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ABSTRACT

Structural engineers are facing the challenge of striving for the most efficient and economical design
solution while ensuring that the final design of a building must be serviceable for its intended
function, habitable for its occupants and safe over its design life-time. As our country is the fastest
growing country across the globe and need of shelter with higher land cost in major cities like
Kolkata, Mumbai, Delhi, etc where further horizontal expansion is not much possible due to space
shortage, we are left with the solution of vertical expansion.

Engineers, designers and builders are trying to use different materials to their best advantage
keeping in view the unique properties of each material. Structurally robust and aesthetically pleasing
building are being constructed by combining the best properties of individual material. Meeting
specific requirements of large span, building load, soil condition, time, flexibility & economy, etc, at
the same time, high rise buildings are best suited solution. Also,Wind & Earthquake (EQ) engineering
should be extended to the design of wind & earthquake sensitive tall buildings. This paper discusses

the analysis & design procedure adopted for the evaluation of symmetric high rise multi-storey
building (G+11) under effect of Wind and EQ. forces.

This report covers the design process in the following order: designing a building layout based on
given grid plan, the calculation of the expected loads on the slabs, the design of slab depth and
reinforcement, the estimation of beam and column sizes, the calculation of horizontal, vertical,
seismic and wind loads along longer and shorter span, the design of beam reinforcement, the design
of column reinforcement and finally, the design of pile cap. Additionally, the figures displaying
building plan, details of slab reinforcement, staircase, beam, column and pile reinforcement — have
been shown separately in A1 drawing sheets at the back of the report. The basic design of the office
building includes 145 mm thick slabs throughout, 500 mm x 500 mm square columns and beams of
dimension 325 mm x 650 mm, along both longer and shorter spans. The reinforcement is varied
throughout the project depending on necessary loads and clauses, tables etc, from IS 456:2000, IS
1893 (part 1) : 2002, IS 875 (part 3): 1987, SP 16.

I



FEPTTROTOOEH S ICDOETCT COCTECETE T T 0w

CALCUTTA INSTITUTE OF

ENGINEERING AND MANAGEMENT

PRASANTA SUR CAMPUS

APPROVED BY A.I.C.T.E. AND AFFILIATED TO W.B.U.T.
24/1A, CHANDI GHOSH ROAD, TOLLYGUNGE, KOLKATA - 700 040
TEL. : (033) 2421 9951/8998 ® TELEFAX : 2481-6767 ® WEBSITE : www.ciemcal.org

APPROVAL SHEET

]—h.iS pl'DjECt rCPOﬂ en[i[’Ed r“[)'ESigIZI of G+ 11 storied office bl."ldiﬂg“ b}" e

ATast Koy Maiarap

Tt msmemses——e—-———————is approved for

the partial fulfillment of the requirement for the degree of Bachelor of Technology in Civil

Engineering.

Supervisor

Principal

ncrpaf C%

CALCUTTA INSTITUTE OF
ENGINEERING AND MANAGEMEN)

Date <cscsaccioiir s

Place oo —



CALCUTTA INSTITUTE OF

ENGINEERING AND MANAGEMENT

PRASANTA SUR CAMPUS

APPROVED BY A.I.C.T.E. AND AFFILIATED TO W.B.U.T.
24/1A, CHANDI GHOSH ROAD, TOLLYGUNGE, KOLKATA - 700 040
TEL. : (033) 2421 9951/8998 @ TELEFAX : 2481-6767 ® WEBSITE - www.ciemcal.org

CERTIFICATE

It is certified that the work contained in the project titled * Design of G + 11 storied office

building” by ATASL Kﬁ}l MALAXAR

————— has

been carried out under my supervision and that this work has not been submitted elsewhere

for a degree.

Signature
| (Asst. Prof. Tanushyama Banerjee)
Department of Civil Engineering

Calcutta Institute of Engineering and Management

May, 2015




AR TR E R X I X 3 I 3 I K I 2K B A AF 2F B A B 2R B A A A 4

ACKNOWLEDGEMENT

This project document has been prepared by the inspiration received from Professor Ta nushyama
Banerjee of the Department of Civil Engineering, Calcutta Institute of Engineering and Management,
under West Bengal University of Technology, who was also my project guide and supervisor. |

acknowledge her for providing consistent support and guidance throughout the making of this
project document.



