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ABSTRACT: This study presents a comparative study of wind loads to decide the design loads of a G+5 building. The
significance of this examination is to estimate the design loads for a structure which is subjected to wind loads in a
particular region. It is well known fact that the wind loads may be estimated in particular zone with a specified zone
factor. Then the wind load of that zone can also be estimated based on the basic wind speed and other factors of that
particular region. However, the wind velocity is stochastic and time dependent. In the present study a multi-storied
building is analyzed and designed for wind loads using IS: 875 (Part-3) codes. In this analysis, G+5 storied building is
considered and applied various loads like dead, live and wind loads and results are taken, so that clear idea can be
suggested for wind analysis of the high rise buildings.

KEYWORDS: Residential building, STAAD.Pro, Auto CAD, Wind load etc.
I. INTRODUCTION

Importance of wind engineering is emerging in India ever since the need for taller and slender buildings is
coming forth. Considering the ever increasing population as well as limited space, horizontal expansion is no more a
viable solution especially in metropolitan cities. There is enough technology to build super-tall buildings today, but
in India we are yet to catch up with the technology which is already established in other parts of the world.
Nowadays, construction of high rise building is a basic need because of scarcity of land. Conventional method of
manual design of high rise building is time consuming as well as possibility of humans errors. So it is necessary to
use some computer based software which gives more accurate results and reduce the time. STAAD. Pro is the
structural software is nowadays accepted by structural engineers which can solve typical problem like static analysis,
wind analysis, using various load combination to confirm various code.

Generally wind load governing for the structure more than the 10 m height. For the wind analysis of the tall
building guideline is given in the 1S-875 (Part 3)-1987. Which majorly includes the effect of the roughness, terrain
category, surrounding building, basic wind speed, soil type and importance factor in only along the wind direction.
From the previous cyclone and wind data it is observed that when wind occurs, structure not only effected in along
the wind direction. Because of this reason, damage observed in so many structures although structure is well design
for the wind effect according the 1S-875 (Part 3) - 1987. This study describes wind analysis of high rise building in
ZONE 3. For analysis purpose a five storey building in Hyderabad is selected and wind loads are estimated.

I1. OBJECTIVES

To analyze and design G+5 storied residential building as per IS code using STAAD-Pro.
e Analysis of G+5 storied RCC framed structure with wind load.
e Design of G+5 storied residential building with wind load.
e To compare the benefits of analysis and design of building by considering wind effect.
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Salient features of building:

Utility of building: Residential complex
Building plan size: 30.49m * 9.14m
Height of ground storey: 3m

Slab: 0.15m

The steps involved are as follows:

ume 9, Issue 7, July 2020 ||

1. METHODOLOGY

NO. Of stories: G+5
Parapet wall height: 1.15m
Total height: 18m

Floor to floor height: 3m
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STEP 2: MODELING AND STRUCTURAL ANALYSIS

Structural analysis, which is an integral part of any engineering project, is the process of predicting the
performance of a given structure under a prescribed loading condition. The performance characteristics usually of
interest in structural design are:

e  Stress

o  Deflections

e  Support reactions
e Bending moment
e  Shear force

Generating Model Geometry
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Whole structure geometrical view 3 dimensional rendered view

Specifying Member Property
The next task is to assign cross section properties for the beams and columns. The member properties are
assumed as given:
Thickness of slab = 150 mm
Beam = 230 x 500 mm
Column = 300 x 600 mm

() rest g+ 5.5td - Whele Structure (o) )
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Assigned member property

Specifying Supports
The base nodes of all columns are restrained against translation and rotation about all the three global axes. In
other words, fixed supports are specified at these nodes.

[ resi g+ S.5td - Whale Structure

Assigned support
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STEP 3: LOADS

e Dead load Live load
As per IS 875:1987 (Part 1) As per IS 875: 1987(PART-II)
Self weight = -1 kN/m? From 1% floor to 5" floor = 3 kN/m?
Slab load = 0.15*25 = 3.75 kN/m? Load at roof = 1.5 kN/m?
Wall Load

Outer wall = 0.3*20*3 = 18 kN/m
Inner wall = 0.2*20*3 = 12 kN/m
Parapet wall=1.15*20*1 = 2.3 KN/m

() Defirmions a o (1) Definitions
1 Load Cases Detul 11 Load Cases Dot
o
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Dead load acting on structure Live load acting on structure
e Wind load

As per IS 875:1987(Part-111)
» Basic wind speed in Hyderabad, V,= 44 m/sec
» Design wind speed (V;) =V, * ky * k, * ks [Clause5.3 of IS 875:1987 (Part-111)]
Where:
k,= Probability factor = 1(Clause 5.3.1)
ko= Terrain, height and structure size factor = 0.894(As per clause 5.3.2 the building is in category 3
and in class C, corresponding to this category and class from table 2, we find out the values of k)
K3 = Topography factor = 1 (As per Clause 5.3.3)
V,=44*1*0.894 * 1 =39.36 m/s
» Basic wind pressure, P,= 0.6 V, [Clause 5.4 of IS 875: 1987 (Part-111)]

=0.6 * (39.36)°
=0.92 kN/m?
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Wind load acting in Z direction ‘ Wind load acting in —Z direction
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STEP 4: ANALYSIS

The bending moment and the Shear force can be studied from the graphs generated by post processing after

the analysis in STAAD.Pro. The whole structure is shown in the screen and we can select any member and at the right
side we will get the BMD and SFD for that member. The below figure shows the diagrams for whole structure.

