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ABSTRACT 

In the analysis of framed structure the base is considered to be fixed neglecting the effect of soil and foundation 

flexibility. Flexibility of the soil causes the decrease in stiffness resulting increase in the natural period of the 

structure. Such increase in the natural periods, changes the seismic response of structure hence it may be an 

important issue for design considerations. 

The process in which the response of the soil influences the motion of the structure and response of the structure 

influences the motion of the soil known as SOIL STRUCTURE INTERACTION. Soil structure interaction is very 

important to study the response of the structure resting on various type of soil at elevated ground surface. Here 

we are studying about soil structure interaction on multi-storeyed building with 6 storeys with 3 bays with 

RAFT FOUNDATION. 

We are considering the soil structure interaction and its subsequent affect on structure during earthquake. 

When a structure is subjected to earthquake excitation it interacts the foundation and soil thus changes the 

motion of the ground. The structure system is influenced by type of soil as well as by the type of structure. The 

main aim of the system is criteria for earthquake resistance design of structure. It gives spectrum analysis for 

different type of soil as hard medium and soft and also soil structure interaction with various foundation 

systems. The 3D frame is analysed by using SAP 2000 V14. The soil and the structure are considered as a single 

continuum model. It also gives the study of the response of building subjected to seismic forces with raft 

foundation. The structure was analysed by response spectrum method using software SAP 2000. Hence the soil 

structure interaction analysis of multi-storey building is the main focus of this study; the effects of SSI are 

analysed for typical multi storey building resting on raft foundation.  

The investigation on the energy transfer mechanism from soil to buildings during earthquakes is critical for the 

design of earthquake resistant structures and for upgrading existing structures. Thus the need for research into 

SOIL STRUCTURE INTERACTION (SSI) problem is greater than ever. 

Keywords: Earthquake, Foundation, Soil Structure Interaction, Seismic load . 

 

1. INTRODUCTION  

Over the past 40 years, considerable progress has been made in understanding the nature of earthquakes and 

how they damage structures, and in improving the seismic performance of the built environment. However, 
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much remains unknown regarding the prevention or mitigation of earthquake damage in worldwide, leaving 

room for further studies. During past and recent earthquakes, it is realized that the soil-structure interaction 

(SSI) effects play an important role in determining the behaviour of building structures. The experienced 

seismic excitation can be considered as function of the fault rupture mechanism, travel path effects, local site 

effects, and SSI effects. Irrespective of the structure, the local soil conditions can dramatically influence the 

earthquake motion from the bedrock level to the ground surface, through their dynamic filtering effects. One 

example is the 1985 Mexico City earthquake where deep soft soils amplified the ground motion and modified 

the frequency of ground shaking. Similar behaviour was observed during the 1989 Loma Prieta earthquake, in 

which the sections of the Cypress freeway in Oakland collapsed due to the soil-related motion amplification. 

The seismic soil structure interaction of multi-story buildings becomes very important after the destruction of 

recent major earthquakes. For the structure founded on the soil, the motion of the base of the structure will be 

different from the case of fixed base, because of the coupling of the structure-soil system. It is true that taking 

the soil into account when calculating the seismic response of the structure does complicate the analysis 

considerably. It also makes it necessary to estimate additional key parameters, which are difficult to determine, 

such as the dynamic properties of the soil such as site response, radiation damping and kinematic interaction. 

 

II. E-TABS 

ETABS stands for Extended hree dimensional Analysis of Building Systems. ETABS is commonly used to 

analyze: Skyscrapers, parking garages, steel & concrete structures, low and high rise buildings, and portal frame 

structures. ETABS was used to create the mathematical model of the Burj Khalifa, designed by Skidmore, 

Owings and Merrill LLP (SOM). The input, output and numerical solution techniques of ETABS are 

specifically designed to take advantage of the unique physical and numerical characteristics associated with 

building type structures. On ETABS we can analyse and design any shape of R.C.C buildings like rectangular. 

In this project, we mainly emphasizes on structural behaviour of multi-storey building for different plan 

configurations like T-shape and L-shape. Modelling of 10- storeys R.C.C. framed building is done on the 

ETABS Software for analysis. Post analysis of the structure, maximum shear forces, bending moments, and 

maximum storey displacement are computed and then compared for all the analyzed cases. 

