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Zemetreseni

SIRENI ZEMETRESNYCH VLN
Z HYPOCENTRA

Jan Zednik: Zemétreseni.
https://www.ig.cas.cz/wp-
content/uploads/2020/11/brozura
zemetreseni.pdf
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Zemetreseni v Turecku
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Richterova skala

VII

Vétsina lidi je vystrasena a vybiha ven. Nabytek je
posunuty. Predmeéty padaji z polic ve velkém mnozZstvi.
Mnohé dobie postavené bézné budovy utrpi stiedni
skody: opada omitka, padaji casti komini; ve sténach
starSich budov jsou velke trhliny a pficky jsou zficene.

50-100

VIII

Mnozi maji problémy udrzet rovnovahu. Mnohé¢ domy
maji velké trhliny ve sténach. Nékolik dobie postavenych
béznych budov ma vazn¢ poskozené stény. Slabé starsi
budovy se mohou zfitit.

100-200

IX

Vseobecna panika. Mnoho chatrnych budov se fiti. 1
dobie postavené bézné budovy utrpi velmi tézké skody:
tézké poskozeni stén a ¢aste¢né 1 strukturalni skody.

200-400

Mnohé dobie postavené bézné budovy se fiti.

400-800

Stupen | Strucny popis a¢inku zemétieseni Zrychleni
Intenzity cm/s’
I Otiesy registrovany pouze citlivymi piistroji
1 Pociténé jen jednotlivei na neékterych mistech v domech.
m Zemétieseni uvniti budov citi jen néktefi lidé nanejvys
jako houpani nebo lehké chvéni.
v " , . . , .
Zemétieseni uvnitt budov citi mnozi, venku jen
vyjimecné. Nektefi jsou probuzeni. Okna a dvere rachoti.
v Zemeétreseni uvniti budov citi vétSina, venku néktefi. 12-25
Mnozi spici se probudi. Néktefi jsou vystraseni. Budovy
vibruji. Visici objekty se zna¢né houpaji. Malé predmety
se posouvaji. Dvefe a okna se otviraji a zaviraji.
VI Mnozi jsou vystraSeni a vybihaji ven. N¢ktere predméty | 25-50

padaji. Mnohé budovy utrpi malé nestrukturalni skody
(vlase¢nicové trhliny nebo odpadnuté malé kousky
omitky).

XI

Vétsina dobfie postavenych béznych budov se fiti. |
nckteré dobie anti-seismicky postavené budovy jsou
znicené.

~ 1000

XII

Témér vsechny budovy jsou znicené. Zméni se tvainost
krajiny
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Historie

Tabulka 1. Cetnosti roéniho vWskytu zemétieseni ve svété podle velikosti otiesti

Deadliest earthquakes

Charakteristik | Velikost otiéesu | Ro¢ni priimérny | Uvolnén4 energie
a zemétieseni | (magnitudo) pocet otiesii (ekvivalent kg explosiv)
Nicivé 8.0 a vice 1 56.000.000.000 Date Location Fatalities Magnitude
Velké 7.0-79 18 1.800.000.000 January 23, 1556  Shaanxi, China 820,000-830,000 (est.) 8.0 (est.)
Silné 6.0 -6.9 120 56.000.000 December 16, 1920 Ningxia—Gansu, China 273,400 7.8
" ; July 28, 1976 Hebei, China 242,769 7.8
Stredlln 50-5.9 800 1.800.000 May 21, 526 Antioch, Turkey (Byzantine Empire) 240,000 7.0 (est.)
Lehke 40-4.9 6 200 56.000 December 26, 2004 Indian Ocean, Sumatra, Indonesia 230,210 9.1-9.3
Mensi 3.0-3.9 49 000 1.800 October 11, 1138 Aleppo, Syria 230,000 Unknown
Velmi slabé 20-29 365 000 56 January 12, 2010 Haiti 222,570-316,000 7
December 22, 856 Damghan, Iran 200,000 (est.) 7.9 (est)
March 22, 893 Ardabil, Iran 150,000 (est.) Unknown
September 1, 1923 Kanto region, Japan 142,800 79
December 28, 1908 Messina, Italy 123,000 T4}
October 6, 1948 Turkmenistan 110,000 T4
December 31, 1703 Edo, Japan 2,300-12,000 8.2
November 1, 1755 Lisbon, Portugal 15,000-60,000 8.5-9.0 (est.)
01.11.1755 | Portugalsko, Lisabon | 70 000 |8.7 velkd vlna tsunami
25.12:1932 | Cina, Gansu 70000 |[7.6
31.05.1970 | Peru 66 000 |7.8 expedice Huascaran
1268 | Mala Asie 60 000
11.01.1693 | Italie, Sicilie 60 000
30.05.1935 | Pakistan, Quetta 60 000 |7.5
04.02:1783 | Italie, Kalabrie 50 000
20.06.1990 | Irdn, Manyjil 50000 7.7 sesuvy pidy

