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Abstract: The main objective of this project is to check and compare the seismic response of multi-storied building for different 

location of shear wall, so that one can choose the best alternative for construction in earthquake-prone area. Different location of 

shear wall in R.C. Building will be modeled in E-TABS software and the results in terms of natural period, frequency, storey 

displacement, storey drift, storey shear is compared. Looking to the past records of earthquake, there is increase in the demand of 

earthquake resisting building which can be fulfilled by providing the shear wall systems in the building. Also due to the major 

earthquakes in the recent pats the codal provisions revised and implementing more weight age on earthquake design of structure.  

The decision regarding provision of shear wall to resist lateral forces play most important role in choosing the appropriate 

structural system for given project. Generally structures are subjected to two types of loads i.e. Static and Dynamic. Static loads 

are constant while dynamic loads are varying with time. In majority civil structures only static loads are considered while 

dynamic loads are not calculated because the calculations are more complicated. This may cause disaster particularly during 

Earthquake due to seismic waves. By providing shear wall in multi-storied building we can resist seismic waves of earthquake. 

The loads are calculated by E-TABS software by providing shear walls at various parts of building.  

Keywords: E-TABS Software, R.C. Building, Static Loads, Dynamic Loads. 

I. INTRODUCTION 

      The objective of structural design is to plan a structure 

which meets the basic requirements of structural science and 

those of the user. The basic requirements of structural design 

are safety serviceability, durability and economy. In this 

project work it is proposed to design a multistoried 

residential building consisting of 4 floors. Each floor consists 

of 4 flats. The building is served by one stair case.  The rapid 

increase in population and Industrial growth and of shelter 

there is considerable rise in the price of shelter there is 

considerable rise in the price of city land and as the space is 

limited, horizontal expansion is difficult. Hence vertical 

expansion has become compulsory. This has led to the 

conception of apartments or flats. An apartment consists of 3 

to 7 storeys and each storey may accommodate 2 to 4 

resentments. The land and other amenities of apartments are 

shared by all the occupants. Multi storeyed building has been 

broadly classified into five types 

 Load bearing constructions. 

 Composite Constructions. 

 Framed Constructions. 

 Reinforced Concrete framed Constructions. 

 Steel framed Constructions. 

    The first method has got the limitation that it will be 

economical only up to 2 to 3 storeys. By means of composite 

constructions technique, the economy is achieved if the 

number is in between 3 to 5. Any building having more than 

6 storey‟s has to be dealt by means of framed constructions 

building having more than 6 storeys has to be dealt by means 

of framed constructions. Structural design is an art and 

science of designing serviceable and durable structures with 

economy and elegance. The entire process of structural 

planning and design requires not only imagination and 

conceptual thinking but also sound knowledge of science and 

structural engineering, knowledge of practical aspects such 

as relevant design codes and bye-laws backed up by example 

experience in tuition and judgments. Construction is an 

ultimate objective. An engineer is key person for successful 

completion of any kind of project undertaken. Hence he 

should adopt all means to reduce cost of project to minimum, 

without unduly reducing the serviceability aspect of the 

project. An engineering structure is an assembly of members 

for elements transferring the load and providing a form, 

space, enclosure and or a cover to serve the desired function. 

The objective of structural design is to plan a structure which 

meets the basic requirements such as serviceability, safety, 

durability, economy, aesthetic beauty, feasibility, 

practicability and acceptability. 
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      The purpose of structural design is, providing a safe 

structure with user‟s requirements. The design should evolve 

a structural solution for safety and serviceability throughout 

the design life, which gives the greatest overall economy for 

the first cost and for maintenance cost. Satisfactory design 

must ensure the achievement an acceptable probability that 

the specified life of a structure is not curtailed permanently 

due to attainment of an unsatisfactory serviceability 

condition called “LIMIT STATE”.The acceptable probability 

should be chosen in such a way that a satisfactory balance is 

achieved between the cost of a possible structure and 

serviceability failure.It is a concept including some constants 

which are arrived at, after a series of experimentation and 

also out of experience of many senior engineers, architects 

etc. Limit states are concerned with structural safety and 

serviceability and covers all forms of failure. A structure 

could be rendered unit in many ways and these factors are 

conveniently grouped into main categories. 

 Ultimate Limit State: Collapse of the structure due to 

normal or severe loading on the occurrence of 

catastrophic events like earthquakes etc. 

 Serviceability Limit State: Deflection, cracking and 

vibration. 

 Other Limit States: Fatigue, durability, fire resistance, 

lighting etc. 

   It is often possible that a given structure is required to 

satisfy one or more limit states simultaneously. The usual 

approach then is to design on the basis of the most critical 

limit states and check for the other limit states. Many times, 

satisfying one of one limit state would satisfy other limit 

states. For e.g., a structure is designed to keep the limit states 

for cracking within acceptable value, the limit for durability 

is also simultaneously satisfied. The concept of limit state 

provides a rational approach taking into account, variations 

in material strength and loads. This is in fact a rationalization 

of the ultimate load. Four reasons to justify the design of 

structures by limit state method are: 

 Concept of separate partial safety factors of loads of 

different combinations in the two limits state methods.   

