Journal of Rehabil i2142t04@ 8 2i n Ci vi | Engi ne

journal homepagéehttp://civiljournal.semnan.ac.ir/

Rehabilitation &)
in &

Civil Engineering

Compar Revwbktive Per f or mance
of Buil ding St rQutcattuircd $ MNe
Anal ysi s, Part B: R/ C Fr ¢

R. C.Barros *, M.T. Braz-César?, H. Naderpour® and S.M. Khatami*

1. Associate Professor, Faculty of Engineering, Civil Engng Dept, University of Porto (FEUP), Porto, Portugal.
2. Ph.D. Student, Faculty of Engineering, Civil Engng Dept, University of Porto (FEUP), Porto, Portugal.

3. Assistant Professor, Faculty of Civil Engineering, Semnan University, Semnan, Iran

4. Ph.D. Student, Faculty of Civil Engineering, Semnan UniverSigynnan, Iran.

*Corresponding authonaderpour@semnan.ac.ir

ARTI CLE |1 NFC ABSTRACT

Article history:

Received: 14 October 2013 The objective of this review to be submitted in t
Accepted: 24 November 2013 independent parts, for steel frames and for RC frames, |

compare their structural performance with respect to
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proposed NzZnethod, and so also of the consequ
convenience of using pushover metblodly for the seismic
analysis of these structures. A preliminary investigation

Pushover, .
Bracing system presented on a pushover analysis used for the se
Dynamic analysis. performance of metallic braced frames equipped

diagonal Xbracing and Kbracing systems Three steel
frames are analysed corresponding to 3, 6 and 10

regular buildings that were modelled in the MIDAS/Ci
finite element software. To obtain the pushover curve a |
linear static methodology is used. For the RC frames t
commercial pograms (SAP 2000, SeismoStruck &
MIDAS/Civil) are used in order to perform a paramet
study based on pushover analyses. The equivalent

method is applied to simulate the influence of the mas
infill panels; to evaluate the influence of thesen dhe
capacity curves, several strut width values are consid:
The parametric study also addresses the influence of
parameters on the structural behaviour and -lim@ar
capacity curves of the RC frame, namely: length and pos
of the plastic mges and different loading patterns (unifor
modal and triangular distributions).

3.  Comparative PUSHOVER 3.1 Introduction

ANALYSES OF R/C FRAMES
pushover anal ysi s ca
c

he
ef fi i ent techniqgue to s
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R/ C buildings under selmmitce. actlTihens .ulltn mtahies
case, the sequence ofcapampdryendf canackelnegment
yi el dinguraend afsai Wellcumsattuhe and plastic hi

def ormation pattern awnsde sohfe adi fdwalewntti ocrr iitrer i
the structure, can beayr arcedulats t Weo rdnaft fearad r
|l oads or di spl acementcsaparceti esyrearssed treVipga ot
main difference Dbet weleinngteh el esntgetehls ahnadv eR/bG e n
anal ysi s IS obviouslgeveehat od asmiitdh htimege ne
materi al behafvomael-ti eenkdpkdédeproposed a number (
hinge properties. TheoRAE€r hit ng e smaddlt srhuisttly e
consi der t he nonlinéda®l.eehavi our of
structur e, uanti fie b strengt.h and
. d : .q'heylast|cgh|nges a.r e
def ormation capacitiegs. T'he “assessment of
- . t o tlleenept s ends here t
t hese pl asdtiict thtiinvgee lcaows i s "t he .
. . process begins due t o
centr al di fficultmgeato uswe a non
However, t(% CO{re(f‘tIy S
procedur e. However, when  "accurate p ?s I C .
. . . bc—\bi%aV|our-eS|starys geconsi
hi nge behaviour I s 0 al ned t h'e n a.n
structur al f,uncti on of
anal ogous to t he pr%V|ou? pushoyver .
characteri ze the k}lnges
procedure can be performed’ to ?v.aluate h?
col umns i tf d sc cnmepcletses atr hye
resnse of the structufal systgm.
orce’ an bendi ng -moment

This section addresseMdyMzome thfertefeorreli esv d@amutnd
i Sssuesnagr etghaer duse of a trhenliinmearacdti atni cur ves.
procedur e t o study then respenmel atf edR/ Cnl y w
buil dings. Finally, mo e n & e hipMlgiofnyt r itblug i on a
rel evance of this anatllyesi smasewearyal wsailnnpll a tf @ de d
R/ C frames were studiednsidering only the axi
masonry paneéatselayr es iantuclus

3.2 R/C Plastic Hinges wi t h equivalent ties w
behaviour only.
Lumped plasticity is a common approach to

esti mat edef or mati on capacity of R/ C

TabadRrRl aki nigeengt h.

