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Ashish Gupta

 ABSTRACT
Structural analysis and design of buildings have undergone many changes, including change in design philosophy, from the old Working State Method to the current Limit States Method – partly because of improvement in methods of analysis and increasing computer dependency and partly because more and more information is available about structural behaviour and response under the loads.
Traditionally, most of the buildings in India are designed for gravity loads only, since theory of analysis under lateral loads – most common, wind and earthquake – is not so popular among practicing engineers and also, it becomes costly when these effects are taken into consideration. But recent catastrophes, like cyclone in 2000 and earthquake in 2001 exposed our vulnerability to natural disasters due to poor design and construction practices. Indian Standard Institution has also revised the earthquake code IS 1893 in 2002, emphasizing dynamic analysis and making the seismic coefficient method prescribed by previous version more conservative.
In this project, an attempt is made to analyse and design a complete building not only for the gravity loads but also for the lateral wind and seismic loads. Analysis is performed by finite element based software Structural Analysis Program (SAP) 2000 and validity of analysis is checked by comparing results with approximate manual methods. Design is based on most demanding load combinations among those prescribed by IS codes by Limit States Method with ductile detailing.
TABLE OF CONTENTS
CERTIFICATE……………………………………………………………………..….i
ACKNOWLEDGEMENT…………………………………………………………….ii
ABSTRACT…………………………………………………………..........................iii
TABLE OF CONTENTS………………………………………………......................iv
LIST OF TABLES…………………………………………………………………….x
LIST OF FIGURES…………………………………………………………………...xi
CHAPTER 1
INTRODUCTION……………………………………………………..1
1.1 General………………………………………………………………………...1
1.2 Objective of the Project………………………………………………………..2
1.3 Scope of the project……………………………………………………………2
1.4 Outline of the Report…………………………………………………………..3
1.5 Summary………………………………………………………………………4

CHAPTER 2 
PRELIMINARY EVALUATION……………………………………..5
2.1
General………………………………………………………………………...5

2.2
Preliminary Evaluation of the Building………………………………………..5


2.2.1
Plan Dimensions, Shape and Number of Storeys……………………...5

2.2.2
Characteristics of the Plan……………………………………………..6


2.2.3
Preliminary Adjustments in Plan………………………………………7


2.2.4
Other Information……………………………………………………...8



2.2.4.1
Structural System……………………………………………...8



2.2.4.2
Material………………………………………………………..8



2.2.4.3
Geotechnical Information……………………………………...8
2.3
Member Size Estimations...……………………………………………………9


2.3.1
Element Referencing…………………………………………………..9


2.3.2
Primary Beam Section…………………………………………………9


2.3.3
Primary Column Section………………………………………………9

2.3.4
Primary Slab Section…………………………………………………13

2.4
Summary……………………………………………………………………..13
CHAPTER 3 
ANALYSIS PROCEDURES………………………………………...14
3.1
General……………………………………………………………………….14
3.2
Gravity Load Analysis………………………………………………………..14
3.3
Wind Load Analysis………………………………………………………….15
3.4 
Response Spectrum Analysis………………………………………………...16
3.5
Summary……………………………………………………………………..18
CHAPTER 4
STRUCTURAL MODELLING……………………………………...19
4.1
General……………………………………………………………………….19
4.2
Modeling……………………………………………………………………..19

4.2.1
Beams and Columns………………………………………………….19

4.2.2
Slabs………………………………………………………………….20

4.2.3
Foundation……………………………………………………………21

4.2.4
Water Tank and staircases……………………………………………21

4.2.5
Walls………………………………………………………………….21
4.3
Material………………………………………………………………………21
4.4
Sections………………………………………………………………………22

4.4.1
Beams and Column Sections...……………………………………….22

4.4.2
Slab Sections..………………………………………………………..23
4.5
Loading……………………………………………………………………….23

4.5.1
Dead Loads…………………………………………………………...23

4.5.2
Live Loads……………………………………………………………23

4.5.3
Wind Loads…………………………………………………………..23


4.5.3.1
Calculation Procedure………………………………………..23


4.5.3.2
Wind Load Calculations……………………………………...24

4.5.4
Earthquake Loads…………………………………………………….26
4.6
Load Combinations…………………………………………………………..26
4.7
Model Figures………………………………………………………………...27

