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Abstract 

The important objective of Structural engineers is to design and build a structure in such a way that damage to the structure and 

its structural component during the earthquake is minimize .While studying uncontrolled response it was observed that response 

in terms of displacement and acceleration was exceeding IS code limits. The enhancement in the performance of the building is 

studied under earthquake loads by installing lateral force resisting systems such as bracing system, shear wall &steel plate wall. 

These systems were applied at various positions with different cross-sectional properties. Modeling and analysis was carried out 

using STAAD PRO. It is evident from the observations that all the proposed arrangements improve the performance of the 

building in controlling storey displacements, accelerations as well as drift. The present work is expected to accelerate the 

implementation Steel plate shear wall, Bracings as a lateral force resisting systems to earthquake excited tall slender buildings.   

Keywords: Tall Steel Building; various Earthquake Resisting Systems, Special Moment Resisting Frame, Steel Plate Wall, 

Bracing System 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

A good Lateral Load resisting structural system can ensure inelastic behaviour by having greater redundancy, thereby having 

larger ductility and damping. The choice of the structural system is often dictated by the architectural consideration in addition to 

the intended function & seldom by the structural strength and stiffness considerations which make the structure vulnerable to 

seismic actions. Engineers are required to select an appropriate structural system to resist the lateral (seismic & wind) forces 

together with the functional & architectural constraints. It is very much essential that all the lateral load-resisting structural 

components need to be rigidly connected. It is necessity to ensure the predictable and well-thought-out path of the resistance for 

the lateral forces in a structural system. 

In general the structural system of building is a complex in assembling of various combinations of structural Elements. The 

primary function of structural system is to carry dynamic and static loads, wind loads, external or internal explosion and impact 

loads. A variety of factors has to be considered in the process of selecting most suitable structural system for tall building. The 

selection is complicated process, and no simple clear cut process available. The design team must use every available resource, 

such as imagination, previous experience, and relevant literature to arrive at the best possible solution in each particular case. 

Although present day engineering computer technology allows for precise analysis and design of different systems of high rise 

building, it does not overall knowledge for choosing among alternative of these systems to arrive at the best overall design. 

Keeping these facts in mind and from the review on various literatures in this area of research, there urges a need to study the 

seismic behaviour of structures with different lateral force resisting systems for tall buildings. The paper presents different 

literatures carried out in this field of research. 

 Special Moment Resisting Frames 

Structural steel special moment frames (SMF) are typically comprised of wide-flange beams, columns, and beam-column 

connections. Connections are proportioned and detailed to resist internal forces (flexural, axial, and shear) that result from 

imposed displacement as a result of wind or earthquake ground shaking. Inelasticity and energy dissipation are achieved through 

localized yielding of the beam element outside of the beam-column connection. Special proportioning and detailing of this 

connection is essential to achieving the desired inelastic behavior. The anticipated seismic behavior of the SMF system is long-

period, high-displacement motion, with well distributed inelastic demand shared by all participating beam-column connections. 

System yielding mechanisms are generally limited to frame beams with the intent to invoke yielding at the base of frame 

columns. In many cases, engineers may model a SMF system with pin-based columns as significant stiffness is required to yield 

the base of large wide-flange members. If yielding at the base of the frame is desired to occur within the column section, the 

column might be extended below grade and tied into a basement wall or a ground-level beam, which is added to create a beam-
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column connection. Economies of construction usually limit the size of beam and column elements based on imposed 

displacement/drift limits. 

  Steel Plate Shear Wall system 

The main function of steel plate shear wall is act as lateral load resisting system and resist horizontal story shear. In general, steel 

plate shear wall system consists of a steel plate wall (web element), vertical boundary element (column) and horizontal boundary 

element (beams). Together, the steel plate wall and boundary columns act as a vertical plate girder. The columns act as flanges of 

the vertical plate girder and the steel plate wall acts as its web. The horizontal floor beams act, more-or-less, as transverse 

stiffeners in a plate girder. it was observed that the post-buckling ductile behavior of the unstiffened SPSW is much more 

effective than the elastic behavior of the stiffened SPSW in resisting seismic forces. Also, the unstiffened plates exhibit 

substantial strength, stiffness, and ductility and their energy dissipation behavior is stable and pronounced. 

The main function of steel plate shear wall is to resist horizontal story shear and overturning moment due to lateral loads. Steel 

plate shear walls (SPSW) can be use as a lateral load resisting system for buildings. A typical SPSW (Fig. 1) consists of stiff 

horizontal and vertical boundary elements (HBE and VBE) and infill plates. The resulting system is a stiff cantilever wall which 

resembles a vertical plate girder. 

 
Fig. 1: Typical Steel Plate Shear Wall 

 Braced Frame System 

Bracings are strong in compression. Bracing with their surrounding frames has to be considered for increase in lateral load 

resisting capacity of structure. When bracings are placed in Steel frame it behaves as diagonal compression strut and transmits 

compression force to another joint. Variations in the column stiffness can influence the mode of failure and lateral stiffness of the 

bracing. 

These are structural frames with trusses as bracing elements and they resist lateral forces predominantly with members in 

tension or compression. In this system, diagonal braces are provided in the selected or all bay of the building. Diagonal stretch 

across the bay to form triangulated vertical frame. Braced frames are subjected to predominantly axial stresses and therefore are 

able to handle stresses better than rectangular moment resisting frame. The structure with braced frame is supposed to perform 

better, Braces can be configured as diagonal (X) & V-shaped. Braces are of two types, Concentric and eccentric, these structures 

with braced frame increase the lateral strength and also the stiffness of the structural system. 

 Methodology for Linear Dynamic Analysis 

In this procedure, the building is modelled as a multidegree of freedom (MDOF) system with a linear elastic stiffness matrix and 

an equivalent viscous damping matrix. The natural frequencies and mode shape are computed through an eigenvalue analysis. 

The coupled equation of motion is then decoupled by modal transformation (normal mode approach) wherein the principle of 

orthogonality of the mode shape with respect to mass, damping and stiffness matrices is applied. Each decoupled equation 

represents the motion of a single degree of freedom (SDOF) system for which the response is obtained through the use of elastic-

response spectra. The peak response of the significant modes is combined using appropriate modal combination rules. The linear 

dynamic procedure is superior to the linear static procedure while only the first mode is considered in the linear static procedure. 
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II. LITERATURE REVIEW 

 Introduction 

In recent years multistoried buildings construction is widely increased due to highly increasing cost of land and scarcity of land 

in metropolitan cities. These structures are sensitive in resistance to wind and earthquake forces. Behavior of such structures can 

be controlled by effective lateral force structural systems, which increases stiffness of building. But present day’s computer 

technology allows for precise analysis and design of different systems for high rise buildings; it does not overall knowledge for 

choosing among the alternatives of these systems to arrive at the best overall design. While studying uncontrolled response it was 

observed that response in terms of displacement and acceleration was exceeding IS code limits. The improvement in the 

performance of the building is studied under earthquake loads by providing lateral force resisting systems.Many researchers have 

worked and contributed their efforts for the study of seismic behaviour of a structure with different Resisting Systems. In this 

paper, a summary of the articles and papers found in the literature, about the different systems used, is highlighted. 

 Review of Literature 

In the year 2016, Narasimha M .et al. had investigated different types of bracing systems used in tall building in order to provide 

lateral stiffness. The use of bracings has potential advantage over other scheme, the bracings are provided for peripheral 

columns. A multi-storey building with (G+19) floors situated at a seismic zone II is subjected to a wind speed of 33 m/s. The 

building models are analyzed by equivalent static analysis as per IS 1983: 2002. Also compared for the base force and 

displacement. 

In the year 2012, Mhalungkar V.et.al. Have carried out time history method for seismic analysis of high rise steel frame with 

and without bracings for Northridge earthquake. Natural frequencies, fundamental time period, mode shapes, inter story drift and 

base shear are calculated with different pattern of bracing system. Further optimization study was carried out to decide the 

suitable type of the bracing pattern by keeping the inter-story drift, total lateral displacement and stress level within permissible 

limit. 

