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Abstract: In General the framed structures are analyzed by
considering that their bases are totally rigid (or) hinged. However,
depending on relative rigidities of soil foundation and super
structure the foundation undergoes deformation. In structural
design the designers ignore the settlement response of the framed
structure. The distribution of load on column and moment in
framed structure transmitted to the foundation in the substructure
has a crucial role in structural stiffness. Hence the analysis of the
single bay single storied building frame resting on soil (CLAYEY
SOIL) is taken for present study. The numerical analysis is carried
out using ANSYS R16.0 by assuming that the base of the frame is
resting on Soil (CLAYEY SOIL). The constant column height of
3M, while beam length varies of 6M,12M, &18M and their
respective aspect ratio’s of 2,4&6. And for each aspect ratio the
modulus of sub-grade reaction for clayey soil varies from 0.01 to
0.050N/mm3. The conventional analysis which assumes that the
frame is resting on rigid support is carried out using ANSYS
R16.0 by assuming the fixed base for the columns in the building
frame when modulus of sub grade reaction varies from 0.01 to
0.050 N/mm 3. The following conclusions have been drawn from
the study, The percentage difference of shear force and bending
moment in the beam, The axial load, shear force and, bending
moment values in the column, and The bending moment values
(Mx)&(Mz) in the shell and footing settlements in the shell for
various aspect ratios
of the frame obtained from both
conventional and finite element analysis are not having
considerable difference. Comparing numerical analysis which
considers soil interaction with the conventional method, the
conventional analysis is shown higher values SF and B.M in the
beam, footing and columns. In conventional analysis it is
assumed that the footings are resting on a rigid medium so footing
settlements are zero. While observing the footing settlements in
reality they undergo with some settlement therefore these
settlement values are observed for numerical analysis which are
used for the design to satisfy codal requirements.
Index Terms: Ansys, Building frame clayey soils, subgrade
modulus, soil structure interaction.
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I. INTRODUCTION
Soil undergoes deformation depending upon the super
structure and behaviour of the soil. Soil structure interaction
is gaining more importance now days. To analyze the soil
settlements, structural deformations soil structure interaction
is more helpful. Structural stiffness have huge role to
distribute superstructure loads to foundation of the structure.
For framed structures increasing the stiffness reduces the
differential settlements. Soil structure interaction is very
useful to design heavy structures like hydraulic, nuclear and
earth quake resistance structures. In conventional method of
analysis assumes that structure resting on a rigid medium
which will not deform at all.
[1] The theory of sub grade modulus is explained by J.E
Bowles. Sub grade modulus is the relationship between
pressure of the soil and deflection which is used in sub
structure members. It is used for continuous, mats and various
types of footings. The range of sub grade modulus varies with
different soil. Modulus of sub- grade reaction also called as
sub grade modulus.
Table I: Sub grade modulus for different soils (J.E Bowles
Foundation analysis and design 5th edition)
SOILS
ks, KN/m3
Loose sand
4800-16000
Medium dense sand
9600-8000
Dense sand
64000-128000
Clayey medium dense
32000-24000
sand
Silty medium dense sand
24000- 48000
Clayey soil
12000-48000( varies based on qa)