Zpracovano podle U.S: Geological Survey, Golden, Colorado
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Date

May 22, 1960
March 27, 1964
December 26, 2004
November 4, 1952
March 11, 2011
September 16, 1615
November 25, 1833
January 31, 1906
February 27, 2010
January 26, 1700
July 8, 1730
November 1, 1755
February 4, 1965
July 9, 869
September 20, 1498
October 28, 1707
August 15, 1950
March 9, 1957
April 1, 1946

DY T argest@ad hguakes Location >
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Historie

Largest earthquakes

Location

Valdivia, Chile
Prince William Sound, Alaska, USA
Indian Ocean, Sumatra, Indonesia
Kamchatka, Russia (then USSR)
Pacific Ocean, Tohoku region, Japan
Arica, Chile

Sumatra, Indonesia

Ecuador — Colombia

Valdivia , Chile

Pacific Ocean, North America
Valparaiso, Chile

Atlantic Ocean, Lisbon, Portugal

Rat Islands, Alaska, USA

Pacific Ocean, Tohoku region, Japan
Pacific Ocean, Nankai Trough, Japan
Pacific Ocean, Shikoku region, Japan
Assam, India — Tibet, China
Andreanof Islands, Alaska, USA
Aleutian Islands, Alaska, USA

Magnitude
9.5

9.2

9.1-9.3

9

9.0

8.8 (est.)
8.8-9.2 (est.)
8.8

8.8

8.7-9.2 (est.)
8.7 (est.)

8.7 (est.)

8.7

8.6-9.0 (est.)
8.6 (est.)

8.6 (est.)

8.6

8.6

8.6




Historie

Costliest earthquakes

Property loss
Name Magnitude (US 2013 $)
2011 Tohoku earthquake, Japan 9 $235 billion
1995 Great Hanshin (Kobe) earthquake, Japan 6.9 $100 billion
2008 Sichuan earthquake, China 8 $75 billion
2010 Chile earthquake, Chile 8.8 $15-30 billion
1994 Northridge earthquake, United States 6.7 $20 billion
2012 Emilia earthquakes, Italy 5.9 (est.) $13.2 billion
2011 Christchurch earthquake, New Zealand 6.3 $12 billion
1989 Loma Prieta earthquake, United States 7 $11 billion
921 earthquake, Taiwan 7.6 $10 billion

1906 San Francisco earthquake, United States 7.7 to 7.9 (est.) $9.5 billion
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Zemetreseni v Lisabonu

Dobova rytina zemétfeseni v
Lisabonu r.1755 (Sbhirka
J.Kozéaka)
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Posun desek

Uginky posunu sousednich
blok( pfi zemétieseni
v Turecku v r.1999
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Litosfericke desky
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Zemetreseni

fault plane

—p shortening ¢—
4 oxtension—
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Historie - Evropa
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Mapa rozloZeni seismickych stanic a ohnisek zemétreseni (Cervena

kolecka) a diilnich otiest (modra kole¢ka) za obdobi 2000-2004.
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Riziko - CR a SR

s e 7 e 8 9
Mapa maximalnich oCekavanych intenzit zemétteseni na izemi
Ceske republiky a Slovenska
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slido

Kde je nejvetsi pravdepodobnost
silnych zemeétreseni?

(D Start presenting to display the poll results on this slide.



v

Navrh na ucinky zemetreseni

CSN EN 1990

3.2 Navrhove situace

(1)P Prislusné navrhove situace se musi vybrat s ohledem na okolnosti, za kterych se pozaduje, aby
konstrukce plnila svou funkci.

(2)P Navrhove situace se musi klasifikovat jako:
— ftrvalé navrhove situace, ktere se vztahuji k podminkam bézneho pouzivani;

— docCasne navrhové situace, které se vztahuji k doCasnym podminkam, jimz je konstrukce vystavena,
napr. behem vystavby nebo opravy;

— mimoradné navrhoveé situace, které se vztahuji k vyjimeCnym podminkam, jimz je Konstrukce
vystavena, napr. poZar, vybuch, naraz nebo nasledky omezenych poruch;

— seizmicke navrhove situace, ktere se vztahuji k podminkam, jimz je konstrukce vystavena beéhem
seizmickych udalosti.

