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ABSTRACT: Any Tall building can vibrate in both the directions of “along wind” and “across wind” caused by
the flow of wind. Modern Tall buildings designed to satisfy lateral drift requirements, still may oscillate
excessively during wind storm. These oscillations can cause some threats to the Tall building as buildings with
more and more height becomes more vulnerable to oscillate at high speed winds. Sometimes these oscillations
may even cause discomfort to the occupants even if it is not in a threatening position for the structural damage.
So an accurate assessment of building motion is an essential prerequisite for serviceability. There are few
approaches to find out the Response of the Tall buildings to the Wind loads.

Wind is a perceptible natural motion of air relative to earth surface,especially in the form of air current blowing
in a particular direction. The major harmful aspect which concern to civil engineering structures is that, it will
load any and every object that comes in its way. Wind blows with less speed in rough terrain and higher speed in
smooth terrain. This paper presents story drift, storey shear, and support reactions that occur in different storey
Buildings (Low Rise Buildings, Medium Rise Buildings, and High Rise Buildings) due to wind in different
terrain category. Totallyl2 models for G+5, G+10 and G+15 are analyzed using ETABSv9.7.4 package. Present
work provides a good source of information about variation in drift, shear with change in height of model,
percentage change in drift, shear of same model in different terrain category.

KEY WORDS: Tall Buildings, drift, storey shear, ETABSv9.7.4, different terrain category

INTRODUCTION
1.1.GENERAL
Wind has two aspects. The first beneficial one is that its energy can be utilized to generate power, sail boats and cool
down the temperature on a hot day.The other a parasitic one is that it loads any and every object that comes in its
way. The latter is the aspect an engineer is concerned with, since the load caused has to be sustained by a structure
with the specified safety. All civil and industrial structures above ground have thus to be designed to resist wind
loads. This introductory note is concerning the aspect of wind engineering dealing with civil engineering structures.

1.2.ESTIMATION OF WIND LOAD ON BUILDINGS:

Wind load on a Tall building can be determined by:

1. Analytical Method given in the code IS 875: part 3-1987 which is given by A.G.Davenport(1967). The
analytical method is usually acceptable for a building with regular shape and size and is almost based on the
geometric properties of the building and without incorporating the effects of the nearby buildings.

2. Secondly the Estimation of Wind Load through Wind tunnel testing with as called building model used. In
Wind Tunnel Testing for the structural design the Dynamic analysis of the scaled model building is done with
Balendra’sapproach(1997)and for the cladding design the Surface Pressure Measurement analysis with Pressure
Measurement system is done. Also the effects of the nearby buildings have been taken into consideration as the
Interference effects on the buildings in a same procedure being used for an isolated building model.

1.3. TERRAIN

Selection of terrain categories shall be made with due regard to the effect of obstructions which constitute the

ground surface roughness. The terrain category used in the design of a structure may vary depending on the direction

of wind under consideration. Wherever sufficient meteorological information is available about the wind direction,
the orientation of any building or structure may be suitably planned.
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Terrain in which a specific structure stands shall be assessed as being one of the following terrain categories:

A. TERRAIN CATEGORY 1

Exposed open terrain with few or no obstructions and in which the average height of any object surrounding the
structure is less than 1.5 m

Open terrain, open country or open ground is terrain which is mostly flat and free of obstructions such as trees and
buildings. Examples include farmland, grassland and specially cleared areas such as an airport.

B. TERRAIN CATEGORY 2

Open terrain with well scattered obstructions having heights generally between 1.5t0 10 m

Forest terrain can be divided into three categories: sparse, medium, and dense.An immense forest could have all
three categories within its borders, with more sparse terrain at the outer edge of the forest and dense forest at its
heart. The Table below describes in general terms how likely it is that a given square has a terrain element in it.

Tablel:Types of trees &undergrowth differences in sparse ,medium, dense

Sparse | Medium Dense
Typical trees 50% 70% 80%
Massive trees - 10% 20%
Light undergrowth 50% 70% 50%
Heavy undergrowth - 20% 50%

Fig3.Terrain category 2

TERRAIN CATEGORY 3

Terrain with numerous closely spaced obstructions having the size of building-structures up to 10 m in height with
or without a few isolated tall structures.
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TERRAIN CATEGORY 4
Terrain with numerous large high closely spaced obstructions.

