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Abstract— The shape of a building plays a vital role in the
behavior of the building in a lateral loading condition. As the
building moves its center of gravity also moves depending
upon the displacements. Irregular buildings may have its
center of gravity away from its centroid which may have
negative consequences in lateral loads. Thus the behaviour of
a multi-story building of regular and irregular configuration
under earth quake is complex and it varies of wind loads are
assumed to act simultaneously with earth quake loads. In this
paper a residential of G+13multi story building is studied for
earth quake and wind load using ETABS. Assuming that
material property is linear static and dynamic analysis are
performed. These analysis are carried out by considering
different seismic zones and for each zone the behavior is
analysed. The seismic zones considered are taken from V.
Different response like story drift, displacements base shear
are plotted for different zones. Winds are assumed to be on
medium scale. Cyclonic winds are not considered for this
paper.

Keywords: Regular and irregular configuration, static &
dynamic analysis

. INTRODUCTION

To carry out properly in an earthquake, a building should very
personal four essential attributes, especially easy and normal
configuration, and adequate lateral power, stiffness and
ductility. Buildings having easy ordinary geometry and
uniformly allotted mass and stiffness in plan further to in
elevation, go through a incredible deal a incredible deal much
less damage than homes with weird configurations. A
constructing can be taken into consideration as uncommon
for the talents of this massive, Amid a seismic tremor,
unhappiness of form begins at features of shortcoming. This
shortcoming emerges because of irregularity in mass,
stiffness and geometry of shape. The systems having this
intermittence are named as Irregular systems. Sporadic
systems make contributions a big section of town foundation.
Vertical inconsistencies are one of the actual reasons of
disappointments of structures amid tremors. For example,
systems with sensitive story were the maximum great
structures which caved in. Along the ones strains, the impact
of vertically anomalies inside the seismic execution of
systems seems to be genuinely crucial. Stature insightful
adjustments in stiffness and mass render the dynamic
tendencies of those systems not pretty just like the
commonplace constructing.

1) 1S 1893 definition of Vertically Irregular systems?

The irregularity within the constructing structures can be due
to incredible distributions of their mass, energy and stiffness
alongside the height of constructing. When such houses are
constructed in excessive seismic zones, the evaluation and
design turns into greater complex. There are forms of
irregularities

Plan Irregularities Vertical Irregularities.
2) Vertical Irregularities are particularly of five types-
a) Stiffness Irregularity
Soft Storey-A mild storey is one in which the lateral stiffness
is less than 70 percentage of the storey above or a good deal
hundreds a bargain less than 80 percent of the not unusual
lateral stiffness of the 3 storeys above.
b) Stiffness Irregularity
Extreme Soft Storey-An excessive moderate storey is one in
which the lateral stiffness is a extremely good deal an awful
lot less than 60 percent of that inside the storey above or tons
less than 70 percentage of the commonplace stiffness of the 3
storeys above.
C) Mass Irregularity
Mass irregularity might be considered to exist in which the
seismic weight of any storey is greater than hundred
percentage of that of its adjoining storeys. In case of roofs
irregularity want now not be taken into consideration.
d) Vertical Geometric Irregularity
A formis taken into  consideration to be Vertical geometric
excellent at the same time as the horizontal duration of the
lateral strain resisting tool in any storey is morethan 100 fifty
percentage of that during its adjacent storey.
e) In-Plane  Discontinuity in Vertical
Resisting Lateral Force
An in-plane offset of the lateral pressure resisting factors
greater than the period of those elements.
f) Discontinuity in Capacity
Weak Storey-A inclined storey is one wherein the storey
lateral energy is a whole lot a good buy a great deal less than
eighty percentage of that in the storey above.
3) Torsion Irregularity
To be considered at the identical time as ground diaphragms
are rigid in their personal plan almost about the vertical
structural elements that resist the lateral forces. Torsional
irregularity to be considered to exist at the equal time as the
maximum storey go along with the go with the flow,
computed with format eccentricity, at one stop of the
structures transverse to an axis is greater than
Plan configurations of a shape and its lateral
pressure resisting system encompass re-entrant corners, in
which each projections of the shape past the re-entrant corner
are extra than 15 percent of its plan period inside the given
direction
4) Diaphragm Discontinuity
Diaphragms with abrupt discontinuities or versions in
stiffness, which encompass those having reduce-out or open
regions greater than 50 percentage of the gross enclosed
diaphragm area, or adjustments in effective diaphragm
stiffness of more than 50 percentage from one storey to the
following
5) Out-of-Plane Offsets
Discontinuities in a lateral strain resistance route, together
with out-of-aircraft offsets of vertical factors

