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Abstract:

Designing of RCC frames should be considered for not only gravitational and lateral effects but also for coupled effects of soil on
foundation which is referred as Soil-Structure Interaction. Deformation caused by internal strcture resisit the various stress is
considered while designing the structure. Mode shapes conider as the performance of structure. This if interaction effects were
considered in determining the mode shapes, the final total deformation can be used to determine efficient total deformation. In this
research, mode shapes and response spectrum were studied for RCC frame with isolated footings considering interaction between
footing and soil and neglecting the effects of soil interaction.
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I.INTRODUCTION

As India lies on The Indian Plate which is even though a minor tectonic plate which is been straddling the
eastern hemisphere, this also causes an major effect to the structures at the time of seismic wave targets
which causes cyclic stresses between foundation and soil mass [1]. This is accountable for considering the
various footing, foundation size studies in analysing the structure. The consequences and deformations and
oscillations caused in ground shows a high impact on the super structure response. This is the basic point in
which engineers should consider in designing the structure considering soil mass stress effects on the
structure [2]. In this paper an attempt was made to find the total deformation of structure under modal
analysis. A Bay frame spanning in three dimensional axis was considered with isolated footings. Modal
analysis was conducted considering and neglecting the soil structure interaction effects [3].

Il.LITERATURE REVIEW

P Ravi Prakash et al. (2017) has derived force-deformation relations from Euler-Bernoulli beam theory on a
frame with non-linear thermo-mechanical analysis subjected to fire [4, 5]. The results were expressed in
terms of temperature-dependant stability and bowing functions.Structural members were discretized with
2D mesh for thermal analysis and for structural analysis line elements were use dbase don structural
stiffness.This analysis has resulted in efficient predicting the response of RCC frames [6].

Umer Farooq et al. (2015) has done research using ANSYS on RCC Frame using Fine Element Analysis and
the results were compared with experimental test data for RC beams [7, 8]. From the study it was concluded
that FEA gives efficient results in analysing the frames. Algorithms developed with FEA were observed to be
in line with experimental data.

Dr. G Ravi et al. (2015) has analysed an RCC frame with ten storeys for response of the frame. Flexibility

effect and Non-linearity of the soil is accounted through Winkler’s approach in multilinear isotropic model
(MISO). Soil Structure interaction analysis has resulted in stress, displacement, base shear, storey drift,
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period and frequency of the structure which are very closer to the original structure. Those provided an
analytic part neglecting soil mass effect [9].

Prof.P.A.Sangaveet al. (2015) has done SSI analysis for a 13 storey RC Space frame shear wall frame resting
on soft soil under the effect of seismic loading. Transient analysis was done for the total system using
seismic coefficient method. Response for the structure with SSI effect was determined from the analysis and
as compare to the conventional results [10, 11].

| Bhuvana Rekha, N Lingeshwaran, Sunny Agarwaland Sateesh Madavarapu (2021) has studied the effect
of soil structure interaction for an RCC frame with plinth beam supported on pile group embedded in
cohesionless soil. Conventional design and nonlinear finite element analysis was done for the frame and was
compared with conventional analysis results. Factors such as shears, moments, drifts and rotations were
drawn for comparision study [12]. From the results and comparision statement it was concluded that
decrease in rigidity of plinth beam reduces the shear force and bending moment of frame. Also it was
concluded that soil structure interaction should be considered in designing of frames [13].

Ravikumar C Reddy and Gunneswara T D Rao(2012) has studied about the effect of soil interaction on drift
and rotation of column footing junction and moments and shears of the frame. An RCC frame with plinth
beam supported on pile footings were considered for this test and vertical loads were assigned in static
condition [14, 15]. Conventional analysis and Finite element analysis was done and compared the results
were compared. For Finite element analysis, nonlinear vertical springs were assigned along the pile depth
and at the tip of pile. 1-z curves and p-y curves were drawn for the pile group. From the results it was
concluded that bending moments and shear forces were reduced in finite element analysis compared to
conventional analysis.