w W W W

TABLE OF CONTENTS

ABSTRACT
APPROVAL SHEET
CERTIFICATE
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
PROJECT PROBLEM SHEET
CHAPTER 1: SLAB DESIGN
1.1 Typical Floor Plan
1.2 Typical Structural Plan
1.3 Assumption of Slab Thickness
1.4 Load Calculation
1.5 Load and Reinforcement Table for Each Slab
1.6 Deflection Calculations for Critical Panels
1.7 Load Distribution Diagram for Slabs
CHAPTER 2: MOMENT DISTRIBUTION
2.1 Fixed End Moment Calculations for Dead Load + Live Load Combination
2.1.1 Along Critical Longer Frame
2.1.2 Along Critical Shorter Frame
2.2 Fixed End Moment Calculations for Dead Load only
2.2.1 Along Critical Longer Frame
2.2.2 Along Critical Shorter Frame
2.3 Distribution Factor Calculation
2.3.1 Distribution Factor Table for Longer Frame
2.3.2 Distribution Factor Table for Longer Frame
2.4 Summary of Reactions and Moments for (DL+LL) and DL
2.5 Moment Distribution Table
2.5.1 Along Critical Longer Frame
2.5.2 Along Critical Shorter Frame
CHAPTER 3: WIND LOAD ANAYSIS
3.1 Introduction
3.2 Calculation of C; for Shorter and Longer Spans
3.3 Table of Wind Load for Each Floor
3.3.1 Along Shorter Span
3.3.2 Along Longer Span
3.4 Cantilever Method Analysis
3.4.1 For Shorter Frame
3.4.1.1 Considering 5" Floor
3.4.1.2 Considering 1* Floor
3.4.2 For Longer Frame
3.4.2.1 Considering 5" Floor
3.4.2.2 Considering 1™ Floor
CHAPTER 4: SEISMIC LOAD ANALYSIS
4.1 Water Tank
4.1.1 Design
4.1.2 Calculation of Weight
4.2 Lift Machine Room- Calculation of Weight
4.3 Stair Case
4.3.1 Calculation of Weight
4.3.2 Design

]

i
m
v

vi
Vil

1(a)
1(b)

000000 ~uU &N



4.4 Calculation of Total Gravity Load

40

4.4.1 On Roof 40

4.4.2 On Typical Floor a1

4.4.3 On Ground Floor a1

4.5 Calculation for Design Base Shear 42
4.6 Design Lateral Force at Different Floors along Longer and Shorter Frames 43
4.7 Cantilever Method Analysis 44
4.7.1 For Shorter Frame 44
4.7.1.1 Considering 5™ Floor a4

4.7.1.2 Considering 1% Floor 45

4.7.2 For Longer Frame 47

4.7.2.1 Considering 5™ Floor 47

4.7.2.2 Considering 1* Floor 48

CHAPTER 5: BEAM DESIGN 50
5.1 Maximum BM-SF Table for Different Load Combinations for Longer and Shorter Span Beams 50
5.2 Design of Longer Span Beam 51
5.3 Design of Shorter Span Beam 52
5.4 Check against Positive Moment at Support for Longer and Shorter Span Beams 53
5.5 Check against Span Moment for Longer and Shorter Span Beams 54
5.6 Shear Reinforcement 55
CHAPTER 6: COLUMN DESIGN 56
6.1 DL and (DL+LL) Calculations at 5™ Floor and 1% Floor Levels 56
6.2 Load Combination for Column at Ground Floor and 5™ Floor 58
6.3 Design of Ground Floor Column 59
6.4 Design of Fifth Floor Column 60
6.5 Table Showing Check for Biaxial Bending against Each Load Combination Data 62
CHAPTER 7: PILE CAP DESIGN 63
7.1 Load Combination for Piles 63
7.2 Design of Pile Foundation 64
7.3 Determination of Pile Reaction for Each Load Combination 65
7.4 Revised Design of Pile Foundation 64
7.5 Determination of Pile Reaction for Each Load Combination (Revised) 65
7.6 Design of Pile Cap 68

REFERENCE

Annexure A: Drawing Sheet showing General Arrangement of G+11 Office Building in Kolkata
Annexure B: Drawing Sheet showing Detailed Reinforcement of Typical Slab of the Building
Annexure C: Drawing Sheet showing Section of Beams, Column, Pile Cap and Stairs w_ith
Reinforcement Details

vl



PROJECT

1. Structural Design calculation of G+11 storied office building at Kolkata supported on pile

foundation.
2. Grid Plan of the building is given.

3. Draw an architectural drawing showing:
a) Ground Floor plan
b) Typical floor plan
¢) Roof plan
d) Structural plan
e) Sectional elevation through staircase between any two floors.

4. Show the detail of reinforcement for:
a) Typical floor slab
b) One framed beam in shorter direction at fifth floor level.
c) One framed beam in longer direction at fifth floor level.
d) Typical column with pile and pile cap.

S. Design data given:
a) Plinth height= 600 mm; Floor to floor height=3.5m
b) Width of staircase= 1.50 m
c) External wall thickness=230mm finish to 250 mm
d) Internal wall thickness= 125 mm finish to 150 mm
e) Size of lift block=2m X2 m
f) Number of lift block and staircase= 2 each
g) Height of stair room=2.4 m
h) Height of parapet wall=1 m
i) Pile capacity= 500 kN for dia 400 mm
j) Grade of concrete= M25
k) Grade of steel= Fe 500
GRID PLAN OF G+11 STORIED OFFICE BUILDING
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