Elements
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6) Non-parallel Systems

7) The vertical factors resisting the lateral strain aren't
parallel to or symmetric approximately the primary
orthogonal axes or the lateral stress resisting elements

B. The Procedures for the Earthquake Analysis of the
Structures:

Seismic assessment is a number one device in earthquake
engineering this is used to apprehend the reaction of homes
due to seismic excitations in a much less tough manner. In the
beyond the houses were designed high-quality for gravity
hundreds and seismic assessment is a modern-day
development. It is a part of structural assessment and a part
of structural layout in which earthquake is regular .Linear
Static Procedure Linear dynamic Procedure Response
Spectrum approach Time data technique. Nonlinear Static
Procedure (Pushover assessment) Nonlinear dynamic manner
As everyday with 1S-1893:2002, Methods Adopted are
Equivalent Static Lateral Force (or) Seismic Coefficient and
Method Response Spectrum Method

Time records method

C. Equivalent Static Analysis:

The equal static assessment method is basically a bendy plan
technique. It is, regardless of the reality that, clean to apply
than the multi-display reaction technique, with the overall
disentangling suspicions being seemingly more predictable
with distinct presumptions outright some area else inside the
define technique.

The identical static evaluation device includes of the

accompanying strides:

1) Estimate the number one mode reaction time of the
strolling from the outline response spectra.

2) Use the appropriate outline reaction spectra to
installation that the parallel base shear of the entire
building is dependable with the quantity of placed up-
bendy (flexibility) response expected.

3) Distribute the lowest shear a number of the special
lumped mass ranges typically in slight of an altered
triangular shear distribution of 90% of the lowest shear
usually, with 10% of the bottom shear being pressured at
the pinnacle diploma to keep in mind higher mode
impacts.

D. Response Spectrum Analysis:

This technique lets in the severa strategies of reaction of a
taking walks to be considered. This is needed in hundreds of
introduction felony tips for all apart from pretty smooth or
fantastically complicated systems. The number one reaction
can be characterized as a combination of severa modes. PC
assessment may be implemented to determine those modes
for a form. For every mode, a response is obtained from the
plan spectrum, comparing to the modular recurrence and the
modular mass, and in a while they are joined to gauge the
aggregate response of the form. In this the greatness of
powers each which way is computed and  after that results
for the building is watched. Taking after are the forms of
mixture strategies: absolute - pinnacle features are protected
square base of the whole thing of the squares (SRSS) entire
quadratic combination (CQC) - a manner that could be a
change on SRSS for firmly divided modes

E. Time History Analysis:

Time information assessment strategies include the stepwise

solution within the time location of the multidegree-of-

freedom equations of movement which represent the real

response of a building. It is the maximum cutting-edge-day

evaluation technique available to a structural engineer. Its

answer is a right away characteristic of the earthquake floor

motion decided on as an enter parameter for a specific

building. This evaluation approach is typically constrained to

checking the suitability of assumptions made at a few

diploma within the layout of crucial structures in preference

to a way of assigning lateral forces themselves.

The steps concerned in time information assessment are as

follows:

—  Calculation of Modal matrix

— calculation of effective stress vector

— Obtaining of Displacement reaction in normal coordinate

— Obtaining of Displacement response in bodily coordinate

— Calculation of powerful earthquake reaction forces at
every storey.

— Calculation of maximum reaction

Il. LITERATURE REVIEW

Rajeeva and Tesfamariam (2012) Fragility based truly
seismic powerlessness of systems with concept of sensitive -
story (SS) and nature of development (CQ) come to be
exhibited on three, five, and 9 story RC constructing outlines
planned earlier than Nineteen Seventies. Probabilistic seismic
request monitor (PSDM) for the ones gravity stack stated
structures turn out to be produced, utilising non-proper now
limited element assessment, thinking about the connections
among SS and CQ. The response ground technique is
implemented to build up a prescient state of affairs for PSDM
parameters as an detail of SS and CQ. Aftereffect of the
evaluation demonstrates the affectability of the version
parameter to the collaboration of SS and CQ.