Bending moment in Y direction

Bending moment in Z direction

Shear force in Y direction

Shear force in Z direction

VAV

VANV
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Axial force

Deflection
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STEP 5: DESIGN OF RCC STRUCTURE

Beam Design

Beams transfer load from slabs to columns, beams are designed for bending.
Figure shows selected beam 50 and the bottom and top reinforcement details at three different sections.
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Due to huge output data, output of a sample beam 50 is shown below
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Deflection at beam 50:
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Column Design
A column may be defined as an element used primarily to support axial compressive loads and with a height

of a least three times its lateral dimension. The strength of column depends upon the strength of materials, shape and
size of cross section, length and degree of proportional and dedicational restrains at its ends.

Fig shows the reinforcement details of column;

= resi geS.std - Bear |- S|

Geametry | Propery | Loading | Shear Bending | Deflection | Conorete Desian

Beam no. = 116 Design code : 1S-456

Design Load

Diesign Parameter

200 000

=00 000 M

Pt [ | Close ]
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Due to huge output data, output of a sample column is shown below

coLuUMN N o. 116 DE S TGN RESULTS

M25 Fe500 (Main) Fe4l5 (Sec.)
LENGTH: 3000.0 mm CROSS SECTION: 300.0 mm X 300.0 mm COVER: 40.0 mm
%% GUIDING LOAD CASE: 15 END JOINT: €7 SHORT COLUMN

PAGE 950 Ends Hexre

STRRD SPACE —— PAGE NO. 951

REQD. STEEL AREA B 730.31 Sg.mm.
REQD. CONCRETE AREA: 89269.69 Sg.mm.
MATN REINFORCEMENT : Provide 4 - 16 dia. (0.89%,

804.25 Sg.mm.)
(Equally distributed)
TIE REINFCRCEMENT : Provide 8 mm dia. rectangular ties @ 255 mm c/c

SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (ENS-MET)

Pu=z : 1278.15 Muzl : 55.25 Muyl : 55.25
INTERACTION RATIO: 0.55 (as per Cl. 35.6, IS456:2000)

SECTION CAPACITY BASED ON REINFORCEMENT PROVIDED (ENS-MET)

WORST LOAD CASE: 24

END JOINT: 67 Puz : 1305.05 Muz : 65.14 Muy = 65.14 IR: O.84

Foundation Design

Foundations are structural elements that transfer loads from the building or individual column to the earth.
After the analysis of structure at first we have to import the reactions of the columns from STAAD.Pro using import
button. After we import the loads the placement of columns is indicated in the figure.

resi g+5_foundationuml - STAAD foundation
i File Edit View Tools Help

D EE | =) &SSP SN Footing - 1:DL
PP E DD &b b e ® S B et EH
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Start Page Geometry | Detaill and Scheduls Drawing | GA Drawing [=]

=-fll General Foundation Mode
-4 Project Info

&-dl Isolated Footing Job
£l Design Parameters
-7 Concrete & Rebar
B Cover & Soil
El Footing Geometry
- %g Sliding & Overturning
 Design

4

After importing the reactions in the STAAD foundation the input data is assumed regarding materials, Soil type, Type
of foundation and safety factors. After the design is complete the calculations is obtained for each and every footing.
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IV. ANALYSIS AND DESIGN RESULT

The structural analysis and design result after completing the work is obtained as shown below:
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SUMMARY

The summary of maximum bending moment is as shown below:

b All 3, Summary /4 Envelope /
Fx

439 3 2.41446E6 1 2 :
Min Fx 5 W 43015531 -163.040
Max Fy 50 7 1.5 (DLeLL 65 2124674 115.28056E 33.467 4878 0.028 109.198
Min Fy 41 7 1.5 (DL=LL 57 2121228 115.27603E 34512 4879 0.028 109,192
MaxFz| 334 |2015(0DL=W| 176 TED.B0TESE . 4593.983 | 26413.585 0.046 -39.100 6.583
Min Fz 198 |19 1.5(DL=W 39 777.98387E . -3981.733  _24558.922 0.035 35.267 5753
MaxM¥ 560 |7 1.5 (DL*LL 67 1584846 -14102.966 544719 8478 0815 45311
Miin Mx 570|715 (DL=LL 77 1581414 14101.344 . 542519 8.478 0.811 45309
Max I 334 |20 15(@0L=W| 187 77128538F 45939831 38413888 0.048 40,141 7igg
Min My 334 [20150LsW| 176 TED.B0TE6E . 4593.983 . 26413.885 0.046 -39.100 6.583
Max 2] 50 21 1.5(0LW 65 450,458 114.43593E 60.857 4333 0.010 109,824
Min Mz 50 20 1.5(0L+W 6 1456707 2BBBE.741. _1440.453 4069 2332 £66.994

V. CONCLUSION

e STAAD.Pro is versatile software has the capability to calculate the reinforcement needed for any concrete
section

¢ Reinforcement Details of each and every member can be obtained using STAAD.Pro.

e All the List of failed frame sections can be obtained in the report given by STAAD.Pro so that we can change
the property data for a better section.

e  Accuracy is improved by using software
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