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Abstract— The interaction of a civil engineering structure and the soil below it, is known as
Soil-Structure Interaction (SSI). It majorly affects the structure behavior during analysis and
design. In the general practice of design methods, we often assume that the foundation is rigid
or fixed, which makes the analysis simplified by ignoring the variability of different soil
conditions. This can lead to inaccurate analysis of structural performance. So, as per the study,
considering SSI in structural analysis is necessary for making a safer, more accurate, and cost-
effective structural design. This project provides a comparison of design of structures that
account for SSI for different soil types using STAAD.Pro as the main platform for analysis and
design tools. As the previous studies are majorly based on complex mathematical models or
advanced simulation tools such as Abaqus, which are not used in the regular work, this work
focuses on making SSI modeling accessible to practicing engineers through STAAD.Pro. The
study shows the necessity of integrating SSI into routine design workflows and encourages its
broader adoption in commonly used software, promoting a more sustainable and resilient
approach to structural engineering.

Keyword— Soil Structure interaction (SSI), Civil Engineering, STAAD Pro, Abaqus, Structural
analysis and design, SSI adoption on a routine basis.

1. INTRODUCTION

In the field of civil engineering, the design and analysis of structures are basically performed with the
assumption of a fixed or rigid base[4], [S]. However, this consideration overlooks the interaction between the
structure and the supporting soil. SSI has a great effect on the structure behavior under different loads, especially
in earthquake-prone regions or for zones of poor soil conditions[2], [3], [4], [5] & [6]. Neglecting SSI results in
an incorrect prediction of structural behavior, which may give up safety and result in higher construction
costs[2], [3], [4], [5] & [6]. This project tries to fill that gap by studying the various structural configuration by
modelling different soil conditions in STAAD.Pro. This research includes creating multiple models of the very
same structure, each with a different base stiffness that represents various soil types, such as clay, medium dense
sand, and hard rock. These models will be analyzed under identical loading conditions to check the outcome of
soil stiffness on the key structural components. The primary target of this study is to give a comparative design
which takes the SSI role in structural performance and illustrates that changes in soil property can considerably
affect the design results[4], [5].
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Using STAAD. Pro for the analysis and design, the research encourages a practical and user-friendly approach
for SSI modeling, hence these models need to be incorporated into routine engineering practice. This study
works for the development of performance-based design strategies that are incorporating real conditions. It offers
engineers a base for incorporating soil variability into design decisions, leading to safer, more resilient, and
economically optimized infrastructure.

II. LITERATURE REVIEW
A. As per Ravi Kant, Wesam Al Agha, Waleed Alozzo Almorad, M.S. Thakur, Nambiappan Umamaheswari[l]

Using ABAQUS finite element software, this study examines how SSI affects the seismic performance of high-
rise reinforced concrete (RC) buildings. Buildings with 20, 25, and 30 stories are modelled with raft foundations
and dual frame-shear wall systems for the project work. The study compares the outcomes of fixed-base models
and models incorporating SSI with soft and hard soil conditions. The seismic input is based on the El-Centro
earthquake time-history record. Lateral displacement, base shear, story drift, and natural time period are
important factors which were examined in this study. The findings demonstrate that SSI is important, particularly
in soft soil. Increases in displacement, drift, and base shear along with a longer time period are inevitable as you
add more stories. On hard soil, though—particularly with a large raft foundation—the building behaves almost
identically to a fixed-base model. The bottom line is that, when it comes to high-rises on soft ground, we do have
to include SSI effects in order to come up with a truly accurate design. Another thing that is emphasized by the
study is the importance of optimizing sizes and configuration.

B. As per Amar R Chougule, S S Dyavanal[2]

The research paper was based on the aspect of how SSI affects the seismic performance of multiple-story
buildings with regards to foundation types. This indicates a major concern that numerous low-rise buildings on
shallow foundations ignore SSI during design, and this can lead to unsafe structures during earthquakes. They
modelled a G+6 story building in ETABS software, testing both bare frames and ones with brick infills, with
applied seismic loads across rigid or fixed base, stiff medium, and soft soils using Winkler springs to simulate
soil flexibility. Soft soil spikes up the building's time period and decreases the base shear. The lateral
displacements and story drifts increase significantly for softer ground. Pushover analysis indicated plastic hinges
tend to develop in the first story primarily, especially when lying on soft soils, and the building falls into the
category of life safety to collapse prevention range. The study concludes at the end that SSI has a significant
effect on seismic behaviour and needs to be considered in design when it comes to important buildings in order
to enhance safety and durability.

