Journal of Rehabil itéa® 2 pIn0-B2mM Ci vi | Engi nec¢

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

Sei sReircf or mMesmsees s meSh &€ Mlome
Fr a me s Noviptalr aSylsele megul ar i

Payam Tehrani®’, Ariya Eini 2

1. Assistant Professor, Department of Civil & Environmental Engineering, AmirKabir Univeskifyechnology
(Tehran Polytechnig¢)Tehran, Iran

2. Former graduate studenDepartment of Civil & Environmental Enggering, AmirKabir University of
Technology (Tehran Polytechnic), Tehran, Iran

Corresponding authopayam.tehrani@au#c.ir

ARTI CLE | NF ABSTRACT

Article history:

Received27 July 2021 Many structures exhibit  non-orthogonal system:
Revised 18 December 2021 irregularity based on architectural design, which is a 1

Accepted 19 December 2021 of torsional irregularity. This paper evaluates the inela

response of mukstory steel moment resisting frames w

this type of irregularity. A parametristudy is caried out
Non- parallel system ) - - .
irregularity, on Ssix bundlng_models exhlbltlng_ couplgd behavior
Steelmomentresisting frames lateral and torsional response with various degrees
Seismicperformance torsional irregularity. Current code regularity limits f
Nonlineardynamic analysis structures appear to be based on engineering judg
Nonlinear static analysis rather than on quantitagv analyses, which indicates th
these limits need to be investigated for different struct
systems with different types of irregularities. Another g
of this paper is the evaluation and comparison of
response modification factor values of steel onment
resisting frames with noparallel systems irregularit
derived by pushover analysis, as well as nonlinear
history analysis. A new torsional irregularity coefficient
proposed based on the response spectrum analysis re
It is shown that ti is essential to undertakenonlinear
dynamic analysis to designsome structures with high
irregularity in plan and to capture nonlinear mechanit
due tonon-parallel systems irregularity.

Keywords:

1. Introduction and el evati on. l rregul ar

occurs becaudsiestofi buthiev s
Sei smic code p rcol vai sssiisfnys f ftnyepsisc,a | sl tyhpelnagrh,hc lor m:
structur al i rregul aridan i nrteocs uilrtr eguwnl amsietverien

Howctidade this article:

Tehrani, POP2 ESe@ismiAc performance assesspnaernatl |oce
irregularity. Journal of1@®elhGemi8 itation in Civi
https: LOdo22DPHBE21. 23918. 1528


https://doi.org/10.22075/JRCE.2021.23918.1528
http://civiljournal.semnan.ac.ir/
payam.tehrani@aut.ac.ir

110 P. TehrAa/niBiomnir nal of Rehabi lli®a(@2Q R120/P2i8n Ci vil Engi

earthquakes mainly dubeuitlodli8nfjge@efdidoyor i noeéeati gat
(i .e.., due t o torsi ef)f ectoumwlfedarwihtint eé1 ooal
transl ations. This toparialnladl belatviems tiyrpriecgaull
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demands . tr ctural members for di
|l evels i n RC framef with
The presence otfhaitrérreaglbar iitrir@s Killeayrriotdidei sn et
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strugtubepending on ¢tbaf idpwamettisoenthi @ esponse
irregul arity and t hespeat eumaland oepaiestsh,owd th e a
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[2]. |t was shownatt hmdasoantbh uwmiulodiisn gb rtahc e st hien t h
strengthened only at tornieansgilPde saofdetshe structur
was S|gn|f|can.tly dan]agedcdue?éo 4%5‘31@2}&"#1' angél\}]'&/
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the building when subjecc} f a% dam hf:ﬂ_ ua%@é
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: 0 Vlh i on gy 2R
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the seismic mass isn ar rweagyul talratt yt heosm e g ostohl eart
could be of nNo i nterierstegulitme ri enbh kseése tampgreg t h
i nvesti gatbiyjowo al asyt bfnigcvleange ha eni s mi ¢ response
steel moment resistingtrfuacatmerses Tdae dtahpsd windt ho
and story height of iTeaclgpuimadiet g saicthen klbpd da g
constant. Later al r e sdosndintcieonsn lhaovweh Wadercado
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structur e nospoar atlH aetl system

