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Abstract: Now a days due to process of urbanization and many
employment opportunities in cities population is increasing day
by day. Due to this, the need for residential and commercial
buildings has increased drastically. In order to compensate this
problem, tall buildings came into existence. But in cities there is
lack of more free space available for construction. So in order to
construct tall buildings within limited space so many
architectural changes were made which probably leads to
irregularities in structure. So the structures which are irregular
are more prone to damage during earthquakes. The structure in
which parameters like mass, stiffness, geometry and plan are not
uniform is known as irregular structure.

In the present study, vertical irregularities (stiffness,
mass, vertical geometrical) and plan irregularities (reentrant
corner) and their combinations will be considered. For modeling
and analysis ETABS software will be used. Dynamic analysis
(response spectra method) will be carried out on 25 storey
building with different combinations of irregularities.
Parameters like storey displacement, storey drift, and total base
shear effects will be studied.

Keywords: Irregular Structure, Vertical Irregularity, Plan
Irregularity, Dynamic analysis

I. INTRODUCTION
1.1 GENERAL

Earthquake is defined as the shaking or vibration of ground due
to movement of tectonic plates beneath the surface of earth.
Earth quake may be caused due to both natural and manmade
activities  Earthquake leads to lot of destruction to life and
property. In  India north and eastern states are prone to
earthquakes frequently every year leading to destruction of
structures. Many advanced techniques came into existence to
overcome the effects of earthquake.

India is basically classified into four seismic zones based on
past seismic history .among them seismic zone 2 is least
vulnerable to earthquakes and seismic zone 5 is most vulnerable
to earthquakes

During earthquakes high rise building structures are more prone
to damage .among them structures with sequential and proper
alignment of components are less prone to damage where as
structures with improper arrangement of components are more
prone to damage leading loss to life and property

Page | 114

y =

}
\ o

\J
Figure 4: Indian Seismic Zone Map as per.
L. 1S:1893 (Part 1)-2002 P

FIG 1SEISMIC ZONES OF INDIA

1.2 INTRODUCTION TO REGULAR AND IRREGULAR
STRUCTURES

The performance of reinforced concrete structure
depends on the orientation and arrangement of structural
components. When a building is subjected to dynamic loads,
inertia forces are developed and gets concentrated at the center
of mass of the structure. Usually, the vertical members such as
columns and shear walls resist the horizontal inertia forces and
the resultant of these forces gets concentrated at a point called
center of stiffness.

1.2.1 REGULAR STRUCTURE

A structure is said to be regular when geometry , mass
stiffness and plan is uniform through out the structure .In
regular structure center of mass and center  of stiffness
coincide and no eccentricity develops in structure. Regular
structures have no significant discontinuities in plan or in
vertical configurations and perform well during lateral loads.
Regular structure can be analyzed using equivalent static
method

In this project G+25 storeyed regular building is considered
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FIG 2 PLAN VIEW OF REGULAR STRUCTURE
FIG 3 3D VIEW

1.2.2 IRREGULAR STRUCTURE

A structure is said to be irregular when geometry , mass,
stiffness  and plan is not uniform throughout the structure .In
irregular structure center of mass and center of stiffness do not
coincide. When the center of mass doesn’t coincide with the
center of stiffness, eccentricity develops in the structure.
Location and size of structural elements have significant effect
on torsion coupling which results in damage of structures..
Irregular structures have certain physical discontinuities either
in plan or in elevation or both which affect the performance of
the structure subjected to lateral loads. Irregular structure can be
analyzed using dynamic methods irregularities in structure can
be classified into two types

1. Vertical irregularity and
2 .plan or elevation irregularities

1.3 INTRODUCTION TO VERTICAL AND PLAN
IRREGULARITIES:

Irregularities in structure may be grouped as plan and
vertical irregularities

Irregularities in the distribution of mass, stiffness and geometry

along the height of any building are grouped as vertical
irregularities. Horizontal irregularities can be attributed to the
presence of discontinuities in plan.