 Concept of separate partial safety factors of materials 

depending on their quality control during preparation. 

Thus, γm for concrete is 1.5 and the same for steel is 

1.15. This is more logical than one arbitrary value in the 

name of safety factor.   

 A structure designed by employing limit state method of 

collapse and checked for other limit states will ensure 

the strength and stability requirements at the collapse.  

III. DESIGN OF SLABS 

A. General 

     A Slab is a flat, two dimensional planar, structural 

element having thickness small compared to its other two 

directions. It provides a working flat surface of covering 

shelter in buildings. It supports mainly transverse loads and 

transfers them to supports primarily by bending action in one 

or more directions. The R.C.C. slab is essentially a bending 

moment, like a beam, though it differs from beam with 

respect to following: 

 The bending is in more than one vertical plane. 

 The slab is designed as a strip of 1m wide. 

 Shear stresses are usually low and shear reinforcement is 

not provided. However it is critical in flat slabs. 

 Distribution steel is provided right angles to main 

flexural reinforcement to take care of temperature and 

shrinkage stresses. 

B. Method of Analysis 
    The behavior and strength of slab depends upon, the shape 

and geometry (span), support and boundary conditions, 

loading level (service load, ultimate load) the state stress 

(elastic, in elastic, plastic). It may be noted that analysis of 

slabs is extremely difficult due to number of variables stated 

above with the result that rigorous or extract method are not 

available and therefore analytical, semi empirical methods 

are developed (IS 456-2000) allow design based on 

experimental investigations. 

C. Classifications of Slabs 

Slabs are classified on the basis of the following: 

 Shape (rectangular, circular & other shapes). 

 Support and boundary conditions (single span) slab 

known as one slabs, slabs supported on 4 edges known 

as two way slab, overhanging or cantilever slabs, simply 

supported slabs, slabs fixed or continuous at one or both 

ends. 

 Type of support: simply supported on walls, slab cast 

monolithically with the supporting beams, slabs 

supported directly on columns (flat slabs). 

 Spanning direction: simply supported slabs, slabs fixed 

or continuous at one or both ends. 

 Use (roof slab, floor slab, wall slab, foundation slab etc). 

 Sectional configuration: solid slab, ribbed plate, waffle 

plate, stiffened plate, corrugate plate, folded plate). Solid 

slab is a flat horizontal plate without ribs or stiffness). 

This is the most common type of slab. 

 

      Selection of suitable method for design of slab and 

classification of slabs for this project: I.S code method which 

is described in Annex-D of the code IS 456-2000 is selected 

because of its simplicity and adaptability. Limit state method 

is used for design of slabs. Clause 24.4, 37.1.2 of  IS code 

states, for analysis of slabs spanning in two directions at 

right angles yield line theory or any other acceptable method 

may be used. Alternatively the provisions given in Annex- D 

may be followed. The slabs are classified according to 

boundary conditions, ratio of Ly/Lx, loading and span. 

III. DESIGN OF BEAMS 

A. General 

      Beam is a horizontal structure member subjected to 

transverse loads. When load acts on the beam it bends. For 

simply supported beam compression acts at the two fiber and 

tension acts at bottom and vice versa for cantilever beam.  

Beam has two axes: 

 Longitudinal axis and 

 Transverse axis. 
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     In the cross section the load acts at the transverse axis, 

and the beam is subjected to shear force and bending 

moment only. If load is acting eccentrically with transverse 

axis then the beam is subjected to shear force, mending 

moment and torsion. There are two ways to solve the 

problem. First, we may increase the depth of the beam, 

which may not be feasible in many situations. In those cases, 

it is possible to increase both the compressive and tensile 

forces of the beam by providing steel reinforcement in 

compression face and additional reinforcement in tension 

face of the beam without increasing the depth. The 

reinforced concrete beam should be able to resist tensile, 

compressive & shear stresses induced in it by the loads on 

the beam. Concrete is fairly strong in compression but very 

weak in tension. Plain concrete beams are thus limited in 

carrying capacity by the low tensile strength. Steel is very 

strong in tension thus the tensile weakness of concrete is 

overcome by the provision of reinforcing steel in the tension 

zone to make a reinforced concrete beam. The beam & slabs 

in concrete structures are cast monolithic. Hence a structure 

becomes a slab which is stiffened by concrete ribs in which 

intermediate beams act as T- beams & beams around 

staircase, support frames, openings act as L-beams.  

      The portion of slabs that act as flange of T or L beam 

depends on its thickness & span. The flange of the T beam 

provides the necessary resistance to compression while the 

vertical ribs provide the depth & hence the necessary lever 

arm. The width of the rib must be such as to accommodate 

the tensile reinforcement. A certain portion of the slab on 

either slab may be considered forming the compression 

flange. If the supporting beam happens to be an end beam, 

the flange of the beam is present only on the side of the beam 

in such a case it is called an L-beam. The necessity of 

providing steel in the compression region arises due to two 

main reasons: 

 The main reinforcement of a singly reinforced beam 

cannot be increased by more than 25% of balanced 

section by increasing steel only on tension side. 

