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Abstract- Due to increase in population spacing in India is
needed, especially in urban areas. Also due to increase in the
transportation and safety measure the FSI (Floor Spacing
Index) in Indian cities is increasing considerably. Structural
engineers in the seismic regions across the world often face the
pressure to design high rise buildings with stiffness
irregularities, even though they know these buildings are
vulnerable under seismic loading. Today’s tall buildings are
becoming more and more slender, leading to the possibility of
more sway in comparison with earlier high rise buildings.
improving the structural systems of tall buildings can control
their dynamic response. With more appropriate structural
forms such as shear walls and tube structures and improved
material properties. The general design concept of the
contemporary bearing wall building system depends upon the
combined structural action of the floor and roof systems with
the walls. The floor system carries vertical loads and, acting as
a diaphragm, lateral loads to the walls for transfer to the
foundation. Lateral forces of wind and earthquake are usually
resisted by shear walls which are parallel to the direction of
lateral load. These shear walls, by their shearing resistance and
resistance to overturning, transfer the lateral loads to the
foundation. In the present study a 21 story high rise building,
with podium up to 3rd floor level is considered. After podium
level (3rd floor level), there is no sudden change in plan
because if there is any sudden change it may result in the
stiffness/torsional irregularities of building if a small seismic
forces or any other less magnitude horizontal force strike the
structure. The optimization techniques which are used in this
project are firstly considered the size of shear wall is same
throughout the building and then analysis is done from the
result the failed shear wall dimensions are increased to resist
the whole structure, in this way the optimization was done for
number of time till the whole structure comes to stable to resist
the forces .In this present project shear wall design and
optimization is done by using the software Etabs and the shear
walls are arranged in such a way to resist the lateral forces in
zone 111 region throughout the structure according to Indian
codes.

Keywords- Story Drifts, shear wall, Story Stiffness, base shear
, Etabs2017
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1. INTRODUCTION

In the 21st century, there has been the tremendous
growth in the infrastructure development in the developing
countries, especially India, in terms of construction of
buildings, bridges and industries etc. This infrastructure
development is mainly due to the growing population and to
fulfill their demands. Since the land is limited, there is a huge
scarcity of land in urban cities. To overcome this problem tall
and slender multi-storied buildings are constructed. There is a
high possibility that such structures are subjected to huge lateral
loads. These lateral loads are generated either due to wind
blowing against the building or due to inertia forces induced by
ground shaking (excitation) which tends to snap the building in
shear and push it over in bending. In the framed buildings, the
vertical loads are resisted by frames only, however, the lateral
resistance is provided by the infill wall panels. For the framed
buildings taller than 10-stories, frame action obtained by the
interaction of slabs and columns is not adequate to give required
lateral stiffness and hence the framed structures become an
uneconomical solution for tall buildings. The lateral forces due
to wind and earthquake are generally resisted by the use of shear
wall system, which is one of the most efficient methods of
maintaining the lateral stability of tall buildings. In practice,
shear walls are provided in most of the commercial and
residential buildings up to 30th storey beyond which tubular
structures are recommended. Shear walls may be provided in
one plane or in both planes. The typical shear wall system with
shear walls located in both the planes and subjected to lateral
loads is shown in Fig. 1.1(a). In such cases, the columns are
primarily designed to resist gravity loads.
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The shear walls are expected to resist large lateral loads (due to
earthquake or wind) that may strike “in-plane” [Fig. 1.1(b)] and
“out-of-plane” [Fig. 1.1(c)] to the wall. The in-plane shear
resistance of the shear wall can be estimated by subjecting the
wall to the lateral loads as shown in Fig. 1.1(b). On the other
hand, the flexural capacity can be estimated by subjecting the
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shear wall to the out-of-plane lateral loads as shown in Fig.
1.1(c). During extreme earthquake ground motions, the
response of a structure is dependent upon the amount of seismic
energy fed in and how this energy is consumed. Since the elastic
capacity of the structure is limited by the material strength,
survival generally relies on the ductility of the structure to
dissipate energy. At higher loads, inelastic deformation arises
which are permanent and imply some damage. The damages
generally vary from minor cracks to major deterioration of
structure, which may be beyond repair. It has been learnt from
past experiences that the shear wall buildings exhibit excellent
performance during the severe ground motion due to stiff
behavior at service loads and ductile behavior at higher loads
thus preventing the major damage to the RC buildings (Fintel,
1977). The behavior of shear wall can be ascertained well by
observing the deflected shape. The deflected shape of the tall
shear wall is dominated by flexure and that of short shear walls
by shear as shown in Fig. 1.2.

