vulkani tevékenység miatt
- impakt hatds, becsapddds kévetkeztében (pl. meteorit
becsapdodas)
— Emberi tevékenység kovetkeztében
— viztdrozok (2008 Sichuan, 8.0)
— bdnydszat (1989 New Castle, Australia, 5.6)
— fosszilis anyagok, viz kitermelése (2011 Oklahoma?, 5.6)
— Vizbdnydszat (2011 Lorca, 5.1)
- geotermikus energia

Hidak és Szerkezetek Tanszék



FOLDRENGESEK KIALAKULASA
— torésvonalak

WORLD |
Fault Line Map
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Fault Line
—— Plate Movement




— tektonikus lemezek mozgasa, torésvonal
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— Hipocentrum és epicentrum

Seismic




FOLDRENGES JELLEMZESE
— Magnitudo:

felszabadulé energiat jellemzi

- local magnitude, M,
- surface wave magnitude , M ! Energia
- body wave magnitude , M, I UE ol 8y 5 100
- moment magnitude , M,, San Franciaco 3 g9
(1908) + 107 q E 10
. o 1016 102 L
- moment magnitude scale (MMS) Hbombs [ e 0 x E
El Cent T 9 x
Kobe e o ?- 1
(1998) 1. 8
- 1014 102 g -]
- 104 %]
Q
il :g 0.1
'4' 103 A >
£ 1012 101 w
+ 102 0.01 |-
™ 10
<4 1010 101
Loa 4.0 5.0 6o 7.0 8.0 9.0
4 - MAGNITUDO
3 4 5 6 7 8 a M

Hidak és Szerkezetek Tanszék



Forras: Wikipedia

— Intenzitas:
emberek komfortérzete, okozott kar/kovetkezmény mértéke

l. Instrumental
1. Weak
1. Slight

IV. Moderate

V. Rather Strong
VI. Strong

VII. Very Strong
VIII. Destructive
IX. Violent

X. Intense
Xl. Extreme

XIl. Catastrophic

Generally not felt by people unless in favorable conditions

Felt only by a couple people that are sensitive, 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 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, 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 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. 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 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 destroyed, possibly shifted off
foundation. Large landslides

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 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




— Magnitado vs. Intenzitas
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— Szeizmograf, accelerogram

Northridge, 1994
(Beverly Hills-Mulhol station)
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LEGNAGYOBB FOLDRENGESEK

Foldrengés Haldlos aldozatok Morr_ie'n t, .Merc?ll'l
Magnltudo intenzitas
1755 Boston/Massachusetts/New England earthquake 0 5.9-6.3 Vil
2011 Christchurch earthguake 182 6.3 1Ll
1980 Irpinia earthquake 2,914 6.5 X
1994 Northridge/Los Angeles earthquake 60 6.7 IX
1995 Kobe/Great Hanshin earthquake 6,434 6.8-7.3 X=Xl
2010 Haiti earthquake 316,000 7.0 X
2010 Canterbury earthquake 0 7.1 X
1908 Messina earthquake 150,000-200,000 7.2 Xl
1977 Vrancea earthquake 1,578 7.2 X=XI
2011 Van earthquake 432 7.2 X
1906 San Francisco earthquake 3,425 7.8 X
1920 Haiyuan earthquake 235,502 7.8[51-8 5l6l Xl
1976 Tangshan earthquake 242,769-650,00071 7.8-8.2 X118l
2008 Sichuan earthquake 69,195 7.9 XI
1556 Shaanxi earthquake 830,000 7.9-8.0 Xl
2011 Japan earthquake and tsunami 18,500. Totals include tsunami. 9.0 1x12l
2004 Indian Ocean earthquake and tsunami 230'009_280’000' UGELSIETRCS 9.1-9.3 Ix1d
tsunami.
1964 Good Friday/Anchorage/Alaska earthquake 143. Totals include tsunami. 9.2 Xl
1960 Valdivia earthquake 2,230-6,000 9.5 p(EY