 

III. STAADPRO 

Staad is powerful design software licensed by Bentley .Staad stands for structural analysis and design .Any 

object which is stable under a given loading can be considered as structure. So first find the outline of the 

structure, where as analysis is the estimation of what are the type of loads that acts on the beam and calculation 

of shear force and bending moment comes under analysis stage. Design phase is designing the type of materials 

and its dimensions to resist the load. This we do after the analysis. To calculate S.F.D and B.M.D of a complex 

loading beam it takes about an hour. So when it comes into the building with several members it will take a 

week. Staad pro is a very powerful tool which does this job in just an hour’s staad is a best alternative for high 

rise buildings. Now a days most of the high rise buildings are designed by staad which makes a compulsion for 

a civil engineer to know about this software. These software can be used to carry rcc, steel, bridge , truss etc 

according to various country codes. 
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IV. RAFT FOUNDATION 

 RAFT FOUNDATIONS are a large concrete slab which can support a number of columns and walls . 

 The slab is spread out under the entire building or at least a large part of it which lowers the contact pressure 

compared to the traditionally used strip or trench footings.  

 

V. ADVANTAGES OF RAFT FOUNDATION  

 If bearing capacity of soil is too low. 

 If walls of the structure are so close that individual footings would overlap. 

 It is used for large loads. 

 It covers more than half of the construction area . 

 It is economic due to combination of foundation and floor slab.  

 It requires little excavation. 

 It can cope with mixed or poor ground condition. 

 It reduces differential settlement. 

 

VI. STATEMENT OF PROJECT 

Salient features: 

Utility of building:                       Residential complex 

No of stories:                               G+6 

Shape of the building:                 6 APARTMENTS 

No of staircases:                           1 

No. of flats:                                  6 

No of lifts:                                    1 

Type of construction:                  R.C.C framed structure 

Types of walls:                            brick wall 

Geometric details: 

Ground floor:                               3m 

Floor to floor height:                   3m 

Height of plinth:                          0.6m 

Depth of foundation:                   500mm 

Materials: 

Concrete grade:                             M 25 

All steel grades:                            Fe500 grade 

Bearing capacity of soil:               250KN/m^2 

 

VII. SEISMIC LOAD 

 It is one of the basic concepts of earthquake engineering which means application of an earthquake generated 

agitation to a structure . 
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  It happens at contact surfaces of a structure either with the ground, or with adjacent structures , or with 

gravity waves from tsunami. 

 Seismic loading depends , primarily on : 

 Anticipated earthquakes parameters at the site known as seismic hazard 

 Geotechnical parameters of the site 

 Structure’s parameters  

 Characteristics of the anticipated gravity waves and tsunami  

 

Table 1: Clear Cover 

STRUCTURAL ELEMENT  

FOOTING 50mm 

SLAB 15mm 

COLUMN 40mm 

STAIRCASE 20mm 

BEAM 25mm 
 

 Table 2: Structural Data 

GRADE OF CONCRETE M25 

WEIGHT PER UNIT VOLUME 25KN/m
3
 

MODULUS OF ELASTICITY 25000N/mm
2
 

POISSON’S RATIO 0.2 

Fck 25000N/mm
2
 

Fy 500N/mm
2
 

COLUMN SIZE 200*450mm 

SLAB THICKNESS 135 & 125mm 

BEAM SIZE 200*450mm 

200*350mm 
 

VIII. EARTHQUAKE ZONES 
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IX. SEISMIC ACTIVE ZONES 

The design of a seismic resistant building involves the usage of seismic coefficients. For the purpose 

manipulating these coefficients the country is divided into five zones (as recommended in IS 1897 – 1984). 

 

X. ZONES 

 ZONE 1: Area without any damage. 

 ZONE 2: Area with major damages i.e., causing damages to structures with fundamentally periods greater 

than 1.0 second) earthquakes corresponding to intensities 5 to 6 of MM scale (MM – Modified Mercalli 

Intensity Scale). 

 ZONE 3: Moderate damage corresponding to intensity 7 of MM scale. 

 ZONE 4: Major damage corresponding to intensity 7 and higher of MM scale. 

 ZONE 5: Area determines by pro seismically of certain major fault systems.  

 

XI. DESIGN OF BEAM 

Beam no: 1 

fck = 25N/mm^2                          d = 415mm                    

fy = 500N/mm^2                          D = 450mm 

B = 200mm                                   EFF. COVER = 35mm    

SPAN = 6.1m    

Self weight = 0.20*0.45*25 = 2.25N/mm^2 

UDL = 11.72KN/m 

Live load = 2N/mm^2 

w = 15.97 KN/m  

RA = RB = (15.97*6.1)/2 = 48.70KN 

V = wl/2 = (15.97*6.1)/2 = 48.78KN 

M = wl^2/8 = 15.97*6.1^2/8 = 74.28KN-m 

Mu = 74.28*1.5 = 111.42KN-m 

K = M / (b*d*d) = (111.42*10^6) / (200*415*415)) = 3.23 

Mulim = 0.133*fck*b*d*d = 0.133*25*200*415*415 = 91.62KN-m 

K’ = ((91.62*10^6)/ (200*415*415)) = 2.65 > K 

K’ > K, DOUBLY REINFORCED 

 DOUBLY REINFORCED BEAM: 

