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asymmetric singlstorey building is presented here tbarify
in detail the step by step application of two new docume
pushover procedures on singi®rey R/C buildings. In orde
to fully consider the coupling between torsional ¢
translational vibrations of the flo@liaphragm under seismi
action, the first pushover procedure uses floor enforc
displacements, while the second one uses lateral static
forces applied with suitable inelastic design eccentrici
(inelastic dynamic plus accidental ones) relative to CM. E
pushover procedures referred toh e AfCapabl e
Principal reference system# 2 O HO'OHOO® o f
singlestorey building. The floor enforcec
translations/rotation and the appropriate inelastic dyne
eccentricities used in the two proposed procedures d
from extensive parametric analysis and are given by table
suitable equations. The evaluation of both proced
relative to the results of ndimear response history analys
shows that both procedures predict with safety thepldn
displacements of ehbuilding.
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1. Introduction

The basicseosimi tomsshesment of buil dings este
codes i-Isi ndhar ndtnati c (pushover) method[ df ana
[ 2] the | ater al static force of the pushover 1
fl oor which hamovbeede nf rporne viptbsa #h g noicrnaali oinn by tF
eccentricity. However, this often | eads to a
asymmetric buildings, which are caused by t he
fl alopddr agm due to the developing inertial t or
building floor, Botnh aBid].&riccaceapr y amtdt h en chyoma mi ¢
two | ater al forces and a tthoer qcucempaorsei taicotni nogf aw |
an eccentric | ocation of the floor | ateral I n
eccentriclintyoeapweads, in the framework of the

(kpnl an) di splacement demands of the stiff side
often underestimated.-1 Alsbreacpgpardengsitof ENI d
can be used in the framework of pushover anal
and a wuniform pat tsetronr.e yHobweivliedri,ngisn rmmulitsi can
estimation of t he&] hMoghenbDelfd & & theef PBotus d al so b
mu ksttior ey bui |l di ngs -1 Addodeist inoontalprygv iEdNe 1det8ai | e

building princiopal axes and refers to the int
t he appr ogtriicant eofortitreentf |l oor | ater al static for
[ 3. 4]

To address the abovementioned problems, vario
t wo decades. These procedures cén) malamgt vivdec
pushovers that wuse an invariant | oad pattern
pattern. The first category includes pushover
torsional modes t octtsakod accoeuwnutl acfi ttyh e ne fefl eev

|l oad patterns remain constant throughout the
[971 Band conventional pushoversspexdmimileitPawiytsh s
Pushover procedur e[8i77whi cchorueet dyznl2Bdfccent hiec i

application of the fl oor | at er al static forc
category includes pushover procedures that fo
its impact on the dynami torespbheessHdmgunadat
ar a2 The | ater al | oad patterns are successi

anal ysis.

Despite of the | arge number of pr optoys elda p ursdto
yet reached any casncwhey et lhceo nwed ruisa wbsn ss e iTshmitc r
recommend the use of any specific procedure.
abovementioned pushover |Iptr otcleadduirtelsa r rso ®©Y @EoON INO
anal yRSHAYN which is the benchmark method fo
Therefor e, there i s stildl room for new sugges
n/ el

e
can safely esdemeandes tdofe isreriesgniulcar i n pl a e Vv
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This iIis the objective of t hi-sst gragpy rR/wh ilkcthi If dicr
paper, t wo new pushover procedur-glsamrier rpeg gyloa
i ssueseddeisrcrdet ai |l above. Both procedures aim
providing tshatretyherR/ i robqulid di ng under examinat |
the possibility of floor pl astic metchposbmyvd
procedur e usedgdi splomcememfter ceasl t he Batsiedn vV
pushover ). -tTrweon sd naftarocnesd al ong two i d-eat afpiromc
about vertical axi s are appdrideedr wia ht aakpep ra@a c
spati al seismic action.[8pdwhiecFeBaseddiprnasd ov e
abovementioned dynamic eccdmtroircdietry tios starfeeatye
seismic demahbhldse amhdtatei fffl-exodeyg bai ltdieng.i nAd c
second proposed procedure, the | ateral static
points ofdi apbr agmo(per |l oadi ng direction),
ecentricities. Considering the two (N) signs

of ei ght separate pushover anal yses are pertf
Finally, the spati al seitshhma csiaxtteem $SRBSS uddmbi
effects of the eight separate pushover anal ys
i deal 3D "inelasti c#2prQ mMROHP@® atteftdre N@hsths s
call ediCapalilhe Near Col |Ioapsse oRriigncni pcaoi nscyi sdteesm
centre o#f2 $§tntenesestion of the 00@wi abtit-bepfl o
di aphamadgm) he two ort hxgesnealoi macriidzomtia O t he i n

an®0Oof thetoirreyl éuil ding, where al/l its struc
their secdt syiidlfdess

Therefore, in order to perfocemut be, ttvbepfopb
speci fied: (a) the origin fersphacampehi €abirc
measurement of the inelastic dynamic eccentri
enf odicep!l acemeeat $§ atoer aolf stthati c fl oor forces,
enfodiceg!| acements or of the inelastic dynamic
by step application of the two proposed pusho

sei smic assessment of-saodewbbaei hdymmet wher si b
has been given i[n3,Bakian alsl y& Maoktahr iporsoposed pr ¢
relative toLRHWA. results of N

