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Abstract

When rocks are deformed, enormous amount of energy is released, the resulting vibrations
spread out in all directions. An earthquake is the passage of such vibrations resulting
vibrations spread out in all directions. An earthquake is the passage of such vibrations. The
seismic force can be resolved into 3 perpendicular directions that is 2 in
horizontal directions (x and y) and the remaining 1 in vertical direction (z2) The main
objectives of this work are to know the behaviouraof a multi-storey vertical irregular
residential building under lateral loads. The project is carried out by FEM software E-Tabs.
The building model used in this work has 15 stories each storey has a height of 3m. Five
different models are used in 4 different zones and their effects are tabulated in Results.
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1. INTRODUCTION

India is one of the country where most of the structures are low rise, but due to movements
towards city side’s results in population increment in most of the cities. In order to fulfil these
people in a limited space the height of the building should be increases from medium to high.
Improper design and construction of all types of residential buildings results in great destruction
of structure in the world. Hence we have to consider the structure safety rather than economy.
The structure should be designed in such a way that it must be safe as well as it must be
economical from both design and safety point of view. Both wind and earthquake causes
dynamic actions on buildings but design for wind force and design for earthquake force are
totally different phenomena. Lateral forces are the main forces which act on the building due to
greater height hence in order to avoid the effect of these forces and in order to reduce its effect
measures have to be taken. Similarly the soil conditions in which the building is present also has
a greater effect on the structure which has been discussed in detailed below.

Earthquake :

Earthquake can be simply understood as sudden shaking of ground due to the sudden release
of energy from rock deformation. These rocks are called Tectonic plates. The crust of the earth is
surrounded by large number of very big size rocks called plates they are in continuous motion
with one another, due to their collision with one another leads to release of energy which comes
to the earth surface in the form of waves.

Seismic zones:
India is divided into four seismic zones as mentioned below

Zone 2: Zone 2is having low seismic intensity since the zone factor is very low and it attracts
very less seismic
forces.
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Zone 3: Zone 3is having medium seismic intensity since the zone factor is medium and it attracts
medium

seismic forces.
Zone 4: Zone 4 is having moderate intensity since the zone factor is moderate and it attracts
moderate seismic

forces.
Zone 5: Zone 5 is having severe seismic intensity since the zone factor is high and it attracts
very severe seismic

forces.

Vertical Irregularities:

Structures having significant physical dis-continuities in their vertical configuration or in
their lateral force resisting systems or bracing system then such structures are termed
as vertically irregular structure.In tall structures perfect regularity of a structure is
an idealisation but in real the structures are almost irregular. Original forces which act on
structures are always more than design forces. Due to seismic forces, extra shear, displacement
and torsion is induced on an irregular structure that leads to decrease in overall
seismic performance of the structure significantly. In order to get a safe structure and the
modelling of the structure should pass all the design checks.

METHODS OF ANALYSIS USED IN SEISMIC DESIGN

Equivalent static analysis:

Design of structures against lateral forces must consider the dynamic effect of forces. But,
for simple structures, analysis by linear methods that is (Static) equivalent linear static methods
is satisfied. Equivalent linear static method is allowed in most codes of practice for regular,
irregular low- to medium-rise and other buildings. It Static equivalent method first step is the
estimation of base shear load and the base shear distribution on each story is calculated by
using formulas given in IS codes . This method is not suitable for tall structures as it is not
convenient to use because in tall structures number of mode shapes are more and this method
should not be used.

Response spectrum analysis:

This analysis is suitable for the structures, whose modes other than the fundamental one
affect significantly the behaviour of the structure. In response spectrum method the response of
multi degree of freedom system is expressed as the superposition of modal response. Here each
modal response being determined from the spectral analysis of Single degree of freedom system
and then it is combined to compute the total response.

Push over analysis:

In Push over analysis vertical load and lateral load gradually increase on a structure to be
considered to study the displacement and damage of the structure. Cyclic behavior and reversal
of load is also observed in this method.

As the name indicates Push — over, the structure is pushed until it achieves its most extreme
ability to twist. This method very much helpful in understanding the miss happening and
splitting of a structure, if there should arises an occurrence of earthquake and gives a
reasonable comprehension of the distortion of structure and arrangement of plastic hinges in
the structure.