Hidak és Szerkezetek Tanszék



http://en.wikipedia.org/wiki/1755_Cape_Ann_Earthquake
http://en.wikipedia.org/wiki/2011_Christchurch_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-13
http://en.wikipedia.org/wiki/1980_Irpinia_earthquake
http://en.wikipedia.org/wiki/1994_Northridge_earthquake
http://en.wikipedia.org/wiki/Great_Hanshin_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-bcs.whfreeman.com-8
http://en.wikipedia.org/wiki/2010_Haiti_earthquake
http://en.wikipedia.org/wiki/2010_Canterbury_earthquake
http://en.wikipedia.org/wiki/1908_Messina_earthquake
http://en.wikipedia.org/wiki/1977_Vrancea_earthquake
http://en.wikipedia.org/wiki/2011_Van_earthquake
http://en.wikipedia.org/wiki/1906_San_Francisco_earthquake
http://en.wikipedia.org/wiki/1920_Haiyuan_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-5
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-6
http://en.wikipedia.org/wiki/1976_Tangshan_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-7
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-bcs.whfreeman.com-8
http://en.wikipedia.org/wiki/2008_Sichuan_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-9
http://en.wikipedia.org/wiki/1556_Shaanxi_earthquake
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-12
http://en.wikipedia.org/wiki/2004_Indian_Ocean_earthquake_and_tsunami
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-11
http://en.wikipedia.org/wiki/1964_Alaska_earthquake
http://en.wikipedia.org/wiki/1960_Valdivia_earthquake
http://en.wikipedia.org/wiki/Mercalli_intensity_scale#cite_note-10

MAGYARORSZAG

Magyarorszagon 20 évenként M = 5 - &s,
és 200 évenként M = 6-0s magnitudoji
f6ldrengés varhatd

1763

Felszabadylt
energia

—— Komérom

1750 1800 1850 1900 1950 2000
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Horizontalis gyorsulas értékek 50 évre,

Magyarorszag foldrengésveszélyeztetettsege ...ty etonai

© Téth et al,, 2006
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FOLDRENGES OKOZTA KAROK

Szerkezeti karok
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Ground rupture
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San Francisco, 1906

(M 7.8, 40 sec — tliz— 315 vagy 30007 halalos
aldozat)
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Fukui, 1946
(M 7.3, 3500 halalos aldozat)
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Komarom, 1763
(M 6.3)
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Dunaharaszti, 1956
(M 5.2)
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Talajfolyosodas
California, 1970

Liquefied Sand

Earthquake Waves
._ua’ (aﬁerSlmsandGanfin)}
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Talajfolyosodas

Japan

h Hidak és Szerkezetek Tanszék



Kobe, 1995
(M 7.2, 5.000 haldlos aldozat, 190.000 épiilet)
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Indiai-6cean foldrengés és cunami, 2004 sancLADEsH
(M 9.1-9.3) NDIA - mn
SOMALIA SRI //‘WD
o LAty ( }MMVSM

~ INDONESIA

Indian
Ocean
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Tohoku féldrengés és cunami, 2011
(M9.0)
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SZERKEZETEK VISELKEDESE, ANALIZISE — EGYSZABADSAGFOKU
RUGALMAS RENDSZER
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FOLDRENGES JELLEMZESE - SZERKEZETTERVEZESHEZ

Northridge, 1994

accelerogram — foldrengés rekord (Beverly Hills-Mulhol station)
| | | | |
s e R T Tddd e e —_— |
0 | I T e i -
(=] 0 2 : :
e i ------------------------- R o e -
e . e e e -
| | | | |
0 5 10 15 20 25 30
1d6 [s]

- alapgyorsulas (PGA) a,
- frekvenciatartalom

- id6tartam

- iranyultsag

] Hidak és Szerkezetek Tanszék Szerkezetek viselkedése €és analizise féldrengésre - MMK Szakmai tovdbbképzés 30



EGYSZABADSAGFOKU RUGALMAS RENDSZER

Differencialegyenlet

k-u+c-u+m(ug +u)=0

K-u+c-u+m-u=-m-u, 7 YT

K-u+c-u+m-u=-p(t)

] Hidak és Szerkezetek Tanszék Szerkezetek viselkedése és analizise féldrengésre - MMK Szakmai tovdbbképzés 31



EGYSZABADSAGFOKU RUGALMAS RENDSZER
PERIODIKUS GERJESZTESE
K-u+c-u+m-u=-—p(t)

u=e “*[Acos w,t + Bsin wyt|+Csin wt + D cos wt

K
Kérfrekvencia @, = \E By = W, (<

Periodusidé Tn = 2r
a)n
C.
Csillapitas E=—; C., = Zma)n
CCI’