2. Methodology

I n thmework oRAut@Bersescsemdati on, t mantd if 3 oimn t fhi
extensive parametric investigal, #n8 wasliingad hley
recently i nternatfi2@hlkl t het emaaitnur € o nrcelvuiseiw n s

met hodol ogy are summari zed bel ow:

1) I n the framework of the proposed MW@ shiotwteg, p
I's assuaneld theatextreme sections of the str
structur al el ements (col umns, beams, wal | s



2)

3)

4)
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iti-satt ieonmds (full NearliCapahblpseNsat,EPIL | &
e secant U aateryaile Isd -soffb ntehyes bsuiinlgdlieng i s cal «
at all struct ulriad e aerl elmeinlt di nogf ntohdee I n ohna v e

cant sti fhOneswhatc hyiewled g eThlgeerhef or e, t his
suitadlimemon model for calcul at-l onsaatatha. e
Both proposed pushover iapablder deaneiCphl ap:
Syst#2 0 hOCHOO® o f t hestoirregyl ebeslutditngg from
abovement-i onedr nmadel ol ft sc oonrcilgui sni,o nwh(ilc)h. i s
iCapabl e Near Col | ap#s2eo iCenused ofre S tpiofr herf eesr se
measuring the new inelastic dynBarsiecd epcucsehnot vre
procedur e and as t he apeglriacnastliaotn opei notf atfh
Di spl aBasnedwt pushover procedwrre an@he i gi gthan
i nelastic stiffness eccentricity.

The two orthogonal hori zloinnnteadr pmodieclilp@afli axn
which are i€aphbbteabeaheCol Daapns@O P ra rnec i tphad &\
of choice foaf tthlkee ofrli et alt atoer ab a sseadatp wcs HF oow:
procedure ortrodnglhat ieof ordfadtelde obiespl acement
The control of the building torsional sensi
conclusion (dA)c Shepghshwmmedi ngs are divided
buildings with toipsi@pal ppstempipt i eist wmnwah¢ i)

without torsiohnalAl &gnspptrii applyi evbpe mwmider e

are @epabl e Near Col bapsea eTprsit ©Ontanh ©tGhaed i a X €
respecti vel yhandadi us odi agpyhrraagn.n of t he f I ¢

cr
t h
t h
s e

5a) I n the framewor k o-Bageidk mprrogpederde ,-Ditshpd a

translifat aoads |, t hat ar#2 ap minige da h@®Ma x e s, ar e
calculated from the proposed (mean) amd ues
I , tahte | oé&@t,i osnhoown i n Figmdéi heé)néEbudihge
of sssthgl ey buil dings. The first category c
the second category consists of pur
gs, whil e t healt hbuwidl dd antgesg o(reyq uii nvcall vedne
gs). The values of Figure 1 are givVve
of step 4 and for various valQgepd odr nor m;
Qr JjO , wher,&Qp and ,0 are the inelastic stat
the gllaomrl engths al ong ©® hbd00 nelesdpteica | preil ryc i |
that the accident al eccentridheyfiosorgnoeéd
formatdfon, i s equal jtGoft hjéQ r wh e ngle i s

e (enforced) tra#8laltormng aODhaO®phRice meme o
[

d

—_—— N

ding height.

tionall vy, in order to predict the seismi
he propodadeldi ppulsdhoermantpr oc ed urrct, attihen (
about the wvertical axis Is shown in Tabl e
I ngtl er ey buil dings and for al |l static ec.