Pushover analysis is of two types:
Force controlled
Displacement controlled.
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Model super position method:
The basic stages involved in modal superposition method are as follows:

Choosing a suitable Design Spectrum selection

Determine time period and mode shapes.

After determining the time period, determine the response from the design spectrum for the
period of each of the modes considered .

Calculate the participation of each and every mode corresponding to the single degree of
freedom Response.

Addition of the effects of modes in order obtains combined maximum response.

Converting combined maximum response obtained into shears and moments.

Objectives of Study:

To know the behaviour of a Multi-storey RCC residential building subjected to lateral loads
(Seismic loading and wind loading).

To know the effect of Seismic Zone factor on a RCC Residential building by using two types of
analysis.

Linear Analysis

Non-Linear Analysis

To know the effect of vertical irregularities in building.

Scope of Study:

In this work study has undertaken to determine the damage of a RCC Residential building under
the action of lateral loads.

The work is done by using Symmetrical bay frame and the analysis has been carried out by using
two methods:

Static Analysis

Dynamic Analysis

In this study five different models are used having vertical irregularity and their behaviour is
studied in different seismic zones.

The main scope of this study is to determine the behaviour of a tall irregular building in four
different zones that is in zone 2 Zone 3, Zone 4 and Zone 5 all these zones are considered in
the seismic behaviour of a building.

2. LITERATURE SURVEY

Mohammed Affan, Md. Imtiyaz Qureshi, Syed Farooq Anwar (Nov 2018):

“Comparative study of Static and dynamic analysis of high rise building in different seismic
zones and different soil types by E-Tabs” In this paper static and dynamic analysis of multi-
storey building in different seismic zones of India with different soil types starting from medium
or soft soil to hard or rocky soils is studied. They used E-Tabs software for their analysis. The
seismic and wind loading on the building is as per IS codes. After analyzing the building design
parameters such as Storey drift, Storey torsion are compared for different zones. It has been
concluded that Static analysis gives higher value of all the parameters such as displacement,
torsion, drift than dynamic analysis.

RaviKumar, P Raghava, Dr.T.Suresh Babu (April 2017):

“Seismic analysis of tall buildings for different earthquake zones” In this paper Response They
analyzed G+20 Building in FEM Software that is E-Tabs. The method of analysis they used is
the dynamic method that is Response Spectrum analysis has been carried out on a 90m tall
building in various seismic zones and with different wind speed and varying the value of zone
factor for each zone. After the analysis of the structure it has been concluded that the behaviour
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of the building in Zone 2 is good when compared to other zones. Stability indices value of zone
3 is 170% more than zone 5.

Siva Naveen E, Nimmy Mariam Abraham et al (2018):

“Analysisc firregular structures under earthquake loads” In this paper the structural behaviour
of a multi-storey frame with single irregularity and with multiple irregularities has been
studied. The irregularities considered are

Mass irregularity

Vertical irregularity

Tensional Irregularity

It has been observed that frames with single irregularity or with multiple irregularities change
their response. The combination of stiffness and vertical irregularity has shown maximum
displacement response and the combination of Re-entrant corners and vertical irregularity has
shown maximum displacement.

Rakshith G.M, Panender Naik G, et al (2019):

“Analysis of G+20 RCC tall building uses E-Tabs” In this paper the action of lateral loads on a
tall building has been studies in different zones. The wind loads on the structure is considered as
per 1S 1875 Part 3 and seismic loads considered as per IS 1893-2016. Software used for
modelling of the structure is E-Tabs. After the analysis of the building the following results have
been concluded.

Base shear of the building increases with increase in Zone factor.

Storey displacement increases with increase in Zone factor.

Storey drift increases with increase in Zone.

MV Naveen, KJ Brahma Chari (2016):

“Study on Static and Dynamic analysis of multi-storey building” This paper presents the
behaviour of a multi-storey RCC residential building (G+10) in seismic zone 2. In the seismic
zone 2 they used importance factor as 0.10, 0.16, 0.21, 0.36 and response reduction factor as 3.
The analysis is carried out by using two methods that is equivalent Static and Dynamic methods
using E-Tabs. The analysis is done for different zones and the design parameters are studied. It
has been concluded that

Static analysis gives higher displacement values than dynamic analysis

As the storeys increases, base shear also increases.

For tall buildings Static analysis is not enough Dynamic analysis also required.