C. As per Dhritiman Mondal [3]

This study is based on the dynamic effects of SSI in the seismic response of a ten-story structure. It calls out the
basic problem: traditional design methods assume a fixed, rigid base as a conventional condition, which might
often be on the cautionary side and under- or over-estimate the actual condition, more so in places with soft
clayey soils. Employing finite element tools such as ANSYS, STAAD.Pro, ETABS, and SAP2000, modeling
with various soil conditions like medium, soft, and hard soil conditions, & performed modal and response
spectrum analysis, they further compared key metrics like storey displacements, column bending moments, and
natural periods. All these points out the findings of the research that SSI shapes dynamic response dramatically.
Softer soil extends the natural periods, increases base shear, and lateral displacements. Lastly, the study ends
with the conclusion that SSI should always be integrated in design to make an accurate analysis and safeguard
structures-particularly high rises and important structures.

D. As per Kamala Kumari G, Dr. S. R. K. Reddy [4]

In this study, the authors extensively analyzed the effects of SSI on the behaviour of the twelve-story building
situated at Amaravati, Andhra Pradesh, Seismic Zone III. It is not only an ordinary structure but has two “soft
stories” allocated for parking with ten stories of residential and commercial structure above it. The authors cite
that the usual design practice to consider the building to be rigidly “fixed” to the ground, though an ideal
simplification, in reality result it may be in gross errors, particularly when the soil is quite soft and flexible. In
this research to detail the errors caused due to this simplification, they analysed the structure considering the
building to be modelled on the “mass spring dashpot system” with five different types of soil, from soft clay to
hard rock. By applying standard formulas (Whitman & Richart) to arrive at the pile, mat, and isolated footing
springs, they increased the number of DOF from the usual twelve to fourteen to consider the soil behaviour. It is
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seen that the seismic force and displacement showed large values considering soft soils, but stiffer soils or harder
foundations such as pile foundations and mats worked wonders to keep the structure intact or firm. The main
message is quite crystal clear— we should never neglect how the soil supporting the structure behaves, since it
might be hazardous to the structure’s existence. The authors finally conclude that the consideration of SSI is
greatly important while designing earthquake-resistant high-rise structures, particularly when the structures rest
on soft ground.

E. As per Prof. Dilip J. Chaudhari, Nikhil N. Chopade [5]

In this paper, the role of SSI during the seismic response of the six-story RC structure in the seismic zone V is
analyzed. The authors have presented the comparison of four structural conditions, which include the traditional
fixed base structure (without soil consideration) and the flexible base structure on hard, medium, and soft soils.
Via the SAP2000 tool, the authors have done nonlinear dynamic analyses using seven earthquake records. In
doing this, the authors aim was to check how the building behaves in terms of inter-story drift & shear, and its
time period.

The findings highlight that soil flexibility is a major importance. As the soil gets softer, the building’s time
period increases, and inter-story drifts increase—especially in the lower floors. Interestingly, however, the actual
shear forces on the stories dropped. When designing for "Life Safety" performance, the study found that softer
soils led to lower reinforcement requirements in beams and columns, because of reduced seismic force demands.
The conclusion of this paper was incorporating SSI is critical for accurate design especially on medium to soft
soils to ensure we aren't over-designing or misjudging a building's safety.

F. As per Jitendra Shrivastava, Prof. Gaurav Shrivastava [6]

This study focuses on a comparison of a G+5 reinforced concrete building with 7 without consideration of SSI
by using advance tool i.e. ABAQUS to run the structural simulations. The researchers aim was to analyse
whether the soil below the structure matters in the structural behaviour. To find out this, they compared a
standard "fixed-base" model against a model that takes Soil-Structure Interaction (SSI) in consideration, by
taking a raft foundation on medium clay soil.

Following the response spectrum method from IS 1893:2016, they incorporated real-world soil properties—Ilike
density, Poisson’s ratio, and elasticity—into the analysis. The results show that the soil conditions play a huge
role in how the building reacts. The study concludes that ignoring these the SSI, majorly on soft clay, leads to
underestimating the seismic impact which could result in unsafe designs. So, they suggested, for a more accurate
earthquake-resistant structure, you have to account for the soil instead of just assuming the foundation as rigid.

III. GENERAL CRITERIA OF BUILDING

» The number of storeys is considered as G+15 Storey.
» Height of each storey is considered as 3m.
» Building considered to be located in Mumbai, India.

IV. STRUCTURAL ANALYSIS
A. Design Parameter Consideration:

Scope
This research covers the literature review & analysis of Residential Building Using Staadpro with & without
considering SSI.

Codes and Standard

IS 456-2000[7].

IS 875 (Part 1) [8].

IS 875 (Part 2) [9].

IS 875 (Part 3) [10]

IS 1893- Part 1:2016 [11].

Units of measurement

All units used in the analysis and design are SI system unless otherwise specified.