Reference Hinge Length
Park and Paulay [22] L,=0,5(
Park, Priestley and Gill [23] L,=0,080 +6Q,
Priestley, Seible and Calvi[24 L, =0,08 Q 0t022f @, ©,04af  d,

L, - plastic hinge length  h cross section height  f. - yield strength of the longitudinal bars
L.- distance between the plastic hinge and the null bending momhenteinforcement steel bar diameter



3.3 Masonry Infill Panels
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e failure of

rerpesent t h
| d be regarded

and shou

Masonry panel s ar e noreralceyab'nlegtl c%t%lte'
during the designhpr
use of their resi st aw uL JuL JuL
process can consider e }r]éilili'i ez
structur ahawsieo smi cFbre |zmims S LI
the failure mode of a T[T DO o .me is
nor mal |l vy ditdfctulgint j F j F T F
collap_se {mfasoheyfsy‘mt:_c'l’—"igmﬁo”des of failure of masc
occur in the masonry infi as well as i n the
frame depending on seA\,meOrnagI thgcfsregguanBtfhai |l u
frame and infildl panthe sshddmegrsacrkaitnigo,i nt Hmea
strength o f theihe cempahesttsd esasneds s the m
di mensions of the strm@dgr@bserved in the exp
] _ This mode mai nly cont
F!gtl!ﬁhel_lustrates t he s$PMen &Ifht(g\fe tmrPe';temlogrtthar j
significant masonr-y fajju a?oaerﬂﬁtqh%r?'sfmrslctlon)
bonding afarthoimbe, £fAEKINA &F the masonry
crushing of the masgppynoYalis t(oéss@s rat i
combinati on of t hese modes) . Th
i mportance of each Dapeudengme@manut@mse par
depends on the mater ica0imbpm@gédrothi eosf asnhde atrhest r
stress state induced axhalthetpanees agant peéod
filled frame col mamseCruossusailmggyotniegg umbdndi g d
combination of these ®tmkboehgnt bms MOHbwevEP] Nt S
the |l ocal failure of forniec tcioomp ofnaeinlturdeodes not
Table 3 Masonry panels failure modes.
) i) Stepped Cracking Along the Mortar Joints;
Shear Cracking | i Horizontal Sliding Along the Mortar Joints;
iii) Cracking Dueto Diagonal Tension.
Compressive failure i) Crushing of the Loaded Corners;
ii) Compressive Failure of the Diagonal Strut.
Flexural cracking Flexural cracks can open in the tensile side of the panel dy
the low tensile strength of the masonry.
Failure of the masonrcyondue stso ocoompressi cgrn at e
has been observed | fact lelrcawi nlgo a dtiwnog . The bi e
mechani sms, resultingi mpr awhes ditfhfeerenhtemsgtrles <
states that are devel bpedven the iviafiiulels pdnetlt
the | oaded @od al ong ithhheeski agparesl. .
The first mechani sm ol__f compreSS|ve failure
o I?ﬁu Clcraacklng occur
can occugi oms thleose to e c%a% e
.Wherf]a €, ects ar e predo
corner s, wher e a- biaXxja rpp %SSIOI’]
columns 0 e frame are
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cracks can open in thlhbédetenmedlansiicdael of ahde
panel due to the | ow ctheamsiclteerstsnergt ofoft hebe
masonry. (Staffomaad S@i2thl) erbefcause

during t he experi ment a
3.4 Numerical Models for masonry concluded that stiffness
panels resistance of the wall s

their di mension and phys
The concept of equivabeht omi & hwea sc oinnttarcotd ulceerdg t
by Pol®Bkavtér carryiamgd o Wt & otahgoer.s ot rhoepro saeud
eyeriment al r es efairlclhe @rnepliartiecdka lwi amd i nonser vati
frames behaviour due tthe Marripocsret atto | dader mi n
Pol ya&kbowvw o[ncl uded rtatmetwitchteh waldf the ties. Ri d
struct usr aal nsoentolhia hi ¢ Sbhre h2dfv ifour wélolr as Paul ay
| owe rz ohnotrail | oads howeZrpmacp o $02dillOo aaB8d @5w=
are increased the | at(tewvh®lreddf olsenmdptelodo fagisieas! |

too and-ftame whéehaviou becomes
. owever nloadlng and
more complex, with detac ent ween h
compl eéx p enomenon hat
frame andr y hpamals.on
t o be model | ed accurat e