TK. Ma k aPA|I Ba&arpg bt at i onal Engineeed4(rglamii Pbysical

Regarding the seismic demand of tthheei Wbuiflidiar
transl ational OCdo®O®i acemenat &wiohgthe correspi
#2 . Therefore, zero floor ro¢tammion i s consi
5b) Ac ctohred ipnrgo ptoos e B aBiedp lpaicsdimse/reti na ma ddgegu nto t
of the spati ale ditsaminc eadathr afnlsoloart i @mf oirnc ean

directilody 0and a simultantoasasfhbboneafoate:
full value in tthieo@od ¢h dr@@@ryi hc iMoale odiierec we ¢
al so the totradt atlicotowrute nf oCieieslaldenkng t he (K
action, sixteen (16) possible combinations
each mapal pdinecti on, separat elqw.al I'tt oi s eno
combinations which increase the ductility d
considered only in the remaining haldescombi
onl yThe envelope of the resultsdicfpl @ bemesnit
pushovers is considered as an estimation of
Torsionally stiff Floor angular deformation on CRsec: Torsionally Flexible
s'mgle-storey bulldmgs }’Isec;ﬂsacZWIsecgﬂsec/ H s'mgle-storey bllﬂdi.llg
@+ FRAME WALL @ DUAL
0.035 0.035
° °.9
0.030 0.030
2 LI ) °
2 PN ) b
2 0.025 e 2 0.025 e % o
E e 3
= 0.020 = 0.020
0.015 0.015
0 005 01 015 02 025 03 035 0 005 01 015 02 025 03 035
eR,Isec;]Isec[LIsec;]Isec eR,ISEI:;]ISEC[I“ISEC;]ISEC

Figlnelastic anguflaranfdl goratdeédfhe# 2hotciat 90 @ OO e
axes used in the calcul dtioamdobfthédeepfoposesadddDsp
Based pushover.

Table 1
FIl oor emftan ¢eoad) about vertical aBasedfpubboperopbd
orderprtedi ce¢ demamseicmithe fl exible sides.
Frame buildin¢ Coupled (or pur Dual Bui |l di
0.0035 0.0050 0.0040

Table 2
Earthquake Spatial Act i edn sopfl asciemnmelnttan e omhse rfel adire e
ax®Osi s maxi miszbcds (baderxomitted)

Eight (8Ji emlifaocemeadnt c-bmbhenat
anal ysi s

EEECEEEE AT A T
"R CET D
ST D T
TR T D
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Tabl e 3
Earthquake Spatial Act i edn sopfl asciemnmelnttan e omhse rfel adire e

axm®i s maxi miszeecds (baedexomi tted)
Eight (8)i spmlfaocemant c-bmhienaat
anal ysi s

R T
" " T
T T e T
T Tt e "

6 a) I n thet heame owp obkaesdef dF oppaosehdoesceu r e, the fl ool
forces are appliethecceatasti todMan@iucsi egc e
with refefapabl eoNehe Col |#p s@h@POHOO®il mal Sy :
this wapl,haaoat iioins of the | ateral sDaari ¢ f or
‘00, the firdtheomai it dwagdsti ff side and the
flexible side. The appropriate WQalam@s of th
have been determined from statistical proce
anal ysis and are given4d4thpoadhcttigmur ki 2esan
standard deviati on)

New Dynamic Eccentricities for stiff'side. eqi /7 New Dynamic Eccentricities for flexible side. egey 11/71

~0.6 ¢ Torsional Flexible Build. 10

X . TRy TOR FLEXIBLE: esif = 0.046¢r - 0.11rm g = mean line -
<, - A Torsional Stiff Build. X ) N i~

5 0. TORS. STIFF: esit = 0.043eg - 0.057m = TOR. FLEXIBLE: efiex= 0.84¢g +0.12rm g 10®
= 2 - 08 o eV
F04 with standard — A g e A
= deviition At “"CA S with standard deviation >y G s® A
G 0.3 A mean line z 0.6 ¢
i 3 an line
< 0. : = * mean line

3 @ *ia - » with standard 2 04

301 O - 3 . deviation 3

',': 0.0 *e ‘" :’ WA ¢ “ A 53 i v % TOR. STIFF: efiex = 0.83er +0.17rm
2 oo %0 hge — EF -

E z_ Y . 3 A A g * 3

201 o e g S i :

2 * Ed orsional cX1bie bul

=z L4 * . . 0.0 b4 o1 | Flexible Build
B Tt : kg A A ¥ 4 Torsional Stiff Build.

-0.3 -0.2
0.0 0.1 0.2 03 04 S 06 0.7 08 09 1.0 0.0 0.1 0.2 0.3 ) 0.4 ) 0.5 0.6 0.7 0.8 0.9 1.0
Static Eccentricity eg 1.y//'m Static Eccentricity eg 1./

Fig. Norm. inel ansttriicc eyt gpsmfi e¢r tcicef i g¢h dpgi, f or the
fl exiildlee

For torsionally sensitipvé OGIFI @eithl e) buil dit
T Wy 1 A (1)
Q @0 T QA (2)
For torsionally insensdgtAlvig (pgimff) buil di ng
T Q8w (3)
@ dQf T XA (4)

=

¢

=

o)
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I'n E4£;i 4 the dis#2Zancned bCeM wienp htaing hfel. cecamre | ast
static (or sti ffness) iedcicreencttriiocni,t ywha lcohn gi st
di r e®©toi foQ.

