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ABSTRACT: Structures that are located in seismic active regions are often subjected to successive
earthquakes which occurred with significant PGA in a short time after each other. Studies about different
responses of the structures under seismic sequence phenomena, such as structural damage, ductility,
displacement, and behavioral factor indicate that the successive earthquakes, depending on their severity,
have significant effects on the different demands of structures. For instance, the behavior factor (R factor)
is one of the significant parameters in the study of structural response that decreases the lateral forces
induced by earthquakes. Therefore, the structure with non-elastic deformations absorbs a great amount
of earthquake energy, thus the earthquake energy decreases considerably. Regarding the potential loss
of successive earthquakes and the importance of behavioral factors, this paper calculates and estimates
this parameter for steel moment frames under critical successive earthquakes. Thus, three steel moment
frames with 3, 7, and 11 stories are designed according to Iranian seismic codes (standard No. 2800)
and modeled in OpenSEES software. After the design of these frames, critical seismic scenarios with/
without successive shocks, are selected and the R factors of steel moment frames are calculated from the
results of incremental dynamic analysis (IDA(, time history, and nonlinear static analysis (pushover).
The results showed about a 12% reduction in the R factor and, also an increment of damages under
successive earthquakes comparing to the individual one. Finally, to estimate the R factor, artificial neural
networks are designed using frame properties, successive earthquakes, and extracted behavior factors.
The comparison of predicted behavior factors with real values indicated the ability of networks for the
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1. INTRODUCTION

The occurrence of several consecutive earthquakes with
a short time interval in the same region is called the seismic
sequence phenomenon. These consecutive earthquakes
have significant acceleration (PGA) and include foreshocks,
main-shocks, and aftershocks. Due to the short time interval
between the occurrence of two earthquakes, there is often
no opportunity to repair and retrofit the structure, and the
damaged $tructure caused by the first earthquake will be
suffered more severe damage and even collapse under the next
strong earthquake. Nonetheless, most seismic design codes
don’t consider consecutive earthquakes, and all processes
of structural design are based on a single earthquake. Many
studies have been conducted on this phenomenon and its
effect on responses of SDOF and MDOF structures. The
results of some studies [1-2] indicated that in seismic areas,
the recurrence of earthquakes in a short time increased the
damage of structures. Changes in the ductility demand,
inelastic displacement, drift, behavior factors of structures
under consecutive earthquakes have been studied by some
researchers [3—5]. The behavior factor (R factor) is one of
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the significant parameters in the study of structural response
that decreases the lateral forces induced by earthquakes. As
a result, the structure with non-elastic deformations absorbs
a great amount of earthquake energy and structures are
designed for less force than the amount of elastic behavior
in the structure.

Therefore, in this paper, the R factors of steel moment
frames have been calculated by considering the seismic
sequence phenomenon. Since the calculation of the R
factor requires long-term analyses, the ideal artificial neural
network has been designed using the results of analyses. The
results show that in all cases, the average of R factors under
consecutive earthquakes decreases compared to the single
earthquake state. Also, the neural network estimates the R
factors of steel frames under critical successive earthquakes,
and with the proper performance, can estimate R factors with
an error of less than about 6%.

2. METHODOLOGY
2.1. Critical successive earthquakes

In this study, the critical seismic scenarios are selected
based on the maximum effective acceleration parameter

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
BY _NC is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

779



S. Rouzrokh et al., Amirkabir J. Civil Eng., 53(8) (2021) 779-782, DOI: 10.22060/ceej.2020.18011.6737

o Estrc:ngt}'l 1 L)

Elastic

(R, =V./V,)

. Actual

Actual capacity
envelope

Design
~ Nstrength T

Nstrength T

(L2 =V, /Vy)

(”’ = Anmx / ay}

Top Di splaccmcntr

Fig. 1. Proposed force-displacement relationship in Yang method [7]

(EPA) which is one of the parameters of earthquake frequency
content [6]. 10 as-recorded consecutive earthquakes
containing main-shock with foreshock or aftershock are
obtained from the PEER center. Also, a time interval of 100s
is used between the first and second earthquakes.

2.2. R-factor

Asshownin Fig. 1, the Yang method is used for calculating
the R-factor.