(4) B ) D

5 i /
35 degree model—

30 degree model:

i 1
Basic model < ’ 3m
i >

T Ta =

|
»

|
< » »<
Sm Sm Sm

Fi 8The basi c nioidveelr epgl‘uaranacrtrma%m& P38 egamma el s

Tabl &ravity Loads appli

Dead | oa Live Loa

Exter 65080n I nté&r 10007

Fl oor 500/'m Floor200807

Roof 57M/M Roof 150807

Snow 500/ m
* Thieght wei ght partition |l oad in this researmh was co
partitions are defv7vheéd as dead | oads in A
I n ABXERE when the marif memt st ot reetshpi osn sset usdpye c t
dri ft at one cor nenr @afnat YRBS Asnteotr hyevdi ischlemo r en ot h a
1.t2i mes the avoeemmageflsdomytdti bns according to
the structure iIis consledegedchbedper ity sionas ¢
irregul ardi mé&dnst hmad sa maulcyt tuir ceasl, both i nhere
mo d e | i's required -fotondieomsnagdlysulsd olle paamr o

i rregul ar structures itno sdagmnusitdnada |d efsmeging s & s 0 @



112 P. TehrAa/niBiomnir nal of Rehabi lli®a(@2Q R120/P2i8n Ci vil Engi

design is cathigadkeval@&hehrestugdbdng col umn and
static met twod & {1 EBBWM) requirements and dri ft I
combi nrauli2zehn RBE#& er f or nmteodn si dtehdeeds i igm. clhaes ssiB e
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TabdMe mber sections for d

Col umns Beams
St o Al 1l frai ’X-dif 'Y-dir
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4 B o2 0-2 0-15 | PE7O0 | PE7 0
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* These sectid3cA 58 PaanBidgheo dieol sl PE
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E‘ Max drift to average drift ratio (X direction)
5 |#
——Basic model
4 15 degree model
20 degree model
3
25 degree model
2 30 degree model
35 degree model
1
Ratios
1 1.05 1.1 115 1.2
?6" Max drift to average drift ratio (Y direction) |
5 @ I* .
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4 15 degree model + '
1 i
20 degree model : '
3 f -
25 degree model ' :
1 |
2 30 degree model : +
35 degree model :
1 + +
1 '
1 i
X © Ratios
1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45

FigMaxi mum drift to average dri ft-driateicd iminseach
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dri ftwarsaltwaoy s Ille.sIlshet @@ambi ning the effects of
d stribution of stiffwmeemrs | "himbeseomadelrsmulln
bot h directions tilse Bwildingasy atédastudi ed, i
fundamendg(all)t psetrriwcdt ur € $ oobn kas a rigidpldamphr:
anddiyrections are al megtedéedentftifcradedolnhe

fst modes in both directions of the basic
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and t he rel evant acceptance criteria were

deri veadr daag to 41lve SCE .
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were used fhamglkeesamwse.r dAtlldod ad ti @wehs ¢ dlec3udt mt ¢ sh a s
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structur al response 'S af fyegct CF %y rTi%igher

mode eftoderefane,dotelseFosrt rueitsimiec assePs@mant 0
not have a single yi eduiilndgi nmgesc hdaiunm esatr.i oAballo a dg r
pattern dthréevsepdo nfsreo nsmpetcit o usn, it is essenti al
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to design base [8Realrn was
this case, the response

shover analysis withetseemitned asg4 dhedoapttoedruncs
was carried out to fo%‘f'ta?rn aod,r the tt it

4. Response modification factor

T
c

ductahidtyesponse modicfdl cadt a(;rp4dffcgrcntg'l}ajsblmodels.
According to fthR fdaecft_reoNrtherGH 4dighbalte as the irr
provided by @@Bhpoabr d i ardd'rGo%eds s, the ductilit)
f ordeedf or mation relati SRIACFPENALERNI; wdd Jidijcati
system and the correstPdndelxﬁadm@ellpa{setd'cCtse)F'stRem"a
should have tmeersamiéeidathleds uStrdICI[eltE'Bl BB itshe
pushover curves. AfteWnithh&e fPdal t28&tidhr B¢t ¢h
bilinear relation, thér|%%(;<$nﬁﬁ’ud|§?|%a§@e Megdi ct
seismic demand fdr waskasot il® TrhesSp ohé‘é"’f@ﬂ%s ar
calculated. The baser?ﬁ’é‘&rt'eﬁrl‘é‘spRoanln“ge tdou e
the first yieldypoitntfd beClhhe Alyheygh this r
maxi mum bas éiesenleast iocfC &R&G letmy f the structur.
(Max and the yield badd sahedaers'ogf” tIheV eolvad® &t h g
sys{ymwere defined usMRErtAB! d§r§d‘\ﬁerWhen the
curves. The RuctibiwdgffyEfgFreapuattetdi gher sei
by Bgand(the overgdrehddtENfhtyorlteppeds Isaxdi ng
that is tdie tyirolpbrhdot shelbrapse.
R Ve Do @
Vy y

Tab4dResponse modi fication fact

Mo d e X-directic Y-di rectic
Basi Wo Ro R Wo Ro R
2.9 3.0 8.8/ 2.3 2.9 6.8
18 W, R, R W, R, R
2.8 2.7 7.7 2.1 2.6 5.6
o B W, R, R W, R, R
2.7 2.5 6.9 2.0 2.6 5.4
2% WO Rm R WO Rm R
2.7 2.3 6.4, 2.0 2.5 5.1
> B W, R, R W, R, R
2.6 2.2 5.8 1.9 2.5 4.8
3% WO Rm R WO Rm R
2.4 2.0 5.1 1.9 2.4 4.8
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bet whke.en@ .slecscnodd r espondi ng
5. Nonlinear Time History analysis 0 .a2n2t i mes the fundament al
(NTH) strumbdebhb considered, re

The NTHs were perform@d lHEEBGht i8XgP!Pdde the
both geometrical and fh&tdd®NLY nGhM G Gklar Of i %',
using t hidu g Weas ber as|tprhuacturatlhparedpm'naant pe
met h[BAwi th alpha, betld ahfd GRAEMmaLround motio
coefficienns0.@2&ndl,5thosen as the main paran
respectivel y.0.4 1tiiome {th&@pl QfM @ecsongoaslesi nt o

direct integrdampbng meiosd ddEnt fredwsaeancy c
restuthoomi nant freqguwencies

X_ i i
of 7= 5% was con.5|dereg,f e%‘rstchrqeutaekebsy weerf ee r @ X tnrg:
concentrated hinge me@el SEoW&li& r Yes&as c Wodudu n d
nonlinear behekvinermatfdG s gal ected was classif
hysteretic type. groups:-panpetibaritnant reco

This study conduct s N?'HO%%rdiE@‘b%qmih%?grbtnalrecor_
pairs of hori zonutsalngiglrousidl | RAtil #fs is shown i

sevemound mots elnecrteecdog {diSOMy st angecot @ari i eglrd u
t hRER dat@apbasmdehows the Tgplaffected each mode
charact éries tsieeseodfdd . [ TRh&$SQing the distributi
records are selthead ,qn |4he gbaysiighef Hi gher

unity scale afamaxirmy @ inded) e gsmeoed el , with short
acceptablfeacsoal ,r@fgen ,,54e periods | edchse t O

mat ctheelde target r[@RpopSgdFREeEtbAi drifn this
Theroaund moti on scad &t r icw il e d o f the hig
response spectra alongj qWislglonbBe i BEmAUCer |
response spectrufn a\"d’swserbor"\énesi'?ﬁb b0 g (Fig.
rec i odi

ords ar e scal ed for t he peri i C range
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----- ASCE?7 spectrum

—chichil485

— Darfield6928

—IWATES618
Northridge1012
Majil1633

—Hector1787

—loma preta801

—Mean of 7 records

Period, sec

0 . 0.25 0.5 0.75 1 1.25 l‘i 1.75 2 2.25 2.5 2.75 3 3.25 3.5 3.75 4
FigScaled combined response s{Rdspemtodmrecord

Tab3lei steodbrds uRBe&8d for NTH

Name ti me Name (kr(m/ s

“"Loma |80 10. 198" San 6.9R-Oblil4. 771.
"North101 10. 199 "LAD 6.6 Reve 9. 706
"Manjil63 29. 199 "Abb 7.3strikl2. 723.
"Hector178 11. 199 "Hect1 7. 1stri kil0. 72®0
"CiCihi 148 11. 199" TQOUW" 7. 6R-Obli 26 704
“"lwat 561 22. 200" 1 WN"t 6. ¢ Reve 16. 825
"Darfi692 12. 201 "LPC 7 strik25.649

