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V. Praktické aspekty navrhu
seizmicky odolnych staveb

1. Seizmicky izolované konstrukce
2. Practical aspects of earthquake-resistant design
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

- izola€ni systém proti otfesum prenasenym z podlozi je umistén pod
hlavni hmotou konstrukce (vrchni stavbou); jeho ucelem je zmensit
seizmickou odezvu nosného systému odolavajiciho pficnym silam

- zmenseni seizmickeé odezvy lze dosahnout zvysenim zakladni periody
seizmicky izolované konstrukce, upravou zakladniho tvaru kmitani a
zvetsenim utlumu

- nepruzné deformace se omezi na izolacni systém, vrchni stavba se
tak navrhuje na pruznou odezvu
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

0

Increasing Damping

Base Shear

S

Period

T, T,
Without With
Isolation |solation

spektrum odezvy — zrychleni (smykova sila v zakladech)

Zvyseni zakladni periody seizmicky izolované soustavy
- snizeni zrychleni, seizmickych sil pusobicich na vrchni stavbu a
smykove sily v zakladech
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

"‘ Increasing Damping

>
>

Displacement

Period

T1 Tz
Without With
Isolation Isolation

spektrum odezvy - posunuti

Zvyseni zakladni periody seizmicky izolované soustavy

- zvySeni celkoveho posunuti vrchni stavby, které je vSak vyrazné
redukovano zvysenim utlumu soustavy

- snizeni mezipodlaznich posunuti

132YSEIl Seizmické inzenyrstvi



V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

|l~

! Soft Soil

Base Shear

! Stiff Soil

Period

T, T,
Without With
Isolation Isolation

spektrum odezvy — zrychleni (smykova sila v zakladech)

Zvyseni zakladni periody seizmicky izolované soustavy

- tuhé podlozi - snizeni zrychleni, resp. smykove sily v zakladech

- poddajné podlozi - zvySeni zrychleni, resp. smykoveé sily v zakladech
- soustavy s vySsi periodou — vzdy snizeni zrychleni
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Pozadavky na seizmicky izolaCni systém

- horizontalni poddajnost - s cilem zvysit vlastni periodu

- vertikalni tuhost a unosnost

- utlum (viskdzni nebo hysterézni disipace energie) k omezeni
relativnich horizontalnich posunuti

- dostateCna tuhost k zabranéni poskozeni ucCinkem vétru

- schopnost navratu do puvodni polohy, omezeni rezidualnich posunuti
stavby po zemetreseni

dalSi pozadavky:

- trvanlivost

- jednoducha instalace a kontrola
- omezena cena

- stalost mechanickych vlastnosti
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce
Typy izolaCnich systému i b O

Vrstvena elastomerova loziska
- kapacita horizontalniho posunuti
cca 2 x tloustka loziska

- viskézni utlum cca 20%

High damping rubber

Internal steel plates
for increasing vertical
stiffness of bearing

External steel plate for
Lead plug core connection to superstructure

Elastomerova loziska
s olovénou viozkou

- kapacita horizontalniho posunuti
cca 1-1.5 x tloustka loziska
- viskozni utlum cca 30%

. Elastomeric rubber

Internal steel plates
-——_for increasing vertical
‘ stiffness of bearing
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce
Elastomerova loziska

smykova sila vs. posunuti

Typy izola€nich systému

Treci kloubova loziska

- kapacita horizontalniho posunuti
zavisi na rozmérech loziska
- viskdzni utlum cca 20%

/ Articulated slider

— A

Sliding surface

Shear Force

Lead-Rubber Bearing ‘

5%1'

Rubber Bearing

Low Damping
Rubber Bearing

Force, F

Displacement

Area = J FA
Ff -

R

W
/—

%u + uW sgn (h'r)

Displacement, u

F (sila) vs. u (posunuti)
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Typy izola€nich systému