According to Egs. (1) to (3), ductility, over strength
Factor, and finally, the R-factor is calculated. In the following
equations, ¥, is the maximum base shear of structure assuming
the linear behavior during an earthquake. Parameters of
V,and V are also base shears of the first plastic hinge and
maximum nonlinear base shear in structure, respectively.

Ve
Ru=-% (1)

“=T
=" (2)

vd
R=RuxQ (3)

2.3. Steel frames

In this paper, 2D frames with the structural system of
intermediate moment frame (IMF) with 3, 7, and 11 stories
are studied. All frames consist of three spans with 5 meters
in length, the height of the floors is 3.2 meters, and beams
and steel ST37-type of columns. After applying gravity and
carthquake loading according to Iranian standard No. 2800,
sections of beams and columns are designed in SAP2000. For
modeling frames in OpenSEES, the nonlinear behavior of the
beams is modeled by concentrating the plasticity and inelastic
deformations at the end of the elements. Plastic hinges are
applied with the zero-length element and the element between
the two concentrated hinges is considered linear by using the
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elastic beam-column element. For assigning the moment-
rotation relationship to plastic hinges, the deterioration Ibarra-
Krawinkler (IK) model that represents the deterioration of
stiffness and strength is used. The hysteresis behavior of
plastic hinges is simulated with bilinear materials and it is
allocated to steel beams. To consider the effect of axial force,
bending interaction and because of more accurately modeled,
the distribute plasticity model using the nonlinear beam-
column element with fiber sections is applied for columns.
Afterward, assuming the damping ratio of 5%, nonlinear
static analyses, incremental dynamics analysis (IDA), and
nonlinear time history analyses are performed to calculating
the R factors of frames under the aforementioned critical
single and consecutive ground motion records.

3. ARTIFICIAL NEURAL NETWORKS

From the mathematical point of view, the artificial neural
network (ANN) is a “vector mapper” that maps an input vector
to an output vector. With known combinations of input and
target data, ANN can be “trained” to extract the underlying
characteristics and relationships from the data. In this paper,
R factors are estimated by ideal ANN with optimum neurons
in two hidden layers based on the period, PGA, EPA, and
magnitude of successive earthquakes. For this, 400 ANNs are
designed with a different number of neurons in each hidden
layer from 1 to 20 and the ideal ANN is determined with the
minimum value of mean square error (MSE) and maximum
value of regression (R) among all networks. Also, input
vectors and target vectors are divided into three sets including
training, validation, and testing [8].

Here, the values of 60%, 35%, and 5% are randomly
selected for training, testing, and validation, respectively, to
obtain the most efficient distribution sets of data and prevent
the overfitting issue. The precision of R-factors is examined
with real ones showed good agreement. So that the average
error of the ANN model for predicting the R-factors is lower
than 6% and more than 90% of the simulated results were
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within +£15% of the real values for ANN models. The obtained
results indicated that the networks were learned to generalize
the information well.

4. RESULTS AND DISCUSSION

As mentioned in section 3, nonlinear static analysis
is implemented for calculating ¥, for each frame. Also, v,
and V, are obtained based on IDA and time history analysis.
As shown in Fig. 2, the results display that the average of
R-factors of each frame under consecutive earthquakes
record has decreased compared to the single seismic records.
Because of successive earthquakes, the level of damage
caused by the first earthquake increases, and the capacity of
the structural members is decreased. As a result, members
can tolerate less axial force rather than before, and the linear
and nonlinear base shears and subsequently R-factor of the
structure is reduced.

5. CONCLUSION

The purpose of this paper is to investigate the R-factor
of intermediate moment frames under critical single and
consecutive seismic scenarios and estimate these factors
using an artificial neural network. Thus, the R factors of steel
moment frames with 3, 7, and 11 stories were calculated from
the results of analyses under these scenarios. The obtained
results are as follow:

- In all-steel moment frames, the average of the R-factors
showed a reduction rate under critical successive earthquakes
comparing to the individual ones.

- Artificial neural networks were a good technique for
estimating these coefficients. In this paper, the neural network
estimated the R-factors of steel frames under successive
seismic earthquakes with an average error of less than 6%.

- Iran is located in a seismic region and it is essential
to study the seismic sequence phenomenon and its effect
on the behavior of structures, especially structures whose
performance is important after the earthquake.

