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ABSTRACT

Indian standard code 1S 875(part-3)-1987 gives the specifications for wind load analysis on
the different structures. The analysis is based on various steps provided for wind pressure
intensity, wind load calculation by wind coefficients. Behavior of building by the wind
pressure is dependent on the angle on which the wind is striking the structure.

Wind load is dangerous for the high rise building ,hence various techniques are used to
reduce its effects. Shear wall is a good option for this, which is effected up to approximate 70
stories. It is expected in this study that a shear walled structure will show the better result and
stability against normal building without shear wall.

This study compares the performance of buildings with and without shear wall in terms of
deflection of at the different stories and various parameters. As a case study, a 40 storey
building designed for Gravity loads(dead load +live load) as well as lateral load (wind load)
as per 1S:875(part-3)-1987 for wind zone IV is considered. This paper also provides other
important conclusions on wind load design provisions and shear wall specifications.
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CHAPTER 1

INTRODUCTION

1.1 General

The necessity of high rise building in urban areas is to minimize the land requirements. The
wind force acts on high rise building structure very high compared to low rise building.
Worldwide as it’s necessity has increased hence the various code are adopted in different
country to analyse and design of high rise structure.

According national building code 2005 of India, the building of height more than 15 m is
called high rise building.

Many techniques are used to minimize the wind effect on high rise building like Rigid
frames, braced hinge frame, Shear wall /hinged frame, Outrigger Structures.

Shear wall / Rigid frame of the concrete shear wall and concrete frame is effective up to 70
stories. It creates shear wall-frame interaction that resist the lateral load by wind or
earthquake.

The main objective of every structural system is to transfer gravity load to the foundation of
building. Dead load and live load are the primary load created from the gravity effect. The
lateral loads like wind or earthquake also affects the building other than this dead and live
load. High stresses are developed due to these lateral loads and also these create sway
movement and cause vibration in the structure. Therefore, the building must have sufficient
strength and stiffness to encounter the vertical loads and lateral loads respectively.

1.2 Goal

Analysis of two 40 stories building with and without shear wall by the STADD-PRO software
and their comparison.

There are two 40-stories tall building, and as the policy of construction of building is toward
the vertical accommodation, so building would be helpful to approach this goal. The building
has two transverse main walls with the angle of 90°.It seems that this kind of architectural
configuration is due to aesthetic considerations.



1.2.1 Specific Objectives

The primary objective of this study is to analyse the building with and without shear wall
and compare the results of deflection and other parameters. In the analysis frame elements
were used instead of plane stress elements in analysis and modelling of shear walls to
reduce the time requirements and to increase the performance of the building.

1.2.2 Experimental Study Plan

Dead load and live load have been taken as per IS 875 (Part 1) (1987) and IS 875 (Part 2)
(1987) respectively. Wind load calculation has been done based on the IS 875 (Part 3)
(1987). Analysis is being done by STAD-PRO by providing adequate material properties and
dimension as per the required building standard.

1.2.3 Layout

This study report is summarized in total 6 chapters, each chapter deals with specific
objective and divided according to specific work area. Chapter 1 gives the general
information and introduction about the work also about the objective and procedure.
Chapter 2 is about the literature work, terms used in the study and work of the previous
studies. Chapter 3 deals with the methodology adopted for analyzing the structure and also
about the detailing of the problem. Chapter 4 gives the modelling done in STAAD-PRO
software and analysis separately of both buildings and about the results obtained from the
analysis. Chapter 5 is about the comparisons of the results obtained from chapter 4 and a
discussion is also made to discuss the results. Chapter 6 is concluded the whole study work.



CHAPTER 2
LITERATURE REVIEW

2.1 General

The elevator and the introduction of structural steel, towers and skyscrapers have
continued to soar skyward, where they are buffeted in the wind’s complex environment.
Unfortunately, these advances in height are often accompanied by increased flexibility and a
lack of sufficient inherent damping, increasing their susceptibility to the actions of wind.
While major innovations in structural systems have permitted the increased lateral loads to
be efficiently carried, the dynamic nature of wind is still a factor, causing discomfort to
building occupants and posing serious serviceability issues. The next generation of tall
buildings research has been devoted in part to the mitigation of such wind-induced motions
via global design modifications to the structural system.

2.2 High Rise Building

Emporis Standards defines a high-rise as "A multi-story structure between 35-100 meters
tall, or a building of unknown height from 12-39 floors." According to the building code of
Hyderabad, India, a high-rise building is one with four floors or more, or 15 to 18 meters or
more in height.

Three Generations of High-Rise Buildings:

Since the first appearance of high-rise buildings, there has been a transformation in their
design and construction. This has culminated in glass, steel, and concrete structures in
the international and postmodernist styles of architecture prevalent today.

First Generation

The exterior walls of these buildings consisted of stone or brick, although sometimes

cast iron was added for decorative purposes. The columns were constructed of cast

iron, often unprotected; steel and wrought iron was used for the beams; and the floors were
made of wood. “In a fire, the floors tend to collapse, and the iron frame loses

strength and implodes. ” 38 Elevator shafts were often unenclosed. The only means of
escape from a floor was through a single stairway usually protected at each level by a
metal-plated wooden door. There were no standards for the protection of steel used in

the construction of these high-rises.

Second Generation

The second generation of tall buildings, which includes the Metropolitan Life Building
(1909), the Woolworth Building (1913), and the Empire State Building (1931), are frame
structures, in which a skeleton of welded- or riveted-steel columns and beams, often
encased in concrete, runs through the entire building. This type of construction makes for



an extremely strong structure, but not such attractive floor space. The interiors are full of
heavy, load-bearing columns and walls.

Third Generation

Buildings constructed from after World War Il until today make up the most recent
generation of high-rise buildings. Within this generation there are those of steel-framed
construction (core construction and tube construction), reinforced concrete construction,
and steel-framed reinforced concrete construction.

Techniques to reduce the effects of wind/earthquake load on high rise building:

2.3 Wind

Wind is essentially the large scale Horizontal movement of free air. It plays an important
role in design of tall structures because it exerts loads on Building. Wind means the
horizontal motion of air in the atmosphere.The response of structure to wind depends on
the characteristics of the wind.