Fic. 1.2.

Il. MODEL INTERPRETATION
TOWER

The proposed building consists of Ground floor + 6
Podium floors + 1 Service floor + 1 Fire check + 31 habitable
floors apart from the terrace floor. No floor provision is
accounted in the design. The size of the structure at typical floor
level is around 38.3 m X 35.6 m. The podium floors are for car
parking and services. There is a service floor above 6th podium
floor. The upper floors are for residential use only, while parts
of 1st, 8th, 15th, 22nd ,29th floors are assigned as the refuge
area. There is a fire check floor above 12th floor.

The proposed building consists of Ground floor + 6
Podium floors + 1 Service floor + 1 Fire check + 32 habitable
floors apart from the terrace floor. No floor provision is
accounted in the design. The size of the structure at typical floor
level is 54 m X 45.6 m. The podium floors are for car parking
and services. There is aservice floor above 6th podium floor.
The upper floors are for 7/16 residential use only, while parts
of 1st, 8th, 15th, 22nd ,29th floorsare assigned as the refuge area
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.There is a fire check floor above 12th floor.RCC beam and slab
system is adopted as the general framing system for all the
towers at typical floor level, whereas flat slab system is adopted
in the podium portion. Shear walls are included at places
wherever possible to resist the lateral loads effectively.

CONSTRUCTION MATERIAL

Concrete shall comply with IS 456-2000. Unless noted
otherwise concrete is to be normal-weight, with a typical dry
density of 25 KN/m3. The following list shows the 28-day cube
strength (minimum) to be achieved by the concrete for some
main structural members.

. Columns 50 to 30 N/mm?2

. Slabs and Beams 40 to 30 N/mm2
. Foundation 40 N/mm2

. Retaining wall 40 N/mm2

. P.C.C. 20 N/mm2

LOADING

The building is analyzed for the following basic load cases
. Dead Load

. Live Load

. Seismic Load
. Wind Load
DEAD LOAD

The dead load comprises of self-weight of the structure and
loading due to finishes, flooring etc. which are permanent in
nature. The dead load consisting of self-weight, partitions,
ceiling, flooring, facade etc. are applied as either area loads to
slabs or line loads to beams. The following parameters are
considered as per IS 875 (Part 1) — 1987

. Finishes including services load = 1.5 Kn/m2
. Facade load = as per Actual.

. Density of Concrete = 25 Kn/m3

. Density of Light-weight Blocks = 8 Kn/m3
. Density of Plain Concrete = 24 Kn/m3

. Density of Steel = 78 Kn/m3

. Density of Aluminum =28 Kn/m3

. Density of glass = 25 Kn/m3

. Density of soil filling = 20 Kn/m3

. Density of Brick Bat = 21 Kn/m3

. Partition walls = As per actual

All filling material in toilets, dry balconies, flower beds and
terrace water proofing to be of Brick Bat. The earth pressure
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loading will be taken from the soil consultant’s report for the
design of the soil retention elements.

LIVE (IMPOSED) LOAD

Live Loads considered on floor slabs are as per
IS 875 (Part 2) — 1987

. Residential area = 2.0 Kn/m2

. Corridors, Lift Lobbies = 3.0 Kn/m2

. Car Parking Area = 2.5 Kn/m2

. Refuge Area = 5.0 Kn/m2

. Wash Room (Toilet areas) = 2.0 Kn/m2

. Staircases = 3.0 Kn/m2

. Lift machine room area = 10.0 Kn/m2

. General Terrace area = 1.5 Kn/m2

. Terrace without access = 0.75 Kn/m2

. A.H.U, server room, chiller & other = As per actual

SEISMIC LOAD

IS 1893 — 2002 is used for calculating seismic load and as the
basis for seismic load combinations. Following parameters are
considered.