REFERENCES

[1] M. Shokrabadi, H.V.J.E.E. Burton, S. Dynamics, Building
service life economic loss assessment under sequential
seismic events, 47(9) (2018) 1864-18

[2] G.G. Amiri, E.J.C. Rajabi, Concrete, Effects of consecutive
earthquakes on increased damage and response of
reinforced concrete structures, 21(1) (2018) 55-66.

[3] D. Loulelis, G. Hatzigeorgiou, D.J.E. Beskos, Structures,
Moment resisting steel frames under repeated earthquakes,
3(3-4) (2012) 231-248.

[4] S.D. Vadeo, M.J.J.EM.T.i.S. Waghmare, Technology,
Nonlinear Analysis of RC Structure under Multiple
Earthquakes, 5(09) (2019) 60-65.

[5] G. Abdollahzadeh, A.J.A.J.O.C.E. Sadeghi, Earthquake
recurrence effect on the response reduction factor of steel
moment frame, 19(8) (2018) 993-1008.

[6] G.G. Amiri, FM.J.C. Dana, Structures, Introduction
of the most suitable parameter for selection of critical
earthquake, 83(8-9) (2005) 613-626.

[7] A. Mwafy, A.S.J.J.o.e.e. Elnashai, Calibration of force
reduction factors of RC buildings, 6(02) (2002) 239-273.

[8] M. Hagan, H. Demuth, M. Beale, O.J.0.M.H. De¢ Jesus,
Neural Network Design. 2nd Edition, (2014).

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2020.18011.6737

S. Rouzrokh, E. Rajabi, Gh. Ghodrati Amiri, Evaluation of Behavior Factors for Steel
Moment Frames under Critical Consecutive Earthquakes using Artificial Neural
Network, Amirkabir J. Civil Eng., 53(8) (2021) 779-782.

781






785 310l (1308 (wkigen &g uli

YOYF b YOV Slxio AF++ Jlo A oylasd OY 0563 S yusl ] yos cwdiges il
DOI: 10.22060/ceej.2020.18011.6737

51 eoliswl b il oy Jlgio gl a3l o (g0Y gd slo OB Hlid ) oy pb oymods 9 U3,

é . ’ - !s’o’o

" el (55,08 Lo pedle ‘Ygsr?) el & 559, oo

ub-'l su‘)-QA s&‘ﬁ‘CMjplcoli.idb ‘Q‘j"-“" JPIRRCIIN Sails I U‘)Jol:u Sl )-S)_A\
u‘ﬂ“u")‘-"w/‘”°&“|°‘u‘;&‘5~-\~eﬁa asls ¥

TIEEE
V\YAANY/-V eél o
DR CVR TR
WA YVIVY o pdy

VYRR BT T

(guls wlls

Sl Jlsie slooj e
)L‘;é) S

©oVgd (ohes B

ol (Sealus Jolos
Eyhas sras sla 4SS

Sad bl ooj) as Wl 13 Jlgie sbodlyly b jo del glog ) Jled bl oyt sloojle :aods
o5l bl g 55005 Ll Sl 0 1383 (g0 TS J o 52555 lejiite > i L
as Jlgte sloo; a5 ol 151 S JLd) oo g olals (s i IS o jld alox 5l glej ) g cs
2 4z g B sla il b 5l (S Glgie 4 ) o pd )08 oo il ciliie Slajls p (P JB e sl cad o
&5l ok e ¢ ool ef (Sla IS s oo Lol 5 00l (LS |y Al (il (slagss e ojls L8, (o) 2
ol ojlu jo olow )l s, aS g lake 4 Cand (6 50S (59,8 Sl ol 5 00,5 lay als 00,5 Qi |, d3);
5 Slat 55 53, ey bl Cormtl 5 e lo 05,0 ol Syl Jandy & 45 b i o o1, S
2035 oo Sl Jge sl A3l (orme )3 6V la DB o sl (nl ees 5 alore 4 alie (pl osls
N3 ey 50 g b (lnl sl sladslio sl blss llas aids V) 5 V(Y (ooVg8  ied slo CB dil, )
S8, olps g bl saiscns Slmn Jlgte 90,000 (sloj,) (slags lw dalsl jo il sals (g5l Jow OpenSEES
gl sy Soliuls Slejazsdu )b wanslid Swoliys oo 5l Jol> ol ulul 5 so¥gd cies sl
5l 03) 9 b o Slme Jlgie ooy Joszg Jdo s L8 oo oo, 0 VY ials | Sl ase s ol ool
30 6oYed sle Ol sl el |ld, Col b s jekaie as Ll ol s e clle b anslie o ol )l o33l
Sl g a3l Glisgas do OB slo (gl oolainl b cmae b aSii o Sl Jlsie s o)) (e (2,20
6:_9|5).>.)LML>0..\.~ O )L';_“B) V‘-l‘)“ Ao io .ol °"\"‘“"¢5>‘)‘lc 095 L_gL(bJ,.l;u)l o0 CIJ;;..M;I)L._@) w‘;@s