3. Methodology
In this project study has been carried out in four different zones by using different models
having vertical irregularity as follows:

Modelling of High Rise building by using FEM Software E-Tabs.
Five different models are used having different irregularity.

Model 1: Building is modelled as a symmetrical frame having an offset of 8.35% in X-
Direction on each side.

Model 2: Building is modelled as a symmetrical having an offset of 33% in X-Direction on
both sides.

Model 3: Building is modelled as a symmetrical having an offset of 66.7% in X-Direction on
one side.

Model 4: Building is modelled as a symmetrical having an offset of 16.7% in X-Direction on
each side.

Model 5: Building is modelled as a regular symmetrical frame without any offset.

After modelling the frames, These frames are analyzed by using two different methods,
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» Equivalent Static Analysis.

» Pushover Analysis.

Volume 07, Issue 08, 2020

o After analysis, behaviour of all the five different models are then studied in different zones by

varying the seismic zone factor as per IS 1893-2016.

e Comparison, Interpretation and validation of the results obtained from different types of
analysis and for different zones.

Model description

Table 1: Building configuration data

Number of Stories G+15
Type of Plan Asymmetrical
Storey Height 3m
Height of Plinth above 1.5m
Concrete Grade M30
Steel Grade Fe 500
Beam Sizes 250mm*450mm
Column Sizes 500mm*750mm
Slab Thickness 150mm
Live Load 2Kn/m?
Floor Finish 1.5Kn/m?

Table 2: Wind Load Data

Wind Speed

Zone 2: 33m/s
Zone 3: 44m/s
Zone 4: 50m/s
Zone 5: 55m/s

Terrain Category

1

Table 4: Earthquake load data

Class of Structure B
Wind Angle 0°
Windward Co-efficient 0.80
Leeward Co-efficient 0.25
Table 3: Data for developing the Model in E-Tabs
Importance Factor 1
Response Reduction 5
Factor
Seismic Zone Factor Zone 2: 0.10
Zone 3:0.16
Zone 4:0.24
Zone 5: 0.36
Type of Soil Medium
Type of Building Residential
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Height of building 45m
Base Dimension 36m
Number of Bays in X-Direction 6
Number of Bays in y-Direction 6

Figurel. Model-1 having an offset of Figure.2. Model-2 having an offset of
8.35% in X-Direction 33% in X-Direction on both side

Figure 3. Model-3 having an offset of Figure 4. Model-4 having an offset of
66.70% in X-Direction in only one side 16.70% in X-Direction on each side
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Fig.5. Model-5 Regular Symmetrical Model

Table 5: Displacement for Model 1

Table

: Displacement for Model 2

Displacement in mm
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Table 7: Displacement for Model 3

| Disp in mm
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Table 8: Displacement for Model 4

Displacement for Model 4
Number of Stories Zone 2 Zone 3 Zone S
Story 1 =50 4.00 5.000
Story= 5.60 106 =3.80
Story3 11e 186 4190
Storya 17.1 186 51.40
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Table 8: Displacement for Model S

Volume 07, Issue 08, 2020
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Table 10: Storey Shear of Model- 1 for different Zones

Table 11: Storey Shear of Model-2 for different Zones

Storey Shear in kN Starey Shear in KN
Particulars Zone 2 Zone 3 Zone 4 Zone 5 Number of Stories| Zone 2 Zone 3 Zone 4 Zone S
Storyl 3009.1558| 4514.64093 | 7221.9740 | 10832.5610 Story1 33704337 | 5392 6939 | S089.0409 | 121335613
Storyz 3006.6989| 48107182 | 7216.0773 | 10824.1159 Story2 3367.6839 | S3IBR.2042 | BOS2.4413 | 12123.6620
Storvs 2596.6709| 4754.9935 | 7152.4502 | 10788.7353 Story3 3356.6847 | 5370.6955 | 8056.0433 | 12084.0649
S tory4 2974758 | 4759.6129 | 7139.4193 | 10709 1289 Storya 3331.9365 | 5331.0984 | 7996.6476 | 119949714
Storys 2535.4463 | 4696.7140 | 7045.0710 | 10567.6065 Storvs 3287.9397 | 5260.7036 | 7891.0553 | 11836.5830
Storve 28740216 4598 4346 6897 6518 10346 4778 Story6 32191948 51507116 | 77260674 115891011
Story7 27855701 44569122 | 6685 3682 | 10028 0524 Story7 3120.202 | 4992.3232 | 7488.4848 | 112327272
Storys 2665.1778| 4264.2844 | 6396.4267 | ©594.64000 Storys 2985 4618 | 4776.7390 | 7165.1084 | 10747.6626
Storye 2507.9307| 40126891 | 6015.0336 | S028.55040 Storye 2809.4747 | 4495.1595 | 6742.7393 | 10114.1090
Story10 2308.9148| 3694.2636 | 5541.3955 | §512.09320 Story10 2586.7410 | 4138.7856 | 6208.17684 | ©312.26760
Story1l 2063.2162| 3301.1458 | 4951 7188 | 7427.57820 Storvil 2311.7611 | 3698.8178 | 5548.2267 | §322.34000
Storyiz 17659208 | 2825 4733 | 4238.2100 | 6357.31500 Storyiz 1979.0355 | 31664567 | 4749.6851 | 7124.52760
Storyi3 14121148 | 22593837 | 3389.0756 | 5083.61330 Story1s 1583.0644 | 25329031 | 3799.3546 | 569903190
Story14 996 88410 | 15950146 2392 5219 | 3S8EE 78290 Storyv1l4 1118 3484 1789 3574 | 2684 0362 | 4026.05430
Storyis 515.31490| 524 50380 | 1236.7556 | 1855.13350 Storvis 57538780 | ©27.0205 | 1350.5308 | 2085.79620
12000 =Zone 2 14000 - mone 2
10000 WZone 3 12000 -Zone 3
W Eone 4
soon =Zone 5 E ronea = Zone 4
b zooo = Fone 5
G000
E E 5000
4000 Y
L 5 aooo
2000 2000
o a
1 3 4 5 6 7 8 @10 11 12 13 14 15 1 2 3 el 5 I3 7 B o 10 11 12 13 14
Number of Stories MNumber of Stories

Table 12: Storey Shear of Model-3 for different Zones

Table 13 Storey Shear of Model-4 for different Zones

Storey Shear in kN
Number of Stories Zone 2 Zone 2 Zone 3 Z.one 4 Storey Shear in k™
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Table 14: Storey Shear of Model-5 for different Zones
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Storey Shear im k™~
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Table 15: Storey Drift of Model-1 for ditterent Zones
Storey Drift
Number of Stories | Zone 2 Zone 3 Zone 4 ZoneS
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Table 16: Storey drift of Model-2 for different Zones

[ Storey Drifi i mm
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Table 15 Storey deift of Model 4 for different Zones
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Zno.oas —m—Zoned
“o.ons —a— Zoma3
o ona —<— Zomed
SCRCE]
Eooe
o.oo
o
H 5 11 13 is
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Table 17: Storey Drift of Model-3 for different Zones

Storey Drift in mm
Number of Stories | Zone 2
Storyi 6 coos5s
Storvs . 00077
Storya C.ooonE
Storya 6001193
T 0. 001373
Storve 0. 00 3D
Story s c.oo1670
Storye 001771
Storve o oo1s43
torv16 G ooiss1
tor C.001877
tory 10 c.oo1siz
tory 13 0. 001643
S torvia cooizss
tor 0. 000S 65
o oos
B —e—zonez
—m—zomes
3 0 00s e Zone 3
i oos —+—Zonea
oo
To oos

‘Eu noz
So oo

o
1 = E Ed @ 11 13

TInals ex of Stolies

Table 19: Dizsplacement of Model 1

Number of Stories
=

tory 1 = oo
Storv= 1o =0
Storws =a o
Storva =000
Storvs P
Storve s1_a0
Storv Se oo
Stonws 10oa
Stonrve 1z=.0

Storwio 1=

Storwil ia=a

Storwiz 150.=

Stomy 13 156 =

Storwia 112

Storwls s=.7 =a. = 1zea 16a.=

o
1
H

oy
s
R

B
I
)

