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Abstract - During earthquake, the motion of the ground does
not harm the building by any external force, but it is building
large-scale internal roots in the building which is due to the
vibration of the building's mass. Due to earthquake, the
magnitude of the lateral force depends mainly on the root
mass, ground acceleration and dynamic characteristics of the
building. To represent ground motion and structural behavior,
design codes provide a response spectrum. Response spectrum
easily describes the top reactions of the structure as a function
of natural vibration duration. Therefore, it is necessary to
study the natural vibration period of the building to
understand the seismic reaction of the building. The behavior
of the multi-storey building depends on the distribution of
mass, hardness and power in the horizontal and vertical
planes of the building during strong earthquake speeds. In
multi-storey buildings, the damage caused by the earthquake
motion of the earth usually starts at places of structural
vulnerability present in the lateral load-resistant frame. In
some cases, these weaknesses can be made by imbalance
between hardness, strength or mass in the adjacent floor. Such
imbalances between floors are often associated with sudden
variation with height in frame geometry. Due to such vertical
discontent, there are many examples of the failure of buildings
in the previous earthquake. A common type of vertical
geometric irregularity in building structures is due to a sudden
reduction in the sudden level of lateral level of the building.
This building category is known as the construction of the
shock.

This study shows that it is difficult to measure irregularity in
the formation of a shock with a single parameter. Also, this
study indicates that there is a very poor connection between
the three dimensional buildings with the final dimensional or
design code used to define the setback unregulated with the
original dimension. Design code geometry is not the only way
to define setback irregularity. The period of shock buildings is
always less than the same regular building. The basic period of
the finished building without any hard building depends only
on the height of the building, but also depends on bay width,
irregularity and other structural and geometric standards. It
is not advisable to associate the origin of the framed building
with the height given in the design code only.

Key Words: Geometric irregularity, Setback building,
Fundamental period, Regularity index, Correction factor.

1. INTRODUCTION
1.1 Background and Motivation

Due to earthquake, the magnitude of the lateral force
depends mainly on the root mass, ground acceleration and
dynamic characteristics of the building. To represent ground
motion and structural behavior, design codes provide a
response spectrum. The reaction spectrum easily describes
the top reactions of the structure in the form of a natural
vibration duration, moisture ratio and founder soil type. It is
necessary to determine the fundamental duration of the
structures for earthquake design and evaluation. Seismic
analysis of most structures is done using linear static (linear)
static and linear dynamic (reaction spectrum) methods. The
lateral power calculated according to the equivalent static
method depends on the structural mass and the basic
structure of the structure. The empirical equation of the
fundamental period of the buildings given in the design code
is the work of height and base dimensions of buildings.
Theoretically the reaction spectrum method uses model
analysis to calculate the natural period of the building,
calculate the base shear. However, some international codes
(such as IS 1893: 2002 and ASCE 7: 2010), according to the
original duration, specify the base shear (and other reaction
quantities) according to specific empirical sources,
improvements for spectrum for feedback Analysis, make this
base shear (or any other reaction volume) equal to
equivalent static analysis. Therefore, using the code
empirical formula, valuation of the original period is
necessary for the seismic design of buildings.

Inclination in buildings introduces the decrease in sudden
decrease in the floor area with the height of the building. Due
to its functional and beauty architecture, this building is
becoming increasingly popular in building multi-storey
building. Specifically, this type of shock provides sufficient
daylight and ventilation for lower floors in urban areas,
where there is close proximity to long buildings. These
shocks affect the center of the hardness of mass, strength,
hardness, center of mass and construction of shocks. Due to
the change in geometrical and structural properties, the
dynamic properties of such buildings are different from the
regular building. Design codes are not clear about the
definition of height construction for calculating the
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fundamental period. The waste version of the height in the
Setback Building makes it difficult to calculate the natural
period of such buildings. With this background, it is
necessary to study the effects of shock on the fundamental
period of buildings. Apart from this, the performance of
empirical equation given in Indian standard IS 1893: 2002 is
a matter of concern for structural engineers to assess the
fundamental period of tall buildings. This is the primary
motivation under the current study.

2. STRUCTURAL MODELLING

In this thesis, the study is based on the analysis of the family
of structural models, which represents the vertical irregular
multi-storey shock. The first part of this chapter summarizes
the various parameters defining building geometry to
consider computational models, basic assumptions, and this
study. All selected buildings were designed according to
Indian standards.

