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ABSTRACT

Every civil engineering construction, whether it is a building, transportation infrastructure, a dam, earth
retaining structures, or a tunnel, must be built on the ground. Previous earthquakes resulted in the dramatic
collapse of high-rise reinforced concrete structures Buildings with closely spaced structures in a densely
inhabited region. Because of the increasing Because of urbanization and land constraint, the need for high-rise
constructions has increased created in earthquake-prone locations with less-than-ideal geotechnical
constraints regions. The interaction of the three systems affects the deformation of a structure during
earthquake excitation: the structure, foundation, and underlying soil and encircling the foundation. The
conventional method of seismic analysis of structures Assuming the structure is stationary at its base, ignoring
the influence of soil-structure interaction. The primary goal of this research is to create a three-dimensional
reinforced concrete moment resistant framed structure that incorporates soil-structure interaction. The study
contains a numerical model of a G+10 high-rise RC structure created with a numerical tool. Structural Analysis
Program 2000 (SAP2000) and perform response spectrum analysis in accordance with IS: Time history study of
four big earthquakes from 1893 to 2016.

I. INTRODUCTION

Ground structure interaction (SSI) refers to the interaction between soil (ground) and a structure erected on it.
It is essentially a reciprocal stress exchange, with both the kind of ground and the type of structure impacting
the movement of the ground-structure system. This is particularly true in seismically active areas. The vast
majority of civil engineers Constructions have some type of structural element that is directly connected to the
ground. Seismic During earthquakes, waves spread from the bedrock through the soil layers, causing damage.
On the surface, there are buildings. When such external factors act on these systems, neither the system nor the
Neither structural nor ground displacements are independent of one another. This is the case. This is known as
soil-structure interaction (SSI). Different soil and structural combinations can either enhance or lessen
movement and the resulting damage. Damage would be greater to a structure built on stiff ground rather than
flexible ground. Foundation is a second interaction effect connected to soil mechanical properties. Sinking is
accelerated by a seismic event. This is known as soil liquefaction Traditional structural design methods
disregard SSI effects. For light constructions on moderately flat terrain SSI is neglected in stiff soil, such as low-
rise structures and simple rigid retaining walls. However, For high-rise buildings or massive structures resting
on relatively soft ground, the SSI becomes relevant.

IL METHODOLOGY

e 3D model of the building : The first step in utilizing SAP2000 software is to generate a 3D model of the
building using the modeling capabilities in the program. The model should incorporate all of the building's
structural features, such as columns, beams, slabs, and walls as well as foundations.

e Material properties : Material qualities of structural components must be specified. This involves specifying
the qualities of the concrete, steel, and other materials that will be utilized in the building's construction.

e Loading Conditions : The next stage is to determine the loading conditions that will be applied to the
building. This involves specifying the dead loads, live loads, wind loads, earthquake loads, and any other
loads that may be applicable to the design.

e Analysis of structure : The structural analysis may be performed using the SAP2000 program after the
model has been defined and the loading conditions have been established.

o Evaluating the results : Once the structural analysis is complete, the results can be evaluated to identify any
areas of concern or potential issues that need to be addressed.

e Comparitive analysis : This enables designers to assess the performance of several design alternatives and
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choose the one that best fulfills the project's goals and objectives.

e Design Finalization : The program can produce comprehensive drawings, specifications, and other papers
for usage during the building phase.

% SOFTWARE USED
SAP2000:

SAP2000 is a stand-alone finite-element structural tool for civil structure analysis and design. It provides an
easy yet powerful user interface with several tools to help in the speedy and precise production of models, as
well as complex modeling capabilities. Analytical procedures are required to complete the most difficult
undertakings.

Because SAP2000 is an object-based system, the models are developed with components that represent the real
world. A beam with several members framing it is formed as a single object, much as in the real world, and the
software handles the internals. To ensure connectivity with the other members, meshing is essential. Analysis
and results .The design is offered for the whole object rather than for each component portion, which gives
information that is both simpler to grasp and more in keeping with the real structure.