ol a0 yaass )0 b aSll alio <o bl Sl

> dslesd (o o oms Syl ojle 59,105 392 05l e g
G098 & 5 Fuad Sllus e (gan (558 050 L agzlse
D s
IR Ay el o plal jsaS Sinl 4 ag b cnlple
o9t ojlw 5L, p ol Sl g loj)) g osdy (g )l
stz BB Coenl 3l5 58y 5l an Lol o Slas o5 laojle

St sbagliys ol Capae She dagbinlon wils )l

Sl Goldl coge ol 5 hmpeda g 0dg )50 Gl g

doddlo -
a8 Wiz - oligS oy aboli b Jlge o) Jipe cnoizr 985
D9 oo 0wl ' (gloj ) Jlg oayay cdilaie S po - atan vz b
Glala>de LE(PGA?)  Clis aiy oad 53 Jlgie sla o))
@ azgi baies 03] g ol 03] o)) i Jeli 5 W)l

Sl Cuo )8 laade ylion o)) 90 £589 (o olisS Sloj (salold

1  Seismic Sequence
2 Peak Ground Acceleration

ghodrati@iust.ac.ir :olslss jlsesge sdimy ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

Yoy



Gl 00ly lid aiey ol ;o YOV Jlo jo oK § T Rl
2 s ooy ) cow ails 6 pdy S 55 anin Sl &S
L] et azsls 2ol33l ol V/E sga

ealr i alF g Glaew, n 3l Gluisel @l
o] Yor gl s e 5 Toally bug ol gl
5 sesran 5 adly Jlste sladljl; Sl o o8 el (T 51 S
Oali8l i g ao 0 Ve e bosaie o)) a4 Cod ol bl
slolralr p Glaba>de BB Sl loj ) JIg mizmen b o0
ool alloe 05 po o] (Kiilil el 5 aniliE g il
S osle sloj) (b)) ey 3 YVVA Lo ps 58 hlSes
Ll ol 50 a5 wols s Jlgte slaalyly cos so¥gh e
Rl Dl (g 8 s Akt 05800 0) ) Sl a4 o
Yol oy ohKes ¢ 0gioly bwg 6,50 asllhas [#] il
9 0yike 05 B o e G o5l Sy Gloj azu b Sl L
sob &1 i glos ) I o il o el sl s o
bl L;o_el bl Sade ioldl as VY 4 V8 (Sl
vl 3,18 (o

Sloojle L8 o pd Glynds ae) )0 35 (55l slaiegh
Sl 5l las aS conl aid 5 000 e slao ) Cow alie
abds ols iy ply jo osle Fly g 58, gy 5o el
Wilj gy pln ;0 a8 canl o] (>l Wiy, 50 1B,y pd 3959
s ) i Glais 5 S o b ojls Jpons b &
(=)l Al o (il g, sln o ol (b g ead el
g ool (Hlyyed 5 Syn sl 5Lidyse lauwglie Sbnl o
g0l el golaidls 5 S5 sl b ablie (b nesls
@ alwly a5 L85 oo il galiwy 4 el (Sl (95
Gl sl g (e nglie LN (s p B SE e elge
6ok e ool )| f Sla Sl ess Jozsily o3l 5 03 Sloy
Sr=S Soy slp bosle cnlply S 0 D3 1, W5 550
b S e olml ol jo el (LS S g laae 4 s
gl 0