Sarkar et al. (2010) proposed each other approach
for evaluating irregularity in vertically sporadic building
outlines, representing dynamic tendencies (mass and
stiffness). The wonderful conclusions were as consistent with
the subsequent:

1) A diploma of vertical irregularity, appropriate for
ventured systems, referred to as _regularity record', is
proposed, representing the changes in mass and stiffness
along the tallness of the building.

2) An right recipe is proposed to compute the number one
time of ventured going for walks, as a detail of normality
record.

A. ETABS

ETABS is a complicated, however easy to use, unique reason
assessment and layout software software software software
program superior mainly for building systems. ETABS
Version 8 abilities an intuitive and powerful graphical
interface coupled with unmatched modeling, analytical, and
layout techniques, all integrated using a commonplace
database. Although short and easy for smooth systems,
ETABS can also manipulate the maximum important and
most complicated building fashions, which consist of a
massive variety of nonlinear behaviors, making it the tool of
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choice for structural engineers within the building enterprise

organisation.

1) History and Advantages of ETABS

Dating lower lower back extra than 30 years to the actual

improvement of TABS, the predecessor of ETABS, it

modified into in truth recognized that houses constituted a

completely unique splendor of systems. Early releases of

ETABS furnished enter, output and numerical solution

strategies that took into hobby the inclinations unique to

constructing kind systems, providing a tool that supplied
large economic monetary savings in time and advanced
accuracy over elegant reason programs.

As computer structures and pc interfaces developed,
ETABS introduced computationally complicated analytical
options which encompass dynamic nonlinear behavior, and
powerful CAD- like drawing tool in a graphical and object-
based interface. Although ETABS Version 8 appears
substantially one-of-a-type from its predecessors of 30 years
within the beyond, its task stays the identical: to provide the
career with the maximum inexperienced and whole software
program application for the assessment and format of houses.
To that prevent, the modern-day launch follows the identical
philosophical approach recommend via the particular
applications, mainly:

Most houses are of sincere geometry with horizontal
beams and vertical columns. Although any building
configuration is possible with ETABS, in most times, a easy
grid -device defined via horizontal flooring and vertical
column traces can installation building geometry with
minimal strive.

— Many of the floor stages in houses are comparable. This
commonality can be used numerically to lessen
computational try.

— The enter and output conventions used correspond to
commonplace building terminology. With ETABS, the
models are defined logically ground-with the beneficial
aid of way of-ground, column- with the beneficial
resource of way of the usage of-column, bay-with the
useful useful resource of- bay and wall-with the useful
resource of-wall and not as a circulate of non-descript
nodes and elements as in massive reason applications.
Thus the structural definition is straightforward, concise
and large.

2) What ETABS Can Do

ETABS offers the widest assortment of assessment and

layout equipment to be had for the structural engineer

strolling on building structures. The following list represents

simply part of the sorts of systems and analyses that ETABS

can deal with without trouble:

—  Multi-tale business, authorities and fitness care facilities

— Parking garages with spherical and linear ramps

—  Staggered truss houses

— Buildings with metallic, concrete, composite or joist
floor framing

— Buildings based totally mostly on multiple square and/or
cylindrical grid systems

— Flat and waffle slab concrete homes

Buildings subjected to any tremendous style of vertical

and lateral load times and combos, which includes

automated wind and seismic loads

— Multiple reaction spectrum load instances, with built-in
input curves

— Automated switch of vertical masses on flooring to
beams and partitions

—  P-Delta evaluation with static or dynamic evaluation

—  Explicit panel-region deformations

—  Construction collection loading evaluation

— Multiple linear and nonlinear time statistics load
instances in any route

— Foundation/help settlement

— Large displacement analyses

— Nonlinear static pushover

— Buildings with base isolators and dampers

— Floor modeling with inflexible or semi-inflexible
diaphragms

Automated vertical live load
hundreds, loads greater!

3) Modeling Features

The ETABS building is idealized as an assemblage of
vicinity, line and element gadgets. Those devices are used to
symbolize wall, floor, column, beam, brace and link/spring
bodily people. The clean body geometry is defined nearly
about a clean 3-dimensional grid tool. With pretty easy
modeling strategies, very complicated framing conditions can
be taken into consideration.