lH.METHODOLOGY
Mathematical Modelling

Soil below the structure is assumes as homogenous, isotropic and elastic medium. Elastic modulus,
poisons ratio and density of soil were considered ass inputs of soil medium. The structure was assumed to
be RCC frame with Elastic Modulus, Poissons Ratio, Density of concrete and ultimate compressive strength
of concrete as inputs. Size of soil was considered and 30m X 30m in plan with 7 m depth [16].Contact region
was developed by manually selecting the line bodies of frame and solid body of soil. Meshing was done to
the whole stricture considering the mesh element size to be 0.1 m. Loads were considered as gravity and
modal inputs considering modal analysis for all the fixed supports at base. Supports at midlevel i.e., beam
column joints were not considered for modal analysis to avoid discrepencies in mode shape generation.
Relative displacement was considered as response input for the seismic analysis. The following are the input
data for analytical work.

Table:1 Input Data for Frame and Soil Mass

Structure Description Input Data
Floors G+4
Bays: X-direction 3
° Bays: Y-direction 4
% Slab to Slab distance 3.6m
é Bay width X=4 m; Y=4
x m
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Slab Thickness 0.15m
Elastic Modulus E. 25 GPa
Poissons Ratio of 0.15

concrete .
Soil Mass Elastic Modulus Es; 0.027 GPA
Poissons Ratio of soil pL 0.3

Fig.1 Plan and elevation of the considered frame.

— — T —_— -

Fig.2 Total Deformation for Static analysis and Modal Analysis

IV. RESULTS AND DISCUSSIONS

The following is the analytical results for RCC Frame with isolated footings considered and rigid base and
resting on elastic clayey soil mass. Frame Characteristics such as Axial Force, Static Total Deformation, Total
Shear Force, Total Bending Moment, Modal Total Deformation were determined for the frame and
compared with rigid base condition.

The following are analytical results showing the comparison of various parameters between both the
conditions.

Table:2 Comparison of Results for RCC Frame with Rigid Base and Frame with SSI Effects.

Description Frame with Rigid Frame Resting on Soil
Base Mass

Axial Force 2.812 kN 631.7 kN

Total Shear Force 21.156 kN 21.075 kN

Total Bending 22.744 kN 22.57 kN

Moment

Static Total 1.893 e m 5.228e%% m

Deformation

Direct Stress 19476 Pa 4.641 e%° Pa

Min Combined Stress 7494 Pa 4.324 %% Pa

Max. Combined 1.585 e Pa 4.641 e%° Pa

Stress

4609



Nat. Volatiles & Essent. Oils, 2021; 8(5): 4607 - 4611

From the above results, a very large difference in Direct stresses, Combined Stress were observed. It can be
understood that soil mass on which frame is rested shows an upward pressure which in turn results in
development of stresses between foundation and soil medium. Where as a very low variation is observed in
Shear force and Bending Moment Criteria. This might be due to that SF and BM’s were developed in the
frame itself.
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From the above data it was observed that for mode-8, for frequency 7.0297 total deformation for rigid base
frame was 1.607 mm and for frame resting on soil mass was 1.606 mm.

For Mode-9, for frequency 8.1043 total deformation for rigid base frame was 2.539 mm and for frame
resting on soil mass was 0.865 mm.

For Mode-10, for frequency 10.104 total deformation for rigid base frame was 1.597 mm and for frame
resting on soil mass was 0.863 mm.

From Mode-1 to Mode-7, the total deformaitons for both the frames were same as observed.
VII.CONCLUSION

From the studies done on RCC frame with Isolated Footings considering and neglecting Soil-Structure
Interaction effects as two cases and comparisions drawn from the results, The following conclusions were
made.

1. Soil Structure interaction definitely shows an impact on response characteristics of RCC frame when
compared to the conventional analysis.

2. Normal stresses were observed to be less in SSI effects when compared to conventional analysis might
be due to the development of coupling moments at the soil-foundation junction.

3. The total deformation due to SSI effects were large compared to conventional analysis.
Axial force in the frame due to SSI effect is very large compared to conventional analysis due to the
upward pressure developed from soil mass developing cyclic stresses between soil-foundation-
structure.
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