Zarizeni umozAiujici houpani

- pohyb sloupt budov nebo pilifd mostu ve svislém sméru a pootaceni v
zakladech

- zvyseni periody kmitani

- disipace energie mezi stavbou a podlozim (vCetné geometrického utlumu)

v o

izolace pill’ru mostu izolace sloupu budovy
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Numericky model

- diskrétni model se 2 SV
- hmotnost vrchni stavby mq k, c.
- hmotnost zakladové konstrukce
(nad izolaci) m,

k, +K, =K [[U . c, +C, —C.||U .\ m 0 |[U _ o m i
-k, Kk, ||u, —-c, C, ||u, 0 m, ||, m, | °

obvykle plati kb « kS , potom plati pfiblizné vztahy pro vlastni frekvence

a)S

w, * O, @, = >
Lo _m
CoAm m, +m
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Numericky model budovy — soustava s 1 SV
- hmotnost vrchni stavby m, je vyrazné vyssi nez hmotnost zakladové konstrukce m,

- Ize uvazovat jako soustavu s 1 SV s celkovou hmotnosti m = m.+ m,
- Utlum je zanedban

— u,=u,-u,

k+k k. ](u
_ks ks U,
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Numericky model budovy — soustava s 1 SV
- po uprave plati

zrov. (1) (k, +k)u, —ku,=0 = u, = K u, = proko»k, u =
k, + K,
k,K
Zrov. (2) —2 _y. +mii, =—mui
@) k, +k, ° 2 g
u2max:mse(T,§) kde T:Z;z'\/E k = kbks
, K K K +k.

Se(T &) je pFislusna hodnota zrychleni ze spektra pruzné odezvy
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Navrh podle ECS8

- pfedpoklada se, Ze vrchni stavba zustava v pruzném stavu, nosné
prvky lze navrhovat jako nedisipativni, |ze pocitat s duktilitou tfidy L,
neni treba prokazovat splnéni pozadavku navrhu na kapacitu;

- podminky odolnosti nosnych prvku ve vrchni ¢asti stavby mohou byt
splneny s uvazenim seizmického zatizeni déleného soucinitelem
duktility 1,5 nebo mensim;

- pfedpoklada se, Ze spodni stavba zustava v pruzné oblasti, soucinitel
duktility se uvazuje 1,0;

- izolatorove jednotky musi vykazovat zveétsenou spolehlivost, toho se
dosahne zvetSenim seizmického posunu kazde jednotky zvétSovacim
soucinitelem - pro budovy 1,2; pro mosty 1,5.
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

ZjednodusSeny linearni vypocet podle ECS8

- pfedpoklada se, ze vrchni stavba je tuhé téleso posouvajici se nad
izolaCcnim systemem,;

- izolaCni systém se uvazuje jako linearni pruzina s efektivni tuhosti K
a viskoznim utlumem &4

- zavisi-li efektivni tuhost a utlum na navrhovém posunuti, pouzije se
iterativni reseni, opakovaneé dokud rozdil predpokladané a vypocitane
hodnoty posunuti nebude mensi nez 5 % hodnoty predpokladané

1

— ED
éeff T A ES
1

“ E; = E Ke ddb2

E, disipacCni energie
(plocha hysterezni smycky)

Bilinearni hystereze a ekvivalentni linearni aproximace E. deformadni energie
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Zjednoduseny linearni vypocet - postup

1. odhad navrhového posunuti dg, — pokud efektivni tuhost a tlumeni izolatorové
jednotky zalezi na navrhovém posunu, pouzije se iterativni feSeni (do 5 % rozdilu)

2. stanoveni efektivni tuhosti K a utlumu & izolaCniho systému

3. vypocet efektivni periody systemu T, =27 /Kﬂ
eff
kde M je hmotnost vrchni stavby

M
4. vypocet posunuti vrchni stavby d= P Se (Teff ) e )

eff

kde Sy(Tr Ser) J€ Prislusna hodnota zrychleni ze spektra pruzné odezvy

5. vypocet seizmickych sil v jednotlivych podlazich (hmotnost m;)
f;=m;S, (T, & ) /9
soucinitel duktility Ize uvazovat max. 1,5
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce
Zjednoduseny linearni vypocet - postup
6. zaklady se navrhuji na smykovou silu F =M S, (T, &y )