Il n that comdiet isaur f et Baepbpernodaichhg adop®@®di By b@rs e s
def ormations and the omasantigraphupteoldeduftfhreats us
shear deformati on, rvelmad mi mays sept ¢ detfohusydrd t pvo
contact in the comprecSkiedbrcowhers. t ieers| Olpe
masonry panel s start knownf.u mMc thioood | mgart iceosnt i
under compression onpyopbevd outsol y,repheéesent
type of behacvanotulry ccahnaamedeg aidlff ng cur ves, the m
there is any kind of whiinckh biest wteleant tthtee fglaonee
and the panel. i mposed at both ends.

I n fact It IS POSSIi 4;¢ t he
contribution of the m . I over
the global structur al agonal
ties as s hlo5wnT hiens eFitgiue

hav t hechaneical and

characteristics that LViour
of the wal |l -farnadmea |l sstor Ly |

set o,

>

€ €2

L—\L _—]L T Fi y6Pr oposed curve for unl

e - = === reloading

LT T TTT

= W d | _
IRL ! L Experi ment al resul ts i
 EP) PP B2 R O . . .
L e L L7 Co—— | unl oading curves exhibit

i f i and have shapes dependen
Fi.y5Equi val ent di agomdal otaidei ng strain. The un
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2) , as it i slsdhsftwaomsr éprgauseent i ng t hus succes
the envel@wWpe itul)eeandof curvature observed in
finishes wi t h a resi dual or nl astioc
def or mpalt,i omhi ch seems |4 T 0

i mportant parameter o fa),

unl oading curve. For ' t he
val udplagf empirical e X

beeprmpmosed but wi t h I
Crisafpulelxipainded a ger
used eattoe@éuci nign an
constant in he calcu

T *
(@

Fi.g8 a) Reloading curve and

s o) parameters; (b) Definition ¢
unl oading curve

The previously describec

| oops t hat start from

envel ope curve with only

compl et e unl oadi ng. But

Emol|, " "

happen at any pl ace dur

(&a £)

. : i , t he mo d
F|.g78tr—se:)s:sglnghcurves f 'sazoﬁ%fjr!l u[des tne ef f e
inner oops. Because of