4.7.1
Building Models……………………………………………………...27

4.7.2
Plan of the Building…………………………………………………..29

4.7.3
Frame Sections……………………………………………………….30
4.8
Summary……………………………………………………………………..31
CHAPTER 5 
RESPONSE SPECTRUM ANALYSIS……………………………...32
5.1
General……………………………………………………………………….32
5.2
Manual Calculations………………………………………………………….33

5.2.1
Seismic Weight……………………………………………………….33

5.2.2
Calculation Procedure………………………………………………..33

5.2.3
Calculation of Lateral Forces………………………………………...34
5.3
Response Spectrum Analysis Results: SAP200……………………………...35
5.4
Mode Shapes…………………………………………………………………37
5.5
Summary……………………………………………………………………..39
CHAPTER 6
ANALYSIS RESULTS………………………………………………41
6.1
General……………………………………………………………………….41
6.2
Verification of SAP2000 Gravity Analysis…………………………………..41

6.2.1
Frame Information……………………………………………………41

6.2.2
Substitute Frame Analysis……………………………………………43


6.2.2.1
Substitute Frame 1-1…………………………………………44


6.2.2.2
Substitute Frame 2-2…………………………………………44


6.2.2.3
Substitute Frame 3-3…………………………………………45
6.3
Force / Moments Diagrams…………………………………………………..46

6.3.1
Deflection Diagrams………………………………………………….46


6.3.1.1
Gravity Loads………………………………………………...47


6.3.1.1
Wind and Earthquake Loads…………………………………47

6.3.2
Axial Force Diagrams………………………………………………..48


6.3.2.1
Dead Load……………………………………………………48


6.3.2.2
Live Load…………………………………………………….48


6.3.2.3
Wind Load along +X Direction………………………………49


6.3.2.4
Wind Load along +Y Direction………………………………49


6.3.2.5
Earthquake Load……………………………………………...50

6.3.3
Shear Force Diagrams………………………………………………..50


6.3.3.1
Dead Load……………………………………………………50


6.3.3.2
Live Load…………………………………………………….51


6.3.3.3
Wind Load along +X Direction………………………………51


6.3.3.4
Wind Load along +Y Direction………………………………52


6.3.3.5
Earthquake Load……………………………………………...52

6.3.4
Bending Moment Diagrams………………………………………….53


6.3.4.1
Dead Load…………………………………………………....53


6.3.4.2
Live Load…………………………………………………….53


6.3.4.3
Wind Load along +X Direction………………………………54


6.3.4.4
Wind Load along +Y Direction………………………………54


6.3.4.5
Earthquake Load……………………………………………...55

6.3.5
Discussion……………………………………………………………55
6.4
Summary……………………………………………………………………..56
CHAPTER 7
DESIGN PROCEDURES……………………………………………57
7.1
General……………………………………………………………………….57
7.2
Design Principles……………………………………………………………..57

7.2.1
Limit States Method………………………………………………….57


7.2.1.1
Partial Safety Factors…………………………………………58


7.2.1.2
Partial Load Factors…………………………………………..58


7.2.1.3
Design for Flexure: Beams…………………………………...59


7.2.1.4
Design for Compression: Columns…………………………..61


7.2.1.5
Design for Shear: Beams……………………………………..62


7.2.1.6
Design for Flexure: Slabs…………………………………….63
7.3
Codal Provisions for Design and Detailing…………………………………..64

7.3.1
Beam………………………………………………………………….65


7.3.1.1
Design………………………………………………………...65


7.3.1.2
Detailing………………………………………………….......66

7.3.2
Column……………………………………………………………….66


7.3.2.1
Design………………………………………………………...66


7.3.2.2
Detailing……………………………………………………...67

7.3.3
Slab…………………………………………………………………...68
7.4
Summary……………………………………………………………………..68
CHAPTER 8
DESIGN……………………………………………………………...69
8.1
General……………………………………………………………………….69
8.2
Slab Design…………………………………………………………………...69
8.3
Beams………………………………………………………………………...72