WINDS
Causes of Wind-
> = \Variation of Wind Vielocity with Height-
Characteristics Of Wind Types of wind Near the earth’s surface, the maotion is

opposed, and the wind speed reduced, by

*  Winds that are of interest in the the surface friction.

d_esign of l?uiidings can be dassified «At the surface, the wind speed reduces
into 3 major types to zero and then begins to increase with
- prevailing winds (trade winds) height
-seasonal winds
-local winds

* Variation of wind velocity with height.

* Wind turbulence.

» Statistical Probability.

* \ortex shedding phenomenon.

* Dynamic nature of wind-structure interaction. sGradient Height 300 m for flat ground&
550 m for very rough terrain.

* How wind force goveming for tall
structure with increase height of building?
*Construction cost per unit area decrease

. s|ncreasing lightnessin weight per unit
- . ' ol

*More danger against high velocity of
wind force at high level.

Fig 2.1- Wind (types, characteristics and cause)
2.3.1 Variation of wind velocity with height

Near the earth’s surface, the motion is opposed and wind speed is reduced by the surface
friction. At the surface wind speed reduces to zero and then begins to increase as the height
increases and at some height (gradient height) ,the motion is to be considered to be free
from earth’s frictional influence and attains its gradient velocity.

Gradient Height- 300m for flat ground,

550m for very rough terrain.
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Fig 2.2-Wind behaviour
2.3.2 WIND ZONES IN INDIA
There are 6 wind zones in India as follows:

Table-2.1- Wind zones and Basic wind speed

ZONE BASIC WIND SPEED
| 33
Il 39
1l 44
v 47
Y 50
VI 55

These zones are defined by the meteorological department of india as shown in map of
India:




BASIC WIND SPEED
IN METRE/SECOND

Vi 55

v 50

COLOUR CODE

\ /. ‘
Ouon RAVESRARAN® " 39
TRVANGRUM 7] TUTICORM
KANNIYAKUMARS | 3

Fig 2.3- Map of India showing the wind zones



2.3.3 Wind load on high rise building

Wind forces are studied on four main groups of building structures:-
i. Tall Buildings

ii. Low Buildings

iii. Equal-Sided Block Buildings

iv. Roofs and Cladding

Almost no investigations are made in the first two categories as the structure failures are
rare, even the roofing and the cladding designs are not carefully designed, and localized
wind pressures and suctions are receiving more attention. But as Tall buildings are flexible
and are susceptible to vibrate at high wind speeds in all the three directions(x, y, and z) and
even the building codes do not incorporate the expected maximum wind speed for the life
of the building and does not consider the high local suctions which cause the first damage.
Due to all these facts the Wind Load estimation for Tall Buildings are very much important.
(International Journal of Advances in Engineering & Technology, Sept. 2013).

2.4 Shear Wall

In structural engineering a shear wall is a structural system composed of braced panels (also
known as shear panels) to counter the effects of lateral loads acting on a structure, these
are vertically oriented wide walls of width varies from 150 to 400mm in high rise building.

The most common shear wall is the concrete wall structure reinforced with both horizontal
and vertical reinforcement (Figure 4). A reinforcement ratio is defined as the ratio of the
gross concrete area for a section taken orthogonal to the reinforcement.

\..;: ° \\

Fig 2.4-Reinforced concrete shear wall with both horizontal and vertical reinforcement



2.4.1 Types Of Shear Wall

Shear walls are classified into different types. They are coupled shear wall, core type shear
wall, column support shear wall, frame wall with infill frame, rigid frame shear wall etc.

2.4.2 Functions of shear wall

e Shear wall mainly resists two types of forces: shear forces and uplift forces. To resist
the horizontal earthquake/wind forces, shear wall should provide the necessary
lateral strength and to prevent the roof or floor above from excessive side-sway,
shear walls also should provide lateral stiffness.

e Shear wall transfers the wind / earthquake load to the bottom of foundation.

TWO FUNCTIONS OF A SHEAR WALL

STIFFNESS
Earthquake Force Control Sidesway
1= :
l !
STRENGTH
— — - - — — — e ]
Rosist Shear |
J
{ '
! » . f
Connection for e Connection for
Uplift Re<sistance Sliding Resistance

Fig 2.5- Functions of shear wall

2.4.3 Advantages of shear wall

e Effectively resists lateral loads by producing shear truss - frame interacting system.
e |t provides large stiffness and strength.
e Symmetric location of shear wall along the perimeter of building is desirable.

2.4.4 Disadvantages of shear wall

e Interior planning limitations due to shear trusses.

e Unsymmetrical location of shear wall along the perimeter of building is not
desirable.

e The opening provided in shear wall should be symmetrical.

e Shear wall is effective only when it is located along the perimeter not interior.



Unsymmetric
location of
shear walls
nof desirable

Symmetry of building m&'

plan about both ares|

Fig 2.6- Location of shear wall

2.4.5 Deflection and its pattern with shear wall

Horizontal deflections in the planes of shear walls can be computed on the assumption that
they act as cantilevers.

For a shear wall (Fig) the deflection in its plane induced by a load in its plane is the sum of
the flexural deflection as a cantilever and the deflection due to shear. Thus, for a wall with

solid rectangular cross section, the deflection at the top due to uniform load is

1.5wH H\? H
o = + —
Et L L

where

w=uniform lateral load

H = height of the wall

E = modulus of elasticity of the wall material
t = wall thickness

L = length of wall



For a shear wall with a concentrated load P at the top, the deflection at the top is :

4 7> 7 3 7
S_. — ( ) =S ———
Tk ¥ v

If the wall 1s fixed against rotation
at the top. however. the deflection is

> V=4 = =
S, = — i ——
; Ezr Z > 5

Pattern =

Rigid Frame

Moment frame
L
Shear wall

o A
Interacting / / / /

forces

——

4

Shear Wall-Frame Interaction

Fig 2.7- Shear wall-frame Interaction

2.5 Tall Building With Shear Wall

Shear walls are easy to construct, because reinforcement detailing of walls is relatively
straight-forward and therefore easily implemented at site. Shear walls are efficient, both in
terms of construction cost and effectiveness in minimizing earthquake damage in structural
and nonstructural elements (like glass windows and building contents). Most RC buildings
with shear walls also have columns; these columns primarily carry gravity loads (i.e., those
due to self-weight and contents of building). Shear walls provide large strength and stiffness
to buildings in the direction of their orientation, which significantly reduces lateral sway of
the building and thereby reduces damage to structure and its contents.

10



Since shear walls carry large horizontal wind forces, the overturning effects on them are
large. Thus, design of their foundations requires special attention. Shear walls should be
provided along preferably both length and width. However, if they are provided only along
one direction, a proper grid of beams and columns in the vertical plane (called a moment-
resistant frame) must be provided along the other direction to resist strong wind actions.

Shear walls in buildings must be symmetrically located in plan to reduce illeffects of twist in
buildings. They could be placed symmetrically along one or both directions in plan. Shear
walls are more effective when located along exterior perimeter of the building —such a
layout increases resistance of the building to twisting

Where shear walls are connected by a rigid diaphragm so that they must deflect equally
under horizontal load, the proportion of total horizontal load at any story or level carried by
a perpendicular shear wall is based on its relative rigidity or stiffness. The rigidity of a shear
wall is inversely proportional to its deflection under unit horizontal load. The total deflection
of the shear wall can be determined from the sum of the shear and moment deflections.

2.6 Wind load on high rise building with shear wall

Shear core wall

q,.. e

M

H
//:

Mmax /
Wind loadina Framed structure Bendina Moment diaaram

Fig 2.8- Structure with frame and shear core under wind loading (left) and the bending
moment diagram of the concrete core (right)
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2.7 Codal Provision

In the different countries, different codes are adopted to design shear wall structure system and
wind load consideration and its specification. Some important code details are included for the
current study, these are as follows:

2.7.1 AS/INZS 1170.2:2011

This Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committee, BD-006, General Design Requirements and Loading on Structures, to supersede
AS/NZS 1170.2:2002.

The objective of this Standard is to provide wind actions for use in the design of structures
subject to wind action. It provides a detailed procedure for the determination of wind
actions on structures, varying from those less sensitive to wind action to those for which
dynamic response must be taken into consideration.

The objectives of this revision are to remove ambiguities, to incorporate recent research
and experiences from recent severe wind events in Australia and New Zealand.

2.7.2 SEI/ASCE 7-02

This revision of the ASCE Standard Minimum Design Loads for Buildings and Other Structures is
a replacement of ASCE 7 -98. This Standard provides requirements for dead, live, soil, flood,
wind, snow, rain, ice, and earthquake loads, and their combinations that are suitable for
inclusion in building codes and other documents.

Substantial changes were made to the wind, snow, earthquake, and ice provisions. In addition,
substantial new material was added regarding the determination of flood loads. The structural
loading requirements provided by this Standard are intended for use by architects, structural
engineers, and those engaged in preparing and administering local building codes.

2.7.3 EN 1991-1-4:2005+A 1

EN 1991-1-4 gives guidance on the determination of natural wind actions for the structural
design of building and civil engineering works for each of the loaded areas under
consideration. This includes the whole structure or parts of the structure or elements
attached to the structure, e. g. components, cladding units and their fixings, safety and
noise barriers.

This part is intended to predict characteristic wind actions on land-based structures, their
components and appendages.

Certain aspects necessary to determine wind actions on a structure are dependent on the
location and on the availability and quality of meteorological data, the type of terrain, etc.
These need to be provided in the National Annex and Annex A, through National choice by
notes in the text as indicated.

Default values and methods are given in the main text, where the National Annex does not
provide information.

12



2.7.4 1S 875(Part-3)-1987

This Part (Part 3) deals with wind load to be considered when designing buildings, structures
and components thereof. In this revision, many important modifications have been made
from those covered in the 1964 version of IS :875

This standard gives wind forces and their effects (static and dynamic) that should he taken
into account when designing buildings, structures and components thereof.

2.7.5 1S 456-2000

This standard was first published in 1953 under the title ‘Code of practice for plain and
reinforced concrete for general building construction’ and subsequently revised in 1957. The
code was further revised in 1964 and published under modified title ‘Code of practice for
plain and reinforced concrete’, thus enlarging the scope of use of this code to structures
other than general building construction also. The third revision was published in 1978, and
it included limit state approach to design. This is the fourth revision of the standard. This
revision was taken up with a view to keeping abreast with the rapid development in the
field of concrete technology and to bring in further modifications/improvements in the light
of experience gained while using the earlier version of the standard.

2.7.6 1S 1893(Part-1)-2002

Part 1 contains provisions that are general in nature and applicable to all structures. Also, it
contains provisions that are specific to buildings only. Unless stated otherwise, the
provisions in Parts 2 to 5 shall be read necessarily in conjunction with the general provisions
in Part 1.

2.7.7'1S13920-1993

Whilst the common methods of design and construction have been covered in this code,
special systems of design and construction of any plain or reinforced concrete structure not
covered by this code may be permitted on production of satisfactory evidence regarding
their adequacy for seismic performance by analysis or tests or both.

13



CHAPTER 3

METHODOLOGY

3.1 Aim of the work

Analysis is being done by STAD-PRO by providing adequate material properties and dimension
as per the required building standard.

The aim of the project is to briefly know about the shear wall concepts and structural concepts
through computer aid STAAD-PRO software and the previous study and theory. Briefly | have
gone through following points through out of the project work-
o Understanding of design and detailing concept.
o Main objective i.e. using STAAD-Pro software for the analysis of wind load and shear
wall.
o Learning of analysis and design methodology which can be very useful in the
field.
o Understanding of wind load design concept on the building.
o Approach for professional practice in the field of structural engineering.

3.2 Methodology Of The Work

e The whole analysis is done by the STAAD-PRO.V8i software, in which pressure intensity
at different height of the building is predefined for the American code ASCE-07, but not
for any other code. This analysis is done on the basis of Indian standard code IS-
875(part-3) for which the intensity values were calculated through the codal provisions
as:

14



Clause 5.3

5.3 Design Wind Speed ( F; ) — The basic
wind speed { Fp )} for any site shall be obtained
from Fig, 1 and shall be modified to include the
following effects to get design wind velocity at
any height { Fz j for the chosen structure:

a} Risk level;

b} Terrain roughness, height and size of suruc-

ture; and
c) Local topography.

It can be mathematically expressed as follows:

V‘ — FIJ' 'kl j." "a

where

Fz = design wind speed at any height

r in m/s;

ky = probability factor { risk coeffi-

cient ) [ see 5.3.1 0

*w

kg = terrain, height and structure size
factor [ see 5.3.2 3); and

ks = topography factor ( see 5.3.3 ).

clause 5.3.1

31 Wk Sogfiedmi | Ay Fauhw | = Fagues 1
gives basic wind speeds for terrain qu{ur, T
apglicatils at 10m above ground level based on 50
years mean return peried. The exied ife
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for the purpose of design is given i Tahble 1, In

e desgn of all baildia
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I&f & MEAD relurn

period of 50 yean shall be used except as specifi-

& im the more of Takle 1.,

TABLE-3.1 Ki Factor Value
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Clause 5.3.2
From 1S-875(part-3),

TABLE- 3.2 KzFactor Value

TABLE 2 k, FACTORS TO OBTAIN DESIGN WIND SPEED VARIATION WITH HEIGHT IN
DIFFERENT TERRAINS FOR DIFFERENT CLASSES OF BUILDINGS/STRUCTURES

( Clause 5.3.2.2)

HeicaT TeeraN CareGory | TerraiN CaTEGORY 2 Terg AN CaTEGORY 3 TerRAIN CATEGORY 4
Crass Crass Crass CLass
—— o ™ A - ” —_t > ~— A ™
m A B c A B C 4 B C A B c
(§9] (2) 3) (4) (5) (6) N 8 (9) (10) (1L) (12) (13)

10 105 1:03 099 1-00 0-98 093 0-91 0-88 082 0:80 076 0'67

15 109 1-07 103 1'05 102 0-97 097 094 087 0-80 076 067
20 1712 1-10 1-06 1-07 105 100 1°01 0-98 0-91 080 076 0'67
30 1"15 1'13 109 1712 110 104 106 103 096 0-97 093 083
50 1-20 118 1"14 117 1"15 1"10 1"12 1'09 102 1'10 105 095
100 1-26 124 1-20 1-24 1°22 117 120 117 1’10 1°20 I'15 1'05
150 1-30 1-28 1'24 1°28 1-25 1-21 1-24 121 115 124 1'20 110
200 1-32 1-30 126 1-30 1-28 1-24 127 1:24 1"18 1"27 1°22 1'13
250 1°34 132 128 1'32 1-31 126 129 126 1-20 1-28 1-24 116
300 1-35 1'34 1-30 1-34 132 1-28 1-31 1-28 122 1°30 1"26 1:17
350 1°37 1°35 1"31 136 134 1-29 1"32 1'30 1'24 1-31 1-27 119
400 1-38 1°36 1-32 1-37 1-35 130 1°34 1'31 1-25 132 1-28 120
450 1-39 137 1'33 138 136 1-31 1-35 132 1-26 1-33 1-29 1-21
500 140 1:38 134 139 1-37 1°32 1:36 1-33 128 1'34 1:30 122

Notrr 1 — Se¢ 5.3.2.2 for definitions of Class A, Class B and Class C structures,

Note 2 — Intermediate values may be obtained by linear interpolation, if desired. It is permissible to assume
constant wind speed between 2 heights for simplicity,’

Clause 5.3.3

533 Tapography (& Faster ' — The hasic
wind speed Fy glven In Fig. | rakes acoount of
the gemeral level of e alsinee sea bevel, This does
mot allow for Ioral ropographle feamores such as
hills, valleys, clilfs, escarpments, or ridges which
can significantly &lfect wind speed in their vic-
mity. The eflfcct of wpography @ e accekerare wind
mear the sammits of hills or cresis of cliffs, ewcarp-
menka or ridges and deoelarane the wind tn wailleys
ar near the food of clifTs, seep escarpmenty, of
ridges,

Clause 5.3.3.1

533 The offect of wpography will be
significart at a site when the upwind :|.hu1|1|'; [':i i
grearer iban about 3%, and below that, the value
ul g suay bLe wken w be oqual 1w -0 The value
of by it confined in the range of 140 w 135 for
S]ﬂull[hltl. Ereater than B A merkhind rf evaluaring rhe
valwe of &y for walues greater than 140 & given in
Appendix ‘0. Tt may be noted that the valse ol
&g ¥aries with heaght above ground level, aL a
maximum near the groand, and reducing 1w 10
at higher bevals.



Clause 5.4

3.4 Desiga Wind Pressure — The design wind
promre At oany heaghl Shosd mcke greand leyel
ghall be obtained by the following |tl.'|'.--rm-|hi|:
betwern wand presare and wind vl oo iiy:

fa == UG 7

Where, p,.= wind pressure in N/m?
V.= design wind speed in m/s

3.3 Building Details

In this work following building details are to be considered:

No. of stories=40

Length=24m, each bay @4m

Height=120m, each bay @3m

Width=24m, each bay @4m

Live Load; Area load= 2.5Kn/m"2

Location — Delhi

Wind zone -1V

wind speed =47m/s

Wind Load; as per the IS-875(Part-3)

Concrete grade M30

Steel grade Fe415

Risk coefficient ,k1=1.07( considered to be an important building with design life = 100 years)
Terrain Coefficient, ko= as per the table-2 [Building is to be considered in terrain type-
3{surrounding structures are the height of between 10m to 25m} and class-B {glazing or
roofing type of structural components having its maximum dimension(horizontal or

vertical) between 20 to 50m]

Topography Factor, ks=1.0(upwind slope is assumed to be less than 3°)

For the given structures ,wind pressure is calculated separately(manually) and these
values were added in the analysis by staad-pro by providing 80%exposure to the wind.
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To see the effect of wind , a separate envelope of wind load in +X direction was added in
the modeling.

Concrete design as per the 1S-800 ,was added in modeling to perform concrete design.