In the year 2016, Sucheta J. et al. The enhancement in the performance of the building is studied under earthquake loads by 

installing lateral force resisting systems, like shear walls and bracing system. In the present paper, shear wall and bracing 

systems were applied at various positions of the building. Modeling and analysis was carried out using ETABS 9.7.2. From the 

observations it is seen that all the proposed arrangements provided improve the structural performance of the building in 

controlling top story displacement, base shear and story drift. 

In the year 2005, Jeffrey W. et al. studied on Braced frames and steel plate shear walls (SPSWs) both have been seen to be 

useful in the seismic retrofit of buildings. While both these systems have merit, no guidance exists which could help the engineer 

to determine which of the two approaches will be preferable in terms of providing the stiffness, maximum displacement, 

ductility, the cumulative hysteretic energy dissipation, and energy dissipation per cycle for a given strength. As an attempt to 

provide some quantitative data and an insight for this purpose, this paper describes and compares the results by the cyclic testing 

of six frames of which four are concentrically braced frames, and two are light -gauge steel plate shear walls. The large initial 

stiffness was seen to be provided by a braced frame specimen with a cold formed steel studs and largest ductility was achieved 

with the steel plate shear wall with flat infill. After scaling the hysteretic results to same design base shear, it is found that both 

energy dissipated per cycle and cumulative energy dissipation were similar for the flat plate SPSW and the braced frames 

containing two tubular braces, till a ductility of four. After that the tubular braces fractured while SPSW containing a flat infill 

reached to ductility of nine before the energy dissipation per cycle decreased. 

In the year 2013, P. Chandurkar et al. In seismic design of buildings, the reinforced concrete structural walls, or shear walls, 

act as a major earthquake resisting members. Structural walls provide an efficient bracing system and offer great lateral load 

resistance. The properties of these seismic shear walls dominate the response of the buildings, and it is therefore important to 

evaluate the seismic response of the walls appropriately. In this study, the main focus is to determine solution for shear wall 

location in multi-storey building. Effectiveness of shear wall has been studied by the help of four different models. Model one is 

bare frame structural system and other three models are of dual type structural system. An earthquake load is applied to a 

building of ten storied building located in the zone II, zone III, zone IV and zone V. Parameters like Lateral displacement, story 

drift and total cost required for ground floor are calculated in both cases replacing column with shear wall. 

In the year 2000, Mahmoud REZAI et.al has done a numerical study using different strip models to compare with test results 

of two single storey and one four-storey specimens and concluded that the load-deformation behaviour of the specimens was 

considerably affected by small variations of the angle of inclination of the tension strips representing tension field development. 

The discrepancies between the analytical and experimental results were more dramatic for the four-storey specimen, which was 

deemed to be a function of the overall aspect ratio (total height over panel width) of the specimen. 

In the year 2000, Sabouri-Ghomi et al. investigated the design of SPSW systems in terms of the separate shear and bending 

deformations occurring in a multistory frame. They proposed a modified plate frame interaction model for the analysis of shear 

and bending deformations and resulting forces in SPSW. The objective was to describe the interaction between those 

components and characterize the respective contributions to deformations and strength. The bending component of plate wall 

behavior was investigated. Equations for moment and displacement were derived for a single-story panel at the critical point at 
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which panel bucking occurs, assuming a linear strain distribution across the wall cross-section. The procedure assumes that, after 

panel bucking, the neutral axis will move toward the column in tension, since compressive stresses in the web will be released, 

similar to the neutral axis migration in a reinforced concrete beam following section cracking on the tension side. Expressions 

were developed for behavior of the panel after this event. Equations for shear behavior and bending behavior are combined using 

interaction equations to complete the proposed method. 