6b) When the accidental eccentri-Basgdi pusah cwe
procedure i st heppilneldasusicngdesi gn eccentrici
combine the inelasti c -4dy nmaintihc tehcec end aii ca rti el
way, that the final |l ocation of the floor |

t hGM -phan | oci@apabl eTNear Col | a$#% a sCargtari @ d fh
origin for the measurementt hi€fapabhbé edd&eiagn Ce t
Princi pd0 aAX&EOswi t h positive directinen9).owa
Ther etfhoer ei,nel asti c @AOEIEgGH.)e &aeen tursiecdi tfioers t he
the | ater al OOavthi heg ahengnexiasQ@( Bes8.) gh ec

are used for the appliGation of the | oading
Q Q5 Qp (5)
Q Q i Qp (6)
Q Qi Qp (7)
Q Qi Qp (8)
whe®Qep, ,Q s anQ 5 ,Q y are the inelastic dyna

(Egss.)) Tal ong the exami®@eadn @Orienscpiepcat!liQydejl rye catnid
Qp, areatbedent al eccenA 998 thaieesi. d Artcoir de hge $
along the principal dired@ti oD callheuleat

0Ois the maplamomdi mensi on normal to the | oadi
6c) The application of the floor Itatoersalgnst at
of action, |l eads to eight separate pushover
to be reached in each one of the eight sep
Annex B o1. ENhda9®&8ntr ol niopeacoi acatdteenwot h
l ater al static forces, i . e. t he l ocati on |
eccentricities, whplcanilsodatfifemeat E€Momlt hies
curve(s) -9fot &y dsluoniggll iethnlge hor i zont al®O ocarxi s ur
‘00 , iI's given by the corresponding base she
where the | ateral stataccdumtoroff orce s$spataip®
t reesulotf the eight separate pushover anal yse
(sixteen |l oading combinationk[)l] Blse perypolsem

A

the displacement/ deformation results of the
estimation of the seismic demands.

fl owchart that shows the appl-Bzaedoandt Epsc

based pushover procedures is pihbeeabedemantric
(2), (3) and (4) are calculated as foll ows:
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ayFrom a firstahaempsrarwithnaagt apdit€. amiotutf | oc
vertical axis, we caleéegphladteg ptonfe GMtaelraan g dtihsep
yvaxis and the ¢ aapbhoremtxyins r oTlae @ g alwor ;d iorf a tt ehse
iCapabl e Near Coll a$2¢ Cerdtarte vef t®t iICIM, neagse ¢
9a [ 2y, 28]

~
o™~

W Oh i j—n ho g Oh ks AR
b)From a second temporary | ineaiO amwllycsdast esd t h
o2 al omxix, we calcul at edoptoh#e2 lad toergalx ihaei. sxp |
Additionall vy, from a third temporarijO | inear

PSITE .| ocat#2d abormxiy, we calcul atedg aedyl ater al

of#2 al ong th-axiys,anrdesxpectivel wof Thdeohioentza
iCapabl e Near ColofCapar®0OPrrienlcatpiavie Atxce st he x
is calcul atced7 f2&Jm Eq. 10

h

c)From a fourth temporary | inea®© p8nm&llyosdast ewdi t F
o2 al o@Qaxi s, we calcul ateopt b& 21 akt e@@ | di s |
axi s. Mor eover, from a fifth temporday | ine

P8ITE.l ocat#e2d abo@ @axi s, we calcul at edtonfe2 | at er a
al c@axi siACalphaebl e Near Col digpaereidiTald ®indnh dlheRad
an®Oaxes respectively arfe2%]al cul ated from Eq

\ h > h T
[ hij - p phw

h h

3. Numerical example

Anisymmet rstcorsayngR/eC buil di ng bwi lgithepe seai pmisdha
anal ysi s fprrocdeednuonesst rati on amnd twalki dgeaetcitamnpur
characteristinsaandalahgseasdennadri bed in detail

3.1 Buihladiarcrd eri sti cs

Figure 5 sh-awygmmetdooebhl| erei nforc-stdorceoyncbet bdi
constructed with materi al grades C25/30 and B
respectaivealay,e "&ft cegami®s vuvI0OA The Mass Centre
in the same | ocation with the geometric cent ¢
t highlke. outer per i-dneaphr aogfm tihse ffdronmerd biyd ec aonft i |
the building | ayout. The | atter I's oriented
parall gl obal tbeordi nate system OXY whiPe the
The structur al si yss t cearm poof 8 etdhseb gbnufli | cdoiunpgl ed wal |
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TK. Ma k aPA|I Ba&aarhpg st at i ona
have a square shape of di mensions 0. 45
section of di mensions 0.30/0.60 m for
have an orthogonoans sC.cx(/oln. 500f nd iwreinlse
boundary or middle barbell of di mensi ons
beam steel bars. The building height -liisnedarm.
modefi the building are presented in Tabl
according to step 4 of methodol ogy. The
bot h t hpejirarids;oj$ are |l ess than 1.10.