A comparative analysis is also done after obtaining all results of both buildings ie; with
shear wall and without shear wall.
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4.1 Pressure Intensity Value Calculation

CHAPTER-4

MODELLING AND ANALYSIS

From the previous chapter of methodology from the 1S-875(part-3) , the intensity values were
calculated for the analysis by STAAD-PRO.

TABLE- 4.1 Intensity vs Height Table

HEIGHT

3

6

9
12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72
75
78
81
84
87
20
93
96
99
102
105
108
111
114
117
120

k1
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07

k2

0.84
0.85
0.87

0.9
0.94
0.96
0.99
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.07
1.08
1.09
1.09

1.1

1.1
1.11
1.12
1.12
1.13
1.14
1.14
1.14
1.15
1.15
1.16
1.16
1.17
1.17
1.17
1.18
1.18
1.18
1.19
1.19
1.19

k3

R R RRPRRRRRRPRRRPRRRRRRRRPRRRPRRRRRRPRRRPRRRRRRRRRRRRRR

Vb(m/s)
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

k1*k2*k3

0.8988
0.9095
0.9309

0.963
1.0058
1.0272
1.0593
1.0807
1.0914
1.1021
1.1128
1.1235
1.1342
1.1449
1.1449
1.1556
1.1663
1.1663

1.177

1.177
1.1877
1.1984
1.1984
1.2091
1.2198
1.2198
1.2198
1.2305
1.2305
1.2412
1.2412
1.2519
1.2519
1.2519
1.2626
1.2626
1.2626
1.2733
1.2733
1.2733

Vz=k1*k2*k3*Vb(m/s) Pz=0.6*VzA2(N/m~"2)

42.2436
42.7465
43.7523

45.261
47.2726
48.2784
49.7871
50.7929
51.2958
51.7987
52.3016
52.8045
53.3074
53.8103
53.8103
54.3132
54.8161
54.8161

55.319

55.319
55.8219
56.3248
56.3248
56.8277
57.3306
57.3306
57.3306
57.8335
57.8335
58.3364
58.3364
58.8393
58.8393
58.8393
59.3422
59.3422
59.3422
59.8451
59.8451
59.8451

1070.713045
1096.357957
1148.558253
1229.134873
1340.819226
1398.482344
1487.253196
1547.951214
1578.755459
1609.863193
1641.274418
1672.989132
1705.007337
1737.329032
1737.329032
1769.954217
1802.882892
1802.882892
1836.115057
1836.115057
1869.650712
1903.489857
1903.489857
1937.632492
1972.078618
1972.078618
1972.078618
2006.828233
2006.828233
2041.881339
2041.881339
2077.237935
2077.237935
2077.237935
2112.898021
2112.898021
2112.898021
2148.861596
2148.861596
2148.861596
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intensity(N/MA2)
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Pressure Intensity vs Height
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1000
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0 10

20 30 40 50
Height(m)

Fig4.1: Graph of Intensity vs Height of Building

In staad-pro software ,indian standard code is not provided so the intensity values were
calculated as per the specifications given in IS-875(Part-3).
In the design , exposure factor is to be taken as 0.8(considering 80% face of building is

exposed to wind).
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4.2 ANALYSIS OF HIGH RISE BUILDING WITHOUT SHEAR WALL

4.2.1 Modeling Using Staad-Pro

0O O O O O

In modeling following points were added:

Preparation of the model by considering the given dimension.

Defined property of section and thickness of the surface plate.

Given the loading details of live load, dead load and wind load.

Defined wind definition in load definitions as per IS-875(part-3).

For design of concrete, IS-456 is adopted, in this f.=30000Kn/m? and f,=415000Kn/m? is
given for the concrete and steel respectively.

Postprocessing Concrete Design Bridge Deck

[#] Structurewosw - Whole Structure EI@

l_x Load 1

Fig4.2 : Front view of the building
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Bridge Deck

A e T T EF LT
STl arataa A A R e

Fig4.3 : 3D Model of building without shear wall

4.2.3 Analysis

After completing the modeling , to analyze the building following points were added in staad-
pro analysis-

@)

O
O
O

Added joint displacement to the analysis.
Added member forces to analyse results.

Added support reactions.
Before running the analysis; print joint displacement, print member forces, print

support reactions all were assigned to view.

4.2.4 Results From The Analysis

Following results were obtained from the analysis.

4.2.4.1 Beam Design Results

In the given structure there were 5320 beams to be designed , here | am showing one beam
design result from the STAAD-PRO OUTPUT file.
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DESIGN RESULTS OF BEAM (2)

CONCRETE GRADE- M30
STEEL GRADE- Fe415 (Main and secondary)
LENGTH OF THE BEAM: 4m
SIZE OF THE BEAM: 0.4m X 0.5m
COVER PROVIDED: 25.0 mm

SUMMARY OF REINFORCEMENT AREA (mm?)

SECTION Om Im 2m 3m 4m
TOP 1324.81 610.32 385.06 611.61 1326.82
REINFORCEMENT (mm?) (mm?) (mm?) (mm?) (mm?)
BOTTOM 1325.93 385.06 385.06 611.28 1325.93
REINFORCEMENT (mm?) (mm?) (mm?) (mm?) (mm?)
SUMMARY OF PROVIDED REINFORCEMENT AREA

SECTION Om Im 2m 3m 4m
TOP 17-10i 8-10i 5-10i 8-10i 17-10i
REINFORCEMENT 2 layers 1 layer 1 layer 1 layer 2 layers
BOTTOM 17-10i 5-10i 5-10i 8-10i 17-10i
REINFORCEMENT 2 layers 1 layer 1 layer 1 layer 2 layers
SHEAR 2legged8i |2legged8i | 2legged8i | 2legged8i | 2legged8i
REINFORCEMENT(@C/C)| 200 mm| 200 mm | 200 mm 200 mm | 200 mm

SHEAR DESIGN RESULTS AT EFFECTIVE DEPTH ,DISTANCE d FROM FACE OF THE

SUPPORT

SHEAR DESIGN RESULTS AT 809.7 mm AWAY FROM START SUPPORT
LD=3
Provide 2Legged8i at the spacing 200 mm center to center.

