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ABSTRACT 

In the present study to find the effect of support settlement modulus of sub grade reaction(ks) is considered 

in modelling of two buildings of heights G+8 and G+12 RCC structures having material properties M30 grade for 

concrete and Fe415 for reinforcing steel and structures dimensions are length = 8x6 = 48m, width = 5x6 = 30m and 

heights of G+8 is 29m and G+12 is 41m from the foundation or footing top, three different support conditions are 

considered having modulus of sub grade reaction value ks =20,000kN/m3, ks =40,000kN/m3 and fixed base and 

foundation depth is considered as 2m below the ground level structures are modeled using STAAD.Pro in seismic 

zones II, III, IV, V as per IS 1893-2002 and the wind velocity is being considered as 50m/s as per IS: 875-3 for the 

two structures. It is observed that higher the modulus of sub grade reaction value (ks) lesser will be seismic effect on 

structures.  

The lateral displacement and storey drift are found to be in limits for G+8 and G+12 structures with ks 

=20,000kN/m3, ks =40,000kN/m3 and fixed base. Maximum support settlement is observed in ks =20,000kN/m3 

and minimum for fixed base. Maximum support settlement are decreased by 49.20% in ks =40,000kN/m3 when 

compared with ks =20,000kN/m3. The maximum bending moments are nearly equal for the supports with modulus 

of sub grade reaction ks =20,000kN/m3 and ks =40,000kN/m3. Maximum bending moment is increased by 10.24% 

when compared with fixed base. Maximum shear force id increased by 10.13% when compared with fixed base. In 

all seismic zones for G+8 and G+12 structures maximum storey drift is observed at plinth , G and G+1 storey’s for 

ks =20,000kN/m3 & ks =40,000kN/m3 and at G+1 and G+2 storey’s in fixed base. It is observed that in higher 

seismic intensity zones the structures should be constructed on hard soil/ rock.  

 

1. INTRODUCTION 

1.1 Soil Structure Interaction 

Definition of soil structure interaction: The 

process in which the response of the soil influences 

the motion of the structure and motion structure 

influences the response of the soil is termed as soil 

structure interaction. Probably the most widely used 

value in a soil report is soil bearing capacity. The 

obvious reason is that basic examples given in most 

text books almost always use bearing capacity to 

calculate the plan dimension of a footing. Because of 

simplicity and ease of use, this method is still the 

fundamental soil parameter for foundation design. 

However, that simplicity assumes the footing will 

behave as a rigid body. That particular assumption 

works well in practice for small and single column  

 

footings. But for large and multi column 

foundations, most engineers prefer flexible analysis. 

 
Fig 1.1: Behavior of Soil and Structures 
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Structural dynamics deals with methods to 

determine the stresses and displacements of a 

structure subjected to dynamic loads. The dimensions 

of the structure are finite. It is thus rather 

straightforward to determine a dynamic model with a 

finite number of degrees of freedom. The 

corresponding dynamic equations of motion of the 

discretized structure are then formulated, and highly 

developed methods for solving them are readily 

available. In general, however, the structure will 

interact with the surrounding soil. It is thus not 

permissible to analyze only the structure. It must also 

be considered that in many important cases (e.g., 

earthquake excitation) the loading is applied to the 

soil region around the structure; this means that the 

former has to be modeled anyway. The soil is a semi-

infinite medium, an unbounded domain. For dynamic 

loading, this procedure cannot be used. The fictitious 

boundary would reflect waves originating from the 

vibrating structure back into the discretized soil 

region instead of letting them pass through and 

propagate toward infinity. This need to model the 

unbounded foundation medium properly 

distinguishes soil dynamics from structural dynamics. 

SOIL Structure Interaction is one of the 

most flourishing areas of research in Structural 

Engineering at present. It can be defined as the 

coupling between a structure and its supporting 

medium (bedrock or soil bed) during an earthquake. 

Aided by the revolution in computer technology, 

tackling such problems has become possible lately. 