/. odolnost izolacniho systému se posuzuje s uvazenim posunuti d
(krok 4) vynasobeného zvéetSovacim soucinitelem (pro budovy 1,2)

8. vypocet se provadi pro 2 smery hlavnich os symetrie
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V. Praktické aspekty navrhu seizmicky odolnych staveb

1. Seizmicky izolované konstrukce

Zjednoduseny linearni vypocet — podminky pouziti

- vzdalenost stavenisté od nejblizSiho potencialné aktivnino zlomu o
magnitudu M = 6,5 je vétSi nez 15 km;

- nejvétsi pudorysny rozmér vrchni stavby neni vétsi nez 50 m;

- spodni stavba (zaklady) je dostatec¢ne tuha, aby minimalizovala
ucinek rozdilnych posunu podlozi;

- vSechny izolatorové jednotky jsou umistény nad spodni stavbou;

- efektivni perioda K splfiuje podminku: 3T, <T, <3s

kde T, je zakladni perioda vrchni stavby pri pevnem vetknuti;

- systém odolavajici pricnému zatizeni vrchni stavby je usporadan
pravidelné a symetricky podle hlavnich os pudorysu konstrukce;

- naklanéni v zakladu spodni stavby je zanedbatelng;

- pomer mezi svislou a vodorovnou tuhosti izolacniho systému splnuje

At >150 a zakladni perioda svislého kmitani T, =2r /% <0,1s

eff Vv
- pozadavky na excentricitu mezi stredem tuhosti izolacniho systemu a
svislym prumétem tézisté vrchni stavby
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V. Praktické aspekty navrhu seizmicky odolnych staveb

PRACTICAL ASPECTS OF EARTHQUAKE-RESISTANT DESIGN

Seismic Conceptual Design of Buildings — Basic principles
for engineers, architects, building owners, and authorities

Hugo Bachmann (2003)

Swiss Federal Office for the Environment FOEN

This publication is downloadable on the internet as a pdf file at
www.bafu.admin.ch
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid soft-storey ground floors

Sway mechanisms are often inevitable with
soft storey ground floors (Izmit, Turkey 1999).

Here the front columns are inclined in their
weaker direction, the rear columns have
failed completely (Izmit, Turkey 1999).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid soft-storey ground floors

The well-braced
upper part of the
building collapsed
onto the ground
floor...

... and these are the remains of the left
. edge ground flour column (Kobe, Japan
1 1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid soft-storey upper floors

In this office building an upper storey failed.
e T The top of the building has collapsed onto

_ — the floor below, the whole building rotated
The third floor has disappeared and  _ 4 |eaned forwards.
the floors above have collapsed
onto it (Kobe, Japan 1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid asymmetric horizontal bracing

This office building had a continuous
fire wall to the right rear as well as
more eccentric bracing at the back.
The building twisted significantly, and
the front columns failed (Kobe, Japan
1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid bracing offsets

The horizontal offset of the reinforced concrete wall in the vertical plane
causes large additional stresses and deformations in the structure
during an earthquake. They include large local vertical forces (from the
overturning moment), large additional shear forces in the slabs at
offsets, redistribution of the foundation forces, etc. (Switzerland 2001).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- (strong) Discontinuities in stiffness and resistance cause problems

The transition from a reinforced concrete structural
wall to a frame structure causes large discontinuities in
stiffness and resistance (Switzerland 2001).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Two slender reinforced concrete structural walls in each principal direction

oy =
: _ubng LMI ll
i

__ E:-r o} | o

Such reinforced concrete structural walls
take up only little space in plan and elevation
(Switzerland 1994).

1{1.‘?*"
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid mixed systems with columns and structural masonry walls

This structural stairway wall will be
destroyed by a relatively weak earthquake.
A total collapse of the building may result
(Switzerland 2001).