In the second half of this chapter, brief details of the design
process have been presented in the present study. Free
vibration analysis procedures of the building system to be
considered in the study explained briefly at the end of the
chapter

2.1 Computational Model

odeling a building involves the modeling and assembly of
various load-carrying elements in modeling. Models should
ideally represent large-scale distribution, strength, rigidity
and distortion. The modeling of physical properties and
structural elements used in the current study is discussed
below.

2.2 Material Properties

Concrete M-20 grade and F-415 grade reinforced steel are
used for all frames models used in this study. The elastic
physical properties of these materials are taken according to
Indian Standard IS 456 (2000). Short-term modulus of
concrete elasticity (Ec) is taken as:

SGGWCk 1)

Where fu characteristic compressive strength of concrete
cube in MPa at 28-day (20 MPa in this case). For the steel
rebar, yield stress (fy) and modulus of elasticity (Es) is taken
as per IS 456 (2000).

2.3 Structural Elements

Beams and columns are modeled by 2D frame elements.
Beam-column joints are modeled by giving an end-offset to
the frame elements to get the moments and forces of beam
and column bending over the face. Beam-column joints are

considered rigid (Fig.1). The column end in the foundation
was decided for all models of this study.

- + |

Fig -1: Use of end offsets at beam-column joint

Due to its in-plane rigidity, the structural effect of the slab is
kept in mind by assigning the 'diaphragm’ action at each
floor level. The mass / weight contribute on of the slab is
modeled separately on the assistive beam.

2.4 Linear Dynamic Analysis

Symmetrical buildings with equal mass and hardness
distribution are treated fairly, whereas such buildings which
are asymmetric or are not in the areas of disruption or
irregularity. For such buildings, dynamic analysis is used to
determine important feedback characteristics such as

(1) The effect of the dynamic characteristics of the structure
on the vertical distribution of lateral powers.

(2) Increase in dynamic load due to Torsion speed.

(3) The effect of high mode, resulting in the shear and
distortion of the story.

3. FUNDAMENTAL TIME PERIOD FOR SETBACK
BUILDINGS

The original time period of all 90 selected setback buildings
was calculated using different methods available in
literature, including literature-based empirical sources. The
fundamental period of these buildings was also calculated
using model analysis.

All selected shocks obtained from different methods
available in the literature are tabulated in the original period
4.1 - 4.3 for the buildings. Table 4.1 presents the results of
the buildings with 5 meters bay width, Table 4.2 presents the
results of buildings with 6 meter bay width, while Table 4.3
presents the results of buildings with 7 meter bay width. The
original period presented here is calculated according to the
various codes of empirical equations, including the I1L-1893:
2002 (Eq2.6),UBC 94 (Eq 2.7), ASCE 7 (Access 2.8 and 2.9),
along with Rayleigh Method (empirical equations is
performed. (Eq 2.10), and the period derived from model
analysis.
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Table -1:

Fundamental period (s) of setback buildings

with 5 m bay width

Table -2:

Fundamental period (s) of setback buildings

with 6 m bay width

Building Height | T Tuscos | Tasce7 | Tascez | T T Building Height | T Tuscos | Tasce7 | Tascez | T T
Designation IS Rayleigh | Modal Designation Is Rayleigh | Modal
1893 1893