Table 20: Displacement of Model-2

Disp. in_mm
Number of Stories Zone T Zone 3 Z.one 4 Zone S
Storyl 3.1 3.4 ENS &.o
Story 2 B s R 12 9 19.3
Story 3 152 1.7 2=8 3a.2
Story 4 22.2 22.8 334 S0
Story S 293 299 4 659
Story & 36.2 6.8 4.2 E1.4
Story 7 az.7 a3 3 =3 B
Story 8B a8.7 a9 4 73.1 109 6
Story © 54 = 815 izz
Story 10 591 5909 BE. s 1329
Story 11 a3 .3 a1 a9 142 4
Story 12 66.8 67.6 100.2 i50.2
Story 13 655 705 1043 156.5
Story 14 71.7 726 107.5 1612
Story 15 732 Ta.2 105.9 1648
130
, 1a0 —m
1:'!4D e Zone 3
. e Zones
oo
B
¥, 50 g
40
20
o
1 3 5 7 o 1 13 15
Mumber of S torvies
TMabrle Z1:Disp lacement of Model 3
TDisp lacement in
Number of Stories FZone 2 Zone 3 Zone S
Story 1 1a 2.3 =1
Story = ae T.a ie.6
Story 3 =& 138 =1
Story 4 13 Z0o.8 a6 8
Story 174 =) =3
Story & 21.8 348 T8 3
Story 7 255 a1.a =32
Story 8 257 az.s 107
Story & EEN s32 1156
Story 10 S6.3 =81 1508
Story 11 Er] sz a 1405
Story 12 a1.3 s 1as.e
Story 13 A3 .1 SR O 155 1
Story 14 = Ti1.2 150 1
Story 15 as.s T=2.8 16535
1=0 —— Eone 2
160 =
y - Zome
I 140 -zl
1z
B oo
g" =0
¥ a0
» an
20
o
1 E s El ° 11 13 1=
Nl e of Stories
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Table 22: Displacement of MModcl-<

Volume 07, Issue 08, 2020

Splacen ent in_nan
Number of Stories | Zowme 2 Zome 3 Zone 4
Storyl =1 3.4 =1
Story 2 5.6 = 13.a
Story 3 eR 157 23 .5
Story 4 13 2 2T B 341
Story 5 iE 7 o o aas
Story & =3 Er-N == 2
Story 7 =71 =Y &=
Story 8 S0 as.a Fa.1
Story 9 343 EE] 22 4
Story 10 37 4 EE ] BO B
Story 11 a1 a1 o6 2
Story 12 3= = &7 & 101 =
Story 13 ) o= i0= 7
Story 14 a5.a Tz 108 o
Stevr 15 A5 3 Tax 111 3
150
1m0
s
o140
L“;:n
00
& eo
¥ so
=
a0
TS
o
1 El = E = 11 13 15
Tuamnb=er of Stories
Table 23: Displacement of Model S
Displacem eat in oo
Number of Stories | Zome Z Zome = Zoned | Zome s
Storyl 14 =3 E) 51
Story 2 a6 73 11 164
Story 3 == 136 265 307
Story & iz = B 567 a6 1
Story = 171 =7 a ES 517
Stovy 6 213 341 =12 75 o
Story 7 2s.a oS co.o 513
Story & 251 ae.s eo.E 104.7
Story 9 325 519 7o 1169
Story 10 355 56.7 5.1 1z7.7
Story 11 ELIY 605 514 137
Story 12 40.2 613 296.5 14348
Story 13 41.9 a7 1 100.7 151
Story 14 433 a9 2 103 8 1557
Story 15 442 70.7 106.1 159.2
180
, 180
frnan
L 120
oo
P =0
¥ so
i
an
EL]
o
1 = = Kl s 11 13 15
TTurnb er of Stories
Table 24: Base Shear for all Zones
Base Shear in kKN
Particulars | Modell | Model2 Model 3 Model 4
2592 6841 4327.718 || 2376.585 25251022 3177.2876
4148.325 4327.718 | 3802.5121 4039.8133 5082.0554
62224113 6191_7651 l 5703.7682 6060.4363 T625.4902
©6222.4113 9737.5365 | 8555.727 9091.1321 11438.4359
14000 - =Iviodel 1
12000 4 = hodel 2
= Iiodel 3
10000 = odel 4
2000 ®hodel 5
E 6000
B
4000
2000
o
Zonel Zone3 Zoned Zoned
Tablk 25: Storey shear for Model-1
Storey Shear in kN |
Number of Stories | Zone 2 Zome 3| Zome s |
Story 1 25902 684 4148'325|| 6222 411
StoryZ 2580 013 4]25,052' 6192 002
Storv3 2542 878 | A068.635 | 6102878
Stornva 247895 | 3966 349 | 5594945
Storvs 2389.174 | 3822707 | 575399
Storve 2274 339 638 968 ‘ 5458 386
Storv? 213528 | 3416472 | Siza.64¢6
Storvs 1573 691 157 529 4736836 |
Storv e 1751.258 | 2866.033 4258 99
Story10 1588 683 2541 912 3812 B2
Storyll 1366.531 2186 465 l3275,658
Storyiz 1126.255 | 1802.021 [z7oz o58
Story1l3s §68.9607 | 1390347 [zo85. 455
Storyld 593.3918 | 949.4338 l1aza.133 |
Storyl 96 8776 | 475.0076 [71z.5027 |
7000 - Zone 2
§o00 - Fone 3
15000 = Zone4
ra000 =Zone s
¥ 3000
Ezoo0
1000
o
12 3 4 5 & T & 9 1011 12 13 14 15
MNumber of storvies
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Table 26: Storey shear for Model-2

