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ABSTRACT

The increasing urbanization and the encrmous growth of urban regions
accompanied by a high concentration of population 1s greatly influencing
the level of seismic risk although there are no any basic changes in the

seismic hazard the considered region is exposed to.

Regarding to these considerations, this paper is presenting an integra-
ted model for assessment of the seismic risk, generally based on seismolo-
gical and instrumental data, regional and local studies as well as damage
data and experiences obtained from past earthquakes that can be transmitted

in the region under consideration.

Correct engineering estimation of the seismic risk level a given region
is exposed to, enables the engineers, urban plamners, public policy makers and
sdministrators to elaborate in advance proper safety plans for an immediate
rehabilitation and investigation of the affected region or to eluborate a se-
ismic protection plans in order to mitigate the possillc conseguences,

The paper is also discussing in general the pre-earthguakc and post-carthqua-
ke measures and activities that should be undertaken by the society in order
to decrease the vulnerability and mitigate the seismic risk. Alsc, basic cri-
teria for design of earthquake resistant structures are presented iu order

to underline the engineering approachfor reducing the overall vulnerability
level of new developments. The Appendix to this paper summarizes the earthqu-
nke damage and ussbility classification of buildings developed and later

employed during the Montenegro, Yugoslavia earthquake of April 15, 1979.
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INTRODUCTION

Under the conditions of permsnently existing seismic danger, the increasing
urbanisation and the encrmous growth accompanied with high concentration of
ropulation it is greatly increased the seismic risk in cities. Such an in-
crease of the seismic risk without any basic changes of the seismic hazard
potentianl itself reguires performance of studies of the seiemiec risk as-
socisted with urban regions {urban seismic risk) rather than seismic risk

on isolated structures. The output of these studies should inc¢lude appropri-
ate estimators to represent the vulnerability of groups of existing types

of structurel systems used in modern housing or new developments, as well

as in convenience of design regulations and codes according to which their
desifn has been performed, policy of urban and regional planning, for the
purpcce of developing a uniform pre-disaster assessment tools for effective
ritigation programmes end uniform post-disaster assessment tools including
rchntilitation and revitalisation of economic and socigl activities, ete...,
creating the retional and consistent framework in whiclh decisiens cun and

ehould te made.

The yoor by year developments of earthguake engineering have cnalied the
countries exposed to high seismic hazard to deecrease overall vulnerzbility
of populated regions by reloecating highly vulnerable structurzl systems ac-
cording to new policies in urban planning or by replacing conventional types
of structural systems with modern ones designed and constructed according
to newly developed seismic regulations and codes. lowever, there still

exist a lerpe pnumber of so called "traditional! iyres of structures and
structurul sysiems designed by taking into consideration only the effects

of the gravitational loads. This makes the overall process of imprevement
tco slow and any moderate to severe earthquake attack will continue to bring
hirh seisnic disaster expressed in terms of damaged or lost structures and
lifeline systems, losses of human lives, other direct and indircel losses

with lonr and cshort econtroversal effect terms on thic reqiensl economy . There-

fore  the priveipu) ool of engincers, urban plenners, 3ullic 3. licy makers
wrd adtiniotraiors i o consider roticnalities fov curtlonair calety
propraT el I o bo grtect nororion stbjected 1o cnrthagusks o, o to
eralle e dinne und ofrfective rehabilitation end rovitalicotion of industry,

econemie uid Cccinl netivities in the stricken repion.