SAP2000 modeling of a high-rise building :

The Indian standard IS 875 (Part 3) designated buildings based on height as low-rise if their height was less
than 20m. A mid-rise building has a height of 20m to 50m, whereas a high-rise structure has a height more than
or equal to 50m. From a structural standpoint, it may be referred to as a structure whose height can be
modified. By lateral loads caused by wind and seismic activity to the extent that those loads would play an
important part in the design process. A 10-story concrete moment resistant structure. In the current
investigation, a building frame of 75m height and 25m width was used. 5 horizontal spans (along the x-axis)
and 30m broad (6 longitudinal spans) (along the y-axis) supported by several kinds.
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\ Foundation
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Nonlinear soil

Incident
% SV wave

III. MODELING

MODEL DETAILS :
NUMBER OF STORIES G+10
FLOOR TO FLOOR HEIGHT 3.2
SIZE OF BEAM 300X300
SIZE OF COLOUMN 600X600
THICHNESS OF SLAB 125mm
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GEADE OF CONCRETE( fck )
COLOUMNS M20
BEAMS M25
GRADE OF REBAR( fy) Fe 500
LIVE LOAD 2KN/m
FLOOR FINISH 1.5 KN/m
SESMIC ZONE ZONE II
REDUCTION FACTOR 3
Description Legend D'ep:th
m
Clayey Silt 3 00
Silty Clay
4.50
Weathered Soft
Rock
12.00

SUB-STRUCTURE DESCRIPTION:
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v X 3-D View
H pefine Materials X
B Add Material Property x
.;.
Region India -
Material Type Concrete v
— Standard Indian ~
Grade M20 ~
— canel
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MATERIAL PROPERTIES FOR CONCRETE AND REBAR:

== -
Sasign o
£ -
- || S =3 =S -—
Design  Og
General Data
|-
® — Material Name and Display Color M2S -
= » B 4
i | Material Type Concrete
Grade M25 ) | —
Material Notes Modify/Show Notes
Weight and Mass Units
Weight per Unit Volume 24 9926 KN, m, C !
Mass per Unit Volume 2 548S
Isotropic Property Data
Modulus Of Elasticty, E 25000000
Poisson, U 2
Coefficient Of Thermal Expansion, A 1.300E-05
| Shear Modulus, G 10416667
|
Other Properties For Concrete Materials
‘ (= Cube C , fck 25000
‘ Expected Concrete Compressive Strength 25000
‘ [[) Lightweight Concrete
DEFINING LOAD PATTERNS :
o ,
Load Patterns Click To
_ Self Weight Auto Lateral
Load Pattern Name Type Mukpler Load Pattern
o FWT Dead {
Dead
- | ET— I I {
FLOOR FNSH Super Dead (0
WALLLOAD Dead 0 Y
L [TyecaLuve Lve (0
ROOF LVE Live |0
o EQX Quake ‘0 151893 2002 +
QY Quake |0 151893 2002
Show Load Pattern Notes.
o
Cancel
9
L . —

DEFINING LOAD CASES :

I -1
E\‘:'ﬂ ne Load Cases X

) Load Cases Click to:
— ) Load Case Name Load Case Type Add New Load Case..
DEAD
| MODAL Modal Add Copy of Load Case..
. | SELFWT Linear Static b
FLOOR FNISH Linear Static Modify/Show Load Case...
— WALL LOAD Linear Static
TYPICAL LVE Linear Static + Delete Load Case
- ROOF LIVE Linear Static
- EQX Linear Static
EQY Linear Stafic + Display Load Cases
Show Load Case Tree...

I "
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DEFINING MASS SOURCE:

According to the code, a seismic weight is used for seismic analysis. demands the effective seismic weight,
which includes dead load and other load; in this case, other load is LL reduction; hence, the value of reduction
factor f for LL is found.

E Mass Source

ata — (- > N
=i Mass Source Name MASS SOURCE b
Mass Source
2
] Mass Multiphers for Load Patterns
. Load Pattern Multipher
SELF WT
. ]
— FLOOR FINISH 1
WALL LOAD 1.
— TYPICAL LIVE 02s
— = | —
= § Cancel
ASSINING AREA UNIFORM (SHELL) LOADS:
AN N KA - =AY s -
B Assior - r
Genara 1

Load Pattern EQx

Coordinate System GLOBAL

Load Direction Gravity

Uniform Load
Load o eNSon™

Options

Add to Existing Loads

= Replace Existing Loads

Delete Existing Loads

Reset Form to Default Values

ok | [ clese |

Area loads - Apply shell loads in the same way by choosing the wall and proceeding to Assign > Shell loads >
Uniform or Non-Uniform loads.

