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Abstract

When rocks are deformed, enormous amount of energy is released, the resulting vibrations
spread out in alldirections. 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 carbe resolved into 3 perpendiculadirections that is 2 in
horizontal directions (x and y) and the remaining 1 in verticaldirection (z) The main
objectivesof this work are to know the behaviouraof a mukiorey vertical irregular
residential building under lateral loads. The project is carried out by FEM softward &bs.

The bulding 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.

Keywords: earthquake, seismic force, multi storey, residential, FEM[ &bs

1.INTRODUCTION

India is one of the country where most of steuctures are low rise, but due to movements
towards city sideds results in population inc
people in a limited space the height of the building should be increases from medium to high.
Improper desigrand 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 structurcshould be designeth such a wasthat it must be safe as wels at must be
economical from both design and safety point of view. Both wind and earthquake causes
dynamic actions on buildings but desifpr wind force and design for earthquake force are
totally different phenomena. Lateral forces are the main forcéshvatt 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 thergtture which has been discussed in detailed below.

Earthquake :

Earthquake can be simply understood as su:ddeking of groun:tue to thesuddenrelease

of energy from rock deformation. These rocks are called Tectonic plates. The crustarthhe
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 zomes
India is divided into four seismic zones astimned 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: Zonedis having medium seismic intensity sirtbe 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: Zoneb5 is having severe seismic intensity since the zone factor is high and it attracts
very severe seismic

forces.

Vertical Irregularities :

Structureshaving significant physical discontinuities intheir verticalconfiguration or in

their lateral force resistingsystems or bracing system then such structures are termed
asvertically irregularstructureln tall structures perfect regularity of a structure is

an idealisation but in real thetructures armlmost irregular. Original forceswhich act on
structuresare always more than design forces. Due to seismic forces, extra shear, displacement
and torsion is induced on an irreguistructurethat leads todecrease in overall
seismic performance of the structure signiéiotly. In order toget 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 nugsisider thedynamic effect offorces. But,

for simple structures, analysis by lineanethods that is (Static) equivalent linear static methods

is satisfied. Equivalent linear static method is allowed in mostes cipractice for regular,
irregular low to mediumrise and othebuildings. It Static equivalent method first step is the
estimationof bascshear loadnd the base shear distribution eaclstory is calculatedy
usingformulas given in IS codasThis method is not suitable for tall structures as it is not
convenient to ws because in tall structures number of mode shapes are more and this method
should not be used.

Responsespectrum analysis

This analysis is suitable for trsructures, whose mocsgher than thdundamental one
affect significantly thebehaviour of thestructure. In response spectrum metitioel response of
multi degree cifreedom system igxpressed as thwsuperposition of modal response. Here each
modal response being determined from the spectral analysis of Single degesgdom syem
and then it iscombined tocompute the totafesponse.

Push overanalysis

In Push over analysisertical load and lateral load gradually increase on a structure to be
considered to study the displacement and damage of the structure. Cyclic bahdvieversal

of load is also observed in thgethod

As the name indicates Pustover, 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 eskthqual 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
Displacemericontrolled.
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Model super position method
The basic stagdavolved 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 respémse the design spectrufor the
perioc of each of the mesiconsidered

Calculate the participation of each and every nuateespondingo the singledegree of
freedomResponse.

Addition of the effects of modes in order obtains comktimaegtimum response.

Converting combine dhaximumresponse obtained into sheand moments.

Objectives of Study:

To know thebehaviour of a Multistorey 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 usingpes 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 laterdbads.

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
differentzonesthat is in zon<2 Zone 3, Zone:4 and Zonch all these zones are considered in

the seismic behaviour of a lding.

2. LITERATURE SURVEY

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

i Co mp a stady of Btatic analynamic analysiof high risebuildingin different seismic
zonesanddifferent soil typesby ET a b s 0 | n statib and dypamiarelysis 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 usetiBs software for their analysishe
seismic and wind loading on the building is as per IS codes. After analyzing the building design
parametersuch as Storey drift, Storaprsion are comparetbr different zones. It has been
concluded that Static analysis gives higher value of allpgmr@ameters such as displacement,
torsion, drift than dynamic analysis.