R-6-5 18 0.66 | 0.64 0.63 0.60 1.1 1.17 R-6-6 18 0.66 | 0.64 0.63 0.60 1.30 1.37
S1-6-5 18 0.66 | 0.64 0.63 0.60 1.02 1.05 S1-6-6 18 0.66 | 0.64 0.63 0.60 1.20 1.23
S2-6-5 18 0.66 | 0.64 0.63 0.60 1.02 1.09 S2-6-6 18 0.66 | 0.64 0.63 0.60 1.19 1.28
S3-6-5 18 0.66 | 0.64 0.63 0.60 0.9 0.95 S3-6-6 18 0.66 | 0.64 0.63 0.60 1.06 1.11
S4-6-5 18 0.66 | 0.64 0.63 0.60 0.93 0.97 S54-6-6 18 0.66 | 0.64 0.63 0.60 1.09 1.13
S5-6-5 18 0.66 | 0.64 0.63 0.60 0.94 1.01 S5-6-6 18 0.66 | 0.64 0.63 0.60 1.09 1.17
R-12-5 36 1.10 | 1.07 1.17 1.20 1.32 1.49 R-12-6 36 1.10 | 1.07 1.17 1.20 1.53 1.72
S1-12-5 36 1.10 | 1.07 1.17 1.20 1.21 1.37 S1-12-6 36 1.10 | 1.07 1.17 1.20 1.4 1.57
S2-12-5 36 1.10 | 1.07 1.17 1.20 1.29 1.4 S2-12-6 36 1.10 | 1.07 1.17 1.20 1.42 1.60
$3-12-5 36 1.10 | 1.07 1.17 1.20 1.09 1.24 S3-12-6 36 1.10 | 1.07 1.17 1.20 1.25 1.41
S4-12-5 36 1.10 | 1.07 1.17 1.20 1.11 1.24 S4-12-6 36 1.10 | 1.07 1.17 1.20 1.28 1.42
§5-12-5 36 1.10 | 1.07 1.17 1.20 1.21 1.40 S$5-12-6 36 1.10 | 1.07 1.17 1.20 1.36 1.56
R-18-5 54 149 | 146 1.69 1.80 1.89 2.18 R-18-6 54 1.49 | 146 1.69 1.80 2.18 2.45
S$1-18-5 54 149 | 146 1.69 1.80 1.73 2.00 S1-18-6 54 1.49 | 146 1.69 1.80 2.00 2.28
S2-18-5 54 149 1.46 1.69 1.80 1.86 2.08 S52-18-6 54 149 1.46 1.69 1.80 2.05 2.35
$3-18-5 54 149 | 146 1.69 1.80 1.73 1.84 S$3-18-6 54 149 | 1.46 1.69 1.80 1.80 2.08
S4-18-5 54 149 | 146 1.69 1.80 1.70 1.82 S$4-18-6 54 149 | 1.46 1.69 1.80 1.81 2.06
§5-18-5 54 1.49 | 1.69 1.69 1.80 1.95 2.16 S5-18-6 54 149 | 1.69 1.69 1.80 2.02 2.37
R-24-5 72 1.85 | 1.81 2.19 2.40 2.04 2.44 R-24-6 72 185 | 1.81 2.19 2.40 2.27 2.68
S1-24-5 72 1.85 | 1.81 2.19 2.40 1.98 2.19 S1-24-6 72 185 | 1.81 2.19 2.40 2.15 2.52
S2-24-5 72 1.85 | 1.81 2.19 2.40 2.10 2.43 S2-24-6 72 185 | 1.81 2.19 2.40 2.23 2.65
S$3-24-5 72 1.85 | 1.81 2.19 2.40 1.95 2.16 S3-24-6 72 1.85 | 1.81 2.19 2.40 1.97 2.35
S4-24-5 72 1.85 | 1.81 2.19 2.40 1.89 2.09 S4-24-6 72 1.85 | 1.81 2.19 2.40 2.13 2.30
§5-24-5 72 1.85 | 1.81 2.19 2.40 2.19 2.72 S5-24-6 72 1.85 | 1.81 2.19 2.40 2.25 2.84
R-30-5 90 2.19 | 2.14 2.67 3.00 2.57 3.18 R-30-6 90 2.19 | 2.14 2.67 3.00 2.82 3.45
S1-30-5 90 2.19 | 2.14 2.67 3.00 2.34 2.89 S1-30-6 90 2.19 | 2.14 2.67 3.00 2.57 3.19
S2-30-5 90 2.19 | 2.14 2.67 3.00 2.51 3.12 S$2-30-6 90 2.19 | 2.14 2.67 3.00 2.71 3.32
$3-30-5 90 219 | 2.14 2.67 3.00 2.20 2.76 S3-30-6 90 219 | 2.14 2.67 3.00 2.37 2.94
S4-30-5 90 219 | 2.14 2.67 3.00 2.12 2.63 S$4-30-6 90 219 | 2.14 2.67 3.00 2.35 2.84
$5-30-5 90 2.29 | 2.14 2.67 3.00 2.8 3.55 S5-30-6 90 2.29 | 2.14 2.67 3.00 2.80 3.64
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Table -3: Fundamental period (s) of setback buildings
with 7 m bay width

with 6 to 30 floors. It can also be seen that the Raleigh
method sets back reduces the original period of the buildings,
which is also conservative for the selected buildings.

Building Height | T Tuscos | Tasce7 | Tascez | T T
Designation s Rayleigh | Modal The amount of irregularity in the selected buildings is
1893 calculated according to the available literature as well as the
R-6-7 18 066 | 064 | 063 | o060 | 150 | 158 definition given in the international design code and tables
are presented in 4.4 - 4.6.
S1-6-7 18 0.66 | 0.64 0.63 0.60 1.35 1.42
$2-6-7 18 066 | 064 | 063 | 060 | 138 | 147 Table -4: Characteristics of setback buildings with 5 m
bay width
S3-6-7 18 0.66 | 0.64 0.63 0.60 1.20 1.28
S4-6-7 18 0.66 | 0.64 0.63 0.60 1.26 1.30 Building Heigh | T A/L Li1/L1 | Karavasilis (Sarkar
] ] t Modal et.al.2008 et.al.2010
Designatio {Is (ASC
S5-6-7 18 0.66 | 0.64 0.63 0.60 1.23 1.35 n (m) 1893 | £7) S N )
R-12-7 36 110 | 1.07 | 117 | 120 | 176 | 1.95 )
$1-12-7 36 110 | 1.07 | 117 | 120 | 161 | 178 R63 18 L17 | 000 | 100 | 190 100 100
$1-6-5 18 1.05 | 033 | 1.50 | 1.25 1.25 0.75
S2-12-7 36 110 | 1.07 | 117 | 120 | 1.62 | 1.81
$2-6-5 18 109 | 033 | 1.50 | 1.25 2.00 0.70
S$3-12-7 36 1.10 | 1.07 1.17 1.20 1.53 1.59
$3-6-5 18 095 | 066 | 200 | 175 175 0.65
S4-12-7 36 1.10 | 1.07 1.17 1.20 1.46 1.61
$4-6-5 18 097 | 066 | 3.00 | 2.00 1.25 0.72
§5-12-7 36 110 | 107 117 | 120 | 153 | 174 $5-6-5 18 101 | 0.66 | 3.00 | 2.00 2.00 055
R-18-7 54 149 | 146 | 169 | 1.80 | 249 | 2.73 R125 36 149 | 000 | 100 | 100 100 100
S2-18-7 54 149 | 146 1.69 1.80 233 | 2.65 S$2-12-5 36 14 | 033 | 150 | 1.10 2.00 0.85
S3-18-7 54 1.49 | 1.46 1.69 1.80 2.05 2.35 $3-12-5 36 1.24 | 0.66 | 2.00 1.30 1.75 0.79
S4-18-7 54 1.49 | 1.46 1.69 1.80 2.06 2.33 S4-12-5 36 124 | 0.66 | 3.00 1.40 1.25 0.88
S5-18-7 54 149 | 1.69 1.69 1.80 2.25 2.62 $5-12-5 36 140 | 0.66 3.00 1.40 2.00 0.65
R-24-7 79 185 | 181 | 219 | 240 | 255 | 207 R-18-5 54 218 | 000 | 1.00 | 1.00 1.00 1.00
$1-24-7 72 185 | 181 | 219 | 240 | 240 |2g0 | |S1183 |5t | 200]033 | 150 | 103 | 125 | 094
$2-18-5 54 208 | 033 | 1.50 | 1.03 2.00 0.85
S2-24-7 72 1.85 | 1.81 | 219 | 240 | 248 | 291
$3-18-5 54 184 | 066 | 200 | 1.09 175 0.78
S3-24-7 72 1.85 | 1.81 2.19 2.40 2.18 2.57
$4-18-5 54 182 | 066 | 300 | 118 1.25 0.88
S4-24-7 72 1.85 | 1.81 2.19 2.40 2.39 2.54
$5-18-5 54 216 | 066 | 3.00 | 1.18 2.00 0.64
S5-24-7 72 1.85 | 1.81 2.19 2.40 2.43 3.02
R-24-5 72 244 | 000 | 1.00 | 1.00 1.00 1.00
R-30-7 90 219 | 214 | 267 |300 |31l |378 $1-24-5 72 219 | 033 | 150 | 1.02 1.25 116
S1-30-7 90 219 | 214 | 267 | 3.00 | 284 | 3.44 $2-24.5 72 243 | 033 | 150 | 1.02 2.00 101
S2-30-7 90 219 | 2.14 2.67 3.00 2.96 3.58 $3-24-5 72 216 | 0.66 2.00 1.07 1.75 0.80
$3-30-7 90 219 | 2.14 2.67 3.00 2.60 3.17 S4-24-5 72 2.09 | 0.66 3.00 1.09 1.25 1.07
S4-30-7 90 219 | 2.14 2.67 3.00 2.57 3.21 $5-24-5 72 2.72 | 0.66 3.00 1.09 2.00 0.78
S$5-30-7 90 229 | 214 | 267 | 300 | 306 | 374 R-30-5 90 318 | 000 | 1.00 | 1.00 1.00 1.00
$1-30-5 90 289 | 033 | 1.50 | 1.02 1.25 0.76
Figures presented in Tables 1 - 3 are shown graphically in to $2-30-5 90 312 | 033 | 150 | 1.05 2.00 0.86
better understand the Fes.ults. The fundamental per.lod of 6 3305 % 276 | 066 | 200 | 107 175 0.62
to 30 story shock buildings has been made against the
number of stories. IS 1893: 2002 presents comparative 54-30-5 %0 263 | 066 | 300 | 107 125 086
comparison of the shock buildings received from the §5-30-5 90 355 | 0.66 | 3.00 | 1.07 2.00 0.62