Works done in the recent decade have shown the 

importance of structure-soil-structure interaction on 

dynamic response of key structures such as silos, 

storage tanks, offshore structures. SSI calls for 

improvement in codal provisions for seismic design 

and communications between geotechnical and 

structural engineers. Variation in dynamic response 

between fixed base and SSI model can be mainly 

attributed to  

(i) Foundation stiffness and damping  

(ii) Foundation deformations and  

(iii) Change in foundation input motion from 

free-field motion on account of kinematic and inertial 

interactions. 

1.2 Modulus Of Sub Grade Reaction (Ks): 

Mathematically, the coefficient of sub grade reaction 

(ks) is expressed as:  

Ks = p/s ; 

Where p = contact pressure intensity and 

 s = soil settlement or displacement 

1.3 Calculation of Modulus of Sub Grade Reaction 

As Per IS 9214-1979 

K-value - If the assumption that the reaction of 

the subgrade is proportional to the deflection is 

entirely correct, the curve should be straight line and 

the slope of this line should give the modulus of 

subgrade reaction measured in MPa/cm ( 

kgf/cm2/cm). The results, however, usually give a 

curve which is convex upwards and which has no 

straight. 

portion even initially, value is, therefore, taken as 

the slope of the line passing through the origin and 

the point on the curve corresponding to 1.25 mm 

settlement.  

K = 10p/0.125 ( kgf/cm2/cm)  

Where; p = load intensity corresponding to 

settlement of plate of 1·25 mm 

2. REVIEW OF LITERATURE 

Bhojegowda and Mr.K.G.Subrahmanya(2015)3 

provided guidelines for determining the NPs of frame 

buildings due to the effect of soil flexibility and 

identification of spring stiffness for different regular 

and irregular story buildings and various influential 

parameters have identified and the effect of the same 

on change in NPs has to be studied. The study has 

carried out for 11 building with Isolated, Mat and 

Pile foundations for different soil conditions like soft, 

medium and hard strata, and a comparison between 

the regular and irregular buildings and nature of 

change in the NPs were presented.  

Sushma Pulikanti and Pradeep Kumar 

Ramancharla (2014)10 In this paper an attempt has 

been made to understand the Soil Structure 

Interaction behaviour of pile supported framed 

buildings under transient loading by taking the 

interface effects between the pile and soil. For this 

purpose a three dimensional Finite Element Method 

is used for modelling the soil-pile structure 

interaction using SAP 2000. A single bay five storey 

framed structure with a pile group foundation is 

modeled. First the significance of soil foundation 

structure interaction over fixed base analysis is 

studied, it has been observed that the presence of soil 

and foundation make a considerable change in 

response with a shift of NP of the system. Next, a 
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parametric study has been done to understand the 

significance of interface behaviour on soil foundation 

structure interaction. From the results it has been 

observed that under transient loading the acceleration 

response of top floor is reduced by two times, when 

contact between pile and soil has been modeled  

Vaishali M. and Tormal (2014)9 The 

earthquake wave-soil structure interaction analysis of 

tall buildings is the main focus of this research. Three 

different parametric studies are carried out for 

buildings subjected to external harmonic loadings 

and earthquake loadings. The effect of soil structure 

interaction (SSI) on the performance of building is 

studied. The results obtained for building considering 

SSI are compared with building without SSI. 

Cohesive type of soil has been considered. Three 

dimensional FEA is carried out using Abacus 

software.  

Dr.S.A.Halkunde, M.G.Kalyan Shetti and 

S.H.Kalyani, (2014)6 studied the effect of soil 

flexibility on the performance of building frame is 

investigated. Two SSI modes are considered for the 

analysis; one is replacing soil by spring of equivalent 

stiffness (Discrete Support) and second by 

considering the whole soil mass (Elastic Continuum). 

Symmetric space frames resting on IF of 

configurations 2 bays 2 storey (2x2x2), 2 bay 5 

storey (2x2x5) and 2 bay 8 storey (2x2x8) are 

10considered with fixed base and flexible base. The 

spring model is developed by using stiffness 

equation along all 6 DOF and elastic continuum 

model is developed by Finite Element Method using 

SAP-2000. For SSI study three types of soil are 

considered i.e. Hard, Medium Hard and Soft Soil. The 

dynamic analysis is carried out using Response 

Spectrum, given in IS1893-2002. The influence of soil 

structure interaction on various Structural 

parameters i.e. natural time period, base shear, roof 

displacement, beam moment and column moment 

are presented. The study reveals that the SSI 

significantly affects on the response of the structure. 