§.  SEISMIC RISK ASSESSMENT

Following the definitions yproposed by UNESCO {1976, 1977 and 1979) Lhe seismic
hazard is defined as s probability that the selsmic irtensity T will exce-

ed in a2 period of T years, where-under the term seismic intensity any quali-
tatively or quantitatively defined parameter related to earthquake magnifu-
de M as a measure of seismic phenomena, can be employed., The hazard parameter
I may be modified Mervally intensity (MM}, response spectra (RS), peak ground
acceleration (PGA) or any other parameter of engineering segniflicance; and

for the region of interest it is a function of seismicity {(i.e. probability
of earthquake occurrence P[M] ) and attenuation P[I/M] (i.e. loss of
seismic energy from earthquake source to the site under consideration),

mathematically formulated as:
SETSMIC HAZARD = P (1) = Jp [t P [M] au

The vulnerability P [D] is defines as probability or degrec of loss to a
given element at risk, or set of such elements under a sjecificd level of

seismic intensity and can be generally formulated as:
VULNERARILITY = P [p) = J[Jp [v/1) v [1] &

However, information on vulnerability of various elements at risk are less
potential and less reliable than the information that is usually available
on the seismic hazard itself, since various categories of data sre required,
related not only to the degree of economic and social discorganisstion that
wey take place. Therefore there is still a need for collecting, awssenbling
and pulliching of information,as wmueh as possible, on dumuge to various

elements ut risk that have occurred in past eartihquakes.

Finelly, scismic risk is a qualification of vulnersbility of piven elements
at  rick, (r ret of such edements, TUods s probotility of loss b {losg)

and is fornulstoed ams:



where P {Iosé} is the value term which can be widely undercvloed. It is &
qualifiention of consepiences of patursl pleponits, or o guulificetlon of
the capital investments to be involved in edvance i Grder to mitipate the

total penalty caused by seismic disaster.

An integral model for assessing the expected seismic risk of considered

region shoul involve the following hasic steps:

® evaluation of seismic hazard;

e identification of elements at risk;

s derivation of the appropriate vulpersbility functions for
given elements at risk, describing interrelation between
the specific loss and seismic hazard;

® evaluation of the specific seismic risk per element ai risk
and its participation factor in the existing volume ¢f pro-
perties; and

e evaJuation of the total seismic rish for the concidered

region.

Out of the three factors determinig the seismic rizkY the value o3 the
elements at risk, their vulnerability d.e. their syceific Joss rotential

and the seismic hazard, only the first two are under the human controel and
they can be therefore controlled by the pre-disater risk manapemeut, risk
mitigation programmes or pre-disaster prevention progrommes. Although it is
possible to eontrol efficiently the value of elemenis at rish Ly relocating
n seismic-exposure-sensitive elements at risk tc repions of Jower seismicity,
it is s5til]l necessary to provide economically juctiziel praciical measures
for protection of the rest of elements at risk, which, due to Tovouralle
natural conditions, have to be located in the reslons with hirher seisni-
city. For the later case, dejoniing on the Jevel of the ecccnemic development
nf the considered resion or the entire country,s Jovel orf aceeptctde risk

should Le entamated and dotined Lhrourh the Jevel of vnp ctoa seliorariiaty.

fernni@ rine un carthan be au & Sud¥on thenore iy oo i Yo - o 1oy
SIRYE L v L Ltih et el bols Lo snoaren strichaon ty o1ty it 0L paow -
Bnry v secal o U e e bovudrorabde elamentn ot orilhy, wro o dn tiee wirds,
1o A Tire g ol of Lhe conoidered repion,



A direct loss model, Fig. 1.1, usually refers to physical demape expressed
in terms of human casualties and injuries, damape Lo Jocual dfufrastructure
{road and river systeme as well as water and gas supply, ete.), residential
end other tyypes of building structures or any other property or material
goods owned by the state or enterprises lost or dumaged during or irmecdia-

tely after an earthquake event.

Besides the physicel damege and functional discrder caused by its appearance
there are also categories of indirect effects of earthguakes which can be
generally claséified into economic and social damage, Fig. 1.2. Stagnation
of industriel activities, decreasing of industrial production, regicnal re-~
venue and extra expenditures for immediate rehabilitation of the stricken
area, are classes of typical indirect econcmical losses., Interruption of
transportation, water and electric power supply systems, decrease in civil
and information services as well as unfavourszble reputation of the damaged

areas can be considered as classes of typical social damage.