b e ks, Lo LA Y- o gl jo o Sen 5 7 gu0bel

Faisal
Loulelis
Vadeo
Amadio

AN U W

5150 ailanlie wgd e oile w00l Ol 5 Sl Sledo g
Rl ooged Bl glp Sgde lalss (slej) (b slaasl ]
R RV SN RN
Ll 5l olgS 3 arindS glaalydy o ,0 ool slwl ol slo ol >
ey Waojlu sloj)) (b 50 S92 g (Glaoged aki g hnd
VA @598 05))0me) diged Olgie @ 0)ls sloj ) g onasy
51 tas 6B, w05 s VY &S i, £IF 55,5 4 Taiwan
S5 b ol e 88 a5 W oj)) 5l (sl asserme 5 52y, FI7
Shlus oboul 4 e g cudls ol jar a4y el ool el iy, OIY
A 4 pedidy gl leasle ) golaws Sz 59,8 9 (slojlu

Slalllas gloj ) (JIgs oy coel 5 398 cllas & azgi b
wiz s St sleojle ooles 5 ol Sl e9050 al G3eli 55k
28 Cal ol 51 S (Kep a5 Cl a8 5 &0 s0l5] a0
GRIPl e obsS Slej alols y5 oy ) 1SS iSes ) sble
\5_\_>)9.>)_»Lm Slidd bl e Olsie 4 D o0 Glojle &l
2ol s lopd Il ey g9, 2 Vo) e Jlo yo olSen
Sloos ) cow aS cul ools ylias solyl ax s i ol &l
o &g g 0310 7 05l slacl jo glalasde B ol > xezs Jlgie
ol S0yt los & g0 45 35 (65l Sl obsST Sloj alold
Sy sl s cwyp b YoVA Jlo o T olae D]
55$ Ve W) Wil Jlgie slao; ) e e (250 CB (slaptanns
o)’l...u 9 oals u«u‘)B‘ ‘) o)’l...u 6)4;.\4u...~u—‘ ‘o)')_tw aS ol ool ULA.A.AJ
Lacl 1o Canglio g 5w Jlgy Jdo a4 Lol o)) cod odsscn!
I¥] o5 oo 6 tin lacs lus Jooxie (om slovo o oo
B e Jsb o ojlu solaidl Ol ol aioren
YA oy Ko Lgou)i..: bug loy) Jlg cow oe>
Qoo Ve 5l G wilgs so 05 58,5 Hlai jo aS cwlools ylis
3 a0 05, Clo b anslie jo ojle golaidl &l lidl cel
Iv] AW

sloj) Jg Sy 0 a5 &js0 ooy b Gieen
ol e IS s o ZBl s lyiom ol s pd IS S

Sldlae b oo Sial38l o aie a3l 4y cond Jlgie slaal3)y oo

1 Hatzigeorgiou
2 Abdelnaby

YoyA



o byl dlis o siins g sl o) ) Slaogas g o5l
s Sbel Glelliols cos iwd bl s, o
Co )b, s el Lol S s a5 Ceul oad ools ol
ezt oo Rl 35000 0 ) Sl a4y s Jlgie sloal
P ony Vg Gl (Be Y 90 L) Sy eras 4SS
sle dily cou go¥ed sl B L) Colis pgo g ol slo 4V
5 35 o oo APl S et bagle L) Gl It
Glas b s, (ol eass a4 506 cenlio o ,Slas b by aSs

Gz o3 =¥
osliinl 3550 (Jl2u sloj ) (JIgs 55l slag L VY

8 adlhae 4y axgi b JSlyme sloy ) slags Ll el sl
Fye old aicty szl LD Y0 Jlo o bls grezpie s
solizal (s alyly iS5 lgime sl el b 5l aS S(EPA)
Sls el b lawgie Jlade EPA jal )l 5l jelaie ool oo
28 S 4l IO L Y ol ey 5 9oy B ol e sy
IVE] 098 o s Y0 o sl atals o o

SMb! L 5l dlie ol jo colainl 8)50 slacilSols
Cmnd 39, 00 yiSTom alols 4 pg0 5 Jgl 05,0 9 zl 5wl PEER”
shls g ailoads cud aline Glily g sl Sy KaSs 4
Log djly Gled gl o cud sloo )8,y s ;0 EPA (55 )5
sbesols s as plaasg bV F] ais $s ool
OGRS 50 g Sl ol pgs g sl o)) e (Slej alold (oS e
ouzli (Sealud Jelod pgaray bl o o] (ol e
a2gi b alie cnl )3 wed oo Slibes pa> 5 Gloj (alPl 4 i
D15 510 B] Slalllas 5l esliul b 5 ol gl olej 5 slis ) &
oy oolaiwl pgd 05y § Candt o)) o 4l Ve e gloy alols
s

