Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 54(3) (2022) 227-230
DOI: 10.22060/ceej.2021.19274.7121

Investigating the effect of infill walls on the behavior of building with eccentrically
braced frame in the Sarpol-e Zahab earthquake through nonlinear analysis

M. R. Tabeshpour", A. Noorifard?

' Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran
2School of Architecture, College of Fine Arts, University of Tehran, Tehran, Iran

Review History:

Received: Nov. 17, 2020
Revised: May, 14, 2021
Accepted: Jul. 05, 2021
Available Online: Jul. 08, 2021

ABSTRACT: The most important goal in designing an eccentrically braced frame (EBF) is that only
link beam yields during the earthquake and other structural members remain elastic. Field survey after
the Sarpol-e Zahab earthquake shows that despite several defects in the structural design and construction
of EBFs, due to the positive effects of infill walls, they have remained stable. In this study, one of the
buildings damaged in the Sarpol-e Zahab earthquake as a three-story four-bay frame with and without
infill walls, was analyzed. In the condition that infill walls are not connected to the structure, three

cases including case one: design of braces and link beams according to the code, case two: only design  Keywords:

of link beams according to the code, and case three: neither design of braces nor design of link beams .. ally braced frame

according to the code were studied. In the condition that infill walls are connected to the structure, the Infill wall
nitill wa,

existing structure, in which neither the braces nor the link beams are designed according to the code,
was considered as case four. Based on the pushover diagram of all four cases, it can be concluded that Sarpol-e-Zahab carthquake
connecting the infill walls to the structure causes an increase in stiffness, strength, and energy absorption
and it almost compensates the weakness of link beams and braces. In this condition, if there were not

infill walls, there would be a possibility of structural collapse.

Nonlinear analysis

Link beam

1- Introduction
The most important concept in designing eccentrically

an eccentrically braced frame system that was damaged in
the Sarpol-e Zahab earthquake (Figure 1). The building has

braced frame (EBF) against earthquake is that yielding is
concentrated only at link segments and all other members of
the frame remain essentially elastic [1, 2]. The proportion be-
tween stiffness and ductility has always been a major concern
for engineers. Moment resisting frames have high ductility
and low stiffness, while concentrically braced frames have
high stiffness and low ductility. Eccentrically braced frames
have the advantages of both moment-resisting frames and
concentrically braced frames simultaneously [1-5].

Unlike the concentrically braced frame, the interaction of
the eccentrically braced frame with the infill wall is very
important because the equivalent strut of the infill wall
causes the lateral force to be transmitted axially and the shear
performance of the link beam to be reduced. In such a system,
the wall must be completely separated from the frame [6].
Although many studies have been done on the concentrically
braced frame with infill walls, there are a few studies about
the eccentrically braced frame with infill walls. The purpose
of this research is to study one of the damaged buildings with
an eccentrically braced frame system in the Sarpol-e Zahab
earthquake.

2- Models’ specifications
The studied building is a three-story steel building with
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three four-bay frames perpendicular to the street that there are
eccentric braces in the first and last bays.

In this building, although the length of the link beam is
short, the stiffness is not sufficient due to construction de-
fects. Figure 2 shows that the braces buckled under the seis-
mic force and experienced a large out-of-plane deformation,
also the link beams do not have stiffeners. In this building, the
infill walls have made a significant contribution to the overall
stability of the structure due to the formation of the equivalent
diagonal struts under the lateral load (Figure 3).

Fig. 1. Damaged three-story building with EBF system
in the Sarpol-e Zahab earthquake (Authors)
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Fig. 2. (Top) buckling of brace iin out-of-plane, (Bot-
tom) lack of stiffness in link beam (Authors)

For numerical analysis of building behavior, a two-di-
mensional model in the form of a three-story four-bay frame
was made in Etabs software, taking into account three-dimen-
sional effects. The columns are made of 2IPE160 with a dis-
tance of 20 cm from the axis to the axis which are connected
with PL200 x 10. The beams in braced bays are IPE 200 and
in other bays are IPE 180 and the braces are IPE 140. Design
forces were determined based on provisions of the Iranian
national building code-part 6 [7] and seismic forces were cal-
culated based on the 3th Edition of Iranian standard No. 2800
[8]. To model the infill walls, a compression diagonal strut
with a width of 0.2 times of the diagonal length of the wall
was considered that in braced bays, the width of the strut was
reduced to 50% of this value [6]. As the walls have been con-
structed with the moderate strength hollow clay blocks, con-
sidering the effect of interior and exterior plaster, the equiva-
lent modulus of elasticity was considered 3927 MPa and the
equivalent thickness of walls, 16 cm [9].

