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ABSTRACT:

Although there are many other kinds of building structures in use today, the focus of this study is on regular and irregular building structures. Simple rectangular
buildings are considered regular buildings in this study. There are many different kinds of irregularities in buildings, including vertical, horizontal, and geometric
inconsistencies. This paper examines vertical irregularity. Consideration is given to setback frame building in vertical irregularity. The aesthetic appeal of these
constructions is also superior. The G+14 regular building and the vertical irregular building (setback) structure are the subjects of this work. We use STAAD
PRO Software to analyze these buildings while maintaining the built-up area and all other factors constant. The structure compares the results in terms of
maximum seismic weight, base shear, natural time period, bending moment, shear force, and storey displacement after taking into account the response spectrum
seismic load analysis and wind analysis. The structure is analyzed using IS 1893 Part 2016 for seismic analysis and IS 873-1987 Part 3 for wind design.
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INTRODUCTION :

Structural engineers currently have to deal with irregularly shaped architectural innovation because there isn't much space available for building
development in urban regions. Consequently, this causes buildings to vary in height; these are known as irregular structures. Stiffness, mass, and
geometric irregularities are examples of vertical irregularities that deteriorate a structure. When a structure fails during an earthquake, one of the main
causes is vertical irregularities.

Spokes of weakness are where structural failure begins during an earthquake. The discontinuity in the structure's mass, rigidity, and geometry is the
cause of this weakness. Irregular structures are those that exhibit this discontinuity. A primary cause of structural failures during earthquakes is vertical
abnormalities. These buildings differ from "regular" buildings in terms of their dynamic characteristics due to variations in stiffness and mass with
height. Vertically irregular structure defined by IS 1893: The uneven distribution of mass, strength, and stiffness throughout the building's height could
be the cause of the irregularities in the building constructions. Setback is one kind of irregularity that can lead to other irregularities along a vertical
direction, including irregularities of mass, stiffness, or geometry. Guidelines for seismic assessments of structures are provided by several seismic laws,
and these can be used for both assessment and design purposes.

CRITERIA FOR VERTICAL IRREGULARITIES IN BUILDING CODES

Vertical irregularity in building frames was not mentioned in any of the previous iterations of IS 1893 (BIS, 1962, 1966, 1970, 1975, 1984). The latest
edition of IS 1893 (Part 1)-2002 (BIS, 2002) has specifically described irregular building configurations. There are five different kinds of vertical
irregularity. They are: discontinuity in capacity (weak story), in-plane discontinuity in lateral force-resisting vertical parts, mass irregularity, vertical
geometric irregularity (set-back), and stiffness irregularity (soft narrative). Vertical irregularity categories in the NEHRP code (BSSC, 2003) are
comparable to those in IS 1893 (Part 1)-2002 (BIS, 2002). This code states that a structure is considered irregular if the ratio of one of the quantities
(mass, stiffness, or strength) between stories is greater than a minimum amount. The parameters that characterize the irregularity and these numbers
(e.g., 70-80% for soft tale, 80% for weak story, and 150% for set-back structures) have been assigned based on subjective judgment. Furthermore,
rather than utilizing equivalent lateral force (ELF) methodologies, a number of building codes recommend dynamic analysis—which can be either
elastic time history analysis or elastic response spectrum analysis—to determine the design lateral force distribution for irregular structures.

MODELLING :

In this study, the analysis is conducted while maintaining the same built-up area and other criteria for each building. The G+14 storey three-
dimensional RC frame building is taken into consideration. Several codes are used in the current study: 1S 1893-2016 is used for seismic analysis, IS
456-2000 is used for frame design, and 1S 875-1987 parts 1 and 2 are taken into consideration for dead load and live load, respectively. The analysis
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building software Staad Pro is utilized. This study's primary focus is on the analysis of frame model regular (rectangular) buildings and frame model
irregular buildings with vertical setbacks. Next, contrast the outcomes with respect to seismic weight, base shear, bending moment, shear force, and
storey displacement during the natural time period.
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Figure 1 Plan and 3D View of R.C. Frame Rectangular Building
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Figure 2 Plan and 3D View of setback vertical irregular building

* B, Geometrical Modeling

Tablel: Specification data of Building structure
SPECIFICATION DATA
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Building Type RC Frame structure
Building Shape Rectangular, setback vertical irregular frame
Plan Area (built up area) 729 M?
Number of Storey G+14
Storey Height 3m
Beam Size 230mm x 400mm
Column Size 500mm x 500mm
Slab Thickness 180mm
Floor Finishing Load (Dead Load) 1.25 KN/m?
Live load 3 KN/m?
Zone of Seismic v
Zone Factor (Z) 0.24
Importance Factor (I) 15
Response Reduction Factor (R) 5
Type of Sail 1
Damping Ratio 0.05
Soil Bearing Capacity 150 KN/m?
Basic wind speed 50 m/s