Seismic Zone = 3 (Refer table 2 of IS 1893 — 2016)

Z=0.16

Response Reduction Factor (Refer table 2 of IS 1893 — 2016)
R =4.0 (For Tower A, A1) R =4.5 (For Tower A)

R = 3.0 (For Podium Portion)

Soil Type=1

Damping = 5%

Importance factor = 1.0

Ta = 0.09h/Nd (For Tower Portion)

Ta=0.075h0.75 (For Podium Portion)

h= height of structure

d = Base dimension along the bldg.

WIND LOAD

IS 875 Part 3 -2015 is used for finding out the wind pressure.
Basic wind speed Vb = 44m/sec

Design Wind Speed Vz = Vb x k1 x k2 x k3

Where K1 is Risk Factor

K2 is a Terrain, Height and Structure size Factor

K3 is a Topography Factor

K1 =1 Refer Table - 1 IS

Design Pressure (Pz) = 0.6 VZ2

Since the building external faces are 875 - 1987 - Part — 3
K2 = Refer table - 2 of IS 875 - 1987 - Part — 3

(Category = 3 Class C Structure)

K3 = 1.0 Refer Clause -5.3.3.1 IS 875 -1987 - Part — 3
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LOAD COMBINATION

Primary Load cases:

Dead Load (D. L.)

Live Load (L. L.)

Eqgx (X- dir. earthquake)

Eqy (Y- dir. earthquake)
W90 (90 degrees - dir. Wind)
W210 (210 degree- dir. Wind)
W330 (330 degree-dir. Wind)
ii) Basic Load combinations:

15(D. L. +L.L)

1.2(D. L. + L. L.+- Eqx,y)
1.5(D. L. + Eg-x,y)

(0.9D. L. +- 1.5Eqx,y)

(0.9D. L. +- 1.5Specx,y)
1.5(D. L. + Eq-Specx,y)
1.2(D. L. + L. L.+- Specx,y)
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I11. ANALYSIS
Equivalent Static Analysis.

All design against earthquake effects must consider the
dynamic nature of the load. However, for simple regular
structures, analysis by equivalent linear static methods is often
sufficient. This is permitted in most codes of practice for
regular, low- to medium-rise buildings and begins with an
estimate of peak earthquake load calculated as a function of the
parameters given in the code. Equivalent static analysis can
therefore work well for low to medium-rise buildings without
significant coupled lateral-torsional modes, in which only the
first mode in each direction is of significance. Tall buildings
(over, say, 75 m), where second and higher modes can be
important, or buildings with torsional effects, are much less
suitable for the method, and require more complex methods to
be used in these circumstances.

Dynamic Analysis

Structural design of buildings for seismic loading is primarily
concerned with structural safety during major earthquakes, but
serviceability and the potential for economic loss are also of
concern. Seismic loading requires an understanding of the
structural behavior under large inelastic deformations. Behavior
under this loading is fundamentally different from wind or
gravity loading, requiring much more detailed analysis to assure
acceptable seismic performance beyond the elastic range. Some
structural damage can be expected when the building
experiences design ground motions because almost all building
codes allow inelastic energy dissipation in structural systems.
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Analysis of Time Period

As per IS 1893:2016 The approximate fundamental natural
period of vibration (T), in seconds, of a moment-resisting frame
building without brick infill panels may be estimated by the
empirical expression;

7 0.075h"7 0.09
= T Ja
SHEAR WALL B 1] AWix AWiy

1 0.35 14 03470493 0L.D41535622
ClA 0.3 195 0024058813 D.02TR45TTL
2 0.23 .52 0.023683617 0L.OIE94E582
c3 0.23 .52 0.0236RIGLT 0.028948582
4 0.23% 152 0023683617 0LO2RO4RER2
s 0.23 2.4 0022555826 0027204837
6 0.35 2.4 003470493 0.041535622
ChA 0.3 1.95 0.024058813 0027845771
c7 0.3 215 0.026526384 0.031228581
L& 0.3 215 0.026526384 0.031228581
(8 0.3 4 0.049351412 0067561394
10 0.3 2.45 003022774 003649615

SUMMETION OF AW & AWl FETELTEET
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Tx 185 ]
166

Analysis of Base Shear

Base shear is the maximum expected lateral force that will
occur due to seismic ground acceleration at the base of the
structure [1]. The base shear, or earthquake force, is given by
the symbol “VB”. The weight of the building is given as the
symbol “W”.
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Analysis of Gust Factor

Tall and slender structures are flexible and exhibit a dynamic
response to wind. Tall structures vibrate in wind due to the
turbulence inherent in the wind as well as that generated by the
structure itself due to separation of the flow. Thus there is a
mean and a fluctuating response to the wind. Besides, the
dynamic forces act not only in the direction of wind flow but
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also in a direction nearly perpendicular to the flow (lift forces),
so that tall structures also exhibit an across-wind response.