 At the support of the continuous beam the bending 

moment changes its sign. Such a situation may also arise 

in the design of a ring beam. 

    The beams may be singly reinforced or doubly reinforced. 

In case of singly reinforced beam the main reinforcement is 

provided near the face of the beam subjected to tension while 

in the case of a doubly reinforced beam, main reinforcement 

is provided near the face of the beam subjected to tension & 

compression. A doubly reinforced beam is generally 

provided in the following situations: 

 When the depth & breadth of the beam are restricted & 

it has to resist greater bending moment than a singly 

reinforced beam of that section would do. 

 When the beam is continuous over several supports, the 

section of the beam at the support is usually designed as 

a doubly reinforced section. 

 When the member is subjected to eccentric loading. 

Effective Span:  Since the frame is analyzed as continuous 

frame the effective span is the distance between the centers 

of supporting members. 

B. Guidelines for Finalizing the Beam Positions 

 Normally beams shall be provided below all the walls. 

 Beams shall be provided for supporting staircase fights 

at floor levels and at mid landing levels. 

 Beams should be positioned so to restrict the slab 

thickness, to 15 cm, satisfying the deflection criteria. To 

achieve this, secondary beams shall be provided where 

necessary. 

 As far as possible, cantilever beams should not be 

projected from beams, to avoid torsion. 

 Beams of equal depths shall be provided on both side of 

the expansion joint from aesthetical point of view. 

 Where secondary beam are proposed to reduce the slab 

thickness and to form a grid of beams, the secondary 

beams shall preferably be provided of lesser depth than 

the depth of supporting beams so that main 

reinforcement of secondary beams shall always pass 

above the main beams. 

 In toilet block provide minimum number of secondary 

beams so that casting slabs and beam will be simple. 

„No secondary beam‟ condition would be ideal. 

 Beams which are required to give a planer look from the 

underside shall be provided as Inverted Beams, e.g. 

canopies. Alternatively hidden beams inside the slab 

having the same depth as thickness of slab may be 

adopted. Such hidden beams can be provided in toilet 

blocks, under partition wall etc. where a cluster of 

beams can be avoided. 

C. Load Imposed On a Beam  
Load on beam comprises of: 

 Dead load from slab on either side 

 Live load from slab on either side 

 Load from walls on the beams. 

 Load of the beam itself 

D. Dispersion of Load of Slab on Beam 

    The load of the slab is dispersed on the supporting beam in 

accordance with the clause 24.5 of code which states that the 

load on beams supporting solid spans, spanning in two 

directions at right angles & supporting uniformly distributed 

loads, may be assumed in accordance. In the following pages 

the load on the supporting beam is determined by adopting 

simplified formula. Since the loaded area is trapezoidal & 

triangular in section, the calculation of load is rather 

cumbersome, that is why simplified formula has to be 

adopted. Equivalent uniformly distributed load B.M‟s are 

calculated by using the following formula for the longer span 

beam which produces the same B.M‟s of trapezoidal load for 

longer span beam. For one way slab which are resting over 

two opposite supports, the load carried by each supporting 

beam is given as load on support i.e. WsLx/2  /m run. 
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IV. ANALYSIS RESULTS 

This chapter provides analysis results 

A. Structure Results 

TABLE I: Base Reactions 

 

 
 

B. Story Results Table 

TABLE II: Story Forces 
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TABLE III: Story Stiffness 

 
 

D. Modal Results 

TABLE IV: Modal Periods and Frequencies 

 

 

TABLE V: Modal Participating Mass Ratios (Part 1 of 2) 
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TABLE VI: Modal Participating Mass Ratios(Part 2 of 2) 

 
TABLE VII: Modal Load Participation Ratios 

 
V. CONCLUSION 

    Reinforced concrete is the most widely used construction 

material in the building industry. Orthodox criteria for design 

of RCC members are almost exclusively concerned with 

strength, while ductility and energy absorption receive little 

consideration. The guideline laid down by IS 13920: 2002 

and IS 1893: 2002 and the explanations to achieve ductility 

and improved detailing have been described. The draft code 

IS 893 (Parts I and II) have also been referred wherever felt 

desirable. The possible sources of damages to RC 

construction and their prevention and restoration have been 

detailed. The fundamental principles of earthquake-resistant 

design applicable to RCC members are outlined. Shear walls, 

which form an important lateral load-resisting element, have 

been discussed in detail. A number of examples have been 

solved to illustrate the design principle outlines in the 

chapter. The variation of axial force & moments with stories 

is linear. The variation of shear force, storey lateral load, 

drifts & base shear with stories is non linear. If we compare 

the frame with shear wall & shear core to only frame model 

(s.m.r.f), the volume of R.C.C obtained for only frame is 100 

% where frame with shear wall & shear core is 33.4 %. By 

providing a ductile shear walls and shear core for the 

s.m.r.f.(special moment resisting frame) ,the cross sectional 

properties are reduced and also axial forces, moments, shear 

forces, tensile forces, storey lateral loads and base shear are 

also reduced. Hence the design of building with shear wall & 

shear core is more economical and optimistic. 
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