In nonlinear models, the specifications of the plastic hing-
es for the compression strut of the infill wall, the braces as
well as the two ends of the link beam were defined based on
the instruction No. 360 [10]. Nonlinear models include the
following four cases:

Case 1: Infill walls are not connected to the structure,
braces and link beams are designed according to the code.

Case 2: Infill walls are not connected to the structure, only
link beams are designed according to the code.

Case 3: Infill walls are not connected to the structure, nei-
ther braces nor link beams are designed according to the code.

Case 4: Infill walls are connected to the structure, neither
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tion of the compression diagonal struts of infill walls
(Authors)

braces nor link beams are designed according to the code, the
conditions of the existing structure.

3- Results and Discussion

Shear force diagrams of the eccentrically braced frame
with and without infill walls under seismic force are present-
ed in Figures 4 and 5. The fundamental period of the bare
frame is 0.46 seconds and the fundamental period of the in-
filled frame is 0.17 seconds. In order to calculate the story
stiffness, the method of triangular force distribution similar
to the seismic force distribution and calculating the result-
ing displacement of each story was used [11], the results are
presented in Table 1.

The results of the pushover analysis are demonstrated in
Figure 6. As can be seen, connecting the infill walls to the
structural system has led to a significant increase in the stiff-
ness, strength, and energy absorption and it almost compen-
sates for the weakness of link beams and braces. In case 3 that
the infill walls are separated from the structure, the seismic
behavior of the structure is much weaker than the existing
structure and the amount of seismic energy absorption is less
than one-third.

The analysis shows that the presence of the diagonal strut
of the infill wall causes the shear force in the link beam to ex-
perience a reduction of 7 to 8.5 times. The infill wall also re-
duces the lateral displacement by 6.7 to 7.7 times, the lateral
stiffness of the stories increases by 6.7 to 8.5 times, and thus
the fundamental period decreases by 2.7 times. According to
the pushover analysis, in cases one and two, the formation of
plastic hinges began from the link beams of the second story
and in the next steps, it was formed in the link beams of the
first story. This is expected based on shear force diagram, so
the results of the linear and nonlinear analysis are matched. In
case four, first, the axial plastic hinges were formed in the infill
walls of the first story, after removing the infill walls from the
lateral resisting system, plastic hinges were formed in the brac-
es of the first story and then by developing plastic hinges in the
braces of the first story, this story became a mechanism. The
axial and shear force diagrams in this case, before and after the
brittle failure of infill walls show that most of the lateral force
was tolerated by infill walls and after the brittle failure of infills
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Fig. 4. Shear force diagram of EBF without infill walls Fig. 5. Shear force diagram of EBF with infill walls
(tonf) (tonf)

Table 1. Story stiffness of EBF with and without infill walls

First Story Second Story Third Story
A F K A F K A F K
cm tonf tonf/cm cm tonf tonf/cm cm tonf tonf/cm
EBF 0.61 189 31 066157 24 043 94 22
Infilled EBF 0.09 18.9 210 0.08 15.7 196 0.05 9.4 188

Basc shear {ton)

L mmm — e m T

"G an &0 120 160 20K 2} 280 321 360 AN (mm)
Roof displacement (mm}

Fig. 6. Pushover diagram of EBF and infill wall for four cases

walls shows that shear force in link beams is low and this is
contrary to the philosophy of the eccentrically braced frame
design. By removing the infill walls, the shear force in link
beams increases about three times.

in the first story, this force was transmitted to the braces. Ac-
cordingly, in the initial earthquake cycles, defects of the braces
are not a problem for the structure due to the participation of
infill walls. The shear force diagram before failure of the infill
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4- Conclusion

e  The results of linear and nonlinear analyses are in
good agreement with the behavior of the damaged building in
the Sarpol-e-Zahab earthquake.

