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ABSTRACT: Structural walls, or shear walls, are elements used to resist lateral loads, such as those generated by
wind and earthquakes. Structural walls are considerably deeper than typical beams or columns. This attribute gives
structural walls considerable iplane stiffness which makes structural walls a natural choice for resisting lateral
loads. In addition to considerable strength, structural walls can dissipate a great deal of energy if detailed properly.
Walls are an invaluable structural element when pratgcbuildings from seismic events. Buildings often rely on
structural walls as the main lateral force resisting system. Shear walls are required to perform in multiple ways.
Shear walls can then be designed to limit building damage to the specified dduygdeaddeformation response of

the structural walls must be accurately predicted and related to structural damage in order to achieve these
performance goals under loading events of various magnitddesapplied load is generally transferred to thdlwa

by adiaphragmor collector ordrag member.The performance of the framed buildings depends on the structural
system adopted for the structuiiéhe termstructural systenor structural framein structural emineeringrefers

to load-resistingsubsystenof a structure. The structural system transfeexdsthrough interconnectestructural
component®r membersThese structural syains need to be chosen based on its height and loads and need to be
carried out, etc. The selection of appropriate structural systems for building must satisfy both strength and stiffness
requirements. The structural system must be adequate to resist tergravity loads that cause horizontal shear
deformation and overturning deformatiofihe efficiency of a structural system is measured in terms of their ability to
resist lateral load, which increases with the height of the frame. A building can beled as tall when the effect

of lateral loads is reflected in the design. Lateral deflections of framed buildings should be limited to prevent damage
to both structural and nonstructural elements. In the present study, the structural performanciarhétebuilding

with shear wall will be analysisin this paper the structural performance of thBC framed building with
Rectangulashear wallin will be analysis. The importance of the shear wall in resist the wind and earthquake load
are study, the &ct of the shear walls on the conventional frame sysiém.best location of shear wall are near
center of mass and center of gravityhe inprovement in the structural performance of the building with frame
system by using shear wall is study
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l. INTRODUCTION

Earthquakd_oad

The seismic weight of building is the sum of seismic weight of all the floors. The seismic weight of
each floor is its full dead load plus appropriate amount of imposed load, the latter being that part of the imposed
loads that may reasonably be expectedé¢ attached to the structure at the time of earthquake shaking. It
includes the weight of permanent and movable partitions, permanent equipment, a part of the live load, etc.
While computing the seismic weight of columns and walls in any storey shedjuadly distributed to the floors
above and below the storey.
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Earthquake forces experienced by a building result from ground motions (accelerations) which are also
fluctuating or dynamic in nature, in fact they reverse direction some what chaoticadlyndgnitude of an
earthquake force depends on the magnitude of an earthquake, distance from the earthquake source(epicenter),
local ground conditions that may amplify ground shaking (or dampen it), the weight(or mass) of the structure,
and the type of statural system and its ability to with stand abusive cyclic loading. In theory and practice, the
lateral force that a building experiences from an earthquake increases in direct proportion with the acceleration
of ground motion at the building site and thass of the building (i.e., a doubling in ground motion acceleration
or building mass wil/| doubl e the load).This theory
physics: F = m x a, where O0FO& r e pnrde soeanft sr efporrecsee n tGsmoa ¢
For example, as a car accelerates forward, a force is imparted to the driver through the seat to push him forward
with the car(this force is equivalent to the weight of the driver multiplied by the acceleration or reaegé an
speed of the car). As the brake is applied, the car is decelerated and a force is imparted to the driver by the seat
belt to push him back toward the seat. Similarly, as the ground accelerates back and forth during an earthquake
it imparts backandforth(cyclic) forces to a building through its foundation which is forced to move with the
ground. One can imagine a very light structure such as fabric tent that will be undamaged in almost any
earthquake but it will not survive high wind. The reasorthis low mass (weight) of the tent. Therefore,
residential buildings generally perform reasonably well in earthquakes but are more vulnerablewindiigh
load prone areas. Regardless, the proper amount of bracing is required in both cases.