Volume 07, Issue 08, 2020

Storey Shear in kN

NMumber of Stories

Zone = Zomne 3

Zome 4

Zone S

Stoaw 1 A1aAE 325 | 4527 718 | 6491 765 | 9757 SS7
Stonv= 1= 052 | 4305 756 | cass.521 | soss_ 121
Stomy S AOGE 635 | A2a42 718 | 6364 26l | OS5 46 2255
Stor S966 349 | 41535 017 | 6202 706 | 9303 952
Story S 3822707 | 3984.316 | SOT7S6. S48 | 8964 869
Storm s SEIRO6E | 3701 961 | sess 111 | 2530 060
Story 7 341G AT2 | 3SS0. 408 | 5339267 | S008. 509
Story & F157 000 | A0R0 491 | 4934 370 | Taol asa
Storv e SE66. 033 | 2054993 | 4477 619 | 6716._ 352

ZS5a1 912 | 2oay oSS

S970 739

S956 04

2156 465 | 2276 725

5415 186

S1z=2_7=1

1Eo= O=1 1E76 347

ZE14 GOz

az=1 =54

1390 347 | 1447 769

2171716

3257 537

D49 4338 | 9559517

1453 471

222518

TS 0076 | 495 8367

FTaA3 aATes

1115 202

E

12000

aooo

s000

so0o0

@000

2000

s s 7 o® 910 11
Truomler of stories

12 13 14

- e 2
=Fone 3
= o e 4
- o S

Table 27: Storey shear for Model-3

Storey Shear in kKN
Number of Stories Zone 2 Zone 3 Zone 4 Zone =
2376.585 | 3802.512 | 5703.768 | 8555.727
Storyz 2365.863 | 3785.356 | 5678.034 | 8517.126
Story3 2332.872 | 3732.572 | 5598.858 | 8398.360
Story4d 2275120 | 3640.281 S460.422 | 8120.704
StorySs 2193.655 3509 827 5264740 TEOT7. 179
Storve 2088.999 | 3342.377 | 5013.566 | 7520.415
Story? 1961.955 | 3139.108 | 4708.663 | 7063.056
Storvs 1814068 | 2002 490 | 4353 735 | 6530.659
Storye 1646915 | 2635.048 | 3952.572 | 5928.909
Story10 1461.157 2337 837 3506.756 5260.180
Storvil 1257 286 | 2011.645 | 3017468 | 4526 241
Storviz 1036.634 | 1658.604 | 2487.905 | 3731.891
Storvls BO0.2434 | 1280 381 | 1920 572 | 2880 883
Story14 546.9353 §875.091 | 1312.637 | 1968 972
Storyl s 274.1421 A3B. 6246 657 9368 9869139
Qooo
sB000 -ore 2
fp‘?nnn = Zone 3
aooo - Zone 3
LrAannn
ESDDD
T aooo
1000
o
1 2 3 “ = o 7 8 o010 11 12 13 14 15
Mumber of stories
Table 28: Storey shear for Model-4
Storey Shear in k~
Number of Stories Zone 2 Zone 3 Zone 4 Zone s _|
Story1 2525102 | 4039.813 | 6060.436 | 5091.132
Storv2 2512321 | 4019.366 | 6029 761 | 5045 117
Story3 2475 SO8 3960.614 5941 623 8912 903
Storya 2412.851 | 3860.226 | 5791.024 | 8686.992
Storys 325033 | 371973 | 5580 2%a | 8370 821
Storvs 2212917 3540.36 S5311_168 TO67.171
Storvy 2077337 | 3323451 | 4985 765 | 7479.041
1515643 | 3071.642 | 4608.008 | 6912 375
Storyo 1742352 A181.776 | 6272.994
Storv1o 1545235 | 2 3708 68 | 5563.313
Storyil 1329142 | 2 3190.041 | 4785 313
Story1l2 1095 48 1 5 2629 2394 3944 0S8
Storvl 3 845 3001 1352363 2028 784 3043 336
Story1l4 577 .3895 923 7432 1385 779 2078.777 |
Storvls 289 213 462 7007 694 1332 1041.255 |
1toooo
snoo = Zone 2
s000 = Zone 3
k 7ooo = Zone 4
E 5000 - Fone 5
t s000
: 4000
E o
° 2000
1000
0
1 2 34 5 a7 ) o 10 11 12 13 14 15
MNumb er of stories
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Table 29: Storey shear for Mod cl-S