Different structural irregularities affect the seismic response of
structures in different ways. Irregularities are introduced in real
structures for both aesthetics and utility. The magnitude of
variation in response depends on the type, degree and location
of irregularities present. The judicious choice of these
parameters in the design of structures improves performance of
the structure.

Page | 115

UGC Care Group | Journal
Vol-12 Issue-02 No. 02 February 2022

Y 3 B

1.4 VERTICAL IRREGULARITIES:

« If structure has uneven distributed stiffness and mass
and if it has geometric un symmetry it is called as
vertical irregularity

Types:
*  Mass irregularity
«  Stiffness irregularity
*  Vertical geometry irregularity and
«  Strength irregularity
STRENGTH IRREGULARITY :

* A weak storey is a storey whose lateral strength is less
than that of storey above

UL

0D e
i e bt b Lruaaly bw e, VM SO0 ¥ (rewe

FIG 3 DIFFERENT TYPES OF
IRREGULARITIES

VERTICAL

1.5 OBJECTIVES OF PROJECT

»  Tounderstand the behavior of 25 storey building with
vertical irregularity

*  To understand the behavior of 25 storey building with
plan irregularity

*  To understand the behavior of 20 storey building with
combined irregularities

Il. LITERATURE REVIEW

A nine storied  regular frame is modified by
incorporating irregularities in various forms in both plan and
elevation to form 34 configurations with single irregularity and
20 cases with combinations of irregularities. Along with the
regular configuration, 54 irregular configurations are analyzed
and compared. All the frames are subjected to seismic loads and
the response of the structures is computed numerically. Among
the cases having combinations of irregularities, the
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configuration with mass, stiffness and vertical geometric
irregularities has shown maximum response

The configurations with vertical geometric
irregularity have given maximum response. The combination of
stiffness and vertical geometric irregularities has shown
maximum displacement response whereas the combination of
reentrant corner and vertical geometric irregularities has shown
less displacement response.

In the modern world, where people are not
ready to compromise with their needs, incorporation of
combinations of irregularity in structures is inevitable. As the
structural response depends on the type, location and degree of
irregularity, these factors need to be taken care while designing
any structure. This would help in incorporating irregularities in
structures without compromising their performance.

A setback multi storey building with mass
and stiffness irregularities is considered. an approximate
analysis which provides basic dynamic data (frequencies and
peak values of base resultant forces) .This methodology is based
on South well’s formula and the concept of the equivalent single
story system. This has been introduced by the authors in earlier
papers for assessing the response of uniform along the height of
buildings.sap software is used

In the computer analyses, the out of plane
stiffness of the bents was neglected and in the wide column
analogy used to simulate the CW bents the clear span of the
coupling beams was increased by the depth of the beams . The
above estimates are quite satisfactory for practical applications

11l. METHODOLOG
3.1 MODELING OF REGULAR STRUCTURE:
* REGULAR STRUCTURE:

*  Buildings with simple regular geometry and uniformly
distributed mass and stiffness are called as
regular buildings

» So in this project a regular G+ 25 storey building is

considered
»  Parameters considered for regular building
TABLE 1
Soll type Medium Type 1
Fength in x direction 18m
Width I6m
Soil type Mectisum Type 1l
Number of stones KG:; .
Ciround Storey beight .5m
Storey heigin LT i
Cirudde of the Concrete M2
Cirade uf steel FL41s
Bonm dimension | 250 X 380 0mn E
300 x SOOI =
“Siap depth T Somam E
Seismie Zone 4
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e According to IS 1893(PART 1):2016 the following
below parameters were considered

Zone factor Z 0.24
Importance factor | 15
Response reduction factor R 5

3.2 MODELLING OF IRREGULAR STRUCTURE:

»  Astructure is said to be irregular if it has uneven
distribution of stiffness, mass ,geometrical
configuration and plan irregularities

« ETABS software is used for modeling of irregular

structure

3.2.IMODELLING OF VERTICAL IRREGULAR

STRUCTURE

»  For vertical irregularities mass ,stiffness and vertical
geometry irregularities are considered