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

NfnSei smic analysis of tall buil dings for diffe
analyzed G+20 Building in FEM Sware that is ETabs. The method of analysis they used is

the dynamic method that is RespciBgectrum analysibias beercarried out on a 90m tall

building in various seismic zones and with different wind speed and varying the value of zone

factor for eab zone. After the analysis of the structure it has been concluded that the behaviour
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of the building in Zon& is good when compared to other zones. Stability indices value of zone
3is 170% more than zorte

Siva Naveen E, Nimmy Mariam Abraham et a2018)

A Anal fireeguiarcstructuresu nder eart hquake Stroctudhlshéhaviour t hi s
of a multi-storey frame wit'single irregularity and with multipi&regularities has been
studied. The irregularities considered are

Mass irregulaty

Vertical irregularity

Tensional Irregularity

It has been observed that frames with single irregularity or with multiple irregularities change
their response. Theombination of stiffnessnd verticaiirregularity has showmaximum
displacementresponseand thecombination of Reentrant corners and vertical irregularity has
shown maximuradisplacement.

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

AfAnalysis of G+20 RG@®stballln h thiilsdipmagpeusdasheE act
tall building has been studies in different zones. The wind loads on the structure is considered as

per IS 1875 Part 3 and seismic loads considered as per 1S20863 Software used for

modelling of the structure is-Eabs. After the analysis of the buildingetfollowing results have

been concluded.

Base shear of thebuilding increaseswith increase iriZone factor.

Storey displacemenincreases wittincrease i::Zone factor.

Storey drift increaseswith increas=in Zone.

MV Naveen, KJ Brahma Chari (2016)

i St onBtatic andDynamicanalysis ofnulti-st or ey buil dingbod Thi s p e
behaviourof 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 resghtdion factor as 3.

The analysis is carried out by using two methods that is equivalent Static and Dynamic methods
using ETabs. The analysis is done for different zones and the design parameters are studied. It

has been concluded that

Static analysigjives 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 fdifferent zones by using different models
having vertical irregularity as follows:

Modelling of High Rise building by using FEM Softwarelabs.
Five different models are used having different irregularity.

Model 1: Building is modelled as aymmetrical frame having an offset of 8.35% in X
Direction oneach side.

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

Model 3: Building is modelled as a symmetrical having an offset of 66.7¥sirection on
one side.

Model 4: Building is modelled as a symmetrical having an offset of 16.7%ir¥ction on
eachside.

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

After modelling the frames, These frames aralyared by using two different methods,
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Equivalent Static Analysis.

Pushover Analysis.

After analysis, behaviour of all the five different models are then studied in different zones by
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varying the seismic zone factor as per IS 18036.

Comparison, Interpretation and validation of the results obtained from different types of

analysis and for different zones.

Model description

Table 1: Building configuration data

lecular & Clinical Medicir
Volume 07, Issue 08, 20

Number of Stories G+15
Type of Plan Asymmetrical
Storey Height 3m
Heightof 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/n?
Floor Finish 1.5Kn/n?

Table 2: Wind Load Data

Table 4: Earthquake load data

Wind Speed Zone 2: 33m/s
Zone 3: 44m/s
Zone 4: 50m/s
Zone 5: 55m/s
Terrain Category 1
Class of Structure B
Wind Angle Q°
Windward Ceefficient 0.80
LeewardCo-efficient 0.25
Table 3: Data for developing the Model in ETabs
Importance Factor
Response Reductio
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 ofBays in XDirection 6
Number ofBays in yDirection 6

Figurel. Modell 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
Zone S Number of Storics Zonc2 | Zone S | Zomc 4
5.200 tory 1 =2.30 3.700 s.s00
20 00 tory & 0 1630 15 a0
37.50 tory S 1s 18.40 z7.50
Se.70 oy &5 18 40 A0.70
76 80 torys z2.5 36.10 sa.10
se.50 Storve 281
1160 Storvy EEN:]
1347 Story s EEE
1523 S torve 43.8
= Stomny 10 EEE]
183.1 Storyii s2.4
195 7 Stony 12 S5
Z06.= Story13 EEx
2143 Stony 14 s1.0
220.5 Storvis -
40 —e—zone 2 =20 —e—zone 2
———ene ———zone
200 »z0n0 Zone 3
» e Fione 4 i —a—Zone 4
1 e " .
isn i = fjsu ——e—Fone 5
v o~
Moo oo
»
, 50 50
o o
1 3 = - o 11 13 15 1 3 s ks @ 11 13 15
Tl er of Stories Mumber of Stories