The homes may be unsymmetrical and non-square
in plan. Torsional behavior of the floors and interstory
compatibility of the floors are correctly pondered inside the
results. The answer enforces entire three dimensional
displacement compatibility, making it viable to seize tubular
effects associated with the behavior of tall structures having
tremendously closely spaced columns.

4) Analysis Features

Static analyses for customer awesome vertical and lateral
floors or story hundreds are possible. If floor elements with
plate bending functionality are modeled, vertical uniform
hundreds on the ground are transferred to the beams and
columns thru bending of the ground elements. Otherwise,
vertical uniform masses on the floor are routinely
transformed to span hundreds on adjoining beams, or aspect
masses on adjacent columns, thereby automating the tedious
challenge of transferring floor tributary hundreds to the
ground beams without explicit modeling of the secondary
framing.

The software program can robotically generate
lateral wind and seismic load patterns to meet the
requirements of severa constructing codes. Three
dimensional mode shapes and frequencies, modal
participation elements, path elements and taking part mass
probabilities are evaluated using eigenvector or ritz-vector
assessment. P-Delta consequences can be blanketed with
static or dynamic analysis.

5) Overview of the Modeling Process

A model advanced using this software program is not like
fashions produced in hundreds of diverse structural
evaluation packages for 2 maximum critical motives:

reductions And
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This software program utility software program
program is optimized for modeling constructing systems.
Thus, the modeling techniques and layout skills are all tailor-
made to homes.

This software application’s model is object-based

totally absolutely sincerely. It includes issue, line and place
gadgets. You make assignments to the ones gadgets to define
structural humans on the components of beams, columns,
braces, flooring, walls, ramps and springs. You moreover
make assignments to the ones identical gadgets to define
loads.
6) Physical Modeling Terminology
In ETABS, we often check with Objects, Members, and
Elements. Objects constitute the physical structural people
inside the model. Elements, on the other hand, speak to the
finite factors used internally thru this device to generate the
stiffness matrices. In commonly, devices and physical
members must have a one-to-one correspondence, and it is
the ones objects that the consumer —attractsl in the ETABS
interface. Objects are pre supposed to be an accurate instance
of the physical participants. Users normally don't want to
problem themselves with the meshing of those devices into
the elements required for the mathematical or evaluation
version. For example, an unmarried line item can version an
entire beam, regardless of how masses of unique members
frame-into it, and irrespective of the loading. With ETABS,
version advent and the reporting of results is finished on the
object diploma.

In ETABS terminology, a story degree represents a
horizontal plane reduced through a building at a focused
elevation, and all of the devices underneath this plane right
all of the way proper right down to the subsequent tale degree.
Because ETABS inherently is familiar with the geometry of
building systems, a customer can specify that an object being
drawn in plan be replicated in any respect testimonies, or the
least bit comparable recollections as identified thru the
purchaser. This desire works not fantastic for repetitive
ground framing, however moreover for columns and walls.
Story labeling, the peak of each story diploma, in addition to
the capacity to mark a story as comparable, are all under the
manipulation of the customer.

7) Units

ETABS works with 4 number one gadgets: strain, duration,

temperature, and time. The software program offers many

first-rate nicely best gadgets of strain, duration and
temperature gadgets to choose out from, together with

—Kip, in, FI or —N, mm, C.I Time is continuously

measured in seconds. A vital difference is made amongst

mass and weight.

Angular degree constantly uses the following gadgets:
Geometry, collectively with axis orientation, is
constantly measured in ranges.

— Rotational displacements are generally measured in
radians.

— Frequency is constantly measured in cycles/2nd (Hz).

8) Coordinate Systems and Grids

All locations within the version are in the long run described

with apprehension to an unmarried worldwide coordinate

device. This is a 3-dimensional, right-passed, Cartesian

(square) coordinate device. The three axes, denoted X, Y, and

Z, are at the equal time perpendicular, and satisfy the proper-

hand rule. Structural Objects

As stated formerly, ETABS uses devices to
represent physical structural individuals. When developing a
model, the man or woman starts off evolving via drawing the
geometry of the item, after which assigning homes and
masses to truly define the building shape.

The following object types are to be had, indexed in order of

geometrical duration;

9) Point devices of kinds:

— Joint gadgets are mechanically created at the corners or
ends of all unique varieties of gadgets, and they'll be
explicitly added anywhere inside the version.