equation. This figure shows that the code gives empirical
formula model analysis and lower level of fundamental
period obtained from Raleigh method. Therefore, it can be
concluded that the code (IS 1893: 2002) always conveys
conservative estimates of the fundamental period of shocks
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Table -5: Characteristics of setback buildings with 6 m $3-12-7 36 159 | 066 | 2.00 | 1.30 175 0.79
bay width $4-12-7 36 161 | 066 | 3.00 | 140 125 0.88
Building Heigh | T A/L Lii/L1 | Karavasilis (Sarkar §5-12-7 36 174 | 0.66 3.00 1.40 2.00 0.66
. . t odal et.al.2008 et.al.2010
Designatio todal | (IS (AsC ) R-18-7 54 273 | 000 | 100 | 1.00 1.00 1.00
n (m) 1893 | E7) [ -
) $1-18-7 54 258 | 033 | 1.50 | 1.03 1.25 0.97
R-6-6 18 1.37 | 000 ] 100 | 1.00 1.00 1.00 $2-18-7 54 265 | 033 | 150 | 1.03 2.00 0.88
S1-6-6 18 123 | 033 | 150 | 1.25 1.25 0.79
S2-6-6 18 128 | 033 | 1.50 | 1.25 2.00 0.73 53-18-7 o4 235 | 066 | 200 | 109 L75 081
$3-6-6 18 111 | 0.66 | 200 | 175 1.75 0.67 54-18-7 54 233 | 066 | 3.00 | 118 125 091
$4-6-6 18 1.13 | 0.66 3.00 2.00 1.25 0.75 S5-18-7 54 2.62 | 0.66 3.00 1.18 2.00 0.67
85-6-6 18 117 ] 066 | 300 | 2.00 2.00 0.57 R-24-7 72 297 | 000 | 100 | 1.00 1.00 1.00
R-12-6 36 172 | 000 | 1.00 | 1.00 1.00 1.00
S1-12-6 36 157 | 033 | 1.50 | 110 1.25 0.95 S1-24-7 2 280 | 033 | 150 | 1.02 125 0-92
$2-12-6 36 1.60 | 033 1.50 1.10 2.00 0.85 S2-24-7 72 291 | 0.33 1.50 1.02 2.00 0.83
$3-12-6 36 141 | 0.66 2.00 130 1.75 0.79 $3-24-7 72 2.57 | 0.66 2.00 1.07 1.75 0.76
S4-12-6 36 142 | 066 | 3.00 | 1.40 1.25 0.88 1207 7 252 | 066 | 300 | 109 125 085
$5-12-6 36 156 | 066 | 3.00 | 1.40 2.00 0.66
R-18-6 54 245 | 0.00 | 1.00 1.00 1.00 1.00 §5-24-7 2 302 | 0.66 | 3.00 109 200 0-63
S1-18-6 54 228 | 0.33 1.50 1.03 1.25 0.96 R-30-7 90 3.78 | 0.00 1.00 1.00 1.00 1.00
$2-18-6 54 235 | 033 1.50 1.03 2.00 0.86 $1-30-7 90 3.44 | 033 1.50 1.02 1.25 0.94
$3-18-6 54 208 | 066 | 200 | 1.09 1.75 0.78 $2.30.7 % 258 | 033 | 150 | 105 200 084
S4-18-6 54 206 | 066 | 300 | 118 1.25 0.89
518G o 537 To66 300 118 500 066 $3-30-7 90 317 | 066 | 2.00 | 1.07 1.75 0.76
R-24-6 72 2.68 | 0.00 1.00 1.00 1.00 1.00 S4-30-7 90 3.21 0.66 3.00 1.07 1.25 0.86
S1-24-6 72 2.52 0.33 1.50 1.02 1.25 0.69 $5-30-7 90 3.74 0.66 3.00 1.07 2.00 0.62
S2-24-6 72 265 | 033 | 150 | 1.02 2.00 0.62
$3-24-6 72 235 | 066 | 200 | 1.07 1.75 0.56 I .
Table 4 represents the results of the buildings with 5 meters
$4-24-6 72 230 | 0.66 | 3.00 | 1.09 1.25 0.64 . N .
bay width, the table represents the results of 5 buildings with
S5-24-6 72 284 | 066 | 3.00 | 1.09 2.00 0.47 . . .
a width of 6 meters, while the table provides results of 4.6
R-30-6 90 345 [ 0.00 | 1.00 | 1.00 1.00 1.00 g3 . . . g3
buildings with a width of 7 meters. The height of the building
$1-30-6 90 319 | 033 | 1.50 | 1.02 125 0.96 . . . e
presented here is the maximum height of the buildings. The
$2-30-6 90 332 | 033 | 150 | 1.05 2.00 0.86 . . .
fundamental period presented here is obtained from modal
$3-30-6 90 294 | 066 | 200 | 1.07 1.75 0.78 .
analysis.
$4-30-6 90 284 | 066 | 3.00 | 1.07 125 0.88
85-30-6 90 3.64 ] 0.66 | 300 | 1.07 2.00 0.62 From these tables it can be seen that the parameters given in