Tabe. @l assi fication of recc

Eart hquak T-preéomi nant (
"Darfi el 0. 22

a) "Northri 0.23
“"Loma Pri 0.61
" CiCihi " 0.64
"Hector I 1.15

b ) "l wat e 2 .02
"Manj il *

** Manjil" record has munctliupdien gp rleodnogmipnearnito dpse r i «
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£ Darfield £ Northridge
b2 s |7 '
— Basic model | — Basic model '
—— 15 degree model 4 —— 15 degree model :
—— 20 degree model ——20 degree model :
25 degree model 3 25 degree model
—— 30 degree model ——30 degree model i
—— 135 degree model 2 ——35 degree model
----- LS limit ---=- LS limit
1
Drif ratio Drif ratio
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
£ Loma Prieta £ ChiChi
5| Z 5| &
—— Basic model — Basic model
4 | — 15 degree model 4 |~ 15 degree model
——20 degree model 20 degree model
3 25 degree model 3 25 degree model
—— 30 degree model — 30 degree model
2 | |——35 degree model 3 | |=—35 degree model
I LS limit -===- LS limit
1 1
i Drif ratio Drif ratio
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
£ Iwate £ Hector
—— Basic model — Basic model
——15 degree model —— 15 degree model
—— 20 degree model —— 20 degree model
25 degree model 25 degree model
—— 30 degree model =30 degree model
—— 35 degree model —— 35 degree model
====-L.S limit LS limit )
: Drif ratio i Drif ratio
0.005 0.01 0.015 0.02 0.025 003 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Fi@lntserory drift ratios of Group fAaodo of
g Manjil ‘
5@ =N
—— Basic model \
4 —— 15 degree model
—— 20 degree model
3 25 degree model :
—— 30 degree model :
2 —— 35 degree model
..... LS limit /
1
| Drif ratio
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Figlntsserory drift ratios of Group fAbo of

Vi

| Engi

record

recor d:
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On the otHect dbrmanMi ne™umblewatoef "pl astic hi nge:
and Manj FB)g.r eonortidengeexceeding the LS criteri
predominant periods, dsuvepphicee s seinti ygdteir o moafessei
for t he basSamc@Omhedekag n a few el ements in irre
modeltshtshoey mai nly vidauswearnatuotf heiurch el ement ¢
first.Howdg e nIddeggy eestructure can attain the

model s wi |l | t bhei gahfef re crlceate sl ys .
wi th 1 onder ofeDe)dbdis l.n FEiltghaex i _al fb rei _nmoeft, e r
Thi s i ndi cates t hat ctoqeum'ggSP?ognﬁete agiﬁet%%%rﬁ o
i rregul ar structures “@anm™p2 s nfsietlve b(t t h'e
. . orthogonaEE atnhcdmre%t
characteristics of th§ recm%r S tlcfn?oe ||n ¢ )
structur al anal ysis a'(n?) esrvgsfg %ﬁ%r%lsqigbogntaégk?r%‘
i n selecting appropriat e gdr rhd moglon
observe t at as t he |
records for analysis.. .
i ncreases, axi al forces
To cael dRalcator usi ng dyinnacmiecasaen.al ysi s,
l i near time history al_rhalysis. Wa also carri e
. e re5|dua or mati on
oufThkR factor was oédtiaoned L+s nq t]
e eftect veyutlllzed
of HWdasxe osbhteaairn el di nLesalrné;and
thquake perforenance
nonlinear tlme[3}hTBEOrly anﬁ%l
F runc elsn asinl ual di spl a
resul ts i ndi c atdee maltsa t e
: g f t h? é(amrde stehnet e c
have i nctr fed e exd bllletheadges o?
plan (i.e HisEme A aneds'fr%al dlsplacement fc
S shown 13tFig. evil@ewmatt i n
by increasing the irregu
6. Results Iarger resi dualbbbgerfwed.at
I n FlLipg . a't t he failurTé."f 0 i ‘:ft 8ga|tnheduet tto
struthpeerrec,enttlpdd easafi c flin?n ‘s 102 lons concentrated
created i n different'nmEHSIgasaet OEiJ{éF@Hﬁlar
performance | evels (eé.pgff,'SQ' H&etgfenidmrﬁe;dei.aatrgo
occupancy (1 0) to | i Y% slaefreetn)} (_?Lfr]soun? C}Tra'no%:?.
of l'ife safety to coe}qaapysse' Sprevge_lel ﬁzg?‘”ﬁf})s',ﬁ
derivegudhamad ysi s h%\%éﬂ %reﬁllprlo ounRC IOInm.t_
shown. |t Fisd 0t hiad e mts |t‘?h'8mqtmd € h |drregu arttl
irregul arity of strﬁ?t'uc‘ressu yncraeaseasrgert e M1
o] t he st r-dctecesonn the
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Fi §0Thpercent age dfn pglCGadtoi ccShilngeds st ates and in
ydi recTompndandcxkxi on (Bottom)

al | model s Wan®g@Gseéewnen gr

Fi g1Mean Axial force of
| Ficgd utntnes shaamd.i wrno s s

first showly (Al

Fig2Mean resi dual odiodofiledmd rhe mtr i o € ispiaxe nilo dreelcst i on