STAAD PRO SOFTWARE

RESULT AND DISCUSSION

A. maximum Seismic weight

Table 2 Seismic weight comparison

Building Type Seismic Weight (KN)
Rectangular (regular) 33784
Set back frame (irregular) 31623
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B. maximum Base shear

Figure 3 Seismic weight comparison of building

Table 3 Base shear comparison

Building Type Base shear (KN)
Rectangular (regular) 2230.03
Set back frame (irregular) 2118.94

Base shear (KN)
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C. maximum natural time period

Figure 4 Base shear comparison

Table 4 Natural time period comparison

Building Type Time period (sec)
Rectangular (regular) 1.841
Set back frame shape (irregular) 0.951

Set back frame shape
(irregular)

Rectangular (regular)

]

Time period (sec)

m Time period (sec)
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D. maximum bending moment

Figure 5 natural time period comparison

Table 5 Comparison of maximum bending moment for regular and vertical irregular building in KN-m

Storey Rectangle KN-m Set back frame KN-m
storey 14 11.56 6.24
storey 13 23.87 11.68
storey 12 35.01 23.48
storey 11 43.70 35.25
storey 10 65.10 49.63
storey 9 75.11 65.84
storey 8 86.99 76.87
storey 7 94.05 82.08
storey 6 105.18 98.20
storey 5 125.32 101.24
storey 4 132.11 116.43
storey 3 147.27 125.87
storey 2 155.69 131.54
storey 1 173.31 150.78
base 192.27 164.75
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E. Maximum shear force

Figure 6 Comparison of bending moment

Table 6 Comparison of maximum shear force for regular and vertical irregular building in KN

Storey Rectangle KN Set back frame KN
storey 14 50.99 39.51
storey 13 50.52 39.09
storey 12 50.11 39.42
storey 11 49.85 38.39
storey 10 49.73 38.45
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storey 9 49.32 37.52
storey 8 48.92 37.57
storey 7 48.80 37.50
storey 6 48.51 36.08
storey 5 47.16 36.41
storey 4 47.20 36.38
storey 3 47.34 36.44
storey 2 47.51 36.51
storey 1 47.70 36.57
base 48.05 36.72
Shear force
60
S0 At
-
30
20 —&— Rectangle KN
—li—Set back frame KN
10
0 T T T T T T T T T T T T T T 1
ST H N 4 O O 00N OV N S NN NN Y
PR e s e il il D o
Q
BoAT BN 5 s oes TS s
8 8 8 9_, 8 wy wy “v wvy wy wy wv wv wvy
w vy v wy wvy

Figure 7 Comparison of Shear force

F. Maximum displacement

Table 7 Comparison of maximum storey displacement for regular and vertical irregular building in mm

Storey Rectangle in mm Set back frame in mm
storey 14 21.8 40.1
storey 13 20.0 39.2
storey 12 19.0 38.8
storey 11 18.4 38.0
storey 10 17.0 374
storey 9 16.9 35.6
storey 8 14.1 35.0
storey 7 14.7 33.0
storey 6 13.3 32.8
storey 5 13.0 30.0
storey 4 12.0 27.9
storey 3 10.0 234
storey 2 8.2 18.5
storey 1 5.0 12.0
base 2.1 5.2
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Figure 8 Comparison of storey displacement

G. Some deform models of analyzed building
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Figure 9 Deformed shape of irregular setback building (displacement in all direction)
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Figure 10 Deformed shape of irregular setback building (seismic load in X and Z direction)
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Figure 11 Deformed shape of irregular setback building (wind load in X and Z direction)

CONCLUSION :

Finally, certain conclusions are made by contrasting the outcomes of regular versus irregular construction. The six sorts of conclusion forms in this
case are: base shear, maximum bending moment, maximum shear force, maximum deflection, maximum bending weight, and natural time period. The
study work's conclusions are as follows:-
1.  Conclusion based on seismic weight
The analysis shows that the seismic weight of regular rectangular building is 6.39% maore than vertical setback irregular building .
2. Conclusion based on base shear
The base shear of regular rectangular building is also 4.98% more than vertical setback irregular building.
3. Conclusion based on natural time period
Natural time period value of regular building is increase by 48.34% from vertical setback irregular building.
4. Conclusion based on maximum bending moment
The analysis shows that the maximum bending moment of regular frame building is 46.02 % more than the vertical setback irregular frame building.
5. Conclusion based on maximum shear force
The analysis shows that the maximum shear force of rectangular regular frame building is 22.51% more than the vertical setback irregular building.
6.  Conclusion based on maximum storey displacement
The maximum storey displacement in Y direction due to response spectrum analysis of Regular rectangular is 83.90% less than the vertical setback
irregular frame building.
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