Lolyen (Lol o)) &jg0 4y Jadd oo )y ol S5 &y o3Y
—oj i g & adlate ;5 Jgte 03] 93 58 5 atesd 0 )y
2 lnbe il Gl JIg oy Jeld 5 g ol o)

o)y Dygo donds bl gl 5l golasy allie oyl

5  Effective Peak Acceleration
6  Pacific Earthquake Engineering Research Center

y¥oy4

3 sl plo @S (g 3l om g O] 420 S s
o s 2lS slo) ) sbaallss S cos sloli Llos
s b VN0 Sl o olSes 5 Tly sl e slasl LS,
<5 (RM) iy s slus p Conglio (ol oo Sl
a5 ks lis eolil 4 e Ky slapians sl Jsie sladlyl;
9099 shypdz B 5 Sl RU (59, 5 hend (sl )y i1
Vo) oS ool 090 b (leojle RU asilys oo 558 sloo; )y
dilace bawg YoVA Jlo 5o 5 cdogi L] aias Lals oo
loy ) slaallis cod 18, cu po Slyti (o) 2 b Ol S0 g 0015
S L8y s halS Sl (Sl ol e af el w85 050
alox 5l Sl @l Guizmed [V ] cul 00y Jlgie sloaljl;
59> 5l [V YooVl o S 5 Tgmm 950l lallas
2 DY Yy gl s olles 5 TSl o VYT Yer e gl o
sl a8 el (15l (Sl (Son @olil az s S lagiares
Dyl o o3l )18, o ys Sl s o))
sla 5y sloy ) (I osady e 3 a8 5 050 Dlalllas gl
5 Soeal Slo )5 oo ojle ilie Glajls » oS (25 LB
ol ol b sladsbinnl o geo90 cnl g0 Ll g3
olyo sleslainl ( >l &gy 1o onuay (pl 99,9 sl Sl 5l SO
ol Ao Jlgie slo3)) slogy )liw 4 az g5 b oS sl (58,
L oo¥ss clacls [ld, ulpo ol allie ;o diwl, ol o .ol
ssbite onl 4 el 0ol e loj ) g ey (0900 Ll
2O g VY Clib sl b bagte soVed ies sla b
Sialrg YA+ s lailiul) ol logy) sboast sl g bl
i y8 5 l38lp 5 &5 OpenSEES? l38la 5 15 5 >k «(pylez
axgi b wloads (giluJow sl baojlu as e Lo aie) yo
Hesles ) g esran siloans slajiy, S s pas o
Lol oo solawl Slpme Jlgte oul ool (sBly oot
s sl Juloxs plonl 3k i3, b dilone 85 olovl
s 5l eolatwl b JTonyl cgian coac a5l alie (pl )0 (ot
4,08 gor a4 b aSl pl sl ouls b e o 5l Lol

sle (Shg bl 5 soVes sl QB L3 oo polie uess

Zhai

Tancovici

Zhang

Open System for Earthquake Engineering Simulation

W N =



oo bl gbelioluy wlasin ) Jeos
Table 1. The features of strong ground motion records

ol e Sb gy
(rore ppSks)0e Slid ooy )b
G ppSokS)Yee NIPSYRE
(roye eSS Yee olab oy b
(e 2 p Sk N0 pbons b
Gro pSskS) Fee A3 Jlgs L

obe DWW aslllas o 5 &8s ol o Laly, 5 wil oo Byme
Y sb>go wlas b Sy Joolie ) ety HL3; sl 00l
oo ools plazs so¥ed slo,s a9 [VF] wlowds (jlwancs
o