Fig5. Terrain category 4

1.4.0BJECTIVES OF THE STUDY

Following are the main objectives of the work:

1. The main objective of the present work is to study the effect and variation of wind pressure for three categories
of buildings Low Rise Buildings, Medium Rise Buildings, and High Rise Buildings for different terrain
categories.

2. In the present study the variations of the wind pressure on typical multi-storied Buildings will be obtained by
dynamic analysis method as given by the draft code 1S-875 part 3

3. Inthe present work, multistory buildings of 6storey, 11storey and 16storey will be modeled for different Terrain
categories i.e. Terrain categories 1, Terrain categories 2, Terrain categories 3, Terrain categories 4.

4. The analysis of the building will be carried out using ETABSV9.7.4. Using the dynamic analysis method.

5. The results from the models (story drift, story shear) are compared in different types of story buildings (low,
medium, high rise buildings) for different terrain categories.

2 .LITERATURE REVIEW

Holmes and Lewis (1986, 1987 and 1989)Performed extensive experimental work onthe fluctuating pressure
measurements using a small diameter connecting tube totransmit the pressure from the connecting point, or tap, to
the pressure transducer. Theirauthentic work has provided sufficient guidelines to develop a range near
optimumsystems for the measurement of fluctuating pressure on models of the buildings in windtunnels. In the
present study the choice of tubing system for pressure measurements islargely based on the work of Holmes and
Lewis (1987).

Whitbread (1963) Presented an account of various flow parameters required to bematched in the wind tunnels and
concluded that Jensen’s (1958) model law providedsatisfactory answers using floor roughening devices.

Fujimoto et al. (1975) Tested a 1:400 scaled aero elastic mod el of rectangular tallbuilding (1:1.2:3.75) in smooth
flow and two boundary layer flows. Values of alongwind and across wind response are presented versus reduced
velocity and a relationshipis established. Experimental gust factors are compared with Davenport (1967). A four
mass model was also tested in natural wind, and contribution of higher modes isreported to be negligible on
displacements and about 10% on accelerations

Peter A. Irwin (2010)Studied the procedure for determining wind pressures on the exteriorcladding of tall
buildings. The methods used in a pressure model study are reviewedincluding measurement system frequency
response, the determination of peak pressurecoefficients, combining wind tunnel and meteorological data and
evaluating internalpressures. In addition, an assessment is made of the uncertainties involved in windtunnel testing
as compared with using building code methods.
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Holmes and Lewis (1989) Performed extensive experimental work onthe fluctuating pressure measurements using a
small diameter connecting tube totransmit the pressure from the connecting point, or tap, to the pressure transducer.
Theirauthentic work has provided sufficient guidelines to develop a range near optimumsystems for the
measurement of fluctuating pressure on models of the buildings in windtunnels. In the present study the choice of
tubing system for pressure measurements islargely based on the work of Holmes and Lewis (1987).

3.EFFECT OF WIND LOAD ON BUILDINGS AND STRUCTURES

3.1. NATURE OF WIND IN ATMOSPHERE

In general, wind speed in the atmospheric boundary layer increases with height from zero at ground level to a
maximum at a height called the gradient height. There is usually a slight change in direction (Ekman effect) but this
is ignored in the Code. The variation with height depends primarily on the terrain conditions. However, the wind
speed at any height never remains constant and it has been found convenient to resolve its instantaneous magnitude
into an average or mean value and a fluctuating component around this average value. The average value depends on
the averaging time employed in analyzing the meteorological data and this averaging time can be taken to be from a
few seconds to several minutes. The magnitude of fluctuating component of the wind speed, which represents the
gustiness of wind, depends on the averaging time. Smaller the averaging interval, greater is the magnitude of the
wind speed.