8.3.1
Design Load Effects………………………………………………….72

8.3.2
Design of B7………………………………………………………….74

8.3.3
Design of B16………………………………………………………...75

8.3.4
Design of B23………………………………………………………...77
8.4 
Column Design……………………………………………………………….78

8.4.1
Design Load Effects………………………………………………….78

8.4.2
Design of Column Group 250 mm × 250 mm: Ground Floor………..80

8.4.3
Design of Column Group 250 mm × 400 mm: Fourth Floor………...82

8.4.4
Design of Column Group 300 mm × 500 mm: Ground Floor………..83

8.4.5
Design of Column Group 300 mm × 500 mm: Fourth Floor………...85

8.4.6
Design Information of all Column Groups…………………………...86
8.5
Summary……………………………………………………………………..88
APPENDIX A

RESPONSE SPECTRUM FUNCTION……………………...89
APPENDIX B

SLAB DEISGN CALCULATIONS…………………………92
APPENDIX C

REINFORCEMENT DETAILING DIAGRAMS……………97
REFERENCES…………………………………………………………………….....98
LIST OF TABLES
	Table
	Title
	Page No.

	2.1
	Preliminary dimensions of members
	10

	4.1
	Design wind pressure
	25

	5.1
	Seismic weight calculation of the building
	34

	5.2
	Lumped mass and storey shear
	35

	5.3
	Mode periods and mass participation
	36

	6.1 (a)
	Substitute frame analysis for substitute frame 1-1
	44

	6.1 (b)
	Substitute frame analysis for substitute frame 2-2
	44

	6.1 (c)
	Substitute frame analysis for substitute frame 3-3
	45

	6.2
	Comparison of Results
	45

	7.1
	Partial safety factors for Concrete and Steel
	58

	8.1
	Governing load combinations for B7, B16 and B23
	72

	8.2
	Design load effects for B7, B16 and B23
	73

	8.3
	Design loads for column
	78

	8.4
	Reinforcement details of columns
	86


LIST OF FIGURES

	Figure
	Title
	Page No.

	2.1
	Elevation of the building
	6

	2.2 (a)
	Architectural plan of the ground floor
	6

	2.2 (b)
	Architectural plan of the typical floor
	6

	2.2 (c)
	Architectural plan of seventh floor
	6

	2.3
	Referencing of structural elements
	9

	2.4
	Tributary areas of columns
	9

	2.5 (a)
	Structural framing diagram of typical floor
	13

	2.5 (b)
	Structural framing diagram of seventh floor
	13

	3.1
	Response spectrum function as defined by the code
	17

	4.1
	Use of end-offsets at beam and column junction
	20

	4.2
	Wind load calculations
	25

	4.3
	Three-Dimensional view of the model - perspective view
	27

	4.4
	Three-Dimensional view of the model - along (-) Y axis
	28

	4.5
	Plan of the building
	29

	4.6
	Frame sections in XZ plane
	30

	4.7
	Frame sections in YZ plane
	31

	5.1
	First mode shape - in Y direction
	38

	5.2
	Second mode shape - in X direction
	38

	5.3
	Third mode shape - in X direction
	39

	6.1
	Frame section in XZ plan @ Y =-6.1
	42

	6.2
	Substitute frame 
	42

	6.3
	Deflected shape under gravity loading
	47

	Figure
	Title
	Page No.

	6.4
	Deflected shape under wind and earthquake loading
	47

	6.5
	Axial force diagram for dead load
	48

	6.6
	Axial force diagram for live load
	48

	6.7
	Axial force diagram for wind load (along +X)
	49

	6.8
	Axial force diagram for wind load (along +Y)
	49

	6.9
	Axial force diagram for seismic load
	50

	6.10
	Shear force diagram for dead load
	50

	6.11
	Shear force diagram for live load
	51

	6.12
	Shear force diagram for wind load (along  +X)
	51

	6.13
	Shear force diagram for wind load (along +Y)
	52

	6.14
	Shear force diagram for seismic load
	52

	6.15
	Bending moment diagrams for dead load
	53

	6.16
	Bending moment diagrams for live load
	53

	6.17
	Bending moment diagrams for wind load (along +X)
	54

	6.18
	Bending moment diagrams for wind load (along +Y)
	54

	6.19
	Bending moment diagrams for seismic load
	55

	8.1
	Slab 6S16
	69

	8.2
	Slab reinforcement details
	71

	8.3 (a)
	Column and beam frame details
	87

	8.3 (b)
	Section details
	87