— Grounded (one joint) link devices are used to version
unique beneficial useful resource conduct, together with
isolators, dampers, gaps, multi-linear springs and further.

10) Line gadgets of types:

Frame devices are used to version beams, columns, braces

and trusses.

— Connecting (-joint) link devices are used to model
particular member behavior, at the side of isolators,
dampers, gaps, multi-linear springs, and further. Unlike
frame devices, connecting hyperlink gadgets could have
zero period.

Area gadgets are used to version partitions, slabs,
decks, planks, and different thin-walled humans. Area items
may be meshed robotically into the factors preferred for
assessment if horizontal gadgets with the membrane
definition are protected inside the model; otherwise, the
character should specify the meshing desire to be used. As a
stylish rule, the geometry of the item want to correspond to
that of the physical member. This simplifies the visualization
of the version and lets in with the format way.

11) Properties

Properties are —assignedl to every item to outline the

structural conduct of that object in the version. Some houses,

which includes substances and segment houses, are named
entities that ought to be specific in advance than assigning
them to devices. For example, a model also can have:

A material belongings referred to as CONCRETE.

A square frame section property known as
RECTANGLE, and a round body segment referred to  as
CIRCULAR, every the usage of material assets CONCRETE.

A wall/slab phase property referred to as SLAB that

also uses material assets CONCRETE.
12) Static Load Cases
Static masses constitute moves upon the form, together with
pressure, pressure, useful resource displacement, thermal
consequences, and others. A spatial distribution of loads upon
the form is called a load case. Define as many named static
load instances as preferred.
13) Vertical Loads
Vertical masses can be finished to element, line and location
devices. Vertical hundreds are usually input in the gravity, or
-Z path. Point gadgets can maintain concentrated forces or
moments. Frame devices may also additionally have any big
shape of hassle hundreds (forces or moments) or disbursed
masses (uniform or trapezoidal) finished. Uniform loads may
be implemented to Area devices. Vertical load instances may
additionally moreover encompass detail self-weight.
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Some ordinary vertical load instances used for
constructing systems might also additionally additionally
encompass:

— Dead load

—  Superimposed useless load

— Liveload

— Reduced stay load

—  Snow load
If the vertical loads applied are assigned to a

reducible stay load case, ETABS gives you a desire to reduce
the live hundreds used inside the layout segment. Many one-
of-a-kind sorts of code- installation load cut charge
formulations are to be had.

14) Temperature Loads

Temperature loads on-line and place gadgets can be
generated in ETABS through using specifying temperature
modifications. Those temperature changes can be unique
straight away as a uniform temperature alternative on the
item, or they'll be based mostly on formerly nice detail item
temperature adjustments, or on a combination of every.

15) Automated Lateral Loads

ETABS allows for the automated era of static lateral masses
for each earthquake (quake) or wind load instances based
completely actually mostly on severa code specifications,
together with, but now not constrained to, UBC, BOCA,
ASCE, NBCC, BS, JGJ, Mexican and IBC. Each automated
static lateral load which you outline wants to be in a separate
load case. You can't have automatic static lateral loads within
the same load case. You can, however, add extra consumer-
defined hundreds to a load case that includes an automobile
lateral load.

16) Load Combinations

ETABS permits for the named mixture of any previously
described load case or load mixture. When a load
combination is defined, it applies to the consequences for
every item inside the model.

The four kinds of combos are as follows:

— ADD (Additive): Results from the protected load
instances or combinations are introduced.

— ENVE (Envelope): Results from the included load
times or mixtures are enveloped to discover the most
and minimum values.

— ABS (Absolute): The absolute values of the
consequences from the protected load times or
combos are introduced.

—  SRSS: The rectangular root of the sum of the squares
of the effects from the covered load times or
mixtures is computed.

Except for the Envelope kind, combos should
normally be applied only to linear evaluation times, because
nonlinear outcomes are not generally superposable.

Design is commonly based totally on load mixtures,
not right now on load instances. You can also moreover create
an aggregate that includes only an unmarried load case. Each
Design set of tips creates its very private default combos;
supplement them with your personal design combination if
favored.

