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1. INTRODUCTION

1.1

GENERAