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Abstract

Considering the increase in the cant construction process and the future needs of Iran, the
necessity to use highise buildings forreduction in urbanization costs and optimal use of land will be
inevitable in the future. The performance of steel plate shear wall system as a modelrs)gitzra,
which has an effective application in higke buildngs and also brings enomic benefét compared

to previous systems, is evaluated in this st&tgel Plate Shear Walls (SPSW) are a new type of
system resistant to wind and earthquake latdaalds, which dates back to the 1970s. In this
research, eighsamples of sheawall with various siffening arrangements and sections with ST37
and ST52 alloys are model€tb evaluate the nonlinear dynamic analysis, the samples are subjected
to the San EBrnando earthquake force and are modeled and analyzed by ABs@@re based on

the finite elementtheory. The results of analyzing the samples indicate better performance of the
system with stiffener in both vertical and horizontal directions. Alsouskeof sections with ST52
alloy has improved the performancktibe shear wall by appximately 40%
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1. Introduction

The seismicity of Iran and the importancedefigning stratures resistant to lateral forces are
crucial for the futureand sustainable development of Irdihe designers of the country have always
been well acquainted with the gravitational forces and the way of designing for such forces and have
performed it wdl. Historical monuments indicate the long history of Irantaiiders in this field. In
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recent yess, given the development of cities and the progress of construction in every part of the
country, the necessity to pay attention to the isgumarthquakeand the importance of wind forces
in highrise buildings hasbecome a serious problem for designhe(Bathaej B, 2020)
(Kadaei, S. 2020)n order to control the lateral forces, various types of lateral bearing systems are
used, each ofvhich has its own characteristi(Bathaej B, 2016) Choosing the type of a sgsh
resistant to lateral forces depisnon the loading combination, how the structure behaves, how the
gravitational loads are directed to the base and the architectural désitpermore, choosing the
type of a system resistant to lateral loads, in &udito the above, depends on the metric
dimensions of the structure, regulatory restrictions, the amount of lateral force, maximum
displacement, etqBathaej B, 2018) Although steel plate shear walls have been known for many
years, no one paid atteomi to them seriously, but today thigethod is quite acceptable to owners
and builders. Steel plate shear walls have been considered, especially in the last three decades, ar
areexpanding rapidly(Bathaej B, 2016) This system has been used to build esidforce important
buildings in tle world, especially in earthquakgone countries such as Japan and the United States.
(Bathaej B, 2016) Steel plate shear walls usedhath thin and reinforced walls are an innovative
system for resistance to wind aedrthquake lateral loads. In receetades, its thiwalled type has
attracted the attention of researchers. Given the optimal performance of this type of lateral bearing
system such as high stiffness, good ductility and high energy dissipation poesystem can be
used in the reinf@ement of unsafe structurgSenerally,a steel plate shear wall consists of a steel
plate surrounded by a boundary frarB¢eel plate sta walls are commonly used in the design of
structures or the reinforcement of gtitnig buildings as reinforced or wnforced. In the first method,
the steel plate shear walls are reinforced using horizontal and vertical stiffeners such as plate beam:
in such a way as to preveatt-of-plate buckling of the middle platnd ensure that reaches the full
plastic limit. However, the construction and implementation of a large number of horizontal and
vertical stiffeners can be time consuming and cost rtiane an unreinforced shear wallhe use of
reinforced steel plate shear wallsthe design of some structures, swshhighrise structures or
industrial structures or in situations where there are functional and operational limitations of the
structuresdue to owtof-plate bucklingof the steel plate or in the reinforcement of erigtstructures,
may be preferred tonmeinforced shear walfs.

Steel plate shear wall is a simple system and no special complexity has been seen in its

implementation. Steel cenmption can be reduced using steel plate shear wall system. Having the

IAlinia et al. (2012)
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accurag in performing the work in the leveff conventional accuracy in the implementation of steel
structures and observing it, the factor of safety for @m@ntation is much highénan other types of
systems. Also, considering the possibility of manufactuparts of this system in the factoand
installing it on site, the speed of implementing the system is high and operating costs are reduced tc
some etent (Kalantari et al 20Q). This system is the best alternative in terms of performance and
safer in tems of strength and behavior in compan with concrete shear walls, and it can be used
not only in steel structures but also in concrete struct(@@hammaret al 2017).In terms of
comparison with bracing systems and in terms of shear stiffnessystesnsis stiffer than the stiffest
bracing systems, and due to the possibility of making openings anywhere, it has the efficiency of all
bracing systems this regardWang, Met al 2017 Research results show that the behavior of the
system in the plastienvironment as well as its energysarption is better than bracing systems
(Hosseinzadeh, ket al2017 In this system, due to the wide range of materials and connectiens, t
stresses are adjusted much better than in other strong sy@tesseinzadehl et al 2017)such as
moment framesand various types of braces in which the materials are usually deliiaaid the
connections are concentrated and the behavior of the sistespecially more suitable in a plastic
environmen{Zhi, Qet al,2017)