Fi gur&shows t he r el otahdel ntgehaa\mdour and of 1| ac
unloaditmg @nd the paepmetoaducttddttests on s
define such curves. dhei nudndrosadivhgh cudrin¥yé er en
starts when the Utompgroemmdieue abhdainner | o0o0ps
reaches theplpl aAsfttiecr stthragtnp oviteite : s (¢ 9essi ve in
the compression stresgpnéneaseasedpefl olell @widn ;rga s
path differentrefspomdtihogopanedocCc mrot affect the
to unl odadiengshape of (tihiei )r @lh®adinmger | oops re
curve is complex, - shdefngaedodlre tchier vAaompl et
ture with mild concawietlyoaidh ngheudwevs . stress
region and a sharp revers a l i n curvature__ nea
the envel ope. The r el hdlforrrbeJrvceanC(;ene(S §t§" C
of t wo curves. 4)Thgoefsz|]c It(§nec0 CL?IVéty dependl
from ther @lopm@d ng o aPn®! nt of lloading cur
i nter medi(alhe @f acihn t. TshhechW t"Pe |nflect|on polnt
second c&)rv&drﬁuaseuntrieISp?ﬂge wi th small cyc
envel ope curve i s reathlb sen.lih‘eeQi r"ngd f§ggre
used as fdinsalu sfeodi aafsu Ffienri
rulse assuring continuity. The resul tant
curve aerdi viattd v @ ar e continuous,
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fa t he v aelaunddss homful d be such
e refl ect the real streng
& When the shear strength
B/ /] bet ween mortar and brick
L /] cracks appear in the aff
&.” léc phase, one part of the
=X 3 (with respect toonltyhet hoet h
Fi.g9Typical cyclic respofnrsiec wi ot adimame onla giewisel (es | i d
hysteresis 2) .
The adopted mode | Censegpehtey ohe shear s
representing the sheaeqbatligo,nm owh eirgd etnhdbomneédsi d
failure happens al ongcddfef imoirgmtr gfoifnrtisct ilon.i
assumed that the behaviour of the |l atter i s
linear elastic while #Reffkbbar 'fstfrne@h'T?th i S noc
reached. Umdzloaaaiailnrggaanrde_&also i nif f 2
the elastic rangeli sThus, t he shear stress
equal to the sthiemas dteHer mati on (13
shear mpdulus G It IS assumed t hat t he
The model consists offrl alwoadsiimgpl eafrtudrest lagndbon
includes the axial | olaidnejairi omelhang s onlrhyi sa sp rao c
variable in the sheatf eprteaseanighed siyh@lBsghueat i on
strength i S evaIuateqtheforléjoowa{opI a bﬁ)é‘l e
friction mechanism, c H?|Ft IR Ehgai asntjreonngat
comp“onent and ttohelzh)@inédplsotlrne gsttaﬁps again (Fi
respomsbe. The former depen on
the coefficiseammntd odn fi =
compressippeer ptemel s lxeu a——-—--—@-)—--------;O;d;ﬁ;;e-"-----i“f-
mortar joints. “I|| > 9
L® ® |,
Gm
th= & | ¢t if f 0<f I ¥
¢, = it f 20 { @ f
m= & n 1 : ® ©)
ar e
FigBtéhows the cyclic _anal ytical shear
response of mortﬁmaxjFo'lgrthnglyt'whalrer:eSpor?se For cy
" of Sr'e& v joints
represents an upper [ i mi t for t he shear
strength according FonajdhyLytiitcall s ap@ssi bl
experimental data; somaaewl Yibpfmkdi amneb beh
high values of thg cdPiprlarsdive 38 BdPnPpanpdgs ios a
the previ olups iesqumacati onmda (Pwn IisHl Figure
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F 4 process that takes pl ace
fmp—— — to a structural stiffne
. | Oliveira 2p)y.iBattygs f{he
¢ \ point i s rel at ed wi t h
} } ulti mate djsplacement D
| | » L
¢, d_ d, D 3.5 Examples of R/C infilled frames
Fi.g1Si mpl i fied masonr ypushaveranalysisd e |
I'n this figure, the fligfs{piPpLi Bt yQQr rs@SYRGMHISs (
the matericaJd ylTebednegdtd ppiidt R/ C frame wildl
l's associated to the maxsimyad T 06 C8i heltbrhifebs Sidnv
in the eq#indal EntthisegfBegmepb compute the str
it I s quitecuwrirseamdeyfdfhea gAGunati on and cor
progressive stiffness ocdegiadati Odpakegausegvol
the slope is smallerpwlgel@\,gpm@,aroictégluw'éth-rhe
the first one. That tg§gpn@ddguons tahe 20h8&ki D
V1 (0.2x0.5) V1 (0.2x0.5) V1 (0.2x0.5)
_ V1 (0.2x0.5) V1 (0.2x0.5) V1 (0.2x0.5)
(0.3x0.3) (0.3x0.3) (0.3x0.3) (0.3x0.3) (0.3x0.3)
| V2 (0.2x0.5) V1 (0.2x0.5) V2 (0.2x0.5) V2 (0.2x0.5)
. Z)l.axo.e.) (O.3><OZZ) (o.3xo'.:31) . Z)l.3xo.3) (0,3x022) (o.3xo'.331)
Fi.g2Pushovegrsiassnaeval uative steps, along four
The R/ C member s30a/r3e7 Imadtehisf sG@udy will be

concret08amrdc!| S grade paantdt ewerr edi stri butilons

(1

designed accoldEXpg t odESstto tobndse as Br[® s enftoed
[31. According with tholbtadnsthetmrto(l)méeém constit
t he col umns and beams euas% ton,
. e h VIOUIQE Ao% @va[se wa s
foll owing Cross sectlon:
Ox2.mM2) , | oweO xBorr man@@ To develop the parametr.
col umMnx8. 1%2) . The reinfspradese(®dhd. M) andtiomtyer
di stribution of each begb3.sB &od4d.inkn wiesr es huoswend . i