Fi g.

Step 1

Displacement-Based Pushover procedure by applying enforced-displacements
Non-linear model of single-storey building:
Provide all structural members with the secant stiffness Elgqc at yield

sub-step a

( 1 Temporary linear analysis with M, = 1.00 kNm
Eq. 9a,b: in-plan location of the “Capable Near

Collapse Centre of Stiffness” CRgee

step 2, 3
“Capable Near Collapse Principal system™
CRsec(Usecs sec 1sec)
of single-storey building )
.

e

sub-step ¢

& )

2 Temporary linear analyses

2 Temporary linear analyses
with F; = 1.00 kN and F;, = 1.00 KN on CRge.

Eq. 10: orientation (relative to x-y axes) of the

\“Capahlc Near Collapse Principal Axes” Igee, sec

with F; = 1.00 kN and Fj; = 1.00 kN on CRgec-
Eq. 11a,b: calculation of the “Capable Near

Collapse Torsional Radii” 1y gec and 1y gec

J

sub-step b

s N
Ti,sec OT Ty sec No . S saoas

<1.107,? Torsionally Stiff single-storey building

. J
step Sa
~
Figure 1: proposed values of floor inelastic
Torsionally Flexible single-storey building — angular deformations ¥;sec and ¥jjsec.
at the location of CRge,

N J

step Sa

(a) Calculation of enforced translations Y sec and Yyjgec along the lgec
and I/ge. axes, with the Eqs. Yinsec = Yrnsec/H
(b) Table 1: proposed values of enforced-rotation g about vertical axis

The enforced displacement vector is applied on CRgq.

step 5b

Perform sixteen (16) separate Displacement-Based pushovers with the
combinations of enforced-displacements shown in Tables 2 and 3
for each main principal direction

The envelope of the effects of the
(16) Displacement-based pushovers
is the Seismic Demand

FI owchar't of t he

appl i c atBaosne ds tpeupssh oovfe rt

hper opcr
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Step 1

Forced-Based Pushover procedure using dynamic eccentricities
Non-linear model of single-storey building:
Provide all structural members with the secant stiffness Elge at yield

step 2, 3 sub-step a

e - .
“Capable Near Collapse Principal system” ! TCInpO.r?ry Hatear At vl Mf =109 klm
Ryl oo, Isee) Eq. 9a,b: in-plan location of the “Capable Near
BECASECH “B0LhT : 250 Collapse Centre of Stiffness” CRgec

of single-storey building

(" 2 Temporary linear analyses
sub-step ¢ with F, = 1.00 kN and F, = 1.00 kN on CRgec.
Eq. 10: orientation (relative to x-y axes) of the

2 Temporary linear analyses o o e .
with F; = 1.00 kN and Fyy = 1.00 kN on CRee. Q Capable Near Collapse Principal Axes” Isec, lsec

Eq. 11a,b: calculation of the “Capable Near sub-step b
Collapse Torsional Radii” 1y gec and 7y gec

step 6a

N,sec OT Tp,sec

No ( Torsionally Stiff single-storey building.
<1107,?

L Eqs. 3-4: inelastic Dynamic Eccentricities

for stiff and flexible sides

step 6a
4 N\
Torsionally Flexible single-storey building. Accidental
Eqs. 1-2: inelastic Dynamic Eccentricities eccentricities
for stiff and flexible sides will be used?
. J
Yes
step 6b \l/ No
4 N
Eqs. 5-8: inelastic Design Eccentricities. .
Apply floor lateral forces eccentric to CM APply ﬂogr later'al fotces @centnc t.o ,C,M
using the inelastic Design Eccentricities using the inelastic Dynamic Eccentricities
J
step 6¢
{ N\
Perform eight (8) separate Pushover analyses
. ¥,
step 6¢
4 )