Table 7: Displacement for Model 3

| Disp in mm
Number of Stories | Zome Z Zone 3 Zones Zones
Storvi 170 a.100 5100
Storyva =60 13 a0 2000
S tory 3 1053 25 20 7.80
s tory 1S, 38.20 730
ey S 21e 5170 7 &0
o1y e z7.2 55.30 .50
tory7 327 75 60 178
Storvs 380 2130 137.0
Storye EENY 1033 1550
Storvi1o 477 1144 1716
Storvil s1L=® 1z4.3 186.5
Storv1z ssa 1329 195 a
Storv13 583 140.0 210.0
| Story 14 0.7 1456 z18.4
[ Storv1s 625 1499 2249
250
—e—zone 2
son —a-—Zone s
) —t—Zone 4
in
psn ——Z.one 5
B
oo
50

= 7 o 11 13
Number of Stories

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
Storys 226 362 =1.40
Storys 2s8.1 450 101.3
Story7 336 s3.7 120.8
Storys EX-ed 620 139.5
Storye EEN o8 1571
Story10 as1 F7.0 1733
Storyil 52.2 B35 i87.8
Storviz EER-] EEXS) 200 3
Story1s 8.5 EEX] 210.7
Storvid S0 8 o7 = 145 o 21E8
Story1ls 62.5 100 1500 225.0

—e—rone 2
———rone 3
e Fone A
—4—Zone 5

s 7 B
Tamber of Stories

Volume 07, Issue 08, 20
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Table 8: Displacement for Model S

Volume 07, Issue 08, 20

Disp in raEn
Number of Stories Loone T Lone 3 Zoon e <4 Z.one S
Storwv 1 0.1 2.80 420 S 300
S tomy 2 0.3 =9 00 13 5 2030
S tory 3 0.7 169 25 4 328 .10
= tory - 1.1 16.9 3E. 4 5760
= 1.6 34.6 51.9 77.80
2.2 435 553 D7 .90
Storwy7 2.7 52 3 78 4 17 6
Storv 8 3.2 S0 7 =21_0 365
Storvs 3.6 G68.6 102.9 543
S torv10 EX:] EL ) 1iss oz
Story11l e B2 4 123 6 8BS a
Story12 a7 BE. O 1320 1951
Story13 5.0 927 139.0 208.5
Storyvia 5.2 D63 1 Ahh 2165.6
Storyls 5.3 DO O 148.5 222.7
250 J———
———Ore 3
PELD e 3
i e e 4
S0
"
Elnn
IS0
o
! 3 Fhumber of Scoridd 13 1=
Table 8: Base Shear for all Zones
Base Shear in kKN
Particulars | Modell | Model2 Model 3 Model4 | ModelS
Zone2 | 30091558 | 33704337 | 29707342 | 313642580 | 3966 3614
Zone3 | 4814.6493 | 53926939 | 4753 1748 | 501828130 | 63461782
Zoned | 72210740 | 8089.0400 | 71297622 | 752742200 | 83142200
Zone5 | 10832.961 | 12133.5613 | 10604.643 | 11201.1330 | 14278.001
16000
" Model 1
14000
= Dodel 2
i\{r 12000 = Modsl 3
3 10000 = hiadel 4
E g000 = hiedel 5
% anoo
4000
2000
o
Zone2 Zone3 Zoned Zones