3.2. BASIC WIND SPEED:
Figure6 gives basic wind speed map of India, as applicable at 10 m height above mean ground level for different
zones of the country. Basic wind speed is based on peak gust speed averaged over a short time interval of about 3
seconds and corresponds to 10m height above the mean ground level in an open terrain (Category 2). Basic wind
speeds presented in Fig.6.have been worked out for a 50-year return period.

|

Fig 6.Basic wind speed in m/s (based on 50 year return period)

3.3. Design Wind Speed (Vz)
The basic wind speed for any site shall be obtained from Fig. 1 and shall be modified to include the following
effects to get design wind speed, Vz at any height, Z for the chosen structure: (a) Risk level, (b) Terrain roughness
and height of structure, (c) Local topography, and (d) Importance factor for the cyclonic region. It can be
mathematically expressed as follows:

Vz = VbK1K2K3K4
Where Vz = design wind speed at any height z in m/s,

K1=probability factor (risk coefficient)

K2=terrain roughness and height factor

K3=topography factor

K4=importance factor for the cyclone region

4. DESIGN CONSIDERATIONS AND MODELING OF BUILDING IN ETABS
The design details of low , medium, high rise buildings are presented in Table 2a,2b,2c.And the models are depicted

in fig 7,8,9 respectively
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Table2. Design details of Low Rise Buildings

G+5 Design | Details
Type of structure RCC frame structure
Number of stories(G+5) 6 stories
Story to story height 3m
Ground story height 3.5m
Grade of concrete M30 for columns and slab
M25 for Beams
Thickness of slab 0.12m
Thickness of wall 0.23m
Beams size 0.3mx0.4m
Column size 0.4mx0.6m
Density For concrete 24KN/m?>

For brickwall 19KN/m?®

Table 3. Design details of Medium rise buildings

G+10 Design | Details
Type of structure RCC frame structure
Number of stories(G+5) 11 stories
Story to story height 3m
Ground story height 3.5m

Grade of concrete

M30 for columns and slab
M25 for Beams

Thickness of slab 0.12m

Thickness of wall 0.23m

Beams size 0.3mx0.4m

Column size 0.4mx0.6m

Density For concrete 24KN/m®

For brickwall 19KN/m?®

Table4.Design details

of High rise buildings

G+15 Design

Details

Type of structure

RCC frame structure

Number of stories(G+5) 16 stories

Story to story height 3m

Ground story height 3.5m

Grade of concrete M30 for columns and slab
M25 for Beams

Thickness of slab 0.12m

Thickness of wall 0.23m

Beams size 0.3mx0.4m

Column size 0.4mx0.6m

Density For concrete 24KN/m?

For brickwall 19KN/m?®

MODELS IN ETABS

a.Low Rise Building (G+5)

Fig 7. Model 1

IJTIMES-2018@All rights reserved

109




International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
Volume 4, Issue 02, February -2018, e-ISSN: 2455-2585, Impact Factor: 3.45 (SJIF-2015)

b. Medium Rise Building (G+10)

iR, i

Fig9.Model 3

5.RESULTS AND DISUSSIONS
5.1STOREY DRIFT

Drift is defined as the lateral displacement. Storey drift is the drift of a multistory building relative to the level
below. Inter storey drift is the difference between the roof and floor displacements of any given storey as the

buildings ways during the earthquake, normalized by the storey height. For example, for a 10 foot high storey, an
inter storey drift of 0.10 indicates that the roof is displaced one foot in relation to the floor below.

a.G+5

Table 5. Drift Values (meters)in terrain categories

Story | Driftincel | Driftinec? | Driftinte3 | Driftinted || 0000002
STOREY6 0.000002 0.000002 0.000002 0.000001 || o.000002 - —
STOREY?S 0.000002 0.000002 0.000002 0.000001 || 0.000001 - m Driftintc 1
STOREY4 | 0.000002 0000002 0.000002 0.000001 || 5 googor | ':I:m;;
STOREY3 0.000002 0.000002 0.000002 0.000001 0.000000 1 W driftintc4
STOREY? 0.000002 0.000002 0.000002 0.000001 0l
STOREY! 0.000001 0.000001 0.000001 0.000001 STORYS STORYS STORY4 STORY3 STORY2 STORYL

fig 10..Drift values(meters)in terrain categories

From the above graph it was concluded that the storey drift (lateral displacement) has less values
in terrain category 4. So the effect of wind load is less for the building in terrain category 4 for
low rise buildings. Thepercentage reduction of drift in low rise buildings are comparison between
terrain category 1 and terrain category 4 various is 50% ,50%in terrain category 2 and terrain
category 4, and 50% in terrain category 3 and terrain category 4.