Sos WSl Gl )5 Sl s slaie 4 58 agygte sl
00 e dipitadly slaJue a5 L (nl 4 g S 5 (5 97
WIS oo S sy SB L) Ll )18, g 009 5l Ganles
b mé Oyt Sledl 5l eslitul b oo S Al Jow
bt Ol &l onls Bl 0l gblie b * Sy
sl 0 0ols plazs| Steel02 co¥sb pllas 5 bagysin

alos 5 )0 ool JSas Sy Jade lyge -5 loged
g 0yhie SOy cou and VOB ol 0 b o Ceow
Y USs 50 (1999) Chi- Chi Taiwan d3; Jlge slealy;
alawly 4 il (asrine S5 0 a5 jeblen .l 0als ools oyl
el 00 e e Sl ay Cd (Sxie g0 o)) £589

22,3 0 (M) 90 1 sln o9 GLSe (2B L (2l e S
@ oy )b eSS Dypo ey Jlesl bl oad ad 5l o
S 85 Sl 10 5 OB glee S 4y eniy Jb ae s Ve egdle
ool 00 sl o5l gl 990 Lolad ) gty Lo o jls Seias
el 4B Y VYD PV o asaib V) 5V Y slacls o a8

9 e sl dlily (Brme 0 oYe8 slo DB LS, ol VY
S Jlye

coyd dle b ojlil 3 by Cwend 5 a5 sbilen

b Sodlins o s i b ol sl

el gy o ol Saizs o 5 o3l s, 33

7  Bilinear
8 NonlinearBeamColumn element

V Jgaa ki o5 ) s b ol e (solans g 03] i b plgs Lol
Ao oo lid |y el Ol slas 68, lasive

©o¥ed iaz sl LB -Y-Y
Olyd A 50 JRue (GO (o0Ygd LB Y Lol dllas o
olisS o5l 3l glosnled cudy @ aS VY 5 V.Y clid olaws L
o 4.»_9;)‘)3 WP Oy 5M3M)AM52J4~45,~A5\MJA
VIV Clab el )l ais 2o Job 4 alas ¥ Jols ol als
s § 00l Blod e 0 laie g 0 bdilas )b mhas (i
Y/¥ X\‘A p.».Lu.A_' 5 ijﬂLﬂ 6‘)‘\3 05""‘“"5)’“")") d..ﬁ) )IS; 0\135
sl gy G VIV X V! oles gl 5 o yie 2 (sl
VARV i a5 O gl pd 5 Aol oo
B 5L polie ool ok b Sl 0 IV g oyeste p g
Aty 680 el cals BII Y Jgaz 0 s ool Jlesl
el 00l JLo.C‘ (f:)LP Lf‘"‘)"5) L)‘)"‘ YA«
L i s ol b o B il e sl ol &
90 Ged S VO & Qlil 4 b (gl Ol o g 0L

aid) )G ablio .cul oad a3 )3 Jlas 0 G ojl Comel g 5 g
el 00 08,51 ¥ Jgaz ;0 so¥ed sl LB o
Joe 5l bys s e L8, giluas lp Lol als o
Jsb b ell 5525052 b 5 ol i 3Ll 35 o apgiidly
by sleil 59 @ (shomm loyd Sgo & S pete Jolie Trao
SHgo A ju 3 peke Juate 90 o ledl .ol sadosls plais
S o sl 4 ol S jlges elaisl jlais 4
Jow e 35 e Sy, Jolae LS 2le sanles
5 e i L8, Silo a8 ISl SS Ll (68,

e S )0 6518, Joe cnl By o S5 slaally

Low Rise Buildings

Mid- Rise Buildings

High Rise Buildings

Zero Length elements

Elastic Beam Column element
Ibarra — Krawinkler

QN U1 LN =

Yoy«



YOYY b YOV docio VFr e Jlo A o,leud Y 095 ¢pusS pool () yo i 4y

b3 ool Jloel A& Hb polio.Y Jgoo
Table 2. The values of applied gravity loads on the beams
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model
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Table 4. Statistical specifications of input parameters
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Fig. 5. Results of nonlinear static analysis of 3, 7 and 11-story frames
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Fig. 9. Behavior factor of 7-story frame under critical single and successive records
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Fig. 10. Behavior factor of 11-story frame under critical single and successive records
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Fig. 11. Average of behavior factor of 3, 7 and 11-story frames under critical single and successive records
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Fig. 14. Regression diagram of training, accuracy and
testing of neural network
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Fig. 15. Comparison of estimated behavior factors by
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