Fi g23 e nonlinear static Pushove
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compared t hree softwafe ipaddagéegesi tt WSeAPI|l engt h
20003B, MI DAS/13I Vialnd gl ement s i s model | ed t |
Sei smoS8#ruck [ approxi mati on t hat al |
estimati ve of t he- damag

v v 3 v v extension state of t he e

Lo s obtained integrating the

2620 2620 and uni axi alh rfeisbpeorn sien owft

Po0 9 b2 e t he section of t he me mk
801/0.10 6B10.10 di vided. I n order to int

0.2x05) of t he cubi c I nterpol at

— 0.2x06) govern the nonlinear re:

e e o o points per el ement are u

— —_— = The masonry panel used i
12;125 J 1:;25 8;’235 young mo 6 u®Ruas aonfdvea ghel f

R 80//0.20 . ®  swimo20 ¢ ® 8w ® ol . K2ZN/2m Th e masonry was n
Q2o Qood 0509 an equival tiadtd eMIihASSAP

Fi.g3R/ C section for beadsd ahWoc @i frin&" €nt masonr
wer e used wi t h Sei smoSt

The pushover analeys o wieirie] madeutbacurveod (I nf
concentrated hinges |joglfajtdende anre acrurtvhe® gnchfofsh,
each structur al el emente. deWseUalpleyd ardd e nit.i
di stance between the c¢cpne¢gmirl Panedl e rned ei ratnrdo d

t het eexmi ty of the elemenprdd¢gr ah®@phfy Bhandon |

|l ength of the hinge. .
The parameters involved

SeismoStruck softwarethas ma@me aypsperdo ptrd ad i€mul :
featur esRQG of rnaondee Ipushgver sWiokvlhd. e Due to di f f i
distributed nonlineardetwel obi ng/ S€£8Sgedhet &I' €eMo d
di mensi onal fiber mogell Ddeseppalomobiesi b f ai
el ement s, and al l t hegfanatl wWems vadree t rcean s£idd ears
potentially nonlineargsgonrsSiadedi nad 8®Bakafri ahd
and geomeitme ar intoyn. Thefdit hter ielwtiivan ent ti es.

Tab4d i mplified masonry model
Equivalent tie behavioral model
fc (kN) fc (m) fm (KN) O (M) fu(kN) ~ dy (M)
110 0,001 135 0,075 0 0,3

Based on t he menti ongar amertamect ess ydy;he and f

foll owing resul)t sglwebraga xa bmuan nreepllaatCievnee ntdi sbet w
capacity curves underf|loeover a(lf |looocardi dpomaid fttéso)a df
di stributions; (i i) v@aat taernmsn. of the maxi mum