Vy =-98.98

Mx =-0.00

SHEAR DESIGN RESULTS AT 809.7 mm AWAY FROM END SUPPORT
LD=3
Provide 2Legged8i at the spacing 200 mm center to center

VY =-98.98

MX =-0.00
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4.2.4.2 Column Design Results
One column design is being shown here out of all from STAAD-PRO OUTPUT file.

DESIGN RESULTS OF COLUMN NO.241

CONCRETE GRADE- M30

STEEL GRADE- Fe415 (Main and secondary)
LENGTH OF THE COLUMN: 4m

C/S OF THE COLUMN: 0.4m X 0.5m
COVER PROVIDED: 25.0 mm

GUIDING LOAD CASE:5
END JOINT: 8
THE COLUMN IS A TENSION COLUMN.

Y VYV

REQUIRED STEEL AREA : 6822.06 mm?
REQUIRED CONCRETE AREA : 343177.94 mm?,

MAIN REINFORCEMENT : Provide 36 - 16 dia. (2.07%, 7238.23 mmZ)

(distributed uniformly and equally)
TIE REINFORCEMENT : Provide 8 mm dia. rectangular ties at the 255 mm center to
center.

SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (KNS-MET)
Puz =6756.27 My, 1=357.21 Myy1=243.79

INTERACTION RATIO =0.93 (as per Clause 39.6, 1S-456:2000)

SECTION CAPACITY BASED ON REINFORCEMENT PROVIDED (KNS-MET)
WORST LOAD CASE: 5
END JOINT: 8 Pu=6880.18 Muy=404.62 My~=275.86 IR=0.83

4.2.4.3 Quantity Of Concrete

The quantity of concrete used in the structure is being shown here as calculated by the analysis
by STAAD-PRO. These are from STAAD-PRO OUTPUT file.

CONCRETE TAKE OFF : (FOR BEAMS AND COLUMNS DESIGNED ABOVE)
NOTE:
e Concrete quantity represents the volume of concrete used in design of beams, columns
and other components.
e Reinforcing steel quantity represents the reinforcing steel required in design of beams
and columns but reinforcement in plates are not included here.

TOTAL QUANTITY(VOLUME) OF CONCRETE USED IN STRUCTURE =4745.9 M3

24



BAR DIA WEIGHT

(in mm) (in New)
8 653125
10 603074
12 1570773
16 158154
20 189321
25 46932
TOTAL = 3221378

4.2.4.4 Reaction Load, Deflection, Slope Results By The Wind Load In
Direction +X

As calculated by STAAD-PRO analysis and results are in STAAD-PRO OUTPUT.
CENTER OF THE FORCE BASED ON X FORCES ONLY (METERIAL).
->Non-Global directions forces will not validate the results.
X =0.000000000E+00
Y =0.650918136E+02
Z =0.119999999E+02
SUMMARY (LOADING 3) OF TOTAL APPLIED LOAD

TOTAL FORCE IN -X = 4179.73KN
TOTAL FORCE IN -Y = 0.00

TOTAL FORCE IN -Z = 0.00

SUMMATION OF THE MOMENTS ACTING AROUND THE ORIGIN

Mx=0.00 My=50156.81KN.M Mz=-272066.47KN.M
SUMMARY (LOADING 3) OF TOTAL REACTION LOAD

TOTAL FORCE IN -X = -4179.73

TOTAL FORCE IN -Y = -0.00

TOTAL FORCE IN -Z = 0.00

SUMMATION OF THE MOMENTS ACTING AROUND THE ORIGIN
Mx=0.00 My=-50156.81 KN.M Mz=272066.47KN.M

MAXIMUM DISPLACEMENTS (CM /RADIANS) FOR LOAD CASE 3
MAXIMUMS (VALUE) AT NODE

X =142211E+01 1142
Y =-5.97659E-01 1967
Z =-4.42144E-04 1961



RX=-5.98014E-07
RY=-2.97674E-05
RZ=-2.91148E-03

1723
1674

865

4.2.4.5 Results (STAAD-PRO)

Pping Postpocesing Foundatin Design Stel Design AN Comecion Conrete Design Advaned b Desig
Structurewosnstd - WholeStucture oD s Stucurewoowstd - Node Dislacement: EE
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Fig4.4: Deflected shape
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4.2.4.6 Report File By Stad Pro

e JooNo SreetNo Rey
P 1
.'
Sofware loenzedto Pt
JoThe Rt
o 0% 12-Jun-17 @

Clet Fe Structurewosw.std |27 12.iyn-2017 14:02

Job Information

Engineer Checked Approved
Name:
Date: 12-lun-2017

[ Structure Type | SPACE FRANE |

Number of Nodes 2009 | Highest Node 2009
Number of Elements 5320 | Highest Beam 5320
Number of Basic Load Cases 6
Number of Combination Load Cases 0

Primary Load Cases

Number Name Type
1 DL Dead
2 LL Live
3 WL+X Wind
4 WL-X Wind
S WL+Z Wind
6 WL-Z Wind




Combination Load Cases

There Is o

oata af s type

Wind Load Definition : Type 1

intsnsity | Height
Nmn) m)
0.001 3.000
0001 12000
0001 21000
0002 | 30000
0002 | 39000
0002 | 43000
0002 57.000
0002 | 65000
0002 | 75000
0002 | 84000
0002 93000
0002 | 102000
0002 111.000
0002 | 120000
"ExposE | Fenge Vot THElgH Fange
Factor ()
[~ 0300 Nodes™ | 1-2008
1 DL : Selfweight
Dirsction| Factor As signad Geomstry
¥ -1.000 [ALL
2LL : Area Loads
Loed Beams
N’y
0003 | 1-5320

4 WL-X : Wind Loading

[Dirsction |

—Tjps | Faehr ]

X

1 -1.000

5 WL+Z : Wind Loading

[Direction |

Ty | Fabr ]

Z

1 1.000

6 WL-Z: Wind Loading

[Dirsction |

—Tye | Fabr |

Z

1 -1.000
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Inclugzag n this prindout are gala for