Combination of the (8) separate pushover
analyses effects with the SRSS rule

L (16 combinations) p

e .
The envelope of the (16) SRSS

combination effects is the Seismic Demand
. J

Fig. FA owchart of the appl iBasteido mp ustheop/ro fprtolces c
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Tabl e 4
Elastic, inertial <char aocntterroils tbifcnse haen dmotdoerls ioofn atlh es
which all structural el ement s h®vaet byeieenl p.r ovi ded
Static eccentricitiQ ;, FQf (m) 5.28, 1.39
Static eccentricittQ;, [Qp  (m) 3.01, 4.55
Norm. static eccentricitR; j0 FQyp jO 0.121, 0.189
Orientation ofO and0"O axes, relative to x, y axes -41.8%
Massm (tn) 450
Mass moment of inertid ( t A m 45579
Radius of gyration (m) 10.06
Torsional radius ; &1 5 (m) 9.45 & 10.38
Ratioiy ji & 1 ji (torsional sensitivity) 0.94 & 1.03
i Oﬁ r 500+ . 50—)—5% S ;3’/
uilding Height 4 m ~_ o
Floor area496 nf 0\*/ Y
Building layout area292 n? 150  Wall 13,14 150
Structural member sections g l H{‘L bl E E1 ¢ Jéﬂ X 2
Columns: 45/45 cm =2 — wall 19
Walls: 150/30 cm 0 o 45
Walls-Columns: 150/30/45/45 cm Columnd L8 Beams
Tee Beams: 30/60/160/17 cm 150 | 160 17
Rigid diaphragm: {£17 cm 1
1l daphragm: = 03 g 6 g
DN\o/l
Wall 16 15 30 30"
45 Wall 10
Fig. Up: floostplrery ®dfuididmnaolge down: structural el
det.ai | s
3.Rui | dle snigg n
Thei ngtter ey building is designed accoldamg to
EN1919.8 It i's an ordinary )i lamcdgi ©fdesnpypmecdn
class high (DCH) with eflW=2Ctd@ed pedDagomwpyhdl a

behavi agr3fatherbuil ding 1is

c |

assified into th:
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to ENWL998pecifically, t he begdidv anlge nits deuhaalr aalt
direction -aqui vaasl efratlaonded a rt dhcetrtiYoen . desi gn proces
st
fl

ructur al el ements of the elastic model of t
exur al and shear -Bal ffaesshehantcosregpahdi o
stfness. The |inear model of the bugljding is
T™omantet transl ati onal uncoupled perioawsesre a
Schematic details of the | omgietmeditsalar&andpres
Figure 5. Additionally, Tables 5 and 6 show t
el ements resulted from the design process.
Tabl e 5
Longitudinal and confinement reinforcement of the
Columns « L. Rei nfoConf. Rei
ci1, C7 4720+811 h, -b8/ @0

cz2, €3, C
cg, C9, ( 41 20+81 1 h, b8/ @0
cis5, C17

W10 4120+1617T1<¢ h, b8/ @0
w13, wi 201 20+81 h, b8/ @0
W1 6 161 20+16 h, 4b8/ 90
W1 9 157 20+71 1. h, -b8/ @0

*T'20 means a=20 emarh-l ®m® 0 b Mmehaonosp sf ofi#r@ grem pl aced every 9¢C

Tabl e 6
Longitudinal and conf i nesneecntti ornesi n(fsor csetmaerntt, oef: beenad
Beam se LReinforc L. ReinforcConf . Rei
B29s, B 3 - . .
B42e. B 5116 51 16 h, b8/ 20
B3 0e, B3 - . .
B34s. B 41 16 41 16 h, -b8/ @0
ALl othe 4714 4714 h, b8/ Q0

st-antd se

3.80-hi near mo d e |

Al the structur-lailnedremandesl odr & heumplni ed wi t
i neOt(iaat t heir vyield)3[2]Actchoer dsi enay® natd sBN €1f39eBsss t
as a constant wvalue overel @dmenmnti isr e qlueangttho dfh
aver ageO ofaltulrees of i-s$ectwonsenfilocrpesitive and
informative And,ext lRe oseENNtl 9988iIi ffness at yielc

@O —o (12)

The chord rot+asi and sat cpleludagdd) bygrthh € odgu al
EN19®8f or -be&dmsnnand whVyils respective
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Tmnpnﬁ P O 2 (13)

> mine 22 MmO — (14)

Eglsde, i 126 cur vat Uries wtihedy d e mdipgse ntth e gihearhepa
ngth of thewiirmnt erqruaall Itev elr idr m,hear cracki ng
el ding (ot herhwissd hies despacatl i oof o crdoorsnsa | to the
cQars, the mean di amefercemenbhhpet mesaainornyimeeéd s

i nf orc@mentt hendnean compr esBhe eelsd gtemlt ds toifc
rvat-Ujcap@ahkli t yofdi alglr a esseaneindnsenar e deter mi ne
cti onwtahn atlohgesii 8 Secti on Designer ¢fB3.0fhre tmias
oceagj athéorce of the vertical res@+9dQi3ng el
t he sei smic Gt o nptehrrerad 1 eQmts awhdcer i ve vertical
anof the structural elements wa$,aexcmepd ¢d
rong direction of walls, the weak direction
nwdrl ebending, where (it Whae cvomocnfliemed amdado
e concretensoit aws oé& herbieax i aln 9ifpogeld dty Manc
3.1]The steel reinforcement materi al i's repr