»  For mass and stiffness irregularity regular 25 storey
building is considered and irregularities are induced
into it by varying weight of slabs and stiffness of

column
TABLE 2  Mass irregularity
s.no | No of stories Slab weight
1 Upto 15 200 mm
2 15t0 25 150 mm
TABLE 3  Stiffness irregularity
s.no | No of | Column size Beam size
stories
1 Upto | 450 300mm*500mm
15 mm*600mm
2 15to 300mm*600mm | 230mm*38omm
25
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3.2.2 PLAN OR ELEVATIONAL IRREGULARITY
For this reentrant corner irregularity is considered having
L SHAPE
I
"
I
L
'
‘
!
VERTICAL GEOMETRICAL IRREGULARITY: g
For vertical geometrical irregularity building having setbacks ,
is considered :
. L &
.=
e
= . o
- -
e
Ei FIG 5 PLAN VIEWOF L SHAPED BUILDING FIG9
3D VIEW OF L SHAPE

s.no | Column size Beam size Depth of
slab
1 300mm*600mm 238mm™*380mm 200mm
FIG 4 PLAN VIEW OF VGI FIG 7 3D VIEW OF VGI

Combination of plan with vertical irregularities

TABLE 4  Dimensions for vertical geometrical . . . .
In this mass stiffness and reentrant corner irregularities are

irregularity considered
S.no Column size Beam size SDlggth of RESPONSE SPECTRUM METHOD:
1 300mm*600mm | 230mm*380mm | 200mm

e In this method all the basic parameters required are
considered according to IS 1893(part 1):2016.