[ An | Tre Whole Structure

Incluoza I this prinfout are resulls for 030 cases:

Type uc tems

Privery 1 oL

Privery 2 18

Prineny 3 WL+X

Privry 4 WL-X

Privary 3 WL+Z

Privery 6 W-Z
Supports
Noos| X Y Z [73 [ Z |

Nmm) | goema) | (eNoman) |(kNmideg) | g voeg) | (kN m.seg

1 Flied Fyed Flied - - -
2 | Fieo Fred Fiied - - -
3 | Fueo Fred Fied - - -

4 | Fued Fyed Tl - - T
5 | Fieo Fren Flied - - -
6 | Fieo Fred Flied - - -
7 | Fied Fred Flied - r z
A Fred ) - - -
289 | Fied Fyed Fhied - - -
220 [ Fled Fred Fiied - - -
21 | Fieg Fyed Flied - - -
22 | Fied Fren Fhied - - -
45 | Fheg Fred Fled - - -
204 | Fied Fxed Flied - - -
575 | Fieo Fxed Flied - - -
576 | Fed Fyed Fhied - - -

vt TmeOxe TATTRNIT A4

STAAD Pro V3l (SELECTeerles £) 20.07.11.33

Pt An o s
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4.2.5 Analysis Of High Rise Building With Shear Wall

4.2.5.1 Modeling Using Staad-Pro
In modeling following points were added:

Preparation of the model by considering the given dimension.

Added surfaces on all 4 side as shear wall.

Defined property of section and thickness of the surface plate.

Given the loading details of live load, dead load and wind load.

Defined wind definition in load definitions as per IS-875(part-3).

For design of concrete, IS-456 is adopted, in this f.=30000Kn/m? and f,=415000Kn/m? is
given for the concrete and steel respectively.

o For design of shear wall, IS-456 is adopted, in this also fe=30000Kn/m?and
f,=415000Kn/m? is given for the concrete and steel respectively.

i Concrete Design Bridge Deck

[#] Structuremp - Whale Structure

O O O O O O

Fig4.8 : Front View Of The Building With Shear Wall
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Fig4.9 : 3D view of building

4.2.5.2 Analysis

After completing the modeling, to analyze the building following points were added in staad-

pro analysis-

o Added joint displacement to the analysis.

o Added member forces to analyse results.

o Added support reactions.
Before running the analysis; print joint displacement, print member forces, print support
reactions all were assigned to view.
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4.2 5.3 Results

SUMMARY FOR LOAD CASE NO.3 FOR STATIC , REACTION ,EQUILIBRIUM

LOAD TYPE - WIND
TITLE - WL+X

CENTER OF FORCE BASED ON X FORCES ONLY (METERIAL).
->Non-Global directions forces will not validate the results.

X = 0.000000000E+00
Y = 0.650918136E+02
Z = 0.119999999E+02

SUMMARY (LOADING 3) OF TOTAL APPLIED LOAD
TOTAL FORCE IN -X = 4179.73KN
TOTAL FORCE IN -Y = 0.00
TOTAL FORCE IN -Z = 0.00

SUMMATION OF THE MOMENTS ACTING AROUND THE ORIGIN -
MX=0.00 MY= 50156.81KN.M MZ=-272066.47KN.M

SUMMARY (LOADING 3) OF TOTAL REACTION LOAD

TOTALFORCE IN -X = -4179.73KN
TOTAL FORCE IN -Y = -0.00
TOTAL FORCE IN -Z = -0.00

SUMMATION OF THE MOMENTS ACTING AROUND THE ORIGIN-
MX= -0.00 MY=-50156.81KN.M MZ=272066.46KN.M

MAXIMUM DISPLACEMENTS (CM /RADIANS) FOR LOAD CASE 3

MAXIMUMS AT NODE
X =8.86777E+00 32783
Y =-4.70191E-01 287
Z =-4.77485E-03 1751
RX= 7.50930E-04 2354
RY=-2.66218E-04 1464

RZ=-2.94655E-03 2010
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4.2.5.4 Results (STAAD-PRO)
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Fig4.10 : Deflected Shape




Pong

. Postprcessing Foundaion De

I el Desin Ao Comecion Concrete Desqn Adaced S e

Stucturempstd - Whale Stucure

FEE

i

[

3 Sucurempsd-Node Dilcement

o

e =

I_IIjIIETITIIII

T

v =2

— 1 —

s XD PR OER UE I

Load 1 : Displacement

(VALK Summary

Verticl

Horizontal

Resuant

T
mm

e | Am

i

i

g

TR

M |

N1

Stucturempstd - Beam Relatve Displacement et

A Rt Dipacment T RelieDcemers

Iput Uit Kem

Fig4.11 : Deflection Result of a Node(224) In Envelop 1(DL+LL+WL)

37




Dy sty RGeS Desn A oo ot MBS e
Sucoenpstd-Hok Suce mET Socemnst- e P ER
(1A Sy v
Bolh R | W
Wy 0 e | e |
N A B A
AW
WS AW A
LTI T
T T
I O 1y
O T
TS I 0 Ty
( )
Sucenpsd- e e e BEH

Ao e Mo ot Fors

ol UL Nt | Fr

|k

| Wy | Moa

Lot | Bending

Postblode  Load 1.1

ot e

Fig4.12 : Moment Diagram Of The Building

38




39

It Uns:

Postlode  Load 101

| == — [==]|] = =

T == S S i

== (= | e e - — - w

=1 |l Els=S = =SEESE = =SE=

= === = = >

Crrl L = | <= : <= = : = 3 - 3 3 - =3

_ D_ _ _H-_ T = = =i = =

= e = = == = tu o5  =— wa == =

= = R T T e = =
= ===== = = = =
=52 = =

i teas feog sas EAS fes fes oo fes fe= fe= <

= SESEEEEEE=EI=

_ = = E =3 53 c5 = = i e5 =5 e5 5 == -5 - <

= === =T a S ==

P —— = | &= - <= — e

— = — = =

- > = =

* T =—————2 EERE CECEN CECRNEN CEEmh CESON SRS CECRESS CECTNER CESRESR CESRIEDS CECTNERS oF:

= = —_— === =q

— L] =aEEEEEEE e e =

L =1 (T P — 1 — e e e =

by e e —— P ——— - =3 0 5

= = =

= ey ¥ - .= - -5 -5 - § __.$ - __.§ .S

——= m{ — s P —_— — — _— —_— —_— P — —_— <

- = s s EEEEEC= S

. - - === | I S S e e e e g e e <
= = . = — =f—= = = = =

— = as == = = = =

= o | = = = - = = L=

—_ = = == 5

= = B = = e = = = = == == = == ==

= =i = = = =sEEE == === "= -=

= — = = = == | == 5 S5 5 S5 =5 S5 S5 - o> -5 - =5 - <

S = = S [ —— | | — | — | =

= | = = = = i=r B

—_ = = —

— | —

— co0 1 S S S S S S S S S S =
1 = = = = = = =
= = .= = = s L s Sl =sl s ==

== s == ===
— SigSiEiSigiESigiESi=
o~ —_  — (== — (== — —
—
~ = -— —a — —
~

oo

s St iy oA Cometin oot Adred e

_— o>
= =
> =
== —
— =
= =
= =
— .
=] =
= =

=

‘ =

T

=

=

=
=2
=
By
—

@

Fig4.13: Reaction Force At Supports (Node 1)




Do 0 st fo o1 St Desin RN Comecion Conrete Desip Advanced&labbes:gn
Stmcturempstd WholeStructure @ - Stucvenptd-Bem s e, o B 11
Hafklim)
HStructurem - ea Graphs- DD@
Ffk)
- ]
14 I
W] i
4 1 ! 10610
L il
[
- Stcvenpstt-Ben G- Be. o & 0
Al
2 ]
i i
W ————— i
0 1 2 } M
Load 1 (SELFY) 4 A
PostMode ~ Load 1101 It Unts, KN

Fig4.14: Beam Result Graph (Beam No. 238)




4.2.5.4 Report File By Staad-Pro
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CHAPTER S

COMPARISONS OF RESULTS AND DISCUSSIONS

5.1 General

It took time to run the analysis as the basic version of the software was used. Results of
deflection, shear force, moment of the entire building and individual member were analyzed,;
also the graphical diagrams of deflection, shear force, moment of each member and of whole
structure were analyzed.

5.2 Shear Wall Effect On Deflection

Storey drift also known as shear wall deflection is limited by two primary causes. The first is for
limiting cracks in wall by plaster, gypsum, and paint in serviceability. The second is for limiting the
shear wall’s maximum inelastic response, which is important in the seismic or wind design of wood
buildings. Furthermore, the relative flexibility and rigidity of shear wall and diaphragms is also
calculated by storey drift.

vpppIiactciiicii g

Deflection at stories
160

140

120

100

[0}
o

\\\ \\ == \v/0 shear wall (mm)

2]
o

= \ith shear wall(mm)

40

o iy

N O 0 © <
-

40
38
36
34
32
30
28
26
24
22
20
18
16
14

Supports

storey

Fig 5.1 : Graph of Deflection At Different Stories
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5.3 Deflection Results In Both Analysis

TABLE- 5.1 Deflection Values comparison

storey

P R PR RPRRPRRERPRERNNNNNNNRNDNNGWWOGWWOWWWWWWD
OFRP NWPRAUANOMOORPRNWRNOUOANWMOORNWBNGOOOENO®OO

R N WS U N 0O

Supports

w/o shear wall (mm) with shear wall(mm)

141.908
140.297
138.601
136.786
134.85
132.793
130.614
128.314
125.894
123.355
120.7
117.929
115.046
112.052
108.952
105.748
102.442
99.038
95.538
91.947
88.267
84.503
80.659
76.739
72.746
66.692
64.575
60.403
56.181
51.916
47.812
43.278
36.921
34.547
30.164
25.781
21.397
16.997
12.483
7.363

0

88.621
87.093
85.486
83.855
82.194
80.496
78.752
76.958
75.108
73.199
71.229
69.195
67.095
64.931
62.7
60.405
58.046
55.626
53.145
50.608
48.017
45.375
42.689
39.964
37.204
34.418
31.614
28.801
25.981
23.196
20.432
17.715
15.066
12.51
10.073
7.789
5.696
3.835
2.263
1.034
0

%Reduction

37.55038476
37.92240746
38.32223433
38.6962116
39.04783092
39.38234696
39.7063102
40.02369188
40.34028627
40.65988407
40.98674399
41.32486496
41.6798498
42.05279692
42.45172186
42.87835231
43.33769352
43.83368
44.37291968
44,95959629
45.60028097
46.30368153
47.07472198
47.92217777
48.85766915
48.39261081
51.04297329
52.31859345
53.75482814
55.32013252
57.26595834
59.06696243
59.19395466
63.7884621
66.60588781
69.78782825
73.37944572
77.4371948
81.87134503
85.95681108
0
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e Deflection values in the building with shear wall are significantly less than the building
without shear wall, at the top of building deflection of the storey has been reduced upto
37.55% .

e Moment value for beam and nodes has also been reduced in shear wall building ,that
shows its more reliability to the load as compared to without shear wall building.

e By this analysis and study in the urban areas to reduce the requirement of space for the
building, high rise buildings are used; and to prevent danger against wind load on those
buildings ,shear wall is a good and easy choice in the construction.

5.4 Future Scope

An experimental study also can be performed on the same structures by Wind Tunnel Experiment
and their results can be compared by the experiment and STAAD-PRO analysis.
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CHAPTER G

CONCLUSIONS

From the above study work, it is observed that in 40 story building, constructing building
with shear wall in short span at middle is economical and effective as compared with the
building without shear wall. From this it can be concluded that large dimension of shear
wall is not effective in less number of stories of any building but it is effective in high
number of stories.

Software does not take direct values from 15-875(3) for the wind load; hence must be
improved.

Software does not support Indian codes like IS-456 for concrete design and IS -13920 for
shear wall design, hence must be improved.

Results are acceptable in both building and very significantly loss (37.55% in top story) in
deflection in shear wall building has been shown compared to normal building without
shear wall.
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