=\

S

5
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid «bracing» of frames with masonry infills

The masonry was also stronger in this
case; it sheared the relatively large
columns (Adana-Ceyhan, Turkey 1998).

Here the columns were clearly stronger and
the masonry fell out while the frame
remained standing (Erzincan, Turkey 1992).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Brace masonry buildings with reinforced concrete structural walls

‘ This masonry
| structure is braced by
.u'..’mh.',’.‘.mmmﬁ | one reinforced

» | concrete structural
. in wall in each major
14 direction. (Switzerland
2001).

This residential building with unreinforced masonry
structural walls is braced longitudinally by a
reinforced concrete structural wall in each facade,
and transversely by an interior reinforced concrete
structural wall (Switzerland 2001).

iﬁ‘%‘@
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Match structural and non-structural elements

governing size: SN }
inter-storey drift /
inter-storey height

| The non-structural
partition walls were
destroyed, although the
frame structure deformed
only little (Armenia 1988).

The glass facade of this new multistorey building survived a
strong earthquake almost without loss, owing to special flexible
fastenings for the facade elements (Kobe, Japan 1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- In skeleton structures, separate non-structural masonry walls by joints

Here a vertical joint
separates the masonry wall
and the reinforced concrete
column, but it is probably
much too thin (Switzerland
1994).

This joint between a masonry wall and a reinforced
concrete structural wall was filled by expanded
polystyrene boards. But Styrofoam is too stiff for
earthquake displacements; soft rubber would be a
more suitable material (Switzerland 1994).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Avoid short columns

The diagonal cracks
and shear failures in
the short columns of
a multi-storey car
park almost caused
collapse Northridge,
Californial994). l

n_u|||uqu‘l‘mll‘l‘illI_lil‘!l‘!il%lll”"m-—i‘ﬁ"
N RS

~ A N 5

=" The masonry columns in the ground floor
= & of a restaurant behaved as short columns.
s They were highly damaged by diagonal

= cracks (Umbria, Italy 1997).




V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

This column illustrates
unsatisfactory detailing
(hoops with 90°instead
of 135° hooks). Without
the unfavorable effect of
the infill walls it would
however have behaved
much better

(Izmit, Turkey 1999).

Inserting parapet walls into a frame led to a short
column phenomenon. Owing to the good
confinement of the transverse reinforcement, no
actual shear failure occurred, but an equally
dangerous sway mechanism developed (Friaul, Italy
1976).

IR
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Design diagonal steel bracing carefully

Diagonal elements with broad
flange cross sections have
buckled about their weak axis...

... and have broken
(Kobe, Japan 1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Design steel structures to be ductile

This steel frame suffered
large permanent
deformations. There was
probably no lateral
bracing and the
connection detailing was
inadequate for cyclic
actions (Kobe, Japan
1995).

The failure of a typical frame connection. The
welding between the column and the beam failed,
resulting in a wide crack (Kobe, Japan 1995).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Separate adjacent buildings by joints (seismic joints allow to have dynamically
independent units)

The pounding of two
similar buildings with
floors at the same
levels caused damage
to the facades as well
as spalling to the
structure (Mexico
1985).

The modern reinforced concrete building to the left
@ collapsed after pounding against the older very stiff
building to the right (Mexico 1985).
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Practical aspects of earthquake-resistant design

- Compact plan configurations

unfavourable better

In order to allow building wings oriented
orthogonally to each other to oscillate
independently, they should be separated
by a sufficiently wide and compressible

joint.
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Use the slabs to “tie in” the elements and distribute the forces

unfavourable better

A corner area of this building collapsed. The slabs
consisted only of precast elements without reinforced
concrete cover and without reinforced connections to
the vertical load bearing elements (Armenia 1988).