TABLE 5 Combination of mass, stiffness and vertical *  Forloads consider IS 875

geometrical irregularity

s.n | Noof | Column size Beam size Depth
0 storie of slab
S
1 300mm*600m | 230mm*380m | 200m 3.3 ANALYSIS OF MODELS:
fSpto m m m 3.3.1 ANALYSIS OF REGULAR G+25 STOREY BUILDING
(MODEL 1)
2 15 to 450mm*600m 300mm*500m 130m
25 m m m
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RSM X, TABLE 1 RSM X, TABLE 3
STOREY DISPLACEMENT DRIFT SHEAR -ln‘"‘"‘“ DIMEACIMGS] pal Al
Story | £ 1.000633 460.6143
Hase [ 0 0 Sty 211 0001107 4261443
Story] 4811 0001208 1775185
Story! 251 0.000722 15320572 | Staryd 1244 0.001325 3338259
Storys 16,425 0001221 12853103
Story2 6.619 0.000843 1502 6657 Stond 19,554 0001216 12510
Shony? 35024 0001308 12126171
Story3 11016 0.00096 1461.0677 Saanyk 26.43) 0001199 11751842
Saan? 29772 [N 1384285
Story4 15459 0.01M057 1416 5956 :"‘;ll) 33.041 0001173 1097 8936
Ssary 36231 0001155 10560981
Story$ 19.896 0.001137 13764338 S 39338 0001136 10159838
Stary 13 42,348 0001113 973 7732
Story6 24316 0.001206 13389498 T 25.589 20011 933 5559
Ssary 1S 48257 0,001127 K76.6471
Story7 28.713 0.00126% 1301.569% Sonyl6 AT 200157 38 305
Story8 33.081 0.001316 1265.1929 [ Sary)7 26,809 DAV 0
Story % 161 0001591 751.203%
Story9 37,409 0.00136 12253637 Sy 19 6244 1LD01ETT T 6138
S 20 70,551 0001728 6503973
Story 10 4] 688 0001398 1184 4084 Story21 74.481 0001592 ZETRA)
Sery22 77974 0001436 27 8605
Story11l 43907 0.001429 11444981 Saory2d %0976 0.001252 434236
| Story2d X3 459 0.mnaze 3209588
Story12 50,054 0001454 1104 2440 Story2S H5.453 0.00079) 197 5936
Story 13 5402 0.001474 10638573 RSM Y. TABLE 4
Story 14 K095 0.00149 10244536
Story 15 61.968 0.001503 983 6816 STORY [y DRIFT SHEAR
0 o
Story 16 5327 0001513 P38 A9 B X i PN
Story 001367 3702050
Story17 #9.057 000152 9,142 P, e e o
Story 18 7280 0.001523 §37.2207 . A S R
Story 19 76.173 0.001521 7817928 _Tms‘““,‘ e e N
| Storyk A7) 0001382 11383301
Stoey20 ™.326 0.001316 7214054 Stoeyd 35327 0.001158 1163174
3 Stoey 1 w078 01332 1078 6es
Story21 82286 0,001509 656,091 Sory =53 T AT
Story22 §5.036 0001498 582 7599 | Story 46229 0.001271 9933552
Stoey .613 0001218 047 6249
Story23 87.554 0001474 899713 | Stoey 14 1462 00011949 89 427
| Steeyl$ 2604 0.001192 [T
Story24 89821 0.001373 3628773 Stoey 16 61637 0.00216 R09 8322
“Stoey17 [ESEN 0002603 105778
Story25 9184 0000837 1951054 | Steeyl® T4916 0.002443 247932
Stoev19 ¥1.053 0002351 672 014
Story20 665 [N [ATEAIH
RSM Y, TABLE 2 Sty 907 000200 5471
L Steey22 9002 0001779 483 2000
Stery2d #.393 000152 4109255
STOREY DISPLACEMENT DRIFT SHEAR | Stery24 103 37 0001203 A1E6548
Stoey2® 104357 [T E 180 2410
Hase L { 0
Sworyl 5768 0.001923 1465.5977
2 13.309 0.002521 1441.4897
e e st T 3.3.3 ANALYSIS OF STRUCTURE WITH VERTICAL
Story4 28.494 0.002555 13871016 GEOMETRICAL IRREGULARITY (model 3)
_Sl_om 36.01 0 002549 1359.8782
Story6 43.452 (1.002534 1329.6456
Story7 50.799 0.003512 1297.024% RSM X, TABLE 5
Story8 58.028 0.002481 1260.2744
Slory‘) 65.117 (L.002444 1222.5818 STORY s DRIFT SHEAR
Story 10 72.042 0.0024 1182.4912 Thase () 0 1]
Storyl | 78,784 0002348 1139.6442 Stury’ 41 0001377 10304771
Story12 £5.32 0.00229 10950895 _ﬂ"'lf 1198 0.002634 966.3634
ot Tors (I N for e L i
Story 14 97.69 0.002121 996 656 Storvs 30144 0.003073 B4 69
Story 13 103 482 0.002071 944 2244 Story6 48.116 0003037 R36 20°
Story16 108983 0.001984 #89.5529 .__zm" ::'z‘ 0 :gm ﬁg:
. 0. 2
Story17 114.173 (001889 8313128 Storyd SR 0000538 R
Storyi8 119.031 0001786 7700563 Fitoto Lo 0007 TR
Storyl9 123537 0001674 705.7623 Syl [T 002638 693313
Story20 127667 0001552 6366644 | Sumyid 06,64 1552 654814
Story21 131402 4001419 5629814 ::-'r : :?:.Z; _: ug-:": 'JJ-?S':
- | Story’ M X
_§Igm2 134719 0001275 4865013 Story 13 1612 0.002308 LT
| Story23 137.597 Q001113 401 4103 Story16 121918 0002089 3008150
| Story24 140,013 0400922 294 8157 Stont7 127317 0 0198Y 3396876
Swory23 141 906 0000709 15735% Story 18 2417 MOIRY 402 3749
ury 17 7251 10015t R
TSton20 1w 0001698 W23
Snal 139% w0155 MEG162
[Ston22 139991 000138 3778932
Story23 15265 0.001203 230 5908
| Story24 155151 0 168 377K
L$ton23 (KA 000076 92958

3.3.2 ANALYSIS OF REGULAR BUILDING WITH MASS
AND STIFFNESS IRREGULARITY (MODELZ2)
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RSM Y, TABLE 6

IV. RESULTS AND DISCUSSION

In the present study vertical and plan irregularities are induced
into regular 25 storeyed building and their seismic behavior is
determined .The major outputs are storey drift , storey
displacement and base shear. Comparative study is conducted
and for what combination of irregularities the building is more
prone to damage is determined