FLOOR| H | Hi | K2 | Pz |Bsx|Bsy

o

Sx | Sy | Nx| Ny | GX GY

TREL [3.6|1073]0.79{0.74| 09| 0.8
4F [36[1037|079(073/ 09|08
23F [36[1001)078(072) 0908
22F [36]965|078(071109 08
UF [36]929|077(070| 08|08
20F [36]893|077/069| 08|08
19F [36] 857 |0.76]068) 0.8 | 0.8
18F [36] 821 |0.76]067| 08|08
17F |36 785 [0.75]066( 08| 08
16F |36] 749 [0.75]1065({ 08| 08
ISF |36 713 [0.74]064{ 08| 08
14F 36| 677 [0.73]063[ 08|08
13F |36| 641 [0.73]062( 08|08
12F 36| 605 [072]061({08]|08
11F |36] 569 [0.71]059( 08|07
10F 36| 533 [070]038( 08|07
9F |36 497 |070{057 07| 0.7
8F |36 461069055107 |07
TE |36 425068053107 |07
6F 36| 389 |066(052(0.7]|07
SF 136|353 1065/050)07 (07
4F |36 317 [064]048( 07|07
3F |36 281 |062/045107 (07
2F |36 2451061043107 |06
1F [36] 209 | 059|040 06|06
Pod3 |36 173 | 056 |037] 0.6 | 0.6
Pod2 |36 137 | 053|033] 06| 06
Pod1 |36| 101 |049/028)06 |06
0 165]65 |0441022/105)05

013(011)132] 132 748 | 731
0131011 132) 132 749 | 132
013011 131) 131 | 749 | 732
01210111 131) 131 | 749 | 732
01210111131} 131 | 748 | 732
012011 130) 130 | 747 | 732
01210111 130] 130 | 746 | 731
01210101 126] 129 | 744 | 730
012(010)122) 129 | 742 | 729
0121010 128) 128 | 740 | 727
0121010 128) 128 | 738 | 726
012(0101127) 127 | 736 | T4
011(010)127) 127 | 734 | 112
01110101126 120 732 | 721
011(010)126] 120 730 | 719
01110091125 124 727 | 117
0.11(0.09)124] 124 725 | 715
011[0.09) 124 124 723 | 713
0100091123 123 | 721 | 712
0100091 122) 122 719 | 710
0101008 122) 122 717 | 708
010008121 121 | 714 | 706
009008120 120 712 | 7.04
009008 110) 119 | 710 | 7.02
0.09(007)1.12] 1.19 | 708 | 701
008007 115) 118 | 7.06 | 699
007(0.06)1.18) 1.18 | 704 | 6.96
0.07(006)|1.17] 117 | 7.01 | 694
006/005/ 1181 118 | 682 | 6.74

e e e e b e b b bt b e b b b e e e e b B

Model Frequency Analysis

Modal 2 2.816 0.355| 2.2311| 4.9777
Modal 3 2.545 0.393| 2.4687| 6.0946
Modal 4 0.942 1.061 6.669| 44.476
Modal 5 0.828 1.208| 7.5887| 57.589
Modal 6 0.698 1.432 8.998| 80.963
Modal 7 0.493 2.028| 12.745| 162.44
Modal 8 0.431 2.322| 14.591| 212.88
Modal 9] 0.336 2.975| 18.694| 349.48
Modal 10 0.326 3.069| 19.281 371.75
Modal 11 0.279 3.587| 22.539| 507.99
Modal 12 0.224 4.457| 28.006 784.33

Beam Moment and Reaction
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Wall Reaction and Moment
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Structure Torsion Check

The procedure followed for computing wind load is same as
laid down in IS 875(Part 3)-1987. However, hourly mean wind
speeds used are based on statistical analysis of hourly mean
wind speed data available in literature instead of using
conversion table given in the code for converting 3-second
winds to hourly mean wind speeds at various heights in
different terrain categories.
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MODEL FACTOR AS PER IS 1893