Finite Element Method has proved to be the 

effective method for consideration of elastic 

continuum below foundation.  

Chinmayi H.K and Jayalekshmi B.R. 

(2013)4 focused on SSI analysis of a symmetric 

16story RC frame shear wall building over raft 

foundation subjected to seismic loading. The 

transient analysis of structure-soil-foundation system 

is carried out using LS-DYNA software. Earthquake 

motion in time domain corresponding to zone III of 

IS 1893:2002 design spectrum is used to excite the 

finite element model of soil-structure system. For 

integrating the SSI effect, four types of soils based on 

shear wave velocity are considered. Responses in 

terms of variation in NP, base shear and deflection 

obtained from the analysis of the SSI model are 

compared with that obtained from conventional 

method assuming rigidity at the base of the structure. 

The results showed that the SSI effects are significant 

in altering the seismic response.  

Amar R Chougule and S S 

Dyavanal(2013)1 studied the effect of soil structure 

interaction on multi Storeyed buildings with various 

foundation systems. Also studied the response of 

multi Storeyed buildings subjected to seismic forces 

with rigid and flexible foundations subjected to 

seismic forces were analysed under different soil 

conditions like hard, medium and soft. A 

conventional G+6 Storeyed building when rests on 

different soils is chosen for the study. The influence 

of soil structure interaction was compared with the 

structure to be fixed at the base.  

Jenifer Priyanka, N.Anand and S.Justin, 

(2012)5 studied the effect of lateral force on tall 

buildings with different type of irregularities. An 

attempt made in this study to understand the 

behaviour of tall buildings subjected to lateral forces 

for different soil conditions. Ten Storeyed building 

with various spacing of columns such as 2.5m, 4m 

and 5m of buildings with different irregularities like 

Vertically irregular, Mass irregular and Stiffness 

irregular, were analyzed using the software STAAD 

Pro. The top storey lateral deflection due to seismic 

load of these buildings was compared with regular 

building configuration for different soil conditions. It 

was found that building with soft soil gives more 

deflection as compared to medium and hard soil for 

all types of building. Building with stiffness 

irregularity gives more deflection as compared to 

other type of buildings with different irregularity.  

Bahador Bagheri, Ehsan Salimi 

Firoozabad and Mohammadreza Yahyae (2012)2 

As the world move to the accomplishment of 
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Performance Based Engineering philosophies in 

seismic design of Civil Engineering structures, new 

seismic design provisions require Structural 

Engineers to perform both static and dynamic 

analysis for the design of structures. While Linear 

Equivalent Static Analysis is performed for regular 

buildings up to 90m height in zone I and II, Dynamic 

Analysis should be performed for regular and 

irregular buildings in zone IV and V. Dynamic 

Analysis can take the form of a dynamic Time 

History Analysis or a linear Response Spectrum 

analysis. In present study, Multi-storey irregular 

buildings with 20 stories have been modeled using 

software packages ETABS and SAP 2000v.15 for 

seismic zone V in India. This paper also deals with 

the effect of the variation of the building height on 

the structural response of the shear wall building. 

Dynamic responses of building under actual 

earthquakes, EL-CENTRO 1949 and CHICHI 

Taiwan 1999 have been investigated. This paper 

highlights the accuracy and exactness of Time 

History analysis in comparison with the most 

commonly adopted Response Spectrum Analysis and 

Equivalent Static Analysis.  

Tavakoli.H.R, Naeej.M and Salari.A, 

(2011) studied to investigate the effect of near fault 

and far fault earthquake motions on the response of 

reinforced concrete structures considering soil 

structure interaction. In detail, a series of linear time-

history analysis was carried out for three example 

buildings. The effects of soil-structure interaction 

were evaluated for a 3-story building, a7-story 

building and a 15-story building. The ordinary 

moment resisting frame system was considered for all 

example buildings as lateral force-resisting system. 

For all buildings time history analysis were 

performed under 3 example earthquake motions: 

Tabas, Kobe and Loma Prieta. The buildings were 

supported on soft and stiff soils with 100m/s and 

900m/s shear wave velocity respectively. For each 

building and earthquake record, analysis were carried 

out for both conditions, building supported on soft 

and stiff soil separately, and compared with fixed 

base results. For all analysis both near-field and far-

field earthquake were considered. The main 

evaluated parameters were period of structure, base 

shear, global displacement and story drifts. 

3. MODELING & METHODOLOGY: 

3.1 Modeling Of Structures: 

In the present study to find the effect of support 

settlement modulus of sub grade reaction(ks) is 

considered in modeling of two buildings of heights 

G+8 and G+12 RCC structures having material 

properties M30 grade for concrete and Fe415 for 

reinforcing steel and structures dimensions are length 

= 8x6 = 48m, width = 5x6 = 30m and heights of G+8 

is 29m and G+12 is 41m from the foundation or 

footing top, three different support conditions are 

considered having modulus of sub grade reaction 

value ks =20,000kN/m3, ks =40,000kN/m3 and fixed 

base the plans and elevations of the structures are 

shown in the figures below. 

 
Fig -3.1:Floor Plan of G+8 and G+12 Structures 

TABLE 3.1: DESIGN DATA USED IN ANALYSIS 

AND DESIGN 

 
TABLE 3.2: MODULUS OF SUB GRADE 

REACTION VALUES USED IN DIFFERENT 

ZONES 
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3.2 Design Calculation: 

Design Calculations of a Reinforced Beam  

Width of the beam = b = 230mm = 0.23m  

Overall depth of the beam = D = 500mm = 0.50m  

Clear cover = 25 mm;  

assuming diameter of bar = 20 mm  

Effective cover of the beam = d’ =clear cover + 20/2 

= 25+10 = 35mm  

Effective depth of the beam = d = D-d’ = 500-35 = 

465 mm = 0.465m  

Characteristic compressive strength of concrete = fck 

= 30N/mm2  

Characteristic tensile strength of steel = fy = 

415N/mm2  

Beam number: 1394; from load case: 

48:1.5DL+1.5WL-Z  

Ultimate moment = Mu = 243.19 kNm  

Design shear = Vu = 164.51 KN  

Design of main reinforcement:  

For Fe415 steel; limiting value of Xu = Xu, lim = 

0.48d = 0.48x465 = 223.2 mm  

Mu, lim = 0.36 𝑥𝑢,𝑖𝑚𝑑(1-0.42 𝑥𝑢,𝑙𝑖𝑚𝑑 ) bd2fck  

= 0.36x0.48 (1-0.42x0.48) x30x230x4652  

= 205.83kNm  

Mu > Mu, lim; hence designing the beam as doubly 

reinforced beam 

4. RESULTS AND DISCUSSION 

4.1 Variation Of Displacement Along Length And 

Width 

 

 

Fig 4.1: Displacement Of Structure Along Length 

Direction With Fixed Base 

 

 

Fig 4.2: Displacement Of Structure Along Length 

Direction With Ks = 20,000kn/M3 
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Fig 4.3: Displacement Of Structure Along Length 

Direction With Ks = 40,000kn/M3 

4.2: variation of shear force, bending moment in 

typical floor beams 

 

Fig 4.4:Variation Of Bending Moment In Floor 

Beams 

 

 

Fig 4.5:Variation Of Shear Forces In Floor Beams 

 

Fig-4.6:Staad Pro Beam Design 

 

Fig-4.7:Staad Pro Column Design 

4.3: Variation Of Displacements At Different Floor 

Levels 

Table 4.1: Displacement of G+ 8 Structure for Wind 

Loading 

Height (m) 
Displacement (mm) 

Ks=20x103 Ks=40x103 Fixed 

29 26.90 26.75 23.02 

26 26.58 26.44 22.73 

23 25.70 25.57 21.86 

20 24.26 24.15 20.44 

17 22.28 22.18 18.48 

14 19.76 19.68 15.98 

11 16.73 16.66 12.95 

8 13.19 13.14 9.42 

5 9.14 9.11 5.43 

2 4.35 4.34 1.32 

0 0.00 0.00 0.00 

 

Fig-4.8: Displacement Of G+ 8 Structure For Wind 

Loading 
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Table 4.2: Displacement of G+ 12 Structure for Wind 

Loading 

Height (m) 
Displacement (mm) 

Ks=20x103 Ks=40x103 Fixed 

41 54.90 54.47 48.71 

38 54.46 54.06 48.33 

35 53.46 53.08 47.38 

32 51.88 51.53 45.86 

29 49.75 49.43 43.78 

26 47.07 46.78 41.15 

23 43.84 43.58 37.97 

20 40.08 39.85 34.26 

17 35.79 35.59 30.01 

14 30.97 30.81 25.24 

11 25.66 25.53 19.96 

8 19.85 19.75 14.20 

5 13.54 13.48 8.01 

2 6.83 6.35 1.91 

0 0.00 0.00 0.00 

 

 

Fig-4.9: Displacement of G+ 12 Structures for Wind 

Loading 

 

Fig-4.10: Vertical Support Settlements of G+8 For 

Different Support Conditions And Zones 

 

Fig-4.11: Maximum Bending Moments Of G+8 For 

Different Support Conditions And Zones 

 

Fig-4.12: Maximum Shear Force of G+8 For 

Different Support Conditions And Zones 

 

Fig-4.13: Maximum Storey Drift of G+ 8 Structures 

with Ks =20000kn/m3 In Zone-2 
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Fig-4.14: Maximum Storey Drift of G+ 8 Structures 

with Ks =40000kn/m3 In Zone-2 

 

Fig-4.15: Maximum Storey Drift Of G+ 8 Structures 

with Fixed Base in Zone-2 

 

Fig-4.16: Maximum Storey Drift of G+ 12 Structures 

with Ks =20000kn/m3 In Zone-2 

 

Fig-4.17: Maximum Storey Drift of G+ 12 Structures 

with Ks =40000kn/m3 In Zone-2 

 

Fig-4.18: Maximum Storey Drift Of G+ 12 Structures 

with Fixed Base in Zone-2 

CONCLUSION 

The following are the conclusions drawn 

from the present study of G+8 and G+12 RCC 

structures having material properties M30, Fe415, 

structures length = 8x6 = 48m, width = 5x6 = 30m 

and heights 29m and 41m, with support conditions 

having modulus of sub grade reaction value ks 

=20,000kN/m3, ks =40,000kN/m3 and fixed base and 

foundation depth is considered as 2m below the 

ground level are modeled in STAAD.Pro in seismic 

zones II, III, IV, V. 

• The lateral displacement and storey drift are 

found to be in limits for G+8 and G+12 structures 

with ks =20,000kN/m3, ks =40,000kN/m3 and 

fixed base. 

• Maximum displacements of G+8 for ks 

=20,000kN/m3 is 26.90mm, ks =40,000kN/m3 is 

26.75mm and 23.02mm for fixed base. 

• Maximum displacements of G+12 for ks 

=20,000kN/m3 is 54.90mm, ks = 40,000kN/m3 is 

54.47mm and 48.71mm for fixed base. 

• Maximum support settlement is observed in ks 

=20,000kN/m3 and minimum for fixed base. 

• Maximum support settlement are decreased by 

49.20% in ks =40,000kN/m3 when compared with 

ks =20,000kN/m3 

• Support settlements are found to be increasing 

with increase in seismic zone. 

• Maximum bending moment and shear forces are 

found to be increasing with increase in seismic 

zone. 
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• The maximum bending moments are nearly equal 

for the supports with modulus of sub grade 

reaction ks =20,000kN/m3 and ks =40,000kN/m3 

• Maximum bending moment is increased by 

10.24% when compared with fixed base. 

• Maximum shear force id increased by 10.13% 

when compared with fixed base. 

• In all seismic zones for G+8 and G+12 structures 

maximum storey drift is observed at plinth , G 

and G+1 storey’s for ks =20,000kN/m3 & ks 

=40,000kN/m3 and at G+1 and G+2 storey’s in 

fixed base. 

• From the above results it can be concluded that 

the support settlements should be lesser in higher 

seismic zones. 
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