Why Are Buildings With Shear Walls Preferred In Seismic Zones?

Reinforced concrete (RC) buildings often haxertical platelike RC walls calledShear Wallsin
addition to slabs, beams and columns. These walls generally start at foundation level and are continuous
throughout the building height. Their thickness can be as low as 150mm, or as high as 400mm in high rise
buildings. Shear walls are usually provided aldrgh length and width of buildings. Shear walls are like
vertically-orientedwide beamghat carry earthquakloads downwards to the foundation.

Awe cannot afford to build concrete buildings mee¢

Mark Fintel, a noted consulting engineer in USA Shear walls in high seismic regions requires special detailing.
However, in past earthquakes, even buildings with sufficient amount of walls that were not specially detailed for
seismic performance (but had enough wdkributed reinforcement) were saved from collapse. Shear wall
buildings are a popular choice in maegrthquake prone countries, like Chile, New Zealand and USA. Shear
walls are easy to construct, because reinforcement detailing of walls is relatively straigitt and therefore
easily implemented at site. Shear walls are efficient; both in termsnstraction cost properly designed and
detailed buildings with Shear walls have shown very good performance in past earthquakes. The overwhelming
success of buildings with shear walls in resisting strong earthquakes is summarized in the quote: And
effectiveness in minimizing earthquake damage in structural and r&tructural elements (like glass windows
and building contents).

When a building is subjected to wind or earthquake load, various types of failure must be prevented:

A s i p p foundation (sliding) h e

A overturning and uplift (anchorage failure)

A shear distortion (drift or racking deflection)
A collapse (excessive racking deflection)

The first three types of failure are schematically shown in the Fih@iearly, the entire syste must be tied
together to prevent building collapse or significant deformation.

— roof uplifre

Iateral lIoad wpnre

\ y wall distortion

V suding

Figure 1Schematic of the deformations of the structure due to the lateral loads
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Most RC buildings with shear walls also have columns; these columns primarilygcavity loads
(i.e., those due to seliveight and contents of building). Shear walls provide large strength and stiffness to
buildings in the direction of their orientation, which significantly reduces lateral sway of the building and
thereby reduces damage tousture and its contents. Since shear walls dargehorizontal earthquake forces,
the overturning effects on them are large. Thus, design of their foundations requires special Attention. Shear
walls should be provided along preferablythlength and wdth. However, if they are provided along only one
direction, a proper grid of beams and columns in the vertical plane (catfedngntresistant framemust be
provided along the other directiom resiststrong earthquake effects

SHEAR WALLS... SHEAR WALLS...
* Principal attributes * Role of Shear Walls
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. METHODOLOGY

When a structure vibrating. An earthquake can be resolved in any vibrating. An earthquake can be
resolved in any three mutually perpendicular directitres two horizontal directions (longitudinal and
transverse displacement) and the vertical directiota{jion).This motion causes the structure to vibrate or shake
in all three directions; the predominant direction of shaking is horizontal. All the structures are designed for the
combined effects of gravity loads and seismic loads to verify that adeqeriisalvand lateral strength and
stiffness are achieved to satisfy the structural performance and acceptable deformation levels prescribed in the
governing building code. Because of the inherent factor of safety used in the design specifications, most
structures tend to be adequately protected against vertical shaking. Vertical acceleration should also be
considered in structures with large spans, those in which stability for design, or for overall stability analysis of
structures.

In general, most earthgkecode provisions implicitly require that structures be able to resist:

1. Minor earthquakes without any damage.
2. Moderate earthquakes with negligible structural damage and sorstrootural damage.
3. Major earthquakes with some structural and-atracturaldamage but without collapse.

The structure is expected to undergo fairly large deformations by yielding in some structural members.

To avoid collapse during a major earthquake, members must be ductile enough to absorb and dissipate
energy by poselastic @&formation. Redundancy in the structural system permits redistribution of internal
forces in the event of the failure of key elements, when the element or system forces yields to fails, the lateral
forces can be redistributed to a secondary system torgrpra@gressive primary failure.

Earthquake motion causes vibration of the structure leading to inertia forces. Thus a structure must be
able to safely transmit the horizontal and the vertical inertia forces generated in the super structure through the
foundation to the ground. Hence, for most of the ordinary structures, earthmpsagiant design requires
ensuring that the structure has adequate lateral load carrying capacity. Seismic codes will guide a designer to
safely design the structure for its intkxdl purpose.Seismic codes are unique to a particular region or country.

In India, IS 1893(Partl) : 2002is the main code that provides outline for calculating seismic design force. This
force depends on the mass and seismic coefficient of the structutieealadter in turn depends on properties

like seismic zone in which structure lies, importance of the structure, its stiffness, the soil on which it rests, and
its ductility. IS 1893 (Part 1) : 2002deals with assessment of seismic loads on variousestraictlibuildings.

Whole the code centers on the calculation of base shear and its distribution over height. The analysis can be
performed on the basis of the external action, the behavior of the structure or structural materials, and the type
of structuralmodel selected. Depending on the height of the structure and zone to which it belongs, type of
analysis is performed. In all the methods of analyzing msitirey buildings recommended in the code, the
structure is treated as discrete system having corated masses at floor levels, which include half that of
columns and walls above and below the floor. In addition, appropriate amount of live load at this floor is also
lumped with it.

Quite a few methods are available for the earthquake analysis dihigsil two of them are presented here:
1- Equivalent Static Lateral Force Method (pseudo static method).
2- Dynamic analysis.
l. Response spectrum method.
Il. Time history method.

Equivalent lateral Force (Seismic Coefficient) Method

This method of finding laterdbrces is also known as the static method or the equivalent static method
or the seismic coefficient method. The static method is the simplest one and it requires less computational effort
and is based on formulae given in the code of pradticall the methods of analyzing a multi storey buildings
recommended in the code, the structure is treated as discrete system having concentrated masses at floor levels
which include the weight of columns and walls in any storey should be equally distributed ltmtkeabove
and below the storey. In addition, the appropriate amount of imposed load at this floor is also lumped with it. It
is also assumed that the structure flexible and will deflect with respect to the position of foundation the lumped
mass system deices to the solution of a system of second order differential equations. These equations are
formed by distribution, of mass and stiffness in a structure, together with its damping characteristics of the
ground motion.
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Lateral Distribution of Base Shear

The computed base shear is now distributed along the height of the building, the shear force , at any
level depends on the mass at that level and deforms shape of the structure . Earth quake forces deflect a
structure into number of shapes known as tharahtmode shapes. Number of natural mode shapes depends up
on the degree of freedom of the system. Generally a structure has continuous system with infinite degree of
freedom the magnitude of the lateral force at a particular floor (node) depends onsthefrttee node , the
distribution of stiffness over the height of the structure , and the nodal displacement in the given mode. The
actual distribution of base share over the height of the building is obtained as the superposition of all the mode
of vibraton of the multi- degree of freedom system .

Dynamic Analysis

Dynamic analysis shall be performed to obtain the design seismic force, and its distribution in different levels
along the height of the building, and in the various lateral load resistimgeiefor the following buildings:
Regular buildings Those greater than 40m in height in zones IV and V, those greater than 90m in height in
zone Il and IIl.
Irregular buildings: All framed buildings higher than 12m in zones IV and V, and those greater than 40m in
height in zones Il and 111

The analysis of model for dynamic analysis of buildings with unusual configuration should be such that it
adequately models the types of gudarities present in the building configuration. Buildings with plan
irregularities, as defined in Table 4 of IS code: 22982 cannot be modeled for dynamic analysis.
Dynamic analysis may be performed either by the TIME HISTORY METHOD or by the RESPONSE
SPECTRUM METHOD
Time History Method

The usage of this method shall be on an appropriate ground motion and shall be performed using accepted
principles of dynamics. In this method, the mathematical model of the building is subjected to accelerations
from earthquake records that represent the expected earthquake at the base of the structure.