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™
Sitory1 26707342 | 4753 1748 | 7129 7622 | 10694 6433 Number of Stories Zone 2 Zone 3 Zone 4 Zone
Storvz 3568.3007 | 4749 3056 | 7123.0433 | 10685.9150 Storyv 1 51564258 | 5018 2813 | 7527 4220 | 11291 1330
Storya 20586117 | 4733.7786 | 7100.6680 | 10651.0020 Story2 3153 85662 | 5014 1850 | 7521 2780 | 11281 5184
Storya 2536.7910 | 4695.8656 | 7048.2984 | 105724476 Storys 3123 6278 | 4997 8044 | 7496 7066 | 11245 0590
Story S 2897.9987 | 46367980 6955.1969 10432.7954 Story4 3100.5912 | 4960 9460 74441 4190 11162 1284
Storys 2837.3858 | 4539.8173 | 6809.7259 | 10100.0000 Storys 30506374 | 4895 4100 | 7343.1298 | 11014.6047
Story? 2750.1032 | 4400.1651 | £600.2476 | ©900.37140 Storye 29956471 | 4793.0353 | 7189.5530 | 10784.3255
Storys 2631.3018 | 4210.0829 | 6315.1244 [ 9472 82660 Story7? 2903 5010 [ 4645 6016 | 6968 4024 | 10452 6036
Story® 2476.1327 | 3961.8123 | 5942.7185 | 8914.07780 Storys 2778.0799 | 4444.9279 | 6667.3918 | 10001.0877
Storvio 2279 7468 | 3647 5949 | 5471 3924 | 8207 08E50 Storys SE142646 | 4182 8234 | 6274 2352 | 8411.35270
Storyil 2037.2551 | 3255 6721 | 4585 5082 | 7334.26230 Storv10 Sh06 5355 | 38510555 | 5556 64365 | 5663 96690
:i“‘y_‘é :;;ifg:g z;g?zi:g ;‘;53:32; gi;f;f;gg Storyil 2150.9746 | 3441.5503 | 5162.3390 | 7743.50850
S e - ona Story12 1841 2613 | 2046 0181 | 4419 0272 | 6628 54080
::"y;‘; ;3’9';;22 ;i;igg;; f;g’;;z;‘: ?;‘;?;;_ﬁ”zg Story13 14726770 | 2356 2832 | 3534 4248 | 5301 63710
ory - - - - Storvia 10340 1023 | 1664 1636 | 2496 2455 | 3744 36820
Storyls S32. 41800 861 46880 1292 2032 1938 30480
13000 = Fone 2
=Zone 3 12000
1ooon — =Zone 2
= mene 1oooo - Fone 3
=000 - Zone 5
3 anoo - Zone 4
¥ aoo0 -z 5
g , B000 one
S aooo0 |
4000
2000 E:
£ 2000
o o
12 3 ] 10011 12 13 14 15
Nroriler of Htories 12 3 4 s & 7 8 9 10 11 12 13 14 15
DMl er of Storie:
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Table 14: Storey Shear of Model-5 for different Zones

Storey Shear im k™~

Number of Stories

Zone 2 Zone3

Zone 4

Zome 5

Storyl 3966 3614 63461782 10832 9610 14278.9010
Story2 3963.1293 ©341.0070 10824.1159 | 14267 2656
Stons 35551501 | o326 3045 Toges 7355 [ 1ass0 o545
Storya 3921 .0769 6273 7231 10709.1289 14115 8769
Storys 3869.3201 6190.9122 10567 .6065 | 13929.5523
Storye 3ITER 4501 6061.5201 10346 477E 13638 4202
Story7 3671.9972 | SBT75.1955 10028.0524 | 132191899
Storys 3513.4912 | 5621.5870 9594.64000 | 12648.5702
Storye 3306.4646 5290.3433 SO2B. 55040 11903.2725
Story10 3044.4457 | 4871.1130 8§312.029320 | 10960.0044
Storv1l 2720 9655 | 4353 5448 TA42T STB20 | 9795 47570
Story12 2329.5545 | 3727.2872 G6357.31500 | 8§386.39610
Storyil3 1863 .7430 2981 98ES S083.61330 | 6709 47490
s 1237 bers | atov sons assm saiso | 231 a0
Storyvls S83. 04040 1092.8646 1855.13350 | 2458.24540
- Eons 2
- Fone 3
e ot
- Zonec 5
aooon
saooo
;
Tuinb el of Stolies
Table 15: Storey Drift of Model-1 for ditterent Zones
Storey Drift
Number of Stories | Zone 2 Zone 3 Zone 4 ZoneS
Storyz 0.000756 0.001210 0001815 0.002723
Story3 0.000964 0.001543 0.002314 0.003471
Story4 0.001167 0.001867 0.002800 0.004200
Storys 0.001349 0.002158 0.003238 0.004856
Story6 0.001505 0.002408 | 0.003612 0.005419
Story7 0.001633 0.002613 0.003920 0.005879
Storys 0.001733 0.002772 0.004158 0.006238
Storye 0.001803 0.002885 | 0.004327 0.006491
Storylo 0.001842 0.002947 0.004420 0.006630
Story1l1l 0.001 840 0.002945 0.004417 0.006625
Story1l2 0.001780 0.002849 | 0.004273 0.006409
Storyl3 0.001621 0.002594 0.003891 0.005836
Storyld 0.001277 0.002043 0.003065 0.004597
Storyils 0.000574 0.000918 | 0.001377 0.002066
—e— Zomne2
0006
I’h —— Zorne3
n00os —— Zone 3
k 0004 —— Zome 4
.
¥ n0noo3
g noooz2
n.ool
o -
! s N\;’lnbel' %f Sto;‘{es 13 e