To estimate value of ks, the sub grade modulus above
approximations is explained .The present study the effect of
soil interaction observed in clayey soils. [2] Prakash
M.Yesane (2019) Introduced the research method of soil
interaction. This study gives the complexity and excessive
simplification of the structure and also for soil. To summarize
this attempt was made; various researchers tabulated the
behavior of soil structure interaction. The live problems and
future research are also examined in this field. [3] The
external loads are resisted by the complete structural system
which is framed by types of foundation and building frame.
Major loss of human life and economy is caused by
displacement of the structure which is due to the failure of the
foundation in earthquake zones. The design criteria and
stability of structure have a great impact based on foundation
soil,
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footings and footing types. An attempt was made Jigyasu
Chourasia (2018),to find the foundation effect and
displacement of the four storied structure without and with
square footing, which is a one bay frame rests on different soil
conditions under dynamic loading by using Ansys
Workbench R16.0, which is FEM software. During the
earthquake we know that foundation fails which influences
the interaction effect between foundation and soil, the
interaction effect and behavior of foundation play key role in
analysis of a structure. From that FEM analysis while
observing the results it indicates the adding of footing in
under reamed single friction pile which shows the effect on
structural dynamic response when compared with piles
without footing. [4] Ravi Kumar Reddy and T. D.
Gunneswara Rao (2017).Presented the results of a building
frame with geo textile plinth beam supported by piles under
static vertical load test embedded in cohesion less soil. The
above results are compared with the conventional analysis
and non linear finite element analysis. By observing the
results shows that conventional analysis have 50% S.F and
B.M and at the top of the column about 17% and base of the
column about 50-98% grater values given by nonlinear finite
element analysis of the frame. [5] K. Chandra shekharaa
(1998), explained in this paper by using FEM stiffness
matrices are obtained for footings. By using analytical
solution of the stiffness matrix obtained for reinforced soil for
next reinforced zone idealized as (i) an equivalent orthotropic
infinite strip (composite approach) and (ii) a multilayered
system (discrete approach). In the analysis, the interface
between the reinforced half plane and strip footing has been
assumed as (i) frictionless and (ii) fully bonded. In soil for
different footing depths and arrangement of the
reinforcement, the pressure distribution and settlement
reductions are given. [6], The study by Khare and Chore
(2016, 3D 4 nodded shell element slabs are for all the stories
including ground level, 3D 2 nodded beam elements for super
structural beams and columns, for piles 3D 6 nodded beam
elements are provided. For analysis of the frame finite
element software ETABS was used. In this case study it is
observed that the effect of one pile when it is fixed and the
interaction of the soil structure effect on the super structural
response, this response is considered top displacements of the
frame and column moments. [7] Janardhan Shanmugam
(2015). Soil structural interaction of a four storied 2 bay
frame which is resting on a pile which is embedded in
cohesive soil, theory of finite element is used for simple
idealization. 3D 2 nodded beam elements for super structural
beams and columns, for piles 3D 6 nodded beam elements are
provided. ANSYS software is used for the purpose of analysis
in this case study the response of the super structure with
different pile diameters are evaluated. Interaction of soil and
structures which involves the geotechnical and structural
engineering which is an integrity field. It is assumed that for
analysis columns are resting on rigid support for conventional
and non interactional analysis this is repeated for foundation
settlements and design without considering structural
stiffness. To simplify the mathematical model the interaction
effect is ignored while neglecting the interaction effect in the
design considerations then the structure is not safe and
effected to more cost. Soil structure interaction from time to
time various researchers are evaluated possible solutions.
And the study on the possible alternative solutions was made
by Vivek Gargh & M.S.Hora. The detailed review of
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literature confirms that there is a need for the study of building
frame resting on the soil media with different aspect ratios.
II. METHODOLOGY
A. Conventional Analysis: A single bay single storied
building frame is modeled and analyzed using the software
ANSYS R.16.0. The conventional method of analyzing
assumes the base of the column to be resting on a rigid
medium which will not deform at all. Hence the columns in
the building frame is provided with the fixed bases in the
model generated using ANSYS. sub grade reaction varies
from 0.01 to 0.50 N/mm3.

Fig. 1. Applying force moment

B. Numerical Analysis: The effect of soil interaction on the
design parameters in a single bay single storied building
frame with constant column height 3M and the beam length
values 6M, 12M & 18M and their respective aspect ratios 2, 4
& 6 have been analyzed. For each aspect ratio the modulus of
sub-grade reaction for clayey soil is varied from 0.01 to 0.05
N/mm3.
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Fig. 2. Boundary conditions
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soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

III. RESULTS

Fig. 3. Shear force in beam

From Fig. 3 By observing shear force in the beam from
conventional method and numerical method of analysis is
varying linearly. As the aspect ratio increases from 2 to 6 the
shear force values also increased.