Table -6: Characteristics of setback buildings with 7 m

bay width
Building Heigh | T A/L Lj1/L1 | Karavasilis (Sarkar
Designatio t Modal | (|g (ASC et.al.2008 et.al.2010
n (m) 1893 | E7) )
S b
)
R-6-7 18 1.58 | 0.00 1.00 1.00 1.00 1.00
S1-6-7 18 142 | 033 1.50 1.25 1.25 0.86
S2-6-7 18 1.47 | 0.33 1.50 1.25 2.00 0.80
S3-6-7 18 1.28 | 0.66 2.00 1.75 1.75 0.74
S4-6-7 18 1.30 | 0.66 3.00 2.00 1.25 0.82
S5-6-7 18 1.35 | 0.66 3.00 2.00 2.00 0.63
R-12-7 36 1.95 | 0.00 1.00 1.00 1.00 1.00
S1-12-7 36 1.78 | 0.33 1.50 1.10 1.25 0.94
S2-12-7 36 1.81 | 0.33 1.50 1.10 2.00 0.85

IS 1893 and ASCE 7 get similar results for separating setback
irregularities except for some similar buildings. One of the
two indices (B) given by Karvallis. AL, Is a better version
presented in 2008

ASCE 7, where it understands the synopsis of the variety of
construction of the width, instead of the change of the
building width in its plane with its height. Government ET Al
(2010) defines irregularity in the context of model
parameters. This process is based on two-dimensional plane
frame analysis. While calculating the regularity index using
this method, it is not suitable for three-dimensional building.
The basic way of a shock building is vibration and a similar
regular building can not be in the same horizontal direction
for a three-dimensional building, and it is difficult to use this
method for such buildings. Also, it is clear from these three
tables presented above that changes in this period due to
setback irregularity are not in line with any parameters
discussed here.
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The fundamental period for different build back buildings is S5-6-5 056 0.56 1.01

as the maximum height of the building height. The original

period and the Rayleigh analysis from the model analysis R-12-5 1.00 1.00 149

have been plotted separately and separated from the $1-12-5 0.89 0.89 1.37

empirical equation of IS 1893: 2002. With regular (R)

buildings, the fundamental period of all setback types (S 1 to S2-12-5 0.78 0.78 140