b. G+10
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Table 6. Drift VValues(maters) in terrain categories

Story Ttem Load |DriftmTC1|DriftinTC2 [ DrftinTC3 [ DriftinTC4|[ ooee o
STOREY11 | Max Drift X | WIND 0.000013 | 0000012 | 0000011 | 0.000008 0.000014 | | |

STOREY10 | Max Drift X | WIND 0.000013 | 0000013 | 0.000011 | 0.000008 0,000012 i

STOREY? | MaxDrift X| WIND 0.000014 | 0000013 | 0.000011 | 0.000008 0.00001 — -

STOREYS | MaxDrift X | WIND 0.000014 | 0.000013 | 0000011 | 0.000008 0.000008 B DriftinTC 1
STOREY7 | MaxDrift X | WIND 0.000013 | 0000012 | 0.000011 | 0.000008 0.000006 u DriftinTC 2
STOREY6 | MaxDrift X| WIND 0.000013 | 0.000012 0.00001 0.000008 0000008 DriftinTC 3
STOREYS | MaxDrift X | WIND 0.000012 | 0.000011 0.00001 0.000007 0.000002 #DrftinTC4
STOREY4 | MaxDrift X | WIND 0.000011 0.00001 0.000009 | 0.000006 0

STOREY3 | MaxDrift X| WIND 0.000009 | 0.000009 | 0.000007 | 0.000005 R g g

STOREY? | MaxDnft X | WIND 0.000007 | 0.000006 0.000006 | 0.000004 ,\o“ %«o‘* c;@ c;@ L;\O (;\0 (;\0 c;@ c;@ ¢;~° L;\O

STOREY! | MaxDrift X| WIND 0.000004 | 0.000003 | 0.000003 | 0.000002

In the same way of the low rise buildings (G+5).

The value of storey drift (lateral displacement) has less value for Terrain category 4 compared to
other terrain categories (Terrain category 1, Terrain category 2 and Terrain category 3). It was
also concluded that the storey drift values are decreases from the top storey to bottom storey in
each Terrain category. Thepercentage reduction of drift in medium rise buildings are comparison
between terrain category 1 and terrain category 4 various is 38.46%,33.33%in terrain category 2

and terrain category 4, and 27.27% in terrain category 3 and terrain category 4.

c. G+15

Table7. Drift Values(maters) in terrain categories

Story

Load

Drift in tc 1

Drift in tc 2

Drift in tc 3

Drift in tc 4

STOREY16 WINDX 0.000037 0.000035 0.000031 0.000026 0.00004 (11
STOREY15 WINDX 0.000038 0.000035 0.000031 0.000026 0.000035
STOREY14 WINDX 0.000038 0.000036 0.000032 0.000027 0.00003 10 EEES
STOREY13 WINDX 0.000038 0.000036 0.000032 0.000027 0.000025
STOREY12 WINDX 0.000038 0.000036 0.000032 0.000027 m Driftintc 1
STOREY11 WINDX 0.000038 0.000036 0.000032 0.000027 0.00002
STOREY10 WINDX 0.000037 0.000035 0.000031 0.000026 0.000015 B Driftintc 2
STOREY? WINDX 0.000036 0.000034 0.00003 0.000025 000001 N
STOREYS WINDX 0.000033 0.000033 0.000029 0.000024 Driftintc 3
STOREY? WINDX 0.000033 0.000031 0.000028 0.000023 0.000005 o
STOREY6 WINDX 0.000031 0.000020 0.000026 0.000021 0 e m Driftintc 4
STOREYS WINDX 0.000024 0.000026 0.000023 0.000019 N T
STOREY4 WINDX 0.00002 0.000023 0.00002 0.000016 A
STOREY3 WINDX 0000014 0.000018 0.000016 0.000013 P R S S

AN A A
STOREY2 WINDX 0.000004 0.000013 0.000012 0.000009 9 5 5 5
STOREY1 WINDX 0.000007 0.000005 0.000005 0.000004

Figl2. Drift Values(meters) in terrain categories
The values of storey drift (lateral displacement values) have higher values in the high rise
buildings than low rise buildings and medium rise buildings. And the value of storey drift
(lateraldisplacement) has less value for Terrain category 4 compared to other terrain categories
(Terrain category 1, Terrain category 2 and Terrain category 3). Thepercentage reduction of drift
in high rise buildings are comparison between terrain category 1 and terrain category 4 various is
29.73%, 25.71%in terrain category 2 and terrain category 4, and 16.12% in terrain category 3
and terrain category 4.