Vysoké uéeni technické v Brné e Fakulta stavebni



Navrh na uc¢inky zemetreseni

« Zamezit ztratam na zivotech
e CastecCny kolaps
« kolaps celé budovy
 Redukovat ekonomické skody
« cela budova
* Ccena oprav
 nemoznost pouzivani
« Obnova regionu
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Tridy nasledku (EN 1990)

Tabulka B.1 - Definice tfid nasledku

Tridy nasledk Popis Priklady pozemnich nebo inZenyrskych
staveb
velké nasledky s ohledem na ztraty lidskych Zivotu stadiény, budovy uréené pro verejnost,
CC3 nebo velmi vyznamné nasledky ekonomické, sociélni kde jsou nasledky poruchy vysoké
nebo pro prostredi (napr. koncertni saly)
stfedni nasledky s ohledem na ztraty lidskych Zivotu obytné a administrativni budovy a
CC2 nebo znaéné nasledky ekonomické, socialni nebo pro budovy uréené pro vefejnost, kde jsou
prostredi nasledky poruchy stfedné zavazné
(napf. kancelarské budovy).
malé nasledky s ohledem na ztraty lidskych Zivotl nebo | zemeédélske budovy, kam lidé bézné
CC1 malé/zanedbatelné nasledky ekonomické, socialni nevstupuji (napf. budovy pro skladovaci
nebo pro prostredi ucely, skleniky)
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Navrh na uc¢inky zemetreseni

« Zamezit nadmeéernym deformacim
* horizontalni deformace
* horizontalni stabilita
« vertikalni stabilita
e evakuachi cesty
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Navrh na uc¢inky zemetreseni

* Nenosné prvky
« Zamezit padum
« Zamezit blokovani unikovych cest

Vysoké uéeni technické v Brné e Fakulta stavebni



Navrh na uc¢inky zemetreseni

* Nosneé prvky
« Vertikalni pohyby
 Naty je budovat standardné navrzena
*  Obvykle maly vliv

(« Horizontalni pohyby )
 Smykové deformace
. Preklopeni y
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Odezva konstrukce

Response

‘
1 1 | 1
1 |

Response

i i i R i =t i

Input motion -
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Odezva:
Posun
Rychlost
Zrychleni

Horizontalni cyklicky pohyb




Input motion
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Input motion -
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Odezva konstrukce

Ground- Earthquake spectra can be
motion record characterized by how much
Wieamofboyoms they excite different periods

Spectral
08 Acceleration

ratioh, g

0.5 7/ \A\ = Peak
' d
leratio

pectral Acce

© o o|¢
- N W
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1 2 3 4 5
Period T, Seconds

Response spectrum (acceleration)

<
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https://youtu.be/pTYUbpyvCxU
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Nepruzny seizmicky navrh

Completely elastic
response

A 1.0 : .
=1= As elastic design load

decreases, required

inelastic deformation A

Increases

v

Ayield

Deformation, A

Earthquake Load, VIV, «ic
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Odezva konstrukce

ost

Displacement
Lateral force @ — |'—

—

Lateral force

Displacement
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Disipace energie

Eh = y (Am_ Ay )

U

Force

o e e e e e e e e e e e e e

A

Displacement
y — Am
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Redukovana odezva

Lightly damped
response
spectrum

o Heavily damped
S response
I spectrum - Effective
b period (at
: maximum
Elastic .
period i | response)

Period
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Seizmicky navrh

values of the behaviour factors

Design concept

Structural ductility

Range of the
reference values of

class the behaviour factor
q
Concept a)
Low dissipative structural DCL (Low) <15-2
behaviour
Concept b) DCM (Medium) also limited by the
Dissipative structural values of Table 6.2
behaviour
DCH (High) only limited by the

\.

values of Table 6.2/

Vysoké uéeni technické v Brné e Fakulta stavebni

Table 6.1: Design concepts, structural ductility classes and upper limit reference

Nutny kapacitni
navrh




Konstrukcni systemy

« Moment resisting frames (MRF) EWW

« Frames with concentric bracings (CBF)