17) Design Settings
ETABS gives the
postprocessors:

subsequent  protected  layout

—  Steel Frame Design
—  Concrete Frame Design
— Composite Beam Design
—  Steel Joist Design
—  Shear Wall Design
The first 4 layout strategies are applicable to line
devices, and this system determines the precise format
technique for a line item whilst the assessment is run.
18) Output and Display Options
The ETABS model and the results of the evaluation and
format may be considered and stored in many precise
strategies, collectively with:
— Two- and three-dimensional views of the version
— Input/output records values in easy textual content,
spreadsheet, or database layout
— Function plots of evaluation effects
—  Design evaluations
Export to one of a kind drafting and layout programs
19) ETABS Modeling Techniques
ETABS gives an in-depth and numerous form of device that
will help you model a large shape of building systems and
behaviors. This monetary catastrophe illustrates a number of
the techniques that you can use with ETABS to make many
mundane or complex duties quick and easy.

I1l. MODELLING OF THE STRUCTURES IN ETABS

A. Regular Building

Fig. 4.1: plan of the building
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Fig. 4.2: 3d rendering

IVV. ANALYSIS AND RESULTS

A. MODEL 1

1) Structure Data
This financial break offers model geometry facts, collectively

with devices which incorporates story levels, detail
coordinates, and element connectivity.
Story Data Table 5.1 —
Name | Height Mm | Elevation mm | Master Story | Similar To | Splice Story
Storyl12 3000 36000 Yes None No
Story11 3000 33000 No Story12 No
Story10 3000 30000 No Story12 No
Story9 3000 27000 No Story12 No
Story8 3000 24000 No Story12 No
Story7 3000 21000 No Story12 No
Story6 3000 18000 No Story12 No
Story5 3000 15000 No Story12 No
Story4 3000 12000 No Story12 No
Story3 3000 9000 No Story12 No
Story?2 3000 6000 No Storyl2 No
Storyl 3000 3000 No Storyl2 No
Base 0 0 No None No
5.2.3 Load Cases
Table 5.4 - Load Cases - Summary
Name Type
Dead Linear Static
Live Linear Static
seismic | Response Spectrum
B. Analysis Results
This chapter provides analysis results.
Structure Results Table 5.5 - Base Reactions
FX FY Fz MX MY MZ X|Y|Z
Load Case/C ombo kN kN kN kN-m kN-m kN-m m|im|m
63325.8 | 1519819
Dead 0 0 26 oan |- 1519820 0 01010
Live 0 0 0 0 0 0 0/0]0
A 11149.8 248731. 267595.
seismic Max 284 0.0021 0 0.0325 2942 8606 0|0]0
63325.8 | 1519819
Combl 0 0 26 soan | ” 1519820 0 01010
11149.8 63325.8 | 1519819 267595.
Comb2 Max 284 0.0021 26 8568 | 1271089 8606 0(0|0
. -11149.8 63325.8 | 1519819 - 267595,
Comb2 Min 284 | -00021| 26 | 7910 | 17811 “gs6 |0 |0 |0
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C. Response spectrum graphs
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Fig. 5.1: maximum story displacement
Story Data
Loads

This chapter provides loading information as
applied to the model

V. LIMITATIONS

— ldealized situations assumed.

— ldealized form designed.

— Only structural time-honored traditional normal
performance measured.

— All loads and forces appearing uniformly in all
recommendations.

Etabs is building a layout and evaluation software
program. Other software program utility software program
together with SAP2000 is the simplest Finite Element
Analysis software application that might allow for more
unique assessment and effects.

At the surrender the most essential element to be
considered is that a simulation can only advantage a sure
degree of actual word similarity. It will continuously have
approximations over which actual structures may be nicely
built but it is able to in no manner effectively depict the herbal
international.

VI. CONCLUSIONS

Three kinds of models, to be particular square, L-form and T-
shape, appeared as .All three types of unpredictable RC
constructing outlines had set up symmetry. Response
spectrum assessment (RSA) have become led for every sort
of irregularity and the tale shear strengths received had been
contrasted and that of a normal shape. Three varieties of floor
motion with changing recurrence content material fabric
cloth, i.E., low (majestic), center (IS code),immoderate (San
Francisco) recurrence have been considered. At extended
final, outline of previously said sporadic building edges
become completed utilising 1S 13920 regarding Equivalent
static assessment (ESA) and Time facts evaluation(THA) and
the outcomes had been concept about.
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