A~ 7 z . . . .. o . . < s
] Hidak és Szerkezetek Tanszék Szerkezetek viselkedése és analizise féldrengésre - MMK Szakmai tovdbbképzés 32



CSILLAPITAS
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- anyagi csillapitas C ul’rentlgr Used Damping Values
- surlédas (Steel Buildings)
YA rk. ki d Ia klta S Country Actions/Stress Levels Joints/Structures  Damping ratios
. & (%)
- teherszint Australia Serviceabili}}r 0.5-1.0
(AS1170.2) Ultimate & Permissible Frame Bolted 5
Frame Welded 2
Austria (ONORM B4014 )
China (GB50191-93) Steel (TV) Tower 2
France Standard Bolt 0.8
High Resistance Bolt 0.5
Welded 0.3
Earthquake Bolt 4
Welded 2
Germany Wind (DIN 1055)
Italy Wind (EUROCODE 1)
Earthquake 5
Japan Habitability 1
Earthquake 2
Singapore 1
Sweden (Swedish Code of Practice) 0.9
United Kingdom Wind (ESDU)
USA (Penzien, US Atomic Energy Commission)

Forras: Yukio Tamura, Tokyo Polytechnic University
http://www.wind.arch.t-kougei.ac.jp/info_center/ITcontent/tamura/10.pdf

~
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- anyagi csillapitas .
Ny Currently Used Damping Values
- surlodas (RC Buildings)
- sze rk' kla Ia klta S Country Actions/Stress Levels Structures Damping ratios
: & (%)
te h erszint Australia Serviceabili}}r RC or Prestressed C 05-1.0
(AS1170.2) Ultimate & Permissible RC or Prestressed C 5
Austria (ONORM B4014 )
China (GB50191-93) RC Structures 5
RC (TV) Towers 5
Prestressed RC Tower 3
France Standard 1.6
Reinforced 0.65
Earthquake Standard 3-4
Reinforced
Germany Wind (DIN 1055)
Italy Wind (EUROCODE 1)
Earthquake 5
Japan Habitability 1
Earthquake 3
Singapore 2
Sweden (Swedish Code of Practice) 14
United Kingdom Wind (ESDU)
USA (US Atomic Energy Commission)

Forras: Yukio Tamura, Tokyo Polytechnic University
http://www.wind.arch.t-kougei.ac.jp/info_center/ITcontent/tamura/10.pdf

] Hidak és Szerkezetek Tanszék Szerkezetek viselkedése és analizise féldrengésre - MMK Szakmai tovdbbképzés 35



Csillapitas modellezése

gzc; C, =2Ma, K-u+c-u+m-u=-p(t)
C

cr

valdsag: szerkezeti csillapitas sebességfliggetlen
numerikus analizis: sebességfliggd — ekvivalens viszkdzus

+ (i
A : b
s elwivelens |
W [
= 1
: v /Ua,{;& I
= I
# I I
- : TY77V7
- ) S YT
W, “w g
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EGYSZABADSAGFOKU RUGALMAS RENDSZER
GERJESZTESE FOLDRENGESSEL

Id6ben tetsz6legesen valtozo gerjesztéerd

kezdeti érték feladat, numerikus id6integralas

(Y
> g
|
|
|
|
|
|
Ve A4
<>K—>
Ug u

centrdlis differenciak modszere (explicit)

Newmark-$ (implicit)
Wilson-0 (implicit)
stb

m-u+c-u+k-u=-p(t)
t=0:u=0;, u=0

m- Ui+1

+C-u

1+1

+K 'ui+1 — _pi+1

Hidak és Szerkezetek Tanszék
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Northridge, 1994
(Beverly Hills-Mulhol station)
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Kobe, 1995
(Nishi-Akashi station)
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Northridge, 1994
(Beverly Hills-Mulhol station)
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Northridge, 1994
(Beverly Hills-Mulhol station)