Volume 07, Issue 08, 2020

Storey Shear in k™~
Number of Siories Zone 2 Zone 3 Zoned Zone 5
Storvi 3177 288 S082. 055 | 7625 45 | 11438 44
Storv= Si62 921 s059. 076 | 7591 011 | 11386 72
Storv3 3118 744 A9ER 415 TARA ORS 11227 68
Storva 3041 511 A864 882 | 7205 627 | 10949 .63
Stony 532 313 o8 | 7037 624 | 10ss6 .6
Storves 2792 235 165 6701 363 10052 22
Story 7 G22.193 185 | 6293 264 | 544006
Storve 2424 298 653 | ss1m.315 | 8727 626
Stonv e 2200 672 965 | 5281 614 | 7922 56
Storyio 1552 228 575 | aess 347 | To=2s 144
Storvii 1675657 _GO3 | 4031.177 | 6046 8572
Storviz is84.766 526 | 3323 437 | Aaoss 2as
Storyv13 1068 976 B2 2565 543 3848 382
Storvi4 T30 7851 _BE7 | 1753 884 | 2630 873
Story1s 3668768 58685175 | 8805042 1320.78
Taooo0
=Zone 2
12000 = Zone 3
& 10000 —one 4
a s000 =Zone 5
i
3 aooo
R
2000
0
1 2z 3 a4 5 s 7 3 8 10 11 12 13 14 15
TMumber of stories
Table 30: Storey drift for Model-1
Storey Drift in mm
Number of Stories Zome 2 Zone 3 Zone 4 Zone S
Story 1 O 000574 | 0 000S1E | 0001377 | 6002309
Storv= 0001250 | 0.002000 | 0.003000 | 0.004126
Storys 0001565 | 0002504 | 0003756 | 0.004967
Storya 0 00169 | 0002705 | 0004057 | 0.005283
Storvs ©0.001711 | 0OO2738 | 0.004107 | 0.005309
Storve 0001671 | 0002674 | 0.004011 | 0005162
Story 7 0. 001592 000 =l 0. 00382 0.0 201
Storvs 0001484 | 0002375 | 0.003563 | 0.004550
Storve 0001356 | 0002170 | 0.003255 | 0.004157
Stoiv 10 O o012 DOoDID37 |0 002906 |0 003703
Storv11l ©.00105 0.001652 | 0.002525 | 0.003208
Storviz O.000BEZ | 0001412 | 0.002117 | 0.002&85
Storvis 0 0007 0001135 | 0001705 |0 002152
Storyla ©. 000545 | 000087 0001307 | 0001645
Storwv1lSs 0.00041 0. 00065 & 0. 000984 0001231
o000
0.oos
o.o04
o003
£ o o0s
o.oo1