2.STOREY SHEARS AND OVER TURNING MOMENTS

BUILDING TORQUE (T)
Torque is a twisting or turning force that tends to cause rotation around an axis, which might be a
center of mass or a fixed point

a. G+5
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Table 8:BuildingTorque(t)in terrain categories

building || 3000
Storey building torque in | building torque in te | building torquein | torquein || z500 ¥
fel _2 fe3 fed 2000 i | mbuilding torgue intc 1

STOREYS 24794 225.601 194.092 121.643 ) )

1500 —- — W building torque intc 2
STOREY3 732.369 665.928 368.574 364.928 o :

1000 — building torgue intc 3
STOREY4 1196.794 1087.18 017 474 608.213 o i

500 —! 0 building torgue intc 4
STOREY3 1645.665 1403.622 1246.240 §51.408 = l_l
STOREY? 2002516 1808143 1572426 1004 783 0

STORYESTORYSSTORY4STORY3STORY2STORYL

STOREY1 2576.603 2336373 1923783 1358342

Fig13. Building torque(t)in terrain categories
For the low rise buildings the value of building torque T has less value for the Terrain category 4
than other terrain categories (Terrain category 1, Terrain category 2, and Terrain category 3).
And also it was concluded that building torque has less values for the story 6 and maximum
values for the story 1.Thepercentage reduction of drift in low rise buildings are comparison
between terrain category 1 and terrain category 4 various is 50.93%, 46.08%in terrain category 2
and terrain category 4, and 37.32% in terrain category 3 and terrain category 4.

b.G+10

.Table9.BuildingTorque(t)in terrain categories

Building torque | Building torque | Building torque | Building torque 5000
Storer Load TinTC 1 TinTC 2 TinTC 3 TinTC 4
STOREY11 WIND 271857 257720 376 69 1zs072 | | 000 T
STOREY10 WIND 510,785 767 876 67435 552288 | | agoo —
STOREY? WIND 1341 504 1266021 1110432 884211 & Building torque Tin TC 1
STOREYS WIND 1863.748 1750.525 1533.757 Ti7e122| | 3000 T )

m Building torgque Tin TC 2
STOREY7 WIND 2377.41 2221516 1044.354 1439367 | | 2000
STOREY6 WIND 7878 604 367703 3338012 1683 841 Building torque Tin TC 3
STOREYS WIND 3363.040 3118257 2713304 Tea7 27| | 1000 = Building torgue Tin TC4
STOREY4 WIND 3827474 3539500 3062.295 2170412 o
evs s B T B S0 0 0 b 0 O O
R ; S0472 3717247 3656.952 TS T TS

STOREY1 WIND 5207285 4788.703 4070.606 2920.541

Fig14. Building torque(t)in terrain categories
In the case of medium rise buildings (G+10) the maximum value of building torque (T) was
obtained at terrain category 1 and minimum value of building torque was obtained at terrain
category 4. The building twist value is increases from top story to bottom story.Thepercentage
reduction of drift in medium rise buildings are comparison between terrain category 1 and terrain
category 4 various is 30.82%, 27.02%in terrain category 2 and terrain category 4, and 17.03% in
terrain category 3 and terrain category 4.

c.G+15
.Table9. BuildingTorque(t)in terrain categories

5000
STOREY Load torque in tel torgue in te2 torquein te3 torque in ted 2000
STOREY16 WINDX 250,14 375456 346,782 335 601
STOREYIS TND T65.454 TI1.694 734808 G66.421 7000
STOREY14 WINDX 1433387 1360719 1214 883 1081867 £000 H
STOREYIS TND T504.166 T852.62 Te86 81 1502309 - .
STOREY1Z WINDX 353758 Za17.445 3156747 1s87722 5000 W buiding torque in tel
STOREYIL D 3003776 3035342 T606. 761 3378679 4000 1 B buiding torgue in te2
STOREVI® WD 3635663 5335385 355543 5535555 3000 £targ