2. History

Akbari in 2020 paper presentsnaw system to improve the structural behavior of unstiffened
steel plate shear walls and eliminate the known defects of thésergfEesmicresistant systems.
One of the significant drawbacks of unstiffened stdatepshear walls is the pinching ofeith
hysteretic curve that happens due to the earlyobptane buckling of the infill plate under small
shear forces. Thereforéhe primay purpose of this study is to reduce the amount ofobytiane
buckling usingperforated plates with periodic aubeshaped cellular forms, which have a negative
Poisson's ratio. To this aim, a parametric study is conducted on 255 finitentlerodels of
auxetiecshaped steel plate shear walls using ABAQUS software to select dise efficient
configuration considerop some design parameters such as the amount ebfglane buckling,
energy dissipation and strength. Then, two -$gthle speonens of tle selected models are
investigated experimentally under a qustsitic cyclic bading history. Finally, regarding thfact
that for broader adoption of a new system, besides its structural performance, the total weight of that
structural systens a deteminant factor, two &nd 10story plane building models with unstiffened
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and aixeticshaped steel plate shear walls designed to have the life safety performance level at the
BSE-1 hazard level and they are evaluated by performing nonlitegtgr analges. The results show
that auxetieshaped steel plate shear walls, while invprg the seismic performance of a lalirilg,
reduce its weight(Akbari B. 2021).

Jianwei Zhangin 2020 investigate the seismic behavior of shear walls with-s$tigimgth
materiak, cyclical quasstatic tests on five haBcale shear walls with an aspediaaf 1.5 were
carried out, includig four conventional reinforced concrete walls and onamusite wall. The steel
fiber-reinforced concrete shear wall with HRB 600 MPa reitdment located completely in the
boundary element and in the wall web was take the reference specimen. The @res of steel
fibers, the strength of wall web rebar,dathe presence of higétrength reinforcement diagonal
bracing (X configuration) wer selected as major test parameters for the other three conventional
walls. Theresults reveal that the higdirengh concrete (HSC) shear wall with higirength steel
rebar (HSSR) showed stable hysteresis performance, and all specimens had acceptablilttra
and residual deformations before a lateral drift of 1%, except éondmfiber-reinforced concrete
specinen. The addition of steel fibers can reduce the crackhyiimit the shear crack development,
and increase the flexibility deformatiomus improving the deformation capacity of the specimens.
Using HRB 600 MPa reimircement instead of HRB 400 MPa rairdfement as wall web rebar can
significantly reduce theresidual deformation. The specimen with hgglength reinforcement
diagonal bracig in the wall web and the composite shear wall with a-fuiteel truss notrdy had
desirable repairability aftem large earthquake but also showed much higher enemgumption
capacity under a strong earthquake. Finally, based on the experimamttiemretical analysis, a
simple method for calculating the lateral strengtls watablished, and the predicted Hssahowed
good agreement with the test dgi&angaXx, 2020.

Jinguangin 2020 paper proposes a novel pldtame connection for thin SPSVN The
proposed connection, consisting of a fishplate with large holes,astges with standard holes, and
bolts,is able to achieve a mulitage force transfer mechanism. Two failure criteria of the proposed
connection were defined, followed with sheast of the novel connection. Three SPSW structure
specimens with various ittknesses of steel plate and plateme connections were tested. Finite
element models for SPSW structure with novel connections were developed and verified by the test
results.(Jinguang Y 2021). The influence of thickness of infill steel plate on thesses performance
and connection sligge of SPSW structure was evaluated. The results show that the novel
plateframe connection is convenient to install in 8P8&s the precision requirement of bolt holes in
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traditional connection is mitigated. The SPSWi&ure with the novel connection ekits similar
seismic performance as that in the traditional batisnected SPSW structure. With the plastic
deformation 6 angle steel at the latter staffgabouri GhomiS. 201% the load bearing and energy
dissipationcapacities of SPSW structure amereased by 0.83% and 5.4% as compared with those of
the SPSW with the traditional bolt connection, respectively. The stade stress model and

two-stage failure criterion can aa@tely predict the failure of the plafime connection.