NAME PERIOD ACCELERATION | DAMPING z SOIL
TYPE
1S 1893 0 0.16 5 0.16 1
1S5 1893 01 0.4 3 0.16 I
1S 1893 0.4 0.4 5 0.16 I
IS 1893 0.6 0.266667 5 0.16 I
1S 1893 0.8 02 5 0.16 I
IS 1893 1 0.16 5 0.16 I
1S 1893 1.2 0.133333 5 0.16 I
1S 1893 14 0.114286 5 0.16 I
1S 1893 1.6 0.1 5 0.16 I
1S 1893 1.8 0.088889 5 0.16 I
1S 1893 2 0.08 5 0.16 I
1S 1893 25 0.064 5 0.16 I
IS 1893 3 0.053333 5 0.16 I
1S 1893 35 0.045714 5 0.16 I
1S 1893 4 0.04 5 0.16 I
1S 1893 45 0.04 5 0.16 I
1S 1893 5 0.04 5 0.16 I
1S 1893 5.5 0.04 5 0.16 I
1S 1893 6 0.04 5 0.16 I
IS 1893 6.5 0.04 5 0.16 I
1S 1893 7 0.04 5 0.16 I
1S 1893 75 0.04 5 0.16 I
1S5 1893 8 0.04 3 0.16 I
1S 1893 8.5 0.04 5 0.16 I
1S 1893 9 0.04 5 0.16 I
1S 1893 9.5 0.04 5 0.16 I
IS 1893 10 0.04 5 0.16 1

I. CONCLUSION

On the basis of exhaustive numerical studies carried
out to identify the limiting opening size and desirable locations
of the openings at different floors of the multistoried shear wall,
the following conclusions have been drawn.

*For openings up to 14%, the load carrying capacity
and ultimate displacement response were not found to be
severely affected by openings. However, for openings beyond
14%, the load carrying capacity of slender as well as squat shear
wall gets affected due to the presence of openings

*In general, strengthening of shear wall around
openings was found beneficial in improving the load carrying
capacity and ductility of the shear wall. However, for shear wall
up to 14% opening, the responses of both slender as well as
squat shear walls were not overly dependent on the
strengthening around the openings. On the other hand, beyond
14% opening, the performance of shear wall was found to be
strongly influenced due to strengthening around the openings.

*The shear wall with 18% opening was not considered
very safe in case of squat shear wall. However, slender shear
wall exhibited better performance than squat shear wall for the
same opening size.

*The squat shear wall with 21% opening suffered from
severe degradation in the load carrying capacity of more than
50% and hence such large openings are to be strictly avoided.
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The performance of slender shear wall in the presence of 21%
opening was slightly better than that of squat shear wall. In spite
of improved performance of slender shear wall over squat shear
wall, 21% opening is not considered safe. Hence the shear wall
with 14% opening is identified as safe opening size.

*The opening orientation in shear wall significantly
affected the performance of shear wall. In case of rectangular
openings, it is beneficial to provide the shorter side of the
opening parallel to the loading direction in order to minimize
the degradation in the load carrying capacity and ductility.

*The shear wall with door cum window opening as
well as with two door opening resulted in satisfactory time
history displacement response for both 5% and 2% damping.
Moreover, for both opening combinations the reduction in the
load carrying capacity was found to be less as compared to solid
shear wall.

*For shear walls with two/three windows aligned
horizontally at the same level, the load carrying capacity and
ultimate displacement were found to be severely affected and
resulted in the kind of storey mechanism. Moreover, the
maximum displacement response was found to be very high
under severe dynamic ground motion. It is suggested to avoid
such openings to avoid detrimental effect on shear wall. The
degradation was more severe for squat shear walls than for
slender shear walls especially for 2% damping. Even the
strengthening was not found to be positively influencing the
behavior of shear wall.

*The aspect ratio of opening plays the crucial role on
the structural response of shear wall. The degradation in the
strength and displacement was found to be minimal for shear
wall with four windows placed symmetrically. The
strengthening around the openings as well as damping was not
impacting the behavior of the shear wall significantly. terrain
conditions (roughness), and are also affected by transitional
flow regimes (specifically, changes in terrain and the distance
from the upstream terrain change to the measuring device).
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