Elmozdulasi valaszspektrum

250
200 4
rugalmas valaszspektrum: D e ™ < |
egy foldrengésre adott altalanos o )
&Y 5 - . e — elmozdulas
rugalmas Szerkezetl VaIaSZ % 05 1 15 2 25 3 35 4 45 5
Periédusido [s]
.- Pszeudo-sebesség valaszspektrum
LA e / pszeudo- -
o — .
A V=D & « ; / | sebesség _
(Y = F w / : T
i f = kD = mo,2D <mam T —
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
I Periédusido [s]
I . Pszeudo-gyorsulas valaszspektrum
: 08 / 7 pSZEUdO' 7
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TY77V7 k A=0,"D <. ;/ ; SN
<Sle—> w, = |[— o — I
ug u m UU 0&5 1 1.5 2 25 3 3.5 4 4.5 _5

Periédusidd [s]

Szerkezetek viselkedése és analizise féldrengésre - MMK Szakmai tovdabbképzés 41



tervezési valaszspektrum: 6 -

C1, M>56.5
szamos foldrengésre adott altalanos, - S teitpeenis
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Forras: Pitilakis K., Riga E., Anastasiadis A., 2013
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ANALizIS: HELYETTESITO TERHEK MODSZERE
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VALASZSPEKTRUM
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VALASZSPEKTRUM
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TOBBSZABADSAGFOKU RENDSZEREK

7
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TOBBSZABADSAGFOKU RENDSZEREK

Egyszabadsagfoku rendszer: mu + cu + ku = p(t)
Tobbszabadsagfoku rendszer: ~ mu +cu + ku =p(t)

-T 9 0,5m - 5
‘;l- .h'l.L= D. 5 1
1
0 1 T 115 B20as 1
(= M=
0,5 1
o 0,5
=] e =4 = 2
A D } ]
s Kk =1ooo{_1 } = 1883 -119 4773 -1193 01989
R, e . 1465 -10,71 4177 —0,6961
K = 5’452(')310 1406 -9514 2586
*L \ S szimm. 9878 —3,646
b €4 ] 1608 |
-:L s

Forras: Chopra: Dynamics of structures
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TOBBSZABADSAGFOKU RENDSZEREK

rezgésalakok ?
L
L ]
L
0, = 1.7438 1/s 0, = 10.2072 1/s co3=27.5707 1/s <o4=51.4576 1/s m5=75.3942 1/s
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TOBBSZABADSAGFOKU RENDSZEREK
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TOBBSZABADSAGFOKU RENDSZEREK
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ANALIzIS: MODALIS VALASZSPEKTRUM ANALIZIS

1. rezgésalak 2. rezgésalak
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Fontos alakok?
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Rezgésalakok kombinalasa
* ABSSUM

* SRSS

* CQC
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KEPLEKENYEDES HATASA
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EGYSZABADSAGFOKU KEPLEKENYEDO RENDSZER
GERJESZTESE FOLDRENGESSEL

képlékenyedés:
200
- csokkeno igénybevételek
150
- duktilitas kiemelten fontos!
- 100
(. 0
r 5 B
| g
I 5 i
I a > °
l ©
| -50
|
/¥/77Y/ -100
a & u g : Act A . — el 850 -100 50 0 50 160 1i50 200
g viselkedési tényez6: & ]
pl elmozdulas

] Hidak és Szerkezetek Tanszék Szerkezetek viselkedése €és analizise féldrengésre - MMK Szakmai tovdbbképzés 56



Elmozdulési valaszspektrum
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RUGALMAS VS. KEPLEKENY RENDSZER
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KEPLEKENY RENDSZER TERVEZESE, MERETEZESE

1) Mire méretezziink?

2) Mit tudjon a szerkezet?!
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kapacitastervezés:

- képlékenyedés csak el6re meghatarozott
helyen alakuljon ki

- a képlékenyed6 szerkezeti elemek kell6 —
elmozdulasi kapacitassal rendelkezzenek 2——?

- arugalmas szerkezeti elemek kell§ F “
teherbirdssal rendelkezzenek Lok AL 1S

- globalis mechanizmus alakuljon ki

- szabalyossag! —
- fontos a teljes kontroll! —>
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KEPLEKENY RENDSZEREK ANALIZISE
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Eltolas vizsgalat
(nemlinearis statikai)

Archetype #15
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i vizsgalat

torténet
(nemlinearis dinamikai)

Id6

Ground acceleration

Time [s]
Floor #1 interstory drift

Time [s]
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—  Hullam fajtai

Body waves: travel inside the Earth's interior

(a) P-waves

Compression

(b)S-waves

(i) P-waves (primary wave, longitudinal or
pressure wave): particles vibrate along or parallel to
the direction of wave propagation.