basal shear in the structure according to the
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For dtasmddd a single st2nrdeyQonofnil 3t agei dwo)
uni form di stribution wi || be addressed
because all the load ] tiall)
t he same. Further mor € .,/ gL IITITETEETTERY o f
. o
masonry panel s wi || A or
. . S ol Fi
st Bged( si ncet hsufail t gyt 5> J
. . . . - @ 2000 T . SeismoStruct
of fice bui | d4t m g e I ¥yS g b 1500 | /I Priestley et al (SAP 2000)
Al t hou g h t he i ni ti al woff :.'g:‘ff?!ﬁ‘zdféfffoi)ooo,m Yy
invol ved sever al bear - = Mides
M N 0,0 + + +
S t 0 r e y h e I g h t S ’ I t W a- : 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,3:53 W 0 r S
scenari o i s obtained VVILIIF_lIB(T;pDISPIacemem(m I{CDL val ue
i apac’i curves
of t hese par apatiemlsof( bea 2 P y
meters -anhdr e yntdeald)ghtl nof,
this <ca se only the oo b e oApa000) hese
V a I u e S WI I b e p r e S e n 1A ............ =M =Priestley & Park (SAP2000)
g 5000 T B —& - Park & Paulay (SAP2000)
s | T TN =¥ Midas
. . o . RSO
Ist Configuration ( Séwe| ~o T
2 woo b T e T TR
=
300,0
350,0 1+
250,0 +
. 300,0 +
Eousood f ,.;1'
g ' ,':' ------ SeismoStruct i i i
& oot [ oS oo Fi.g7Maxi mum base shear vari
",‘ — - —Priestley & Park (SAP 2000) ] ]
o0 1 T Parki Pautay (540 2000) 3rd Configuration (Stag
0,0 + +
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35
450,0
Top Displacement (m) 400.0
Fi.gd4Capaci tiyStcauwgrev eosn e 3500 Iz
=300,0 //' = Park & Paulay - Without Tie
3600 %2500 / ~~~~~~~ Park & Paulay - w=0,10xd
. 1o+ SeismoStruct E ! = = Park& Paulay - w=0,25xd
3200 e, —tr— Priestley et al (SAP2000) 2000 Priestley & Park - Without Tie
....... ~ B = Priestley & Park (SAP2000) &1s00 o priestiey & Park - w0, 10xd
z 3200 Wrw =~ . _ | —+ - Park& Paulay (SAP2000) ! - - - - Priestley & Park - w=0,25xd
% 3000 4+ 100,0 = - =Priestley et al - Without Tie
e " = = Priestley et al - w=0,10xd
f 2004+ 000 T 500 = . Priestley et al - w=0,25xd
2 00 t ‘ ‘ : : :
: w00t T T R 0,0 0,1 041 02 0,2 0,3 03 04
= 240,0 + . Top Displacement (m)
200 | N Fi.g8Capacity curves with wu
2000 ‘ pattern 2u0s0ioOng SAP
50 6,0 7,0
Span (m)
Fi.g5Maxi mum base shear variation
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450,0 450,0
400,0 + 400,0 + -
=,
3500 + /4 3500 1 < —
= 300,0 + / e Park & Paulay - Without Tie 3000 + .-/‘ = |Jniform Dist. - Without Tie
= - weveens Park & Paulay - w=0,10xd = < ++ Modal Dist. - Without Tie
= 2500 52500 1 /
° = = Park & Paulay - w=0,25xd o / = = Triangular Dist. - Without Tie
i 200,0 + Priestley & Park - Without Tie % 2000 + 7 Uniform Dist. - w=0,10xd
§ ol 1/ Priestley & Park - w=0,10xd § 1500 f. rrrrrrr Modal Dist. - w=0,10xd
! - -- - Priestley & Park - w=0,25xd ! 3 - - - - Triangular Dist. - w=0,10xd
100,0 + = « =Priestley et al - Without Tie 100,0 + = « =Uniform Dist. - w=0,25xd
= =Priestley et al - w=0,10xd = = Modal Dist. - w=0,25xd
50,0 1 50,0 1
= - Priestley et al - w=0,25xd = - Triangular Dist. - w=0,25xd
0,0 + t + t t t 0,0 t t t t t t
0,0 0,1 01 0,2 0,2 0,3 0,3 04 0,0 0,1 0,1 0,2 0,2 03 03 04
Top Displacement (m) Top Displacement (m)
Fi.g9Capacity curves with Fm@®2@ad pd wiatdy paurntwesn f or al
usi n g2 0VAP pattern distributions (S
450,0 450,0
400,0 + 4000 +
350,0 + 3500 4
5300,0 T —Partipau:av'wnhoutdﬂe =3000 | —— Uniform Dict. - Without Tie
%2500 + Park & Paulay - w=0,10x = |\ g, e Modal Dist. - Without Tie
o — — Park& Paulay - w=0,25xd 52500 T T lar Dist. - Without T
§ 2000 Priestley & Park - Without Tie k] r\afngu ar ist.- Wi uud €
§ wo L [/ e Priestley & Park - w=0,10xd E 2000 Uniform Dist. - w=0,10x
' -~~~ Priestley & Park - w=0,25xd &1s00+ fA4,0 Uniferm Dist. - w=0,25xd
100,0 + =« =Priestley et al - Without Tie - - -~ Modal Dist. - w=0,10xd
— = Priestley et al - w=0,10xd 100,0 + = - =Modal Dist. - w=0,25xd
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Table 5. Drifts using the proposal of Priestley et al [24] for all load pattern distributions (SAP 2000)