Table 16: Storey drift of Model-2 for different Zones

[ Storey Drifi i mm

Number of Stories|  Zone 2 Zone 3 Zone Zone =
o= G oo0ES - - 6 oozos3
Storvz 0000752 0001203 0001505 | 0.00270
Storv3 0000953 O 001 540 O 002310 0003465
Storya G OD1168 0001865 0 002803 | 0004205
Storys 6001353 0002165 0 603348 | 6 004873
Story e 0001513 0. 002420 0. 003630 ©0.005445
StoryT 0001644 0002630 0 003945 | 0.005917
Storve G o01746 0.002794  0.004191 | 0.006256
Storve G OD1E20 00025912 6 004365 | 0008553
Storv10 0001863  0.00Z9E1  0.004472 | 0.006708
Storvil G OD1E6S 0 002550 0 0044ES | 6. 006738
Storviz GODIEZ1 0002013 0.004360 | 0.0085 54
Story13 DO0IG6ES 0002692 0 O0AD3E | 0 006058
Storyia | coo13s0 ooozzos 0003313 | 0004969
Story1s | clooo7es oc.ooi220 o©.0o1s31 | 0.002746

El o
ke of Stories

noos
0.007 ——Tonez
—m—zome 3
in0one ——Zoma3
ooos e Zomm 4
frame:
" oons
B o
o001
o
1 E] = K o 1 13 15
TMannl e of Stories
Table 15 Storey deift of Model 4 for different Zones
Storey D il in_moam
Number of Storiex | Zone 2 Zome S Fones Fone =
Story 1l | O 000STa | O 001400 0001 3TS 0002068
Story2 |  oocorsi [oooizoz | oooisoz | coozros
Storys [ oo00ooss | 0oo1533 | 00023600 | 0003450
Storyd 6001161 | 0001857 | 00027686 | 0004179
Storys 6001345 | 0. 002150 | 6003224 | 0.O0IESS
Storve Goo1s00 | O =T G oose00 | O oosa01
Story T 0001520 | 0 oozen7 | ooosool | Ooossas
Storye [ 0ooivs0 [0ooz es | ooodiss | Oooss2s
Storye [ cooisos [0 oozsss | oooas=y | 0oosaso
Storvio | o.001846 | 0.00z952 | 0.004430 | 0.00co44
Storvil I 0.00185z | 0.002963 | 0.004445 | 0.005568
Storviz | o.ooisos | 0.0ozs92 | coo4s38 | 0.005508
Storvl S | 0.001580 | 0.002587 O.o0a03 1 0005036
Storvia I oocizes | o.oozzsa | voossso | ooosoze
Storvis [ ocoossz |oooissi | vooissr | o.ocozsss
o.oos
n.ony —— Zomez
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 Fone =
Storyi = 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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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
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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

Story 10 Z2S5a1 912 | 2o47 0OBS | 3970 739 S956 04

Storw 11 2156 465 | 2276 725 | 3415 186 | S12=2 721

1Eo= O=1

1E76 347

ZE14 GOz

az=1 =54

1390 347

1447 769

2171716

3257 537

D49 43S

SES . 9S17

1453 471

222518

TS 00T

ECEN-=1-+

FTaA3 aATes

1115 202

12000
aooo
=000

% sooo

£ 4oo00

2000

s a7

s © 10 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 k™~
Number of Stories Zone 2 Zone 3 Zone 4 Zone S
2376 585 3802 512 | 5703 768 | 8555 727
Story2 2365.863 37E5.356 | S678.034 | 8517.126
Story3 2332872 | 3732572 | S598 858 | 8398 360
Story4d 2275120 | 3640.281 S460.422 | 8190.704
Storys 2193655 | 3509 827 | S264.740 | 7TRO7. 179
Storve Z08E5.999 | 3342 377 | 5013.566 | 7520.415
Story7 1961.955 | 3139108 | 4T70B.663 | 7063 .056
Storvs 1814068 | 2902 490 | 4353 735 | 6530.659
Storye 1646.915 | 2635048 | 3952.572 | S928.909
Story 10 1461 157 | 2337 837 | 3506 756 | 5260 180
Storvll 1257 286 | 2011 645 | 3017 468 | 4526 241
Storv1l2 1036.634 1658.604 | 2487 905 [3731.891
Storvl3 BOO 2434 1280 381 1920 572 | 2880 883
Storyv14 546 9353 875.091 1312 637 1968.972
Storyls 2741421 | 438 6246 | 657 0368 | OB6 0139

2 3

4 5 & 7

8 o

10 11

TMumber of staries

12 13 14 15

= Zone 2
=Fone 3
= Zone 3
- Zone 4
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