To estimate correctly the Lype of possible disaster ss well us the Tevel

of capital investment that should be placed in sdvunce tor miticetlion of
earthquake consequences or payed as penalty by the %¥iole sceiety duc to
earthquake occurrence, it is necessary to formulate a long term ¢ttects
model of earthquake losses. It can be efficiently dcne, Fig. 1.3, by
complying the direct loss (Fig. 1.1) and indirect effects (Fig. 1.2) models
through interrelation and a time-series estimation ¢f economic effects in-
duced by direct losses and considering, as well, an sdjusting mechanism
between the unaccelerated supply of productivity due to earihouaye-induced
damage and the accelerated demand of investment for repair and reconotruc-

tion of the stricken region.

Tne achievement of the stated gouls - development of earthguake loss model
ipcluding various elements at risk and finally, assessment of scismic risk

for u conviderey region sre strictly dependent on dutu Yor duluge {rom past

eerthouube:r . Dortieuglar attention and emphasis shiould #l0o be pove 1 oto
deriviticn 0 0 cnepnl Pt Tusebions (reletion bolween Lhe g od o ie b
ant tho Lod Srtonoity cihooriptor) sinee ther s Uhe movt o aie b
grey U o . oaure for stiuinic risk gssessmont.
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2.  MEASURES FOR REDUCTION OF EARTHQUAKE CONSEQUENCES
AND MITIGATION OF SEISMIC RISK

Due to recent catastrophic earthquakes in the Hediterrunean region,
a large number of residential buildings, schools, hospitals and other
public, administrative end industrial buildings, as well as other faci-
lities of local and regional infrastructure heave been severely damaged.
The Jargest number of the damaged buildings sre in the state that their
use is not permissible before adequate repair and strengthening of the basic
structural system, nonstructural elements and installations. In order to
assure appropriate safety and normal functioning of the damaged buildings,
it will be important to recognize that these buildings will be exposed in
future to a large number of small and moderate earthguakes and with signi-
ficent probability to catastrophic earthquakes with large magnitudes,
similar to those in the past. In order to meet the requirements for eco-
nomic development and aseismic design, systematic sciemtific and appiied
research should be carried out for the purpose of seismic risk evaluation,
definition of economically justified and technically cousistent design
criteria, and improvement of structural systems, cupeble to withsotand the

expected earthquake effectis,

However, the experience gained from past eartliquales haz shown
that similar measures can be undertaken in advance in regiocns with hagh
seismic hazard potential in order to mitigate the possible earthguake
consequences. For this reason, it will be essential that in the stuge of
master, physical and urban planning of these regions incorporate safety
criteria, which are based on determined and econcmically justified levels
of acceptable seismie risk assuring that estimatced dumereztility levels
permit safe and undisturbed use of engineered structures, fucilities,
life lines and other structures of vital importance, thus proviaing au

acceptable seismic protection against the expected disasier.

For the purpose of reduction of earthquake consequences and mitigation
of seismic ricsk, pre- and post-—earthquake measures as well as o0 t— wad
long term studies and actions should be organized by the  goveroement
authorities und professiouuls. The basic steps of these stuwi-. ond

actions will be summsrizod briefly in the followvinge:



2.1, Pre - Earthquake Measures and Activities

Earthquake protection is well recognized and implemcnted with impro-
vement of seismic zoning maps, sirong-motion iustrumentation nctworks,
seismic microzening studies of urban areas wnd sites of imporiant projects
as well as improvewment of seismic design and construction code and regﬁla—
tions. These improvements are mainly associated with new structures which
are much smaller in veolume than the existing nonaseismic structures, It
will be not realistic to assume that economic potential of the Mcditerra-
nean countries in the visible period of time will create conditions for
significant reduction of seismic risk on existing nonaseismic buildings,
structures and utilities. Therefore, for earthquake-prone regions, it is
necessary to organize continuous ' :and  prolongated observations to obtain
realigtic data that will be needed for elaboration of pre-disaster
eivil protection plans, rehabilitation and revitalization plaus, con-
sidering the existing stock of exposed material goods. On the other haend,
the obtained data should be implemented for decreazsing of over-z1l vulne-
rability towards exposed material goods by improvius and sirew -thening
the existing stock of buildings as well as Ly inproviig LhL‘dUuiiH pro-
cedures and guality of construction of new deVelojpents. Atl thege iniorma-

tion should be incorporated in elaboration of master, physical erd urbtan

plans of earthquake hazard exposed regions,

Pre—earthquake measures that should be undertaken in seismically

active regions includ:

~ Studies on seismicity of the region considering instrumental

end historical date of occurred earthguakes;

- Elaboration of a neotectonic map with evalustion of dynainic nea-

tectonic processes;
— Elaboration of & seismotectonie map for the region;

- Elaboratiou of seismic huzard maps of the repion Uor diffcrent
acceptable levels of seismic risk for plaiuing, desicn and
construction;

= fhysical plunniny ol scismic regions bun.od oir danage bl el ion

ard vulne rabiadty Ltudieds.



~ Evaluation of expected vulnerability and acceplable seismic risk

level with requirements of counter-measurcs tor protection;

-~ Elaboration of Code, instructions and manuals for ascismic design
and construction of different types of structures, retrofitting of

existing structures and other specific general requirenments;
~ Elaboration of seismi¢ microzoning maps for significant urban areas;

- Studies for planning, design and construction of structures of

vital importance;

-~ Elaboration of laws and regulations for counter-measures against

large-scale earthquakes;
~ Development and installation of strong motion network;

-~ Improvement of the network of seismological stations with tele-
metered and computerized systems for rapid collection and aunalysis

of earthquake data.

All these pre-earthquake studies and activities in seismically active

regions should be performed in order to:

- Improve scientific basis for physical and urbun plamning wnl gencral

-t

planning for reduction of earthquake consequeuces and witigcution of

seismic risk;

- Obtain appropriate information on the magnitude of the disaster
in terms of number of usable, damaged and dangerous buildings for the
purpose of immediate protection of human lives, housing of the people

and performance of the basic life activities in the afreeted region.

- Provide data for planning and organization of civil deronce systen
and elaboration of plans of resgue operation aftler earthgushe disacters,
training of staff, and organization of supplies,

~ Assure data base for uniform estimation of economic losses for
developemnt of appropriate rehabilitation programucs and oi'ficient
assistance in rcconstruction‘and developmenl of regions exp_ciled to

be affected.

10



2.2. Post - Earthgquake Measures and Activities

Iu earthquake prone regions a uniform poct-carthguake assescment tools
should be used to achieve both, scientific and practical gouls through co-
ordinated efforts of the civil protection centers and the teams of engineers-
speciglists. Depending on the size of disaster, & posil-carthguale measure
that should be undertaken includes: {1) emergency measures for an immediate
protectiocn of populstion and other materiel goods placed in leopardy by the
seismic activity as well as rehsbilitation of serviceability of vital life
line systems, (2) short trem measures that have to be undertaken for obtaining
more practical and also transferable data that can be of potential use for
development of revitalization asnd long-term rehabilitation programs, and
{3) long-term measures that showld provide enough large volume of data to
be used in development of seismic safety and seismic risk mitigation prog-

rams.

Emergency measures that have to be carried out imrediately afier a dis-

astrous earthquake takes place can be summarized ac fullows:

- Establishment of centers which will cuarry out win reonvy
protection measures in each eity, villhye and inctituticn,
- Extinguishing of fires in the first stages by voloulary poople

and fire-protection by professional statt;
. Emergency rescuing of people
. Evacuation from densly populated and dangerous places

. Establishment of centers for foed suiply wnd orcanizuation

of other emergency activities;

- Urganization of temporary housing, medical cont-ro

, Sxhedde

and other pullic utilities based on the immudiate needs;

. Removel of ruins, demolishing and clearing oui o1 structures
or parts of buildings apt to failure beiopr @ direct o irdircet

dunger for the population.

v =) T . : 4 o 3 3
The following are tr: chort term studies aid activiiic. tor rdaclion

- i

Of eurthqual « consoguence. :

n



. Classification of buildines, structures, loval and regional
infrastructure sccording to the usability snd level of doanape using

uniform methodology feor damage classificaticn.