ASSINING FRAME DISTRIBUTED LOADS :

Select Assign Analyze Display Design Options Tools Help

& - NSRS v d - 0 >
AR AU KGH - RGPS D
General Options
Load Pattern EQx B Add to Existing Loads

Coordinate System GLOBAL ¢ ® Replace Existing Loads

Delete Existing Loads

Load Direction Gravity
Load Type Force - Uniform Load
0 kN/m
Trapezoidal Loads
1 2 3. a4
Relative Distance 0 025 075
Loads 0 0 0 0 kN/m
®) Relative Distance from End-1 Absolute Distance from End-l
| Reset Form to Defaut Values
oK [ Close
! —1
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To access the Area Uniform Loads to Frames form, go to the Assign menu > Area Loads > Uniform to Frame
(Shell) command. Load the Pattern Name drop-down menu.

OBJECT MODEL - LINE INFORMATION :

Location Assignwents |oads Design

dentificaton

Labet 781 Design Procedure  Concrete Frame
Section Property CE00XE00

Property Moddfiers None

Materat Overwrite tione

Reteases Hone "N, m C
Partial Fixity Sprngs None

Local Axes Defaut

Insertion Point Oefaur st
End Length Offsets Heoe

Min. Number Stations 3
Staton at Erm heersect ves
Saston at Conc Loads ves

P-Deits Force Hene
TiC Limits None

o e Update Daplay
Lne Springs Nene Mooty Dsomay
Line Mass tione =
Automate Mesh ox J

Mear Opton Al Ntermedale Jowits

Tarmp Cwtaut
Dowbie chck whie Sackground Cel 1o edt fem

APPLIED WALL LOAD TO THE STRUCTURE :

A"’l"/ﬂ/"“‘” 'A\"lg;'.'g\xl '
St

v,

Foundation modelling :

Shallow or deep foundations, or a mix of the two, are the most common types of foundations. Shallow
foundation includes raft, spread, and isolated footing. Deep foundations are defined as pile foundations. Pile
foundations are a type of foundation. Friction and end bearing vertical support were used to construct this
structure. Structures supported by piles .The foundation is more resistant to uplift pressures. Deep foundations
are more rigid in comparison to shallow foundations. Because of several intrinsic characteristics such as the
mix of shallow and deep foundations, as well as strength and stiffness, is not used.
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Pile cap (451 45 1 0.5m)

e group (313)
Pike s = 05m

Sectional properties of pile foundation
DEFINING THE FOUNDATION PROPERTIES :

I pefine Foundation Properties

Foundations Click to:
Name Type

e s . Add New Foundation

Isclated

Add Copy of Foundation...

[ Modify/Show Foundation... |

Delete Foundation

OK Cancel

4

Is a thin column or long cylinder composed of concrete or steel that is used to support the structure and
transfer the load at the necessary depth. The pile size is 750mm diameter and has a capacity of 120 Tons
(1200KN). The distance between two piles is three times the pile's diameter. The number of piles is determined
by the design response of each footing. This data pile cap is built with a depth of 1.2 metre and a 150mm clear
cover.

DESIGN OF PILE FOUNDATION:

Pile foundations are a type of deep foundation that consists of a thin column or long cylinder made of materials
such as concrete or steel that supports the structure and transmits the load at the required depth via end
bearing or skin friction. Piles are pushed deep into the soil to ensure the stability of the buildings built above
them. Heavy loads can be transmitted to more stable subsurface elements such as rock or hard soil using piles.
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The piles are securely anchored in the earth and serve as structural support. Because of their entrenched

character, pile foundations are more resistant to scour and erosion.

Parametric definitions:

-~ Iekla

KEY ASPECTS OF DESIGN ARE :

Pile caps can be represented by 1 to 9 pile arrangements.

There are auto-design choices for cap depth, pile number, and reinforcement.