rk) which is bhardekeaing aegtbha. stwiOaahlyi etk te
each structur dly &lge melr2t, iad omayl cwlceht ebdendi n
er agepOoV altthees of e l-eenetnit o nesn df ocrr op®s i t i ve ar
ble 7 sdowsal uthesas a percentage of @gbhe geo
eree atvher a g#& nonfo dcuol necSr/eBtlse C€onsi d@8 Gk . eduralt hteo n
near anal ysiBPBM:-Mgdealn,t ipritasrtact ihnghgestamneasi g
rtical eNM:Bmeges whel eseetiedsabftbeaesd The

— of ea-shcendn, in terms of chord +oteati ons,

D, where the pbastical tiungp e ®BISle gq. (

| #1i gure 5, welaan | o&& tainlde tidhe ori ent at®@on of

an

‘@®0Ocal cul ated according to Tshieops zoa® amndd xels)

‘OOare ro#dt@@dthyrespetesi an {2H7e] WBaiearxeelsast i ¢ st

ec
4 .

PP

of
To=

Th
p

centQn cainfdesal ong the HoanD®atal eguas to 3.0
55 empechE€ € vieliyl ding is charactegijizeddmas tors

mpplies, whereigtheotodersd amnalli sr adhieug adi us of
t hdi dploboagm (Table 4). The per =00ds508f stelte
0.405 s®&c 3dmd sBc.

e accident alOand¥Oatxreisc iitsy caolnosnigder ed equal t
an dimension nor mal to the |l oading directio
Qp 115 1908)) iU 8o¢ pg u (15)

Qp ragisy Wi Bu o pg d (16)
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whelt e ¢®Bd and ¢c®Ud are the maxi mum pDaannddi men
‘OOaxes.
Tabl e 7
Secant Ot af fpiéskkde str uacst wprealc eenlt eamgeen tosf d®. he geomet
Col umn EisiEdy Edsiklg Wa l | EdsiEdg EdsiEdg
Cl, C3, ( 0.1414 0. 144 W10 0.119 0.168
Cc2 0.137 0.202 W1 3 0.175 0.322
C6 0.132 0.132 W1 4 0.175 0.322
Cc7 0.163 0.163 W1 6 0.142 0.303
cs8, C: 0.132 0.1914 W19 0.157 0.323
co, C: 0.139 0.139
ci15, 0.139 0.139 Beams Edsiedy
c1l8 0.135 0.199 Al l b average val
*Il ocalanalxi2s a3 e eqeati vahgnandavi whak hetructural el em

4. Calculation of the enforceddisplacements and inelastic dynamic
eccentricities

The fhoodicepl acements of t hBeasperdo ppoussendo vI2irs pplraoc
determined as foll ows:

From Figure 1, we take the propdseadnfdvagl g of
t hepliaan | o#c2atcioornr essfpontdongi baabbwgl fl exi ble bui
static edQgepbtri acppaae®D, jO mc@d we calcul at
enf otrrca&ds atainmnsal ong ©Ohen®@®®esrespectivel y:

r rJQ M 8 wip
[ I IO MricHx ™k
whefr e mtgT/ mMmtca@are the proposed fl o#®2 angul

al ong tDeandOiOs especti Debby sandhe hei gt oonéy th
buil ding.

Al sftoobom Table 1 we take therptapabedt vaéuei ol
for dual buil di ngs, whi ch i s used in the h
corresponding to the ductility demand of the

r 8t T TOA A

With respect t oBa heed ppropoescur eFortclee cal cul ati
eccentQian@ i(eeg<L.) Bl ong eacl rdDC zast awlel &xias
inelastic deXihQYg Eqe&o e mtl roincdd thih@dQa(xBEogsB8.) 74l ong
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t he @i sshich are used for the eccentric appli
to CM (Figure 9), is performed step by step a

fStiffness#eo®ent oard iRy ( t® d

1 St or e ya Mawsdl:

f Mass moment® ofovigkkerti a:

f Radi us of gpfioat itounujxw 1 p Bl @

fMin torsiignadg8 o adi us:

f Torsional igSjansndtti pg MOyT.or si osnali vsee n

f Accidental Eceles®g ri pgtiyan@Eqs . pglbd

TI1nelastic Dynami e)Eccentricities (Eqs. 1

Q ; T8 T W, @ BT @8 p THEPp B THN

Q T P ™MmEA TWIFDdL DB TWT

Q T T ™ Q @) o8t p TH P B of U

Q & 0 MQ T™WIBL T D Bre ved

fT1nelastic Design8)Eccentricities (Eqs. 5

Q Q Qp oX 1T pg L &b, freé#¢@d to the flexiblOe side of
Q Q 5 Qp T™oX pg v c&d, f#DdDmo the stiffOside of
Q Q 5 Qp vdto p& p o8 1, f#2DdDmo the flexi bl side o
Q Q ; Qp Mot p& P cpAd, f#Pmo the stiff side ¢
‘00