Mu = 0.87*fy* Ast*d*(1-((fy*Ast) / (fck*b*d)) 

111.42*10^6 = 0.87*500*Ast*415*(1-((500*Ast) / (25*200*415)) 

Ast = 819.46 mm^2 

Taking 16mm dia bar  

No. Of bars required = (819.46/201) = 4.07 ≈ 4 

PROVIDE 2-T20+2-T16 dia bars 

τv = Vu / (b*d) = 73.06*1000 / (200*415) 
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τv = 0.88N/mm^2 

100Ast / (b*d) = (100*1030.4) / (200*415) = 1.24 

τc =0.708 N/mm^2 

τv > τc (safe) 

Vus = Vu – (τc*b*d) = (τv-τc)*b*d = (0.88-0.708)*200*415 = 14296N 

Sv = 0.87*fy*Asv*d/Vus =0.87*415*100.53*415/14296 = 1269.45mm 

Provide 2L – 8mm dia bar at 175mm c/c 

 

XII. STAADPRO IMAGES 

 

Render View 

 

Load Distribution 
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XIII. STAADPRO RESULTS AND DISCUSSION 
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XIV. E-TABS IMAGES 

 

 

XV. E-TABS RESULTS 

Frame Loads - Distributed  

Story Label 
Unique 

Name 

Design 

Type 

Load 

Pattern 
LoadType Direction 

Relative 

Distance 

Start 

Relative 

Distance 

End 

Absolute 

Distance 

Start 

mm 

Absolute 

Distance 

End 

mm 

Story6 B1 191 Beam sdl Force Gravity 0 1 0 5200 

Story6 B2 192 Beam sdl Force Gravity 0 1 0 3300 

Story6 B3 193 Beam sdl Force Gravity 0 1 0 1800 

Story6 B4 194 Beam sdl Force Gravity 0 1 0 4410 

Story6 B7 195 Beam sdl Force Gravity 0 1 0 5200 

Story6 B11 196 Beam sdl Force Gravity 0 1 0 6020 

Story6 B8 197 Beam sdl Force Gravity 0 1 0 3300 

Story6 B10 199 Beam sdl Force Gravity 0 1 0 3300 

Story6 B12 200 Beam sdl Force Gravity 0 1 0 3300 

Story6 B13 201 Beam sdl Force Gravity 0 1 0 1800 

Story6 B14 202 Beam sdl Force Gravity 0 1 0 3300 

Story6 B15 203 Beam sdl Force Gravity 0 1 0 4410 

Story6 B16 204 Beam sdl Force Gravity 0 1 0 3300 

Story6 B17 205 Beam sdl Force Gravity 0 1 0 1800 

Story6 B18 206 Beam sdl Force Gravity 0 1 0 3300 

Story6 B19 207 Beam sdl Force Gravity 0 1 0 4410 

Story6 B20 208 Beam sdl Force Gravity 0 1 0 1800 

Story6 B21 209 Beam sdl Force Gravity 0 1 0 3300 

Story6 B22 210 Beam sdl Force Gravity 0 1 0 4220 

Story6 B23 211 Beam sdl Force Gravity 0 1 0 4410 

Story6 B24 212 Beam sdl Force Gravity 0 1 0 4220 

Story6 B25 213 Beam sdl Force Gravity 0 1 0 5100 

Story6 B27 215 Beam sdl Force Gravity 0 1 0 6600 
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Story Label 
Unique 

Name 

Design 

Type 

Load 

Pattern 
LoadType Direction 

Relative 

Distance 

Start 

Relative 

Distance 

End 

Absolute 

Distance 

Start 

mm 

Absolute 

Distance 

End 

mm 

Story5 B1 234 Beam sdl Force Gravity 0 1 0 5200 

Story5 B2 235 Beam sdl Force Gravity 0 1 0 3300 

Story5 B3 236 Beam sdl Force Gravity 0 1 0 1800 

Story5 B4 237 Beam sdl Force Gravity 0 1 0 4410 

Story5 B7 238 Beam sdl Force Gravity 0 1 0 5200 

Story5 B11 239 Beam sdl Force Gravity 0 1 0 6020 

Story5 B8 240 Beam sdl Force Gravity 0 1 0 3300 

 

XVI. CONCLUSION 

1. Manual calculation is done by according to Indian standard code then compare with the software. 

2. Designing using Software’s like Staad reduces lot of time in design work. 

3. Details of each and every member can be obtained using staad pro. 

4. All the List of failed beams can be obtained and also Better Section is given by the software. 

5. Accuracy is improved by using software. 

6. The response spectrum analysis is done in e-tabs to check the seismic reactions.  
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