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PREFACE

The main objective of this two-day short course is to provide in-depth information and new
developments on the behavior, response, analysis and design of reinforced concrele structures
under seismic loads. It is assumed that the participants have basic knowledge in the behavio:,
mechanics and design of reinforced concrete structures.

The notes which form the basis of this two-day course can not be covered in all their details durin:
the lectures. Because of time constraints, the highlights of the notes and accompanying materia's
are presented to the participan:s for future self study. Two appendices contain supplemer:
information are presented at the end of the notes. An excellent reference, which is high!s
recommended as a supplement material for this notes, is the textbook entitled “Seismic Design ¢
Reinforced Concrete and Mason-v Buildings™ by Paulay and Priestley published by John Wiley 1=
1993,

My thanks are due to Professor Fatahallah El-Nahas for welcoming the idea of the short coursz.
the Egyptian Society of Civil Engineers for sponsoring the course and Professor Omar E
Nawawy for his effort in preparz:ion and organization of this course.

Ahmad A. Hamid
Philadelphia in November 29,1996
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Introduction to Concepts of Seismic Design

1.1  Seismic Performance : A Review

Mun}i:[gm of the world wre sessmieally active Recenlly, Egypl is experigncing soine seismic
pctivities, Conceprually, design for eanhauake forces is quite diﬁ"e

; rent from design fon other loads
pad special provisions should be taker imo considermion for seisumic design. Foul impostant

'!I'mu'rm of enrthguake loads that make sejsmic design unigue and quite differen from wind design
) forees

weed e inentin-induced ( funciion of mass distibutiony, 2) forces are elated W stuciiel
stiffness snd ductility { function of deformation state). 3) loads are fully reveised aml 4 nie of
doading b5 very high and duration is very small { $-30 seconds)

m&m awareness and un rstanding of factors influenciag the seisimic behavior of
;I significant desparity betweer eanhquake emgincering theory and 13 opplication s
E5l

and canstruction stll prevails & many countries. The damage and collapse of many

ings. as shown in Figure 1.1, tewify ro this disparity. Soft-story sway wechanism ( Flg.l.1-
2 of confmement of mnlorced coxcrete columns | Fr

i _ | 1-b) and failure of bemm-colunin
ction { Fig. | .1-c) are examples of madequate ssismic design

- Wil ineieased sescarch and with gainiaz significant knowledge from studying performanse of
buildings afies ean the design peilosophy has been shified from emphasis on swenpth |
resistanee (o lerge sersmic forces) 1o erphasis on ductility { evasion of scismic forcesd Tl
structarnl respone becomes on essental renlity i the assessment of structl design o
earthguike forces

It bees receptly accepied thar seismus design showlid encoyrage structinal forms thn are mose
likely 38 adequate ductility. This is relnted to aspects of structural teguleity and e vl
¢hoice of locstions where inclostic flexurs deformations muy oceut { refer 1o s locations of phisic
hing=s). Therefore, It is essential in seismc devign o sssure that the required shear strength must
exceed e required Nexural strength. This will suppress shear deformation and ipsure that shear
iatiure  which is a brittle mode will nor ocour. Proper conceptunl design nnd aspecis of adequare

atling arc citicil for salisfactory seinic performance of buildings. It s 10 be poted thal the coea
f’hfc‘::rr:gmﬂr:""! special provisions for sasmic design 1 munimol compared 1o the overall cou of

Noter aw Sesmne Devign of Reinforved Covorate Strsictares Poage 4



1.2 Seismic¢ Design Limit States

e —

It is common 1o consider diffecent levzls of protection addressing functionalily, leve 9( darage
and prevention of loss of life The degize of which levels of pratecoon can ke allorded is a mualler
accepied level of risk and peonamic constraints, Teis the ¢hoal Cuging Job of (e stractuseal enginege
1o aptimize between the degree ol prixection and cost, The followang are the commen three lind

siafes cantiderad in semsmic detign.