S5) is shown in the same plot so that the pattern of diversity $3-12-5 0.68 0.68 1.24

of the original period can be analyzed. The results obtained

from ASCE 7: 2010 are similar to those obtained from IS $4-12-5 0.78 0.78 L.24
1893: 2002, hence are not shown separately. §5-12-5 0.56 0.56 1.40
R-18-5 1.00 1.00 2.18

Due to variation in irregularity, this difference of the period is
comparatively less for long buildings and less buildings. It is S1-18-5 0.89 0.89 2.00

valid for both calculation period from both the observation

S2-18-5 0.78 0.78 2.08
model and the Rayleigh analysis. It is found that the
difference of the fundamental period of calculation with $3-18-5 0.68 0.68 1.84
modal analysis and Rayleigh method is quite similar. $4-18-5 0.78 078 182
4. PARAMETERS AFFECTING FUNDAMENTAL TIME $5-18-5 0.56 0.56 2.16
PERIOD R-24-5 1.00 1.00 2.44
As mentioned earlier, measures to measure irregularities S1-24-5 0.89 0.89 2.29
given in the literature are not considered very efficient for $2-24.5 0.78 0.78 243

formulation parameters. Therefore, to define irregularities

with youth height (2011), there was a new approach to $3-24-5 0.68 0.68 2.16

considering the average width and height of buildings of $4-24-5

. . . . 0.78 0.78 2.09
shocks. Average height is calculated in proportion to
individual bay height summaries in proportion to bay. S5-24-5 0.56 0.56 2.72
Similarly, the average width is calculated as the ratio of the R-30-5 1.00 1.00 318
sum of the reserves of individual floor width. These average
height and average widths are based on the maximum $1-30-5 0.89 0.89 2.89
building height and maximum building width respectively on $2-30-5 0.78 0.78 3.12
non-dimensional relative.
$3-30-5 0.68 0.68 2.76
Table 7 - 9 General average height and general average width S4-30-5 0.78 0.78 263
of all selected buildings. The fundamental period of the
related building also presented them to correlate. It is §5-30-5 0.56 0.56 3.55
interesting to see Table 7 - 9 that the general average height
and general average width equal to the formation of any Table 8: Normalised average height and width of the
shock. Also, these tables show that the fundamental period of buildings with 6 m bay width
the regular building is always greater than the shock
buildings. However, the fundamental period of shock Building honn/h dav/d Fundamental
build-ings is not according to normal average height or width Designation Period
of buildings.
R-6-6 1.00 1.00 1.37
Table 7: Normalised average height and width of the
buildings with 5m bay width 51-6-6 0.89 0.89 123
S2-6-6 0.78 0.78 1.28
Building hnnn/h dav/d Fundamental
Designation Period S$3-6-6 0.68 0.68 1.11
R-6-5 1.00 1.00 117 S4-6-6 0.78 0.78 1.13
$2-6-5 0.78 0.78 1.09 R-12-6 1.00 1.00 1.72
S3-6-5 0.68 0.68 0.94 S1-12-6 0.89 0.89 1.57
S4-6-5 0.78 0.78 0.97 S2-12-6 0.78 0.78 1.60
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$3-12-6 0.68 0.68 1.41 S5-12-6 0.56 0.56 1.74
S4-12-6 0.78 0.78 1.42 R-18-6 1.00 1.00 2.73
S5-12-6 0.56 0.56 1.56 S1-18-6 0.89 0.89 2.58
R-18-6 1.00 1.00 2.45 $2-18-6 0.78 0.78 2.65
S1-18-6 0.89 0.89 2.28 $3-18-6 0.68 0.68 2.35
S2-18-6 0.78 0.78 2.35 S4-18-6 0.78 0.78 2.33
$3-18-6 0.68 0.68 2.08 S5-18-6 0.56 0.56 2.62
S4-18-6 0.78 0.78 2.06 R-24-6 1.00 1.00 2.97
S5-18-6 0.56 0.56 2.37 $1-24-6 0.89 0.89 2.8
R-24-6 1.00 1.00 2.68 $2-24-6 0.78 0.78 291
S1-24-6 0.89 0.89 2.52 $3-24-6 0.68 0.68 2.57
$2-24-6 0.78 0.78 2.65 S4-24-6 0.78 0.78 2.54
$3-24-6 0.68 0.68 2.35 S5-24-6 0.56 0.56 3.02
S4-24-6 0.78 0.78 2.30 R-30-6 1.00 1.00 3.78
S5-24-6 0.56 0.56 2.84 $1-30-6 0.89 0.89 3.44
R-30-6 1.00 1.00 3.45 $2-30-6 0.78 0.78 3.58
$1-30-6 0.89 0.89 3.19 $3-30-6 0.68 0.68 3.17
$2-30-6 0.78 0.78 3.32 $4-30-6 0.78 0.78 3.21
$3-30-6 0.68 0.68 2.94 $5-30-6 0.56 0.56 3.74
S4-30-6 0.78 0.78 2.84