Fig. 6. Bending moment in the beam of aspect ratio 6

From Fig.6 By observing bending moment in the beam is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 50.14%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 4. Bending moment in the beam of aspect ratio 2

From Fig.4 By observing bending moment in the beam is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 47.6%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 7. Shear force in the coloumn of aspect ratio 2

From Fig.7 By observing shear force in the column is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 51.47%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 5. Bending moment in the beam of aspect ratio 4

From Fig.5 By observing bending moment in the beam is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 50.09%. This indicates that, as the
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numerical method axial load value is 126160N for ASPECT
RATIO 2, the axial load value is252320N for ASPECT
RATIO 4 and the axial load value is 378490N for ASPECT
RATIO 6.

Fig. 8. Shear force in the coloumn of aspect ratio 4

From Fig.8 By observing shear force in the column is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 51.48%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 11. Bending moment in the column of aspect ratio 2

From Fig.11 By observing bending moment in the column
is varying nonlinearly with respect to sub grade modulus. As
the sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 47.6%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 9. Shear force in the coloumn of aspect ratio 6

From Fig.9 By observing shear force in the column is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 51.56%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 12. Bending moment in the column of aspect ratio 4

From Fig.12 By observing bending moment in the column
is varying nonlinearly with respect to sub grade modulus. As
the sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 50.09%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

Fig. 10. Axial load in column

From Fig. 10 By observing axial load in the beam from
conventional method and numerical method of analysis is
varying linearly and equal. Where EFS value increases in
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Fig. 16. Settlement in shell of aspect ratio 6
Fig. 13. Bending moment in the column of aspect ratio 6

From Fig.13 By observing bending moment in the column
is varying nonlinearly with respect to sub grade modulus. As
the sub grade modulus increased from 0.01 - 0.05 N/mm3 the
difference in bending moment between conventional and
numerical is decreased by 50.14%. This indicates that, as the
soil is getting rigid the bending moment from numerical
analysis is approaching the conventional value. Hence if the
soil is rigid enough the effect of soil interaction can be
reduced.

From Figs. 14, 15&16 By observing settlement in the shell is
varying nonlinearly with respect to sub grade modulus. As the
sub grade modulus increased from 0.01-0.05 N/mm3 the
difference in settlement is decreased by 83.45% from aspect
ratio increased 2-6.

Fig. 17. Bending moment (mx) in shell of aspect ratio 2

Fig. 14. Settlement in shell of aspect ratio 2

Fig. 18. Bending moment (mx) in shell of aspect ratio 4

Fig. 15. Settlement in shell of aspect ratio 4

Fig. 19. Bending moment (mx) in shell of aspect ratio 6

From Fig.17, 18 & 19 By observing bending moment (Mx) is
in the shell is varying nonlinearly with respect to sub grade
modulus.
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As the sub grade modulus increased from 0.01 - 0.05 N/mm3
the difference of bending moment is increased by 88.53%
from aspect ratio 2-6.

Fig. 20. Bending moment (mz) in shell of aspect ratio 2

from conventional and numerical analysis is decreased by
62.4%.
 Shear force in column: As the aspect ratio increased from
2 to 6 the difference in shear force in column from
conventional and numerical analysis is decreased by
12.95%.
 Axial load in column: As the aspect ratio increased from 2
to 6 the difference in axial load in column from
conventional and numerical analysis is increased 66.67%.
 Settlement in footing: As the aspect ratio increased from 2
to 6 the difference in settlement in shell from numerical
analysis is decreased by 83.44%.
 Bending moment in footing: As the aspect ratio increased
from 2 to 6 the difference in bending moment in footing
from numerical analysis is increased 88.53%.
Hence Soil interaction is observed to be effective in
influencing the design parameters considerably.
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