. Flanning of temporary housing, organization of medical centers,

supplies, schools end other public sctiwvities.
. Studies of earthquake effects end damage distribution.

. Seismic activity studies with existing and temporary iustulled
seismic stations and immediate installation of strong motion
accelerographs and seismoscopes for recording of stronger

aftershocks.

. Seismiec records dats collection and analysis for the purpose of
elaboration of seismic design criteria for repair and strengthening

of damaged buildings and structures.

. Elaboration of reguirements and instructions for relwdr cud strength-

ening of damaged buildings apd struclures.

. Reconsideration of physical and urban plans witl map:ing

of spatial distribution of earthquake erffcits,

. Estimation of earthquake damage value, planning of finuncial and legal

actions for reduction of earthquake couscyuences,

. Urban planning for construction of new settlements for housing,
bedical centers, schools and other public utilities based on the
immediate needs, existing usable buildings and future urtan

development.

. Execution of repair and stirengthening of dumagred buildings cnd demoli-
tion of heavily aamaped buildiugs, with paralled eluborclion ot site

investigations and designs for repair aud sircuptbeninge.

It shcould be noted that postearthquake dumige evilusticn should be or-

ganized with implementation of u systematic methodo Jopy end 1up . a g recedure
in order to cotublish becic information for the lovel i Dob.. ol s overnmen—
tal authoritice fo1 decertion seeinge and undortadin: 1 - o1 Tle b, Gduotified
and technicaily cunsiotent necsures for reduction or carllgnthe Conle s nienees

12



in uniform manner for the entire region. Based on Lhe unifurm methodology
and procedure as presented in the gppendix to thlc joeper, pore practical
and transferable data can be devcloped that sre of potortiel uee in the Medi-

terranean region as well as other seismically umctive vegpions in the world.

Principal elements for establishment of uniform mctihodcelegy and procedure
for post-earthqueke damage evaluation such as: damage and usability classifi-
cation of earthquake dsmaged buildings, procedure and crganizotion of data
collection, earthquake damage data analysis and organization of data bank,
estimation of economic losses, human fatalities and injuries, as presented in
the sppendix, are developed and implemented during the studies performed on

the effects of Montenegro, Yugoslavia earthquake of April 15, 1979.

long term measures and activities in earthquake affected regicns basic-
ally do not differ from pre-earthquake measures described under item 2.1,
but basically all data and results obtained from short-tern ectivities, par-
ticularly the dala on damage distribution and elassificaticn ue well us
observed vuluersbility of various structural typvs and cther cnsiveered faci-
lities should be consistently implemented for dvcreasin: wi t'e o«ol.mie risk

in the case of repeated seismic activity thal nornuliy should be expected.

13



3. BASIC CONCEPT, CRITERIA AND APPROACH FOR
EARTHOUAKE RESISTANT DESIGH

The general problems involved in predecting ceisnic roojponses of a
building are symbolically defined and schematically illustruated in Fig. 1.
The structural engineers are concerned with predicting the response (symbol-
ically indicsted as a Xh in Fig. 1) due to the shal.ing (vibration) of its

foundstion (X, in Fig, 1). As shown in Fig. 1, X, = X,.D, where D is dvnamic

3 3

5 = Xl.A is ampli?icd seismic wave of the bedrock Xl’ wliich

accounts for the local soil effect influence, thus Xl = fl(R

factor, X
1 Ml) is seismic
ground motion in function of earthquake magnitude, source distance and depth,
as well as type of fault and earthquake origin., Although it is a simplified
presentation it can be clearly seen the necessary approach for definition of
the seismic parameters as input data for prediction of structural response

t0 strong earthquake effects, such as :