132YSEIl Seizmické inzenyrstvi




V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Use ductile reinforcing steel with R /R, 2 1.15and Ay 26 %

A/ Rl strain hardening ratio

Ay i totsl glongationat Use ductile

it reinforcing steel Ductile reinforced steel
with:

Rm/Re > 1.15
and Agt > 6 %!

&
=
n
&
o
)

Elongation [26]

In reinforced concrete structures the reinforcing steel must enable the
development of sufficiently large and deformable plastic zones. Two
parameters (ductility properties) are crucial to ensure this:
« strain hardening ratio R /R,, i.e. the ratio between

the maximum tensile stress R, and the yield stress R,
- total elongation at maximum tensile stress A,
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Use ductile reinforcing steel with R /R, 2 1.15and Ay 26 %

Actuator force (kN)
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Bending moment (kN

These plastic hysteresis-curves of 2
different 6-storey reinforced concrete
structural walls with (WSH3) and
without (WSH1) ductile reinforcing steel
clearly illustrate the difference in
behaviour. The wall with low ductility
barely achieved a displacement ductility
of uy=~2, while the ductile wall achieved
Ux=~6. The ductile wall can therefore
survive an earthquake approximately 4
times stronger!
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Practical aspects of earthquake-resistant design

- Use transverse reinforcement with 135° hooks and spaced at s < 5d in
structural walls and columns

Use transverse
reinforcement
with 135° hooks

and spaced

ats<5din
structural walls
and columns!

In this column of an industrial building made of precast
reinforced concrete elements, the hoops were too widely
spaced and insufficiently anchored with only 90°hooks.
They consequently opened, allowing the vertical
reinforcement to buckle (Adapazari, Turkey 1999).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Assess the potential for soil liquefaction

E £3 : = =5 :~ — ,*"7 .

This solid building tilted as a rigid body and
the raft foundation rises above ground. The
building itself suffered only relatively minor
damage (Adapazari, Turkey 1999).

{ This inclined building sank unevenly and
leans against a neighbouring building
(Turkey, Izmit 1999).
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V. Praktické aspekty navrhu seizmicky odolnych staveb

Practical aspects of earthquake-resistant design

- Secure connections in prefabricated buildings

Mobijie Fixed
Bearing Ti bearing
In addition:
secure against lateral buckling

The dowels on the column corbels
of this prefabricated factory building

The support area failed and the
main beams overturned and the
entire roof structure collapsed
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Practical aspects of earthquake-resistant design

- Protect foundations through capacity design

Protect foundations
through
oversirength  Capacity design!

sectional forces

Here soil anchors were installed to prevent
the lift off of the ductile reinforced concrete
shear walls (Switzerland 1999).
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Practical aspects of earthquake-resistant design

- Softening may be more beneficial than strengthening

By installing special horizontal relatively soft seismic bearings above the
foundation (base isolation), a frequency shift towards the lower area of the
design response spectrum can be achieved. As a result, and because
damping is usually also increased, a significant reduction of the seismic
forces and thereby the damage potential is achieved. However, relative
displacements increase notably, which requires sufficient clearance around
the isolated buildings.

A softening strategy was
implemented to seismically
improve this 700 t liquid gas
industrial tank carried by a
reinforced concrete structure
(Switzerland 1999).
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Practical aspects of earthquake-resistant design

- Anchor facade elements against horizontal forces

The structure of this
building did not
collapse, but heavy
and insufficiently
anchored facade
panels fell to the
ground

=& (Kobe, Japan 1995).

unfavourable better
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S : ‘i This facade cladding was insufficiently
| anchored and could not follow the
% deformations of the reinforced concrete

= frame structure (Northridge, California 1994).
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Practical aspects of earthquake-resistant design

Anchor free standing parapets and walls

Horizontal
selsmic force

Bverturning
mament

This neo-classic reinforced concrete building did
not suffer large damage and even the window-
panes remained intact. However, the parapet on
the roof terrace turned over and the cornice and
parapet damaged the overhanging roof panel
when they fell (Loma Prieta, California 1989)

132YSEIl Seizmické inzenyrstvi