3. CONCLUSIONS
$5-30-6 0.56 0.56 3.64

Table 9: Normalised average height and width of the

buildings with 7 m bay width

Building hnnn/h dav/d Fundamental
Designation Period
R-6-6 1.00 1.00 1.58
S1-6-6 0.89 0.89 1.42
S2-6-6 0.78 0.78 1.47
S3-6-6 0.68 0.68 1.28
S4-6-6 0.78 0.78 1.30
S5-6-6 0.56 0.56 1.35
R-12-6 1.00 1.00 1.95
S1-12-6 0.89 0.89 1.78
S2-12-6 0.78 0.78 1.81
S3-12-6 0.68 0.68 1.59
S4-12-6 0.78 0.78 1.61

The fundamental period of all selected building models was
determined according to empirical equations given in model
analysis, relay method and design code. The results were
critically analyzed and presented in this chapter. The
purpose of the analysis and discussion was to identify a
parameter that describes the irregularity of the building of
the shock and reaches the superior empirical equation to
estimate the fundamental period of buildings with shock.
However, this study shows that it is difficult to measure
irregularity in the formation of a shock with a single
parameter. This study indicates that there is a very bad
relationship between the basic dimension of three-
dimensional buildings with any parameters used to define
the set-back irregularity of the previous dimensional or
design code. However, it requires access to single or multiple
parameters and should be investigated to accurately define
irregularities in three-dimensional shock buildings. Based on
the works presented in this theory, point-based conclusions
can be obtained:

i) The period of shock buildings is always less than the same
regular building. Despite the height being stable, the
fundamental period of shock buildings varies with
irregularity. Changes in the period due to setback
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irregularity are not compatible with any of these standards
used in literature or design codes to define irregularity.

ii) Code (IS 1893: 2002) gives the empirical thread module
analysis and lower level of fundamental period obtained
from Relligh method. Therefore, it can be concluded that the
code (IS 1893: 2002) always conveys conservative estimates
of the fundamental period of shocks with 6 to 30 floors. It
can also be seen that the Raleigh method reduces the original
duration of the setback buildings, which is also conservative
for the selected buildings. However, the Orthodox degree in
the Setback Building is not in proportion to regular
buildings.

iii) Unlike other available equations, one. ASCE 7: 2010 does
not consider the height of the building 2.9, but it only
considers the number of floors of the buildings. Although it is
not theoretically supported, this approach is found to be the
most conservative among other code equations.

iv) Itis found that in a complete building, the basic period is
not only the work of height construction. This study shows
that the same entire buildings Height can vary greatly with
different fundamental duration Code which is notaddressed
in empirical equations.

v) In the empirical equation of the original period, the height
of the building has not been adequately defined in the design
code. There is no ambiguity for the regular building because
the height of the building is similar in both horizontal
directions. However, this is not the case of shock buildings
where the height of the building can change from one end to
the other.

vi) The buildings with the same maximum height and the
same maximum width may have different durations, which
can be based on the amount of irregularity present in
setback buildings. Due to variation in irregularity, this
difference of time is comparatively less for long buildings
and fewer buildings. This is valid for both the observation
model and the Rayleigh analysis both for the duration. It is
found that the difference between the fundamental period of
calculation with modal analysis and the Rayleigh method is
quite similar.

vii) This study indicates that with the original duration, there
is a very poor connection between the three-dimensional
buildings with the basic dimensional or design code used to
define the setback irregularities.
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