Xl‘jf1 (Ry. M
x2:X1 A_
X3—X2 I—XI-A-l

I
o

R 1
KRN

FERTRIRNAY,

X4 I Y { QOutward

Moving
Wave Front
Earthguake of Magnitude M

Fig. 1. Factors involved in predicting seismic response Fig 2 Earthyuahe response of struct
structure

{i) Regional investigations, which based on the pgeotechnicnl structure of

the region, define active and potential faulis, then o utud’ of the

earthqu.ke phenomenon, strong ground motion: in the e iconlral sone,
particolurly, ip order to prediet thedr 1utaoic ) s joe oL L
anplivit wosbont ond recurrence poeric i oinil o0 gt ccLiovia by
Suddes Ly owlirons Crvund motion detae for Ut wryee O 0 o iubaish-

ment of o otrong motlon recording networh i regudre: ang sussested.

.
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{ii) Studies for evalustion of seismic risk and earthquake design parameters
based on the seismic history and regionel selismu-tectonic investigation
as well as strong ground motion vecords cobtalned on Loidrock and dif-

ferent types of soil deposits.

(iii)Study of local soil conditions on the basis of geophysical and geo-
technical iJivestigations in order to predict amplification and modi-
fication of ground motion through soil deposits to the level of

foundation or surface layer of soil.

In other words, definition of the seismic parameters for design of earth-
quake resistant structures can be summarized in determination of expected level
of seismic effects on the site (with the acceptable seismic risk level) deter-
mined through the maximum acceleration amplitude, frequency content of the earth-
quake effect as Tunctions of acceleration versus time, velocity versus time
and displacement versus time, i.e., spectra of corresponding «ff'ects for

different values of damping for three levels of seismic intensity

Level 1 - for an expected earthqguake effect o7 o return poricd o 50 -
100 years (slight and moderate earthguakes); Level 2 — Tor un crpected
earthquake effect and a return period of 200 years {strong earthyusles);
and Level 3 ~ for a maximum probable earthquake e}fect (catastrophic
earthquakes). Such defined parameters represent the basis for determining

the individual eriteria as well as stability eriteria.

The basic concept in the design of aseismic structures is expressed
through the expected seismic effect level and the structural response, i.e.,
structural behavicur during the earthquake defined according to the force and
deformation characteristics correlated with the damare level is prescented

and it means:

(1) For expected earthquakes of Level 1 the structure shoutd be designed
to reach elastic range (Fig. 3a) without any damage to Liwe basic
structural system and minimum damage to nonstructural clenonts {(partition
walls, front wall element, ete), Ho intervendions ar: roaquired after the

earthiquuhe.

) - Lar " PEERY oY - - o 1T . 7 3 H N
{2) For exjoeuted cen thguehes of Level 2 the ciracbur. bobo..., sovand Lhie
elnctes ranire and resches nonlinear ol Whiieh mewns Daal 16 sutffers

modurate damage Lo structural elements {(bewmas, columis wnd 1.C. wulls)
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{Fig. 3b)} mnd considerable damage to nonstructurul elements {partition
walls}. The structure experiences stifinces doteriorstion, bul damages

are repairable and the structure can be uscd.

(3) For expected maximum or catastrophic earthyuakes of Level 3 the structural
behaviour is characterized by severe deformations to the structural elements
(Fig. 3c~Cl range) but no structural collpse, with heavy damage and

partial failure to the secondary infill elements.