In the year 2015, Adithya. M et al. has considered a three dimensional structure with 4 horizontal bays of width 4 meters, and 

20 stories was taken with storey height of 3m. The beams and columns were designed to withstand dead and live load only. Wind 

load and Earthquake loads were taken by bracings. The bracings were provided only on the peripheral columns. Maximum of 4 

bracings were used in a storey for economic purpose and studied the effects of various types of bracing systems, its position in 

the building and cost of the bracing system with respect to minimum drift index and inter storey drift and found that as per 

displacement criteria bracings were good to reduce the displacement and the max reduction of 68.43% was observed in single 

diagonal braces arranged as diamond shape in 3rd and 4th bay model compared to model without brace, the bending moment and 

shear force in columns were also reduced in braced models and concluded that the concept of using steel bracing was one of the 

advantageous concepts which can be used to strengthen or retrofit the existing structures, the lateral storey displacements of the 

building were greatly reduced by the use of single diagonal bracings arranged as diamond shape in 3rd and 4th bay in 

comparison to concentric (X) bracing and eccentric (V) bracing system. 

 Summary of Literature 

1) Authors for the above mentioned paper concluded from the analysis results that, V bracing system & eccentric bracing 

system have least nodal displacements with respect to storey height when compared to un-braced reference model. V 

bracing system has maximum reduction in drift index percentage in comparison with the un-braced reference model both in 

X and Z direction.   

2) From the analysis performed in the mentioned paper it is understood that bracing element will have very important effect on 

structural behavior under earthquake effect. From the tables it shows that due to bracings in both direction base shear 

increases up to 38%. The displacements at roof level of the building with different bracing style is reduces from 43% to 

60%. Modal time period is also reduced up to 65%. The diagonal brace-B shows highly effective and economical design of 

bracing style. 

3) This paper concludes that the story shear due to Equivalent Static procedure is found to be greater than the story shear of 

the Dynamic analysis procedure. As a result of comparison between different models it is observed that displacement 

obtained in equivalent static analysis are higher than that in dynamic analysis procedure. 

4) The study conducted by the above mentioned authors  have concluded that Braced frames and steel plate shear walls 

(SPSWs) both have been seen to be useful in the seismic retrofit of buildings 

5) This paper concludes that the properties of these seismic shear walls dominate the response of the buildings, and it is 

therefore important to evaluate the seismic response of the walls appropriately. In this study, the main focus is to determine 

solution for shear wall location in multi-storey building.    

6) The study conducted by the above mentioned authors  have concluded that The steel plate can be used for high rise building 

to dynamic evaluation of lateral force resisting system. The steel plate shear wall system is depending on the steel what we 

used and it depends on design specification of building. 

7) This paper concludes that Results indicate that steel plate shear walls have a large effect on the behaviour of frames under 

earthquake excitation. In general, steel plate increase stiffness of the structure with the use of steel shear walls in the 

buildings, the bending moments in the column are reduce. 

8) This paper concluded that the concept of using steel bracing was one of the advantageous concepts which can be used to 

strengthen or retrofit the existing structures, the lateral storey displacements of the building were greatly reduced by the use 

of single diagonal bracings arranged as diamond shape in 3rd and 4th bay in comparison to concentric (X) bracing and 

eccentric (V) bracing system. 

III. GAPS IN LITERATURE STUDY 

In the review of literatures on analytical and experimental studies, it has been observed that the authors have studied the seismic 

performance for tall buildings. However, no specific research has been found on the effect steel plate used as shear wall & its 

location, as well effect of steel plate wall with combination of other lateral load resisting systems. From the detailed review of 

the literature study in this particular area of research, we can carry out various evaluations to study various combinations of 

systems & computation of stresses, base reaction, nodal displacement, time period & acceleration with comparison of various 

lateral load resisting & without lateral load resisting systems. Also the Evaluation of the performance of the tall building with 

satisfying codal limits for displacement, storey drift Comparison of horizontal static load as recommended by Indian design 

codes and Response spectra method of analysis to compare seismic performance of building such as bending moment, deflection, 

& axial forces. 
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