Ahmadi, Zarrinkdae in 2021 studied the behavior of SPSWs with perforated panels. In order
to conduct a parametric study, ti#ect of circular and elliptical openings on steel plate shear walls,
as well as the order, arrangement anthiber of these openings on the babawf the structure in
terms of energy were evaluatéshmadi 2021 Absorption level, total load carrying gacity of the
system (waste curve) as well as the resulting stressbdisdtn. ABAQUS finite element software
was used to model the sampl&beresults of the parametric study on 17 finite element models under
cyclic loading as displacement showed thmgeneral, with increasing opening percentage, shear
capacity and energy absorption level of the wall expergeacggnificant decrease widmaverage of
20% reduction in energy absorption capacity with a tenfold increase in the oféfang menget
al, 20195.

In 2021, labi and NadCaglar selected-shaped cold steel plates for numerical analysis under
lateral cyde forces. A largescale numecal model was developed using a fiber beam column element
with a shear spring model to reproduce the actuadlier of composite shear walls. In addition, the
OpenSeedvased model was confirmed against three combined compasiear walls and
demonstraté robust simulation capability. Furthermoiréabi, NaciCaglar 2021 in order to fully
explain their effect o the performance of composite shear walls, the propertiessbbped steel
plates were investigated parametricallsing a numerical model inrtas of thickness and yield
strength. It was clear that increasing the strength and thickness of the pladanecedse the lateral
load capacity of the walldt was thought that the two factors were interconnected in tefrafects,
and that the arramgent of the kshaped steel plate in the boundary region had a major role in the
response of the entire congi@ shear wall under the applied load@hang, X 2014)

3. Finite Element Modelingand its Validation

Data analysisvas carried out using ABAQUSoftware. In this research, in order to evaluate
the performance of steel plate shear walls with differer@ngement of stiffeners, the samples are
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consideredto have a steel plate with a length and height of 4 and 2.8@spectively, and a
thicknessof 0.25 cm and stiffeners with a thickness of 0.8 cm and IPB240 profile are considered as
beams and columnsh& model is modeled once without stiffener and dtines with horizontal and

vertical stiffeners and simultaneougigrizontal and vertical, whbih is made of ST37 steel once and

ST52 another time.

4. Analysis Method

In this research, nonlinear dynamic bsés is used to evaluate the samples. For thipqas,
the samples are affected by the San Fernando earthquakeé meche X and Y directionwith the

following specifications.

Table 1- San Fernando Earthquake Record Specifications

Station Year | Eartlguake | Record Seq
Lake Hugheg 1971| SanFernandg 70

Figure 1- Graph of San Fernando Earthquake Record
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The material gecifications of all the mmbers of the samples are given in Table (2). Figure
(2) also shows a schematic view of the gridding andnapkaof shear wall. As can be seen, the

sanples are gridded with 15 cm meshes.

Table 2- Material Specification®of the Samples

Steel materials Modulus of elasticity | Yield stress| Ultimate stress
(GPa) (MPa) (MPa)

IPB 240,ST37 210 240 360

IPB 240,STX®2 210 300 470

Plate,st3{THK.=2.56mm) [2 10 165 240

Plate,st52 (THK.=2.5mm)| 2 1 0 200 300

Plate stiffner (THK.=8mm) 2 1 0 165 20
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Figure 2- Schemdt View of theMeshingof a Sample

5. Evaluation of Numerical Resultsusing ABAQU Software

It should be notedhat in realitythere is no perfectly flat (ideal) steel plate. Therefore, in
Abacus software, a number should be considaseanperfection in tickling analysis for distortion

in the dominant mode. Figure (3) shows a view of the buckling analysis nratiebatour.

Figure 3- A-D) A View of the Deformationof differentModelsof ST37Shear Walldue to theApplied Force
A) (Model without Stiffener
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B) (Modelwith Vertical Stiffene}
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C) (Modelwith Horizontal Stiffeney
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D) (Modelwith Both Horizontd andVertical Stiffener¥

After analyzing all the samples under the nonlinear dynamic analysis of the earthquake, the
resultswere reported a®llows.

Figure 4 below shows the distribution of the deformation of shear walls with ST37 steel due
to the &n Fernando edrtjuake.

Figure 4- Distribution of theDeformation(cm) of Shear Wal(ST52) under th&an Fernand&arthquake
A) (Modelwithout Stiffener)
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B) (Modelwith Horizontal Stiffeney

C) (Modelwith Vertical Stiffene}

ISSN: 22370722 6052
Vol. 11 No. 1 (2021)
Received: 30.01.2217 Accepted: 28.02.2021