° In addition to moment frames, the infill wall also has
a significant effect on the seismic behavior of eccentrically
braced frames.

e In the condition that there are several defects in the
design and construction of the eccentrically braced frame,
connecting the infill walls to the structure is desirable.

e  For the eccentrically braced frame that is designed
and constructed well, connecting the infill walls to the struc-
ture disrupts the desirable ductile behavior of the system.
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1. Damaged three-story building with EBF system in the Sarpol-e Zahab earthquake (Authors)
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Fig. 8. Start of plastic hinges in link beam of the second story (Case 1, 2)
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Fig.9. Continuation of process of plastic hinges in link beam of the second story (Case 1, 2)
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Fig.10. Continuation of process of plastic hinges in link beam of the second story and formation of plastic hinges
in the first story (Case 1, 2)

G 3l e ey 4 ST a8 dad o sdaline ¥l jlrged dillas sl
)l.&.a.o LU)QJ 9992 29>g0 @439 )1 )MJ.M )va) o)’lw d]b)')J )lJLé) ‘J“:‘Lg" IJ.>
B P Sy il yieS 0ul e (sloj ) (63
GIF 50 St > o5 s oo Blite s il yolate 4
P S98 Eome Capmsd Ojge0 &y s Slusloes bl yy 018 lge
b jlde ool ol o dusbre pb ol ails & (b (5 y) ojle s 3)ls
4o ldo ‘..\wl;tgo D)Lu) u.\a>).a& Ju.l?b PENPLY )910»94 (ST A.Jg‘ S
@b 4l ol e Ayl (isy b dlxe g sl 0135
2ol 485 )18 Sl (sl 5 PO (gg50 dlais 5 (Hlos <l s
5> Slimer (ad pd g (bt Lo gl 4 )5 050 Sl ol

(Y Jsiaz) 5

K_ ZF _ F] +FZ+F3
DA A HA, +A,

VY FY

b sllas b ol 5> ol o SNV JINVY oo IS )0 canl o
Jol dids 008y (slajlgnd 10 (655900 Sty Juolie Canss VY S
Gl doy ol Bl drawgy sy 4 VY S b g ol 48,5 IS0
sbasinlen > Syl Juolie ¢l plie w1 048 5y (slalge
0aiS y (gl lad Bl b ool j o (W USCS) sl 030 )3 S5 Jof dlo
ol p3lSe dids oyl gl adlo (slanislee Sty Juolio dawgs Mg
Y JSs) cusl

ol Gy odas 0alS y lajled S Gl S Glee <l o
04iiS 1 (61500 Sl dmy g Dgu oo Jooui 0S8 (sl )lg0d Lawwsgs &3l
2 bl cpl o cwl 033 Jatie baiisyloe 4 5 opl (Jgl adds
Lisyo il Mas 0l 5 celblops 8 Lo s & 455 asl clo IS
Cadld Wl55 ol yods 4 03l (sl 1y (JISGie il &

035 s VO h}f\;})) oL w2 N[N )LP )91‘_)»9; )‘.)99.3 4l 2
Oll3l el o3l i 45 Jlasd Jlasl 395 oo odnlio &S jobs las el
b Jlg2d 2929 &5 (5976 & Canl 0 (5 der g Canglie g (s

03,5 Oy 1y S)lee 9 Ngm g8 (952 B & bgaype SV (3L 0>



WO+ BWY oo VYY) Jlo & olod DY 0,90 ¢S yuol (lpas wdine &y il

(e cdbs) Jof alds 008 51 (g y195 13 (5950 Sy Juolio g pw Sl VY JSUS

Fig.11. Rapid formation of axial plastic hinges in infill walls of the first story (Case 4)
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Fig. 12. Rapid development of axial plastic hinges in infill walls of the first story (Case 4)
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Fig. 13. Formation of plastic hinges in braces after removing of equivalent compression struts of infill walls (Case 4)
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Fig. 14. Mechanism in the first story following the development of plastic hinges in braces (Case 4)
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Table 2. Initial stiffness of EBF with and without infill wall based on linear and nonlinear analyses
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