Soil Data [11]: The Table shows the value of Modulus of Subgrade (Ks) used for analysis for accommodating
the soil conditions in KN/m3 tabulated in table I.
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TABLE L. SOIL DATA

Soil Type Modulus of Subgrade (Ks) in KN/m3
Medium Dense Sand 35000
Clayey Soil 25000

Material

Grade of Material - Reinforced Concrete

Concrete grade — M25

Grade of Steel- Fe500

Unit weight of material [8]

R.C.C. - 25 KN/m"3

P.C.C. - 24 KN/m"3

Elastic Modulus [7]

Modulus of elasticity for M25 Grade concrete S000xSQRT (Fck) = 25000000 KN/m"2
Modulus of elasticity for Steel (Fy) = 200000000 KN/m"2

Clear Cover: The values of clear cover values considered in analysis are tabulated in table IT

TABLE II. CLEAR COVER

Component Clear Cover in mm
Column 40
Wall 30
Beam 25
Slab 25

B. Load Consideration

Dead load — Wall Load

Exterior 200 mm thk. brick wall 3m Ht.
0.2*%20*3 = 12.0 KN/m

Exterior 150 mm thk. brick wall 3m Ht.
0.15*%20*3 = 9.0 KN/m

Exterior 200 mm thk. brick wall 1.2m Ht.
0.2*20*1.2 =4.8 KN/m

Exterior 150 mm thk. brick wall 1.2m Ht.
0.15*20*1.2 =3.6 KN/m Floor Load

Slab load of 150mm Thk
0.15*25 +1=4.75 KN/m"2
Live load

Live load on slab in Flat area = 2 KN/m"2
Live load on slab in Common area = 3 KN/m”2
Live load on Roof slab = 1.5 KN/m"2

C. Load Cases Consideration[7],[11]:

UNFACTOR LOAD COMB
101 DL+ LL

102 DL+ EQX+

103 DL+ EQX-

104 DL+ EQZ+

105 DL+ EQZ-

106 DL+ WLX+

107 DL+ WLX-

108 DL+ WLZ+

109 DL+ WLZ-

110 DL+ LL+ WLX+
111 DL+ LL+ WLX-
112 DL+ LL+ WLZ+
113 DL+ LL+ WLZ-
114 DL+ LL+ EQX+
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115 DL+ LL+ EQX-

116 DL+ LL+ EQZ+

117 DL+ LL+ EQZ-
FACTOR LOAD COMB
201 1.5(DL+LL)

202 1.5(DL+ EQX+)
203 1.5(DL+ EQX-)

204 1.5(DL+ EQZ+)

205 1.5(DL+ EQZ-)

206 1.5(DL+ WLX+)
207 1.5(DL+ WLX-)
208 1.5(DL+ WLZ+)
209 1.5(DL+ WLZ-)

210 1.2(DLALL+WLX+)
211 1.2(DL+LL+WLX-)
212 1.2(DL+LL+WLZ+)
213 1.2(DLALL+WLZ-)
214 1.2(DL+LL+EQX+)
215 1.2(DL+LL+EQX-)
216 1.2(DLALL+EQZ+)
217 1.2(DL+LL+EQZ-)
218 0.9DL + EQX+

219 0.9DL + EQX-

220 0.9DL + EQZ+

221 0.9DL + EQZ-

D. Residential Building Staad Model: Following are the images of the model in modelled in Staad.pro for
analysis in figure 1, 2 & 3.

Figure 1. Fixed Condition Figure 2. Medium Dense Sand Figure 3. Clayey Soil

E. Residential Building Nodel Displacement: Max Nodel Displacement of residential building in different soil
are shown in following images in figure 4, 5 & 6.
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Figure 4. Fixed Condition Figure 5. Medium Dense Sand
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Horizontal | Vertical | Horizontal | Resuitant Rotational
X Y z iz
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Figure 6. Clayey Soil

F. Residential Building Beam & Column Results: The
and column are shown below in figure 7,8 & 9.

max reaction & bending moment occurring in the beam
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Figure 7. Fixed Condition Figure 8. Medium Dense Sand
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VI. CONCLUSION

Figure 9. Clayey Soil

In this study, we found the gap in previous research that the previous SSI based research work were based on
advanced tools like ABAQUS etc., which are not in practice for major work because of their complexity. Since
STAAD Pro is used in the industry so SSI based research work based on STAAD Pro needs to be worked out.
This study shows the critical necessity of SSI in determining structural analysis and design under both seismic
and wind loads with comparison of with & without SSI consideration using STAAD Pro as analysis tool.
Comparative analysis across diverse soil conditions reveals that SSI significantly affects key response
parameters, including lateral displacements and the stresses induced in beams and columns. These findings
strongly advocate for the SSI considerations into routine analysis & design workflows, ensuring the development
of structural solutions that are not only safer and more resilient but also economically optimized and

performance driven.
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