7 - .
STOREYD D 163383 3043534 3350503 3574810 2000 = buiding torgue in tc3
STOREYE WINDX 1685627 3378038 3513 827 3365728 1000 =
STOREY 7 ™D 5199.289 3899029 3324424 3530474 a B buidingtorque in tcd
STOREYE WINDX 3700483 3335443 F718 082 3774448
STOREYS WIND® 184528 579557 5063 465 3017.734
- LN R S T R’ R4
STOREYA WINDX CEECEEE] €217.022 342365 A361.018 Q’P L Y OQ' & &, &_
STOREY3 WINDX 7098.224 G623.464 5771.14 4504304 ) OQ" (?' &(f"' 4\ é\ é\ é\
&8 & g

STOREYZ WINDX F343.075 T027.084 6057 317 F747.388
STOREY1L WIND® §025.163 7466215 F450676 5011.148

Fig15. Building torque(t)in terrain categories
The value of building torque (T) also has less value for the terrain category 4 than other terrain
categories (i.e, terrain category 1, terrain category 2, and terrain category 3) in all the
cases.Thepercentage reduction of drift in high rise buildings are comparison between terrain
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category 1 and terrain category 4 various is 22.24%, 18.11%in terrain category 2 and terrain
category 4, and 8.58% in terrain category 3 and terrain category 4.

3.SHEAR FORCE (V)
The shear force at the cross section of the beam may be defined as the un balanced vertical force

to the right or left of the section.
a.G+5
Tablell. Shear force (v)in terrain categories

Shear force v Shear force v | Shear forcev in 0
Storey Shear forcevintc 1 !
inte2 inted ted -50
=) < =

STOREY$ -33.06 -30.08 2588 -1622 || P =
150 1 mShear force vintc 1

STOREYS 97.65 -88.79 75.81 48.66 mSheor foree vinte 2
200 —

STOREY4 -139.37 -14496 -12233 -81.1 Shearforcevintc 3
250 —| mShearforcevintc4

STOREY3 -219.42 -190.15 -166.17 0 .

STOREY2 =279 -233.09 -209.66 -145.87 ==0

STOREY1 -34353 -311.52 -256.77 -181.11 00

Figl6. Shear force (v)in terrain categories
From the above table and graph it was observed that the maximum value of shear force was
obtained for terrain category 1 and minimum value is obtained for terrain category 4. The shear
force value increases from 6™ story to 1% story in low rise buildings.Thepercentage reduction of
drift in low rise buildings are comparison between terrain category 1 and terrain category 4
various is 50.93%, 46.07%in terrain category 2 and terrain category 4, and 37.32% in terrain
category 3 and terrain category 4.

b.G+10
Tablel2. Shear force (v)in terrain categories
Shear Force Vin Shear Force Vin | Shear Force Vin | Shear Force Vin 0 q

Stery Load TC1 TC2 1C3 TC4 = !
STORY11 WIND 3625 3436 3023 25.08 -100 e :
STORY10 | WIND 1081 10238 8901 7364 oo FEEE
STORYD WIND 17887 1688 J143.06 11789 = m Shear Force Vin TC 1
STORYS WIND 2433 2334 2043 15722 200 )
STORY? WIND 31609 2962 25035 19188 200 W Shear Force VinTC 2
STORY6 WIND 38381 357.06 31185 22451 Shear Force VinTC 3
STORYS WIND EXEEH 1507 36170 23685 =00
STORYZ WIND 51033 17103 20831 28939 o Shesr Force Vin TC4
STORY3 WIND 57018 52613 25214 32183 500
STORYZ WIND 62076 580.06 19563 35426 00
STORY1 WIND 5943 63848 S0275 38041 -

800

Figl7. Shear force (Vv)in terrain categories
For the medium rise buildings also the shear force is minimum for terrain category 4 and
maximum for the terrain category 1.Thepercentage reduction of drift in medium rise buildings are
comparison between terrain category 1 and terrain category 4 various is 30.81%, 27%in terrain
category 2 and terrain category 4, and 17.03% in terrain category 3 and terrain category 4.
c.G+15

Tablel3. Shear force (v)in terrain categories

avforce v | Shear force Shear force v | Shear force v
Stoery Load imoe 1 im e in te3 ineed 0
STOREY16 WINDX 3869 36 73 329 3008 -'I!
STOREY1S WINDX 1154 ‘10856 ERRT] §5.86 Ll
STOREY 14 WINDX 9113 CI81.43 16198 14538 -200 &1
STOREYIS WINDR =65 88 =533 S3as1 S6035 als
STOREY12 WINDX -335.68 -322.33 -286.77 -253.03 wnin N
STOREY11 WINDX 4125 39137 -347.57 -303.82 -400 W Shearforce vintcl
STOREY10 WINDX EEEETS 45539 —a07.26 55239 Wshearforce vinte 2
STOREYS WINDX 55512 3358 ETE) 35664 -600
STOREYS WINDX 62475 So041 521.84 435906 Shearforce vintc 3
STOREY? WINDX 59324 6532 57659 7073 .
STOREYO WINDX 76000 Fl4.06 629.2 303.26 -800 mShearforce vintc4
STOREYS WINDX §24.66 FTEIT %7513 5357
STOREYS WANDR EE638 EI5 04 EEEN E) Ses1a -1000
STOREYS WINDR Sasas E8313 Fe5an ETTER
STOREYZ WINDX “1006.01 S37.06 si125% 3301
STOREY1 WINDX -1070.56 -885.5 -860.09 -668.15 -1200

Fig18. Shear force (v)in terrain categories

From the above tables and graphs the maximum value of shear force was obtained at terrain
category 1 and minimum value of shear force was obtained at terrain category 4 in all cases. For
the low rise buildings have less shear force values than medium rise and high rise buildings. The

IJTIMES-2018@All rights reserved 113



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
Volume 4, Issue 02, February -2018, e-ISSN: 2455-2585, Impact Factor: 3.45 (SJIF-2015)

less values of shear force will results in less deflection values.Thepercentage reduction of drift in
high rise buildings are comparison between terrain category 1 and terrain category 4 various is
22.25%, 18.10%in terrain category 2 and terrain category 4, and 8.57% in terrain category 3 and
terrain category 4..

3.BENDING MOMENT (M)
The bending moment at the cross section of the beam may be defined as the algebraic sum Of the
moments of the forces, to the right or left of the section

a. G+5
Tablel4. Bending moment M in terrain categories
Bending | Bending Bending | Bending 0 -
storey | MomentM | MomentM | MomentM | Moment M 500
inte1 intc2 intc3 intcd 10004 ® Bending Moment Min
tcl
STOREYR 9017 S04 11637 48657 || -1500 m B2nding Moment Min
STOREYS -302.117 -356.611 -305.066 -184 628 || -zo00 te2

Bending Moment Min
te3

STOREVA £0835| 9143|205 | 437913 soo
STOREY A5m1| -3ees3|  -1M56|  -77ESLY|| 2000
STOREY) 261 | s3] -is43| =soo
STOREYL aseesy| s emea3]  -1msoq| 00

B Bending Moment Min
tcd

Figl19.Bending moment M in terrain categories

From the above table and graph it was observed that the maximum value of bending moment was obtained for
terrain category 1 and minimum value is obtained for terrain category 4. The Bending moment value increases from
6" story to 1% story in low rise buildings. Thepercentage reduction of drift in low rise buildings are comparison
between terrain category 1 and terrain category 4 various is 50.93%, 46.085%in terrain category 2 and terrain

category 4, and 37.32% in terrain category 3 and terrain category 4..

b.G+10
Tablel5. Bending moment M in terrain categories

Bending MomentM | Bending MomentM | Bending Moment M | Bending Moment M 0
Storey Loed |nTC! nIC2 n1C3 n1cs
STOREVIT | WIND 108759 03082 50676 || 2000 &
STOREYI0 | WIND 133073 210282 360416 29614 B Bending Moment Min TC 1
TEmE- — = - 4000
STOREY® | WIND 963674 916631 30458 50820 1 Bending Mament MinTC 2
STOREYS | WIND 5.7 161686 141809 || oo
__ _ - Bending Moment MinTC 3
STOREYT | WIND 266614 0547 1158 ST
STOREYE | WIND 381758 35660 BTN T30%6|| -8000 W Bending Moment MinTC4
STOREYS | WIND 31618 RTSEETY 221676 3L
-10000
STOREYS | WIND 669379 3075 SHLET 200998
STOREY3 | WIND 340433 81813 57981 497548 | 12000
STOREYZ | WIND 102556 935832 3] NERE]
STOREY! | WIND KV 11783 101846 Ja017| | -14000