The following checks are carried out, with full design information provided for each:

= Pile capacity check

= Pile cap bending check

= Pile Cap shear capacity check

= Column and pile punching shear check
= Pile pair punching check

= Pile one-way shear check.
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Parameters

v General
Name Pile Group

v  Pile Cap
Footing Material M25
Total Length, Lx {m) <
Total Width, Ly (m 24
Thickness, T (m) 1.2
Overhang, Ox (m) 0.45
Overhang, Oy (m) 045
Max Mesh Size (m) 05

v Pile Group
Pile Matenal M25
Number of Piles - Nx 2
Number of Piles - Ny 2
Pile Diameter, D (m) 06

Name

Name of pile group foundation.

ADDING OF PILE :

FOUNDATION ASSEMBLY OPERATIONS :

= Fosy (i)

Pie Group (Isolated
Pie Group (Isolated)
Pie Group (Isolsted)
Pile Group (Isolated)
Pie Group (Isolated)
6 piles (lsolated)
© piles (Isolated)
© pies (isolated)
6 plles (Isolated)
6 piles (Isoiated)
6 ples (isolated)
6 plles (Isolated)

Click to:

Add New Foundation

Add Copy of Foundation...

Modify/Show Foundation...

Delete Foundation

0K Cancel
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ADDING PILE @ EVERY POINT OF THE COLOUMN :

Adding the piles to superstructure:

AlerasrxEa

o - P as)
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Defining the Function :

B Joint Plot Function

Choose Piot Funct

List of Fun
[Jointage
Joint339
Input Energy

Plot Function Name

Horiz:

Selected Plot Ful

al Scale Factor

Joint D 399
Vector Type Mode Number
O Displ O Abs Displ © include al
O el O Abs Vel
© Accel (O AbsAccel
() Reaction
=
°ow  Om
QO vy O Ry
1
O uz O Rz Cancel
" Save Named Set...
_

set Defaults

Max

Done

When the input is in the form of a defined time history of ground motion, Time History Analysis of Structures is
performed. Direct Integration Methods or the Fourier Transformation Technique are used to accomplish Time

History Analysis.

ACCELERATION

model and
analysis of soil

10
5
0

4.1
8.2

-5

Acceleration

-10 i
Time

ANALYSIS OF BUILDING

WITH 30% RSM

15

TIME

e Seriesl

e Seriesl
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ANALYSIS OF
BUILDING WITH
50% RSM

10
2
O 5
[
§ 0 e Seriesl
= ERE
|5
Q
< TIME

ANALYSIS OF BUILDING
WITH 75% RSM

e Seriesl

ACCELERATION

TIME

STANDARD CASE :

Gives a schematic illustration of the usual case for evaluating the proposed earthquake protection system. A
G+10 story building is used as an example since it is one of the most common forms of constructions in rural
regions.

It is supported by discrete footings and surrounded by a layer of soil mixed with a specific material. Rubber-soil
mixture (RSM) percentage of thickness B (where B is the breadth of the footing) and B in breadth (where B is
the footing's width). The earth is always there in every environment.

~—— = =
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Properties of RSM and Sub-soil :

Numerous laboratory studies have been carried out in order to establish the engineering properties of RSM and
subsoil. The densities of RSM 30%, 50%, 50%+R, 75% (percent rubber tyre crumbs by volume), and RSM
75%+R are determined by IISc Bangalore laboratory measurements (unpublished data). Bangalore
The city's site condition has been considered, and laboratory tests have been conducted. utilized to determine
the subsoil characteristics. The sub-characteristics are soils to obtain a from a more practical standpoint, the
subsurface is used as the c-material here, and the RSM material is used. Isotropic treatment is used.

Input parameters for foundation soil:

Soil type U(nl:;;vnel;g;lt C;)l::/sli::')c Anglf:i(c)tfilon:;mal Poisson’s ratio
(Degrees)
clay 13.92 50 19 0.4
Hard Rock 27 0 40 0.3
Time steps :

Sufficient output time steps are required for proper depiction of the periodic solution in either modal or direct-
integration time-history analysis. A time increment of one-tenth of the shortest time period of interest should
capture response correctly.

Moving-load analysis :

A step-by-step moving-load analysis can help in bridge analysis and design. Separate load patterns are created
at distinct sites along the bridge by automated step-by-step vehicle loading, increasing one load pattern while
lowering the next. At any one time, one pattern is entirely applied, or two patterns are interpolated. Otherwise,
turning one pattern on, then abruptly turning it off while turning on the next pattern provides an impulse-type
load (similar to hammer impact), which will excite higher frequencies and impair acceleration response.