Response Spectrum Method

The word spectrum in engineering conveys the idea that the response of buildings having a broad range of
periods is summarized in a single graphis method shall be performed using the design spectrum specified in
code or by a sitspecific design spectrum for a structure prepared at a project site. The values of damping for
building may be taken as 2 and 5 percent of the critical, for theopespof dynamic of steel and reinforce
concrete buildings, respectively. For most buildings, inelastic response can be expected to occur during a major
earthquake, implying that an inelastic analysis is more proper for design. However, in spite ofiddigvaf
nonlinear inelastic programs, they are not used in typical design practice because:

1- Their proper use requires knowledge of their inner workings and theories. design criteria, and

2- Result produced are difficult to interpret and apply to tradél design criteria , and

3- The necessary computations are expensive.

Therefore, analysis in practice typically use linear elastic procedures based on the response spectrum method.
The response spectrum analysis isgheferredmethod because it is easier to use.

IV. NUMERICAL ANALYSES
STRUCTURE
G+19 earthquake resistant structure with shear walls

Problems In The Building Due To Earthquake

Main problems that would be arising due to earthquake in the structure are story ddéfimetion of the
building due to its large height and also torsion and others, so if the structure is proved to be safe in all the above
mentioned problems than the structure would be safe in all cases in respect earthquake.

Geometrical Properties
1.No.of stories of the Building model=20
2.Column size=500 mm x 500 mm
3.Beam size= 700 mm x 500 mm
4.Slab thickness=200mm
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Loads
1.Live Load=3KN/m2
2.Wall Load=12.4KN/m
3.Floor Finishing =1KN/m2
4. Wind load
Wind coefficients
(i) Wind Speed=50m/s
(ii)T errain Category =2
(iii) Structure Class=B
(iv) Risk Coefficient(k1)=1
(v)Topography(k3)=1
Seismic loading
0] Seismic zone factor(Z)=0.36
(i) Soil Type= Medium(ll)
(i) Response Reduction factor(R) =5%
(iv) Story Range=Base to 20
(v) Important factor(l)=1
Material Properties
Table |I: The materials used in structure and their general properties are
Thermal
Material Unit weight Elastic Modulus Shear Modulus Poisson Ratio expansion
coefficient
Text KN/m3 KN/m2 KN/m2 Unit less 1/Cc
Concrete 23.563 24855578.28 10356490.95 0.2 0.0000099
Rebar steel 76.973 199947978.8 76903068.77 0.3 0.0000117
Bar steel 76.9730 199947978.8 769030068.77 0.3 0.0000117

Load Combinations

Load combination is the foremost important criteria for designing any structure and more important is
the distribution of those loads on to various components of the structure like beams, columns, slabs and in our
case shears walls and concrete core wall too. There are many kinds of loads existing depending on the location
of the where the structure is to benstructed for example in a place where wind is frequent there we have to
consider the wind loads and places where rains are heavy rain loads are included and same way all the other
loads such as snow loads, earthquake load and etc. are included howaizet OEDS, LIVE LOADS AND
IMPOSEDLOADS are always included. Dead loads are all common depending on the structural components
and specific gravity of the structure, to get the self weight of the structural component volume or area of the
component is multipéd by the specific gravity of the component. Live loads depend on the purpose we are
constructing the building. Imposed loads depend on the seismic loads, dead loads and according to are 1893 part
1 percentage of those values is finally considered.

Thefollowing Load Combinations have been considered for the design

5(DL+ LL)
5(DL = EQXTP) \
5(DL = EQYTP)

5(DL = EQXTN)

5(DL = EQYTN)

2(DL + LL = EQXTP)
2(DL + LL = EQYTP) >
2(DL + LL = EQXTN)
2(DL + LL = EQYTN)
S5(DL = WLX)
S(DL = WLY)
2(DL + LL = WLX)
2(DL + LL = WLY)

DL — Dead Load

LL — Live Load

EQTP—Earthquake load

With torsion positive

ONOOAWN A

EQTN—-Earthquake load

With torsion negative

T S S S e S S o S (e S e §

—/ WL- Wind load
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Figure2: Basic Plan of The Building

Figur3: Elevation of the building