1= o3

4 s &

7 0w @

TTuanl e of storics

Table 31: Storey drift for Model 2

Storey I rife in

Number of Stories Zone = e 3 | Zoned | Zomes
tory 1 G o01026 | 0001377 | O 00ls4 |OO02309
Story= C.001E34 ©0.003 |Do02751 |ooodlza
Storvs 6 602267 | 6603756 [0003311 |0.003567
Ston 6 002348 | 6004057 |0.003522 0005285
Storvs G.oozse 0001107 | ©.oo= G ooss05
Sty O. 002204 0.00401 1 000344 O O0OS152
Stony 6. .0021 78 000382 |0.6003268 |0.004501
S tom o &) Gooss65s | 0.0050 EXEEETS
Stors 6 o0184E 6003255 |6602771 |[0.005157
Storyio 6 oo16as |0.002506 |0.002465 |0.00370%
Storvii 6 o01aze [0.002523 [0002135 |D.003208
Storviz 6001155 0602117 | 600175 0002685
Storvis G o0oDs7 0001705 0001435 looo=z152
Storyvia 6 606731 [6.001307 |6.001056 [0.001c4s
Story1s 6 000547 |o.000esa |oooos=1  |ooo1=s1

L2 03 a4 s s 7 o\ w10 11 12 1%

Thoaml e of stonies

Table 32: Storey drift for Model 3

4 5 & 7 = o

Tuinber of stories

10

Storey Drift in_mm
Number of Stories Zone = Zome 3 Zonea Zone 5
Store 1 0000472 | O O007SS | 0001133 | 0 001699
Story 2 0001061 | 0001627 | D 002546 | 0 003819
Stov s 0001341 | 0002146 | 0.003218 | 0. 004828
torya 000145 O 002330 | 0.003495 | 0.00524z
tease s o0ola7e | ooozs O o035s0 | 0005325
Stonve 0.001447 | 0.00231s | 0.003474 | 0005210
Stony 7 0001380 | 0.0O220& | 0.0053313 | 0.00496%
Storyv s 00012 0002061 | 0 003092 | 0 004638
Stom o © 0011 O 001884 | O 002826 | 0 004240
Story 10 D 001052 | 0 OD1I6ES | 0002524 | 0 003786
Storyl L 0000914 | 0001462 | 0.002193 | 0.003290
Stomy 1z 00007 O 001228 | 0001842 | 0 002763
teny 13 0000 0 000000 | 0 0olaEs | 0 oozz2T
Storyia 0000477 | o.ooores | o.oo114as [ ooo1vay
Story 1S 0. 000362 | 0000S7TS | 0 000869 | 0 001303
oo
oo
o4
T
co.00s
fo.00z
oooo1

Maximum Lateral displacement occurs at the top storey and minimum at the bottom storey.
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Lateral Displacement increases with increase in Zone. From the analysis it has been found that
there is a 40% increase in lateral displacement from zone-2 to zone-5.

As the height of the structure increases, Lateral displacement also increases.

The displacement obtained from linear analysis is 70% higher when compared to the
displacement obtained from the Non-Linear analysis. Hence we can conclude that for tall
buildings Non linear methods of analysis holds good this gives lower value of all the parameters
hence the percentage of steel used in construction can be reduced.

From the analysis it has been noticed that minimum value of displacement is seen in regular
model (Model-5) without any irregularity hence it can be concluded the presence of irregularity
in a building greatly increases the lateral displacement.

Base Shear

Base Shear obtained for zone-2 to zone-5 is maximum for Equivalent static Analysis when
compared to Pushover analysis. From the analysis it has been observed that static analysis
gives 36% more base shear than pushover analysis.

Base Shear of a building increases as the zone factor increases. For the same building base shear
in Zone-2 is 3966.36 KN and in Zone-5 are 14278.9 which show that base shear increases by
30%.

From the results it has been observed that minimum value of Base Shear is observed in Model-
3 having an irregularity of 66.7% and maximum base shear is observed Model-5 in
regular model.

Storey Shear

Storey shear obtained from static analysis is 40% more when compared to the storey shear
obtained from pushover analysis.

Increase in zone factor increases the storey shear. From Zone-2 to Zone-5 there is an increase of
42% in storey shear.

From the results it has been observed that minimum storey shear is seen in Model-3 and
maximum storey shear is seen in Model-5

Storey Drift

As we compare Zone Il and Zone V, storey drift is higher in Zone V when compared to Zone
.

Storey drift is greatly influenced by the presence of irregularity. It was found that model 3
showed least storey drift, whereas model 5(showed maximum storey drift.

The results are within the permissible limit as per the Indian standard code IS 1893:2016
(clause 7.11.1).

The value of storey drift obtained for static analysis was found to be more than thecstorey drift
obtained from push over analysis for all the five models.

6.Results
Equivalant Static Analysis

Pushover analysis
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