Such an approach enables a rational design of earthquakc resistant
structures which ensures the required safety level, defined by the structural
seismic stability criteria expressed through the load carrying and deformability
structural characteristics, such as Quetility, relative story drift, velocity
and scceleration at each characteristic level of the structure elevation,
structural ability for energy absorption and dissipation during the
seismic effect. The accomplishment of this approach for development of
design ecriteria and seismic stability criteria of any siructure is not
acceptable at the present level, however, it is inevitabliz as the basis
for elaborztion of design and construction Cude wid for tih. a.sin ot
vital structures, typified structures and sirecturcs produs 4 in loree
series {industrialized construction) of laryv urbgn units, wottlor nto,
new towns and elaboration of microzoning mayps of large iowns. Sach elabo-
rated desirn parameters for certain regions, for simple siructures should
be translated to the level of the knowledge of the decign engincers
through definition of the equivalent seismic forces acting as horizontal
forces at the storey levels based on the dynamic structurul characteristies
and the seismic paramelers as a basis for proportioning structurul elements

to sustain the effect of the equivelent moments, shear and axizl forces.

The usual process for structural design is determined throu-h the
structural response to ground motion in terms of trausmision of ithe
seismic ground vibrations to the structure and this is the most frequentiy
considered acpect especially when seismic design provisions in Luilding Code
are followed. liowever, siructures can be damaged dur toe Jthor cuarthyuake
effcets: fault displacement, strong ground vibirot ion (ehiobin), s, oction

and ligu juction of tne soil roundation, lund_tivd. ., tow .o b other

phenomuene teigrred By sone ot Lhe above efloein, Lo b i 'mooprevious

sluborenly whiow Lhe comploX character of ULl probdoens sttt w cluosicsd design
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concept with determination of gravity and other leads includiug seismic loads
through equivalent seiswmic Torees has beern exceoded from the aspect of the
required safety level, protection of human Iives end mutueriul properties. The
modern conlept should provide an integral spproach bused wun seientilic
knowledge, natural and economic conditions of the region or the country,. Let

us return to the problem of structural behavicur prediction during the
earthquake, which means that each seismic motioun is a random type of vibration,
and that the response is defined by the force-displacement relationship

(Fig. 2) of earh floor taking into consideration the relative storey displa-
cement § Hi and the equivalent force Si variable with the time factor which
yields in a cyclic or histeretic structural behaviour (Fig. 2v). Here, it should
be emphasized that structural design for critical loads to work in elastic range
(Fig. 2a) is not rational and economically justified (this principle is
applicable only to very important structures, whose instability can cause
considerable consequences: nuclear power plants, dams, eic,) which means that
the structure works in linear range up to a certain load level and then it
passes to nonlinear range of behaviour (Fig. 2¢) up to ultimute bearing
capacity, after which collaps occurs which still does not meun fulling

down of the structure.

It is obvious that such an approach cannot be ensured by Code provisions,
since the basic concept of all codes in the world is based cn Getermination of
the equivalent seismic forces according to the structural dyuamic characteristies
end the prescribed spectral curves for definition otf the shear torce level,
which means static consideration of the dynamic structural effects, which
requires that by adopting the adequate design procedure and selection of the
appropriale materials favourable structural Lenaviour under ivhamic effects
is provided. It is only that through nonlineay dvnamic response anzlysis for
different frequency contenis of the earthquake acceleration and the expected
level of the maximum peak ground acceleration s realistic structural response
can be predicted with an adequate understanding and modelling fo ihie mechanical
and deformubility characteristics of the structure, liowever, congidering the
fact that dynamic response analysis of seisuic orffects is s1ii) in the domain
of scientiric institations and Investigators (duc te fis corlex claracier
and the e o

(24
H

pows vl computer systens end ccoial oot oo ) s dving

the v ouis. by Ghoss wad othier studies, copasintly of fh s -iie technviour
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of elements, components and structures, prescented in Vig. 3 iz the flow

diagram of tue general aspects snd approsch I'or sulsmic resistant design.

From the aspect of the actual structural behuviour il hus been
concluded, based on experimental and analyiical studies as well as
analysis of earthgueke damaged structures, that it is very important Lo
respect the basic design principles, such as: regular bases, avoiding non-
regular heights, proper mass distribution, avoiding possible torsional
effects, design of details which will follow design failure mechanisms,
evoiding brittle failure and failure of frame Joints, construction of

rigid and resistant foundations, proper control of execution quality.
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