Drifts - Stage 3- SAP 2000
Uniform distribution
Priestley et al
w/ tie w=0,10xd w=0,25xd
R/C7 1° Floor 0,2789 0,2922 0,2950
1° Floori 2° Floor 0,0211 0,0050 0,0050
Modal distribution
Priestley et al
w/ tie w=0,10xd w=0,25xd
R/C7 1° Floor 0,2724 0,2870 0,2887
1° Floori 2° Floor 0,0276 0,0125 0,0113
Triangular distribution
Priestley et al
w/ tie w=0,10xd  w=0,25xd
R/C7 1° Floor 0,2550 0,2775 0,2775
1° Floori 2° Floor 0,0450 0,0225 0,0225

Storeybéd

Storeybéd

Storeybo

Table 6. Drifts obtained with SeismoStru¢R4] for all load pattern distributions

Drifts - Stage 3 SeismoStruck

Uniform distribution
St oreyd witie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,12578 0,12622 0,12485
1° Floori 2° Floor 0,03686 0,03641 0,03778

Modal distribution
Storeyd witie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,12914 0,12730 0,12758
1° Floori 2° Floor 0,04871 0,04753 0,04725

Triangular distribution

Storeyd6 w/tie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,13646 0,13442 0,13489
1° Floori 2° Floor 0,0748 0,07383 0,07336
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Table 7.Drifts obtained with MIDAS/CIVIL [18] for all load pattern distributions

Stage 3

Uniform distribution

Storey¢ w/itie w=0,10xd w=0,25xd
R/CT 1° Floor 0,248 0,292 0,293
1° Floori 2° Floor 0,052 0,008 0,007

Modal distribution

Storey¢ w/tie w=0,10xd w=0,25xd
R/CT 1° Floor 0,241 0,280 0,282
1° Floori 2° Floor 0,059 0,020 0,018

Triangular distribution

Storey¢ w/tie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,191 0,195 0,259
1° Floori 2° Floor 0,079 0,045 0,041
. 400,0
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from the three software used:

Fi.glCapacity cur
pattern distri

Tab8Rrifts cor roepsopsoandionfg Ptho Epsrt | eyl et oat OPadt t er ns
Stage 4
Uniform distribution
Priestley et al
w/tie  w=0,10xd w=0,25xd
R/CT 1° Floor 0,2782  0,2990 0,2989
1° Floori 2° Floor 0,0218 0,0010 0,0011
Modal distribution
Priestley et al
w/tie w=0,10xd w=0,25xd
R/CT 1° Floor 0,2771 0,2961 0,2979
1° Floori 2° Floor 0,0229 0,0027 0,0021
Triangular distribution
Priestley et al
w/tie w=0,10xd w=0,25xd
R/CT 1° Floor 0,2675 0,2903 0,2903
1° Floori 2° Floor 0,0325 0,0097 0,0097

Storeyé

Storeyé

Storeyé
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Tab9@Rrifts obtained BHwictomsSediessmmongt radclk I[oad patt
Stage 4
Uniform distribution
St orey& w/tie w=010xd w=0,25xd
R/Ci 1° Floor 0,12442 0,12509 0,12545
1° Floori 2° Floor 0,03817 0,03749 0,03712
Modal distribution
St orey& w/tie w=010xd w=0,25xd
R/Ci 1° Floor 0,12532 0,12613 0,12649
1° Floori 2° Floor 0,04031 0,03948 0,03912
Triangular distribution
St orey¢ w/te w=010xd w=0,25xd
R/Ci 1° Floor 0,1284 0,12345 0,12385
1° Floori 2° Floor  0,05538 0,05432 0,05391

Tablorifts obtainedl®Wi tbndl DABIi @gVvVaLI[l oad pat
Stage 4
Uniform distribution
St or ey w/tie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,260 0,296 0,297
1° Floori 2° Floor 0,040 0,004 0,003
Modal distribution
St or ey w/tie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,258 0,295 0,295
1° Floori 2° Floor 0,042 0,005 0,005
Triangular distribution
St or ey w/tie w=0,10xd w=0,25xd
R/Ci 1° Floor 0,237 0,285 0,287
1°Floori 2° Floor 0,063 0,015 0,013
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