I !. Serviceabilicy Hmit jlale
It s expected for frequent canihuake: ivducing compamiively nmunor (atensily of ground mekion
i pot 1o impair the function of the strocie { the opetaion). This means that damage needing repais

should occur 10 the strucre of the soasstneclure componens, including contenis. The design
1 <houlid concentrate on limiing the del:cuon and inter-story deilis and epdunag adegquate strength

of al] componenis o ceslxl the canha:ake- mduced forces while remiining esseniiplly elastic, Mo
significant vielding of the reinforceme 2 resuliing in lurge cracks aor crushung of concrete shauld
result, The frequency with which e ocrumence of an sanmbquake copresponding 10 U
serviccabilny lmit state will depend oo the impoiiance ot [I'E"_-'_‘r'-'inll;_,' the  functioeality of (e
structune.
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In ceraln situation sorviceabilay of the strecture may be controlled by loads and effects ovber than
1‘.'|rE|Ilrlrilkl.'.\ For example, wind locis with 10 years retom period mav  be used 1o check
k- comghance with ilerstory deift henil: mdec service conditions,

2. Damage controf nnl stnte

Inthis state repatiable damage b5 alles =4 Yieldiog of reinforcement and crushing of concreie
oocut which will require sepair that 12 fedsible and cconomucally affordable. Ground shaking Of
intensity for this fimi state bas a ko probability of occurrence duning the expecied life ol i
struchiare. It i expecied that afler th carthquake the struciure can be wicessfully cepained and
remnstated 1o ull service

I Surevival Imit siate

_ The mast important destgn limit staie = hich shonld contral the design is survival. Modery seiaiiv

oo ure of 4 coluimin due 1o ingdeg. ¢ ' design codes are bazed on the enteron that [nss of life should be prevented even cduing e
comlisen it wrongest ground shoking feasible for the sie. Damnage will be ieparable. ba collapse muy no

occul. Large inelastic defonnanons e expected and relatively large displacements shioulil e

TCCOMMmocaied withoul significan) fos< wn lateral force resistance and thal inteprity of the <wucwe

I3 fuppart Fravity loadd B nsmilaing

148 10 be fisted that (he boundanies heoveen these three [imit states caa nof be defined recisety,
There is imcertainty involved in e deagen forces recommepdad by bullding ¢gudes and [he desgn
whould be nined a1 accommodating soch an vacertainty. The capacity design process | sec geetion
10) allows the designer 1o uchieve this gon) :
Lsually, one limit state controly the design iy depends on the mtensity of the conthguake foroes
aned the aCepied levely ol Ik, )

rT“‘ specilic swoetural propeties thar read (o be considered in conjunczian with 1he above (hiee
lirmit states arc: stiffness, strength aod ductiliny

- Beum-ealumin connesiin tnlune
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1.3 Structural Response

The most important structural properties that are corsdered in the seism_lc d‘e\\'{gnl' ﬁ;'md‘ arc;
associated with the three limit states are suffitess, sirengi and ductiliry. These are inc tm_l]o_n.\ Of
the structural response of a reinforced concrete element ¢xpressed in lerms of the retationship o
toad and displacement. see Fig. 1.2

‘l Qbserved response
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Figure 1.2 Typical [oad-displacement vetationship tor a rz.nforced concrete fiexural
nemoer

Stiffuess _ _ _ s - PR
Estimate of member stiffness 15 required to caleulate zzformaton under load. For remiorcet
concrete member the effect of cracking should be consicared for a realisic estimate ol sulln‘cﬁ.\.
This is ceitical if a serviceability eriteria to be satisfied witn 2 reasonable degrce of conkr_ldcni__c. “k

. . . - . M - - g . T . - 2
load-displacement relationship shown in Fig. 1.2 shows ronlinear response after (_‘l a?k,f‘n(:. ‘pnu 1:
purpose of design a bi-finear relationship may be used. Tre siope of the hine, K, correspong ng o
75% of the yield load can be used to quantify stifiness. Tois value may be used (o calculate L.me
deflection corresponding drift for code comphiance and ‘or calculation of structural stability « P-
delta effect).

Strength o o ' ‘ i
The structure must have adequate strength (S, in Fig. l._l W resist internal Iprcc;s gcn_erdrecl ¢ u_mjt_l
the elastic response of the structure and (o prevent major Jamage. This seismic action _comh!nu\
with those due to other loads on the structure, such as geavity, will lead to the proportioning of the
structural members.

Ductility

To minimize major damage and to prevent collapse ( ensuz2 survival) the structure must be capable
of sustaining a high proportion of their initial strength whi's aliowing large deformation beyond the
elastic limit. The the ability of the structure or its compvaents o offer resistance  in the clast

- [ : . > .
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“T the center of rigidity iy dependent upon the location

i and georreir alers
g5 2 and g try of the lulernl 1o

Displacements due to story twist. when combined with those res:
zsult in excessive interstory displacements which may be difficul:
~=s18n engineer should make an effort in the ear! :
“etween the center of rigidinv and the center of m
e torsion and will behave in
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