Expansion (ii) S-waves (shear wave, secondary wave, or
AP T (AL LTI transverse wave): particles vibrate perpendicular to
: PEEEEERE R EEEEEE the direction of the wave propagation.
(c) Love waves &\'ice the ampliﬂde "
Wave length Surface waves: travel along the Earth's surface

__and the layers near the surface

515 5 ¥ 3d
L A0 A% S i i i G A e e 0 B e

(d) Rayleigh waves

-----------

1
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(i) Love waves: particles vibrate on a horizontal
plane and perpendicular to the direction of wave
propagation.

(ii) Rayleigh waves: particles vibrate on a
vertical plane and follow a retrograde ellipse.




Magnitude

Description

Average earthquake effects

Average frequency of
occurrence (estimated)

<2.0

Micro

Microearthquakes, not felt, or felt rarely by sensitive people. Recorded by
seismographs.

Continual/several million per year

2.0-2.9

3.0-3.9

Minor

Felt slightly by some people. No damage to buildings.

Over one million per year

Often felt by people, but very rarely causes damage. Shaking of indoor
objects can be noticeable.

Over 100,000 per year

4.0-4.9

Light

Noticeable shaking of indoor objects and rattling noises. Felt by most
people in the affected area. Slightly felt outside. Generally causes none to
minimal damage. Moderate to significant damage very unlikely. Some
objects may fall off shelves or be knocked over.

10,000 to 15,000 per year

5.0-5.9

Moderate

Can cause damage of varying severity to poorly constructed buildings. At
most, none to slight damage to all other buildings. Felt by everyone.
Casualties range from none to a few.

1,000 to 1,500 per year

6.0-6.9

Strong

Damage to a moderate number of well built structures in populated areas.
Earthquake-resistant structures survive with slight to moderate damage.
Poorly-designed structures receive moderate to severe damage. Felt in
wider areas; up to hundreds of miles/kilometers from the epicenter.
Strong to violent shaking in epicentral area. Death toll ranges from none to
25,000.

100 to 150 per year

7.0-7.9

Major

Causes damage to most buildings, some to partially or completely collapse
or receive severe damage. Well-designed structures are likely to receive
damage. Felt across great distances with major damage mostly limited to
250 km from epicenter. Death toll ranges from none to 250,000.

10 to 20 per year

8.0-8.9

9.0<=

Great

Major damage to buildings, structures likely to be destroyed. Will cause
moderate to heavy damage to sturdy or earthquake-resistant buildings.
Damaging in large areas. Felt in extremely large regions. Death toll ranges
from 1,000 to 1 million.

One per year

Near or at total destruction - severe damage or collapse to all buildings.
Heavy damage and shaking extends to distant locations. Permanent

changes in ground topography. Death toll usually over 50,000.

One per 10 to 50 years
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Country where

' . a . . .
deaths occurred Confirmed Estimated Injured Missing Displaced
Indonesia 130,736 167,799 n/a 37,063 500,000+1551
Sri Lanka? 35,3226 35,322 21,4118 n/a 516,150[61
India 12,405 18,045 n/a 5,640 647,599
Thailand 5,39531571 8,212 8,45718 2,817=1 7,000
Somalia 78 2891591 n/a n/a 5,000!6%
Myanmar (Burma) | 61 400-6001511 45 2001621 3,200
Maldives 821631 10864 n/a 26 15,000+
Malaysia 68651 75 29966l 6 n/a
Tanzania 10671 13 n/a n/a n/a
Seychelles 368l 3 570681 n/a 200L62
Bangladesh 2 2 n/a n/a n/a
South Africa 241701 2 n/a n/a n/a
Yemen 20711 2 n/a n/a n/a
Kenya 1 1 2 n/a n/a
Madagascar n/a n/a n/a n/a 1,000+221
Total ~184,167 ~230,273 ~125,000 ~45,752 ~1.69 million
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