5. Seismicassessment

5.3ei sDnEiMAND

I n this work, the seismic demand i s -lcROHP)u.t ed
Accordin® 986 ] EMe mass centre CM -psashiodtadi ém
combining both accidental eccentri@iatn@®s ( Eqs
Considering the four sign combi n@i iami@®s ,( N) of
four sdil faned ofcmttheonGM oare defindd,neiaremofdel s
LRHA i s performed using three pairs of hori z
ccelerograms cra2t]egdebgr Sef smbalttac€cel erogr a
ncorrelated and have similar characteristics
peci 851 odtie@amt hquake[s3.3]eEcaccrhd eadr tiinf i Grieadceaccel e
cceleration response spectrum practica-llly eq
for soil of Class D (FigorablFg. | badbndest abm
otated about the vert[i3cda]lBoahi §d heudhoes ziond lay
ach pair are scaled to a PGA value equal t o
he buil di ng-LRANAt aral fohmhal®93% Nerdf drhmedi &smpd atcle
emands al ®Kngn®@es agbsai ned t fprl @awmng h olthti st heen viel
onsi dered as -dtihsep | "asceeinsemitc' tfaorrg eetapclhanc.ont r ol p

O *+0O T PP Voo
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],
05
Bu-o.(s) ] ‘~ LA E L i
4 - —Acel —Acc2
1 =
@0(5), A.I ‘mkl‘ ’t,h‘lL Al” “YU"th lL'] ||1'L l_’l‘vtl‘ll INL l'l VAN
Sos | TN AR A G L R
-1 Accd —Accs
1 i
i I 11T T WY P P PR
20 TP A H AR A T
y ‘ Ace3  —Accl |
! 0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25
Time (sec)

FigThiBee panaorsmalfi zaehd Bacrcteild@-big§ EMSs(rong moti on
durati.on 19 s)

Response Spectrum of Artificial Accelerograms Mean Response Spectrum of Artificial Accelerograms

—ECS8-1

N~
[

—EC8-1

— Accelerogram 4
— Accelerogram 5
— Accelerogram 3
— Accelerogram 1
. — Accelerogram 2

—Mean Response Spectrum of 5 Accelerograms

(38
(S}

Ju—
w

1.5

—

<
W

Spectral Acceleration Sa (g)
Spectral Acceleration Sa (g)

0 1 2 3 4 0 1 2 3 4
Period (sec) Period (sec)

Fi gEl &stic acceleration spectra of the five acce
specteluamti ve to the el astli  dhenpiegpAd@addt.swml ofD)E

5.Rropmeedod of pushover analysis

According t o t he Brarepepadsepdusbhiovel aceemeelnytsi s, t
performed is illustrated in Figure 8 by appl
enfodicepg| aseménTables 3 and 4 and finally tak
that the #flodart iemfarsceused only in those | oadi
affect the building flexible sides.

Al s o, Figure 9p(beéedhureltosberapesfbobhemed accor
Based pushover analysis, which is described b
HThe fl oor l ater al static forces are applie

eccentQ,iQ(Eq®ys F5or | o@dixmgdaQporgs8.) Tor | oad
al cbg@axis. The origin point for thefiCampabbleeme
Near Coll apse £2ntlTthe ofnebtaisttfi cedsrsi gn ecceni
in detaind ians seectcombinati on of the appropri
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al ong e ac RCahpaarbil zeo nNeaalr Colol @ ms®@OPEq€hAL i wak hAXx
the corresponding accidental eccentricities.

Z ‘S

—

Fi gPr 6posealDBasspéd:hcmmsnpr ocedur ed iws plhadé memt £.nf O
combi nat i ondsi sopfl aecnef noernctesdd caocsn stihdee rman gn agxriisnci pal di
combi nat i ondsi sopfl aecnef nmernctesD‘ @@ sti e r mmaigntapainsnci pal

FigLeDt : Propaosed pgwsltever procedure using the in
Capacity Curves accordi-Bagsed gwphovdarheamalopvise,d
pushover analysis

21 n total, eighal yYs8es parsechnoperf or med )comfsi de
application of the | ateral s an®® floor | oad
3)The Plaar di spl acements resulted from the ei
‘© an®Oaxi s, are combined with the SRSS rul e
action. These sixteen (16) combinations are

anal yses wheredithpel sckE REA)Jc (tdh rrgeeda c hnegd paoti ntth,e
which is the application point of the | ater e