LTS EFE S

« Frames with eccentric bracings (EBF) I

* Inverted pendulum structures

 Steel structures associated to concrete

A\

Cores Or Concrete WaIIS R R i T air s i dvadrsvr
=
« Dual frames made of moment resisting =

frames combined with braced frames

FHILEFEAAAE

« Moment resisting frames combined with
reinforced concrete infills
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Konstrukcni systemy

Table 6.2: Upper limit of reference values of behaviour factors for systems regular
in elevation

Ductility Class
STRUCTURAL TYPE DCM DCH
a) Moment resisting frames 4 Sa/on
b) Frame with concentric bracings
Diagonal bracings 4 4
V-bracings 2 2,5
¢) Frame with eccentric bracings 4 Sa/on
d) Inverted pendulum 2 2o/
¢) Structures with concrete cores or concrete walls See section §
f) Moment resisting frame with concentric bracing 4 Ao/
g) Moment resisting frames with infills
Unconnected concrete or masonry infills, in 5 )
contact with the frame
Connected reinforced concrete infills See section 7
Infills 1solated from moment frame (see
4 Sa/o
moment frames)
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https://youtu.be/141Zmuw9Xcqg



https://youtu.be/141Zmuw9Xcg

Metody posuzovani

« Lateral force method

 Modal response spectrum analysis

* Linear time-history analysis

* Nonlinear static analysis (pushover)

* Nonlinear time-history (NLTH) analysis
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Lateral force method
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Symetrie budovy
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Zasady navrhovani

« Z&dné zbytedné ornamenty

¢ Symetrie

« Qvereny konstrukCni system

« Kontrola poruchy

« Ovérené stycniky — Duktilita
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Kapacitni navrh

Vznik plastickeho kloubu v urceném miste
Cilem je prokazat, ze styCnik ma dostateCnou unosnost
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Ovérené stycniky (EQUALJOINTS)

Extended unstiffened
end-plate
Extended stiffened Reduced beam section
end-plate
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Haunched joint

Connection — plna anosnost
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Stiffened extended end-plate

e 4 Connection — plna nebo srovnatelna unosnost
i 8 Y Column web panel — plna nebo srovnatelnd Gnosnost
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Unstiffened extended end-plate

Connection — srovnatelna nebo CasteCna unosnost
oo X 3% g Column web panel — srovnatelna nebo ¢aste€na unosnost

Plates o 4.1 <5%(
Bolts 98.,3-&0_&@(4
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Svary

a:O,SS*tst»—/

45

N

/Jl<a=0,55‘twp

-

o

/

\_%<a=0,55*tst
= *.
/}2 a=0,55 tstM

%‘

\

B E
a=o,55tw>%ﬂ
\%m,ss*tst

N a=0.55“tw>%\
%:0,55%51:

.

o

(strong CWP) a=0,55*tst

-B

.

Sje

EEE
oo

J

dl<a=o,55'twp

—D:
I

(weak or balanced CWP}>K/

NOTE:

1. All full-penetration welds shall be quality level B acc. EN ISO 5817 and EN 1090-2:2008.
2. All welds shall be quality level C unless otherwise specified on drawings.
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Experimenty

Loading Protocol 54 EH3-TS35-C2
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https://youtu.be/WPr4P Ksuw


https://youtu.be/WPr4P_yKsuw

»
.
’r .
£ .
https://youtu.be/EUAGYLNnIrHE



https://youtu.be/EUAGyLnJrHE

Demonstrace

®

//=]=/=] StatiCa

Calculate yesterday's estimates

SRR NNERNENENEN

B1: 400.0

S Sy

LTI T

T
T T

INEEESNENENNNE

\

FHA

2

7
....wl

=3 = ~
e e

=
e e e R LSS
A

= a3
N\ I,
ayd m. H

RN
S
T Ty

g

e

7
%

0
....
)

J

4
&

NSNS NN S NN

S

U

Bli: 333.6

s

Bl12: 383.7

L

I,

=
Q
S
©
4=
(%))
(]
=
>
NG
@
LL
[}
Q)
c
S
(a2]

év

é uceni technick

Vysok




Zaver

« Zemeétreseni je nebezpecné na styku litosferickych desek

« Navrh budovy:
« Ovéreny konstrukcCni systéem
« Silné sloupy + ,slabé” nosniky
« Ovérené styCniky
« Navrh na ucinky zemetreseni + kapacitni navrh

Vysoké uéeni technické v Brné e Fakulta stavebni
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