STOREY DRIFT

The difference between the lateral displacements of two
adjacent floors of the surface is called storey drift. In  the
present study storey drift of structure with different
combinations of irregularities is analyzed using response spectra
method. Storey drift values are shown below

STOREY DISPLACEMENT

The difference between the displacements of two adjacent bays
of structure is called as storey displacement .In the present
study storey displacement of structure with different
combinations of irregularities is analyzed using response spectra
method

STOREY SHEAR

The algebraic sum of design lateral forces at all levels is called
as storey shear. in this study storey shear of structure with
different combinations of irregularities is analyzed using
response spectra method

4.1 MAXIMUM STOREY DRIFT:

The comparison is been done for storey drift for RC
structures  for different combinations of irregularities. mass
stiffness and vertical geometrical irregularities are considered as
vertical irregularities and reentrant corner irregularity for plan
irregularity. Comparison is shown in below the graph
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GRAPH 1

SHOWING MAXIUM STOREY DRIFT IN X

DRIFTS-X

DRIF

e From the above graph we observe that plan irregularity
with reentrant corner L Shaped structure has shown
maximum drift in x direction

e  From the above graph we observe that regular structure
has least storey drift

GRAPH 2

SHOWING MAXIMUM DRIFT INY

DRIFTS-Y

|

e From the above graph we observe that plan irregularity
and its combination with mass and stiffness irregularity
has shown least driftiny

e From the above graph we observe that structure with
vertical geometrical irregularity has shown maximum
driftiny

4.2 Maximum storey displacement

The comparison is been done for storey displacements for RC
structures  for different combinations of irregularities .mass
stiffness and vertical geometrical irregularities are considered as

vertical irregularities and reentrant corner irregularity for plan
irregularity. Comparison is shown in below the graph
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SHOWING MAXIMUM STOREY DISPLACEMENT IN X

DISPLACEMENTS -X

e From the above graph we observe that structure with
plan irregularity reentrant corner L SHAPED has
shown maximum displacement in x

From the above graph we observe that structure with mass and
stiffness irregularity has showm least displacement in x

GRAPH 4

SHOWING DISPLACEMENT IN Y

DISPLACEMENTS -Y

EMNTS

DISPLA

e From the graph above we observe that structure with
plan irregularity has shown maximum displacement in
y also

e From the above graph we observe that structurewith
mass and stiffness irregularity has showm least
displacement in y also

4.3 MAXIMUM BASE SHEAR

The comparison is been done maximum base shear for RC
structures  for different combinations of irregularities. Mass
stiffness and vertical geometrical irregularities are considered as
vertical irregularities and reentrant corner irregularity for plan
irregularity. Comparison is shown in below the graph

Page | 120

UGC Care Group | Journal

Vol-12 Issue-02 No. 02 February 2022
Graph 5

SHOWING BASE SHEAR IN X

e From the above graph we observe that regular 25
storeyed building has shown maximum base shear in x

e From the above graph we observe that structure with
vertical geometry irregularity and mass and stiffness
has shown least base shear in x

V. CONCLUSIONS

The response spectra technique of dynamic analysis is
used in this work to investigate the seismic behavior of
reinforced concrete buildings with vertical and plan
abnormalities. The analysis is carried out utilising the ETABS
programme to conduct the investigation. It is necessary to
identify the different characteristics for RC framed buildings,
such as the maximum storey drift, the maximum storey
displacement, and the maximum base shear, which will then be
compared further.

e It is discovered that the maximum storey drift of
0.004 occurs in a building with L shape reentrant
corner plan irregularity in the x direction and 0.0035
in vertical geometrical irregularity in y direction

e When considering a structure with plan irregularities
reentrant corner L SHAPED structure in both the x and
y directions, it is discovered that there is a maximum
storey displacement of 200mm

e The maximum base shear is found in a typical G+25-
story structure with no special features.

e According to the findings of the research mentioned
above, regular buildings are more successful at
withstanding earthquake loads.

e Those with irregularities in their mass and stiffness are
more successful at withstanding earthquake stresses as
compared to structures with irregularities in their
vertical geometry and plan.
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