Optir -

a
Function Name AL TEVE ML,
Define Function
Tirme Value
o o
CE—
S 000E-03 I 2000 I
001 Soas
0015 0.833
o 0z 2357
o.02

1]
-]-]
W
n

win
W

88

Function Graph

Cisplay Graph Co7ez7y |,

IV.  RESULTS AND READINGS
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MODEL OF REDSOIL -point 2
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30% OF RSM - POINT 3
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75% OF RSM - POINT 2

time
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Base shear:

N M < N O~ 0O

o

o~
— -

Acceleration

Base shear is the total of the planned lateral pressures at the base taken into account for the entire story above.

A building's base shear is affected by both spectral acceleration (Sa/g) and mass. The shear force created in a
structure during seismic stimulation is shown by the base shear. When SSI is used When base shear is
considered, a reduction in base shear is frequently observed in medium to stiff subsoils. In contrast, base shear
tends to grow in soft soil. The structural for response spectrum analysis, consider the response in relation to
the base shear. It is determined using seismic zone, soil material, and building code lateral force equations
(IBC/UBC notations are utilized in mathematical calculations).

Base share force (kKN)

Roof lateral displacement (mm)

80,000
60,000
40,000

20,000

I—— Frequent carthquake (0.07g)

—— Basic earthquake (0.20g)

[—— Rare earthquake (0.40g)
Very rare earthquake (0.62g

200

30
Time (s)

150

100 4

50 4

=504 We W

-100 4

1504

Frequent earthquake (0.07g)
Basic carthquake (0.20g)
— Rare carthquake (0.40g)
Very rare earthquake (0.62;

=Peak response at the same moment.
Delayed margin of peak response.

-200

5 10

IIS 20 25
Time (s)
(b)

30
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V.  CONCLUSION

Summary :

The feasibility and resilience of a novel seismic isolation technology based on rubber-soil mixtures (RSM),
initially described by Tsang, are evaluated using numerical simulations in this work . The study's goal has been
established as a 10-story skyscraper.

At the outset, novel earthquake protection strategies involving the usage of external devices were described.
Seismic isolation has been demonstrated to be particularly useful in safeguarding low- to medium-rise
structures against earthquakes. Rubber has been widely employed as a fundamental component of seismic
protection due to earthquake damage. Isolation systems. A review of previous studies on the effectiveness of
the novel approach of earthquake protection. It is obvious that the unique seismic isolation method. The
strategy might greatly reduce the level of building reaction.

The pile foundation-supported structure had less inter-storey drift than the raft foundation-supported
structure. The maximum inter-storey drift of raft foundation increased by 21.5% as a result of the 2001 Bhuj
earthquake. The building is supported by a pile foundation. Similarly, the Northridge Act of 1994

Following an earthquake, the maximum inter-storey drift measured for pile foundations is reduced
approximately 54.20% when compared to the raft-supported construction. When SSI was taken into
consideration, the inter-storey drift values exceeded the maximum allowable amount of 0.4 percent.

When compared to the raft foundation, the maximum base shear forces of the structure under the impact of the
2001 Bhuj earthquake withstood by the pile foundation rose by 71%. However, it should be noted Because the
pile foundation-supported structure's base shear rose by 60.86%, The effects of the Northridge, Chi-Chi, and
Kobe earthquakes were 18.72%, 76.2%, and 76.2%, respectively.

VI. SCOPE FOR FURTHER STUDIES
» Deep foundations:
Extensive study is limited to weak foundations for calculability and simplicity. Deep foundations are widely
employed, and their depth is rising, as construction height continues to climb. As a result, it is critical to do
study on deep roots interact dynamically.
» Non-linear analysis :
The influence of soil and buildings typically exceeds the linear elastic state, necessitating elastoplastic study.
Non-linear analysis of soil-structure is required to identify the SSI issue.
» Experimental :
Many studies have been conducted on theoretical derivation and numerical assessment. There are few papers
on the SSI experiment. As the approach of shaking table and centrifuge develops, various field and laboratory
testing must be performed.
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Because the study's goal is to make recommendations for real-world initiatives, simplicity and practical
applicability are essential. For engineers and designers, the current finite element method-based model is
difficult and time-consuming. A less complicated method is required for application
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