Figl19: Bending moment M in terrain categories
For the medium rise buildings also the Bending moment is minimum for terrain category 4 and maximum for the
terrain category 1in all stories. Thepercentage reduction of drift in medium rise buildings are comparison between
terrain category 1 and terrain category 4 various is 30.82%, 27.02%in terrain category 2 and terrain category 4, and
17.035% in terrain category 3 and terrain category 4. .

c.G+15
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Table 16. Bending moment M in terrain categories

Bending Bending Bending Bending
M M M M

Storev Load intcl in tc2 in tc3 in tcd
STOREY16 WINDX 1160356 110199 8713 024
STOREY1S WINDX 462254 438877 392671 336.809
STOREY 14 WINDX -1035 65 983165 -B72 624 -7T93. 555
STOREY13 WINDX 183332 174021 155335 139444 ) )
STOREY12 WINDX -2852 35 -2707.19 -2413 65 -2153.53 IBEndIngn‘l:ln‘lEnterlt:l
STOREY11 WINDX ATI?SD 86 —?B?l 29 -2413 65 -3065 .BEndingmﬂmEntMint:z
STOREY10 WINDX 554252 525943 367812 4122.16
STOREYD WINDX 720828 6836 86 607432 5312.09 Bending mament Mintc 3
STOREYS® WINDX 908253 -8608 .07 607432 661998
STOREY WINDX 111622 105677 $360.62 §032.17 MBendingmoment Mintc 4
STOREY®6 WINDX -13442 4 -127099 -112572 -954195
STOREYS WINDX 155164 150282 132946 11149
STOREY4 WINDX 185761 17515 154713 128534
STOREYS WINDX 214154 201644 17780 146552
STOREYZ WINDX 244335 220756 202189 165542 30000
STOREY1 WINDX 281804 264598 232292 18892.7

Fig21. Bending moment M in terrain categories

The same conclusion was made for the high rise buildings as we discussed for the low

rise as well as medium rise buildings from the above graphs and tables. From the above tables
and graphs the maximum value of bending moment was obtained at terrain category 1 and
minimum value of shear force was obtained at terrain category 4 in all cases. For the low rise
buildings have less Bending moment values than medium rise and high rise buildings. The less
values of shear force will results in less deflection values.Thepercentage reduction of drift in high
rise buildings are comparison between terrain category 1 and terrain category 4 various is
22.22%, 18.11%in terrain category 2 and terrain category 4, and 8.58% in terrain category 3 and
terrain category 4.

CONCLUSIONS

From the above study the following conclusions are made

1.

2.

The values of storey drifts are constant in G+5 building model in all terrain categories up to 2"storey and
it decreases to 1¥storey this indicates there is less effect of wind in the low rise buildings

In case of medium rise and high rise buildings value of storey drift decreases from top storey to bottom
storey (11" to 1% in medium rise buildings and 16™ to 1% in High rise buildings). The Higher drift values
are obtained in terrain category 1 and lower drift values are obtained at terrain category 4.

The maximum values of building torque (T) was obtained in terrain category 1 than remaining terrains. The
value of building twist decreases from 6"storey to 1¥'storey due to fixed supports present in bottom of the
building.

The maximum values of Shear forces and Bending moments are obtained at terrain category 1. The forces
and moments decrease from top story to bottom storey (6™ to 1% in case of low rise buildings,11™ to 1% in
medium rise buildings and 16™ to 1% in High rise buildings )

For the above conclusions the maximum values are obtained at terrain category 1 in all cases and minimum
values are obtained in terrain category 4.From this it was concluded that there is no wind effect on
buildings which are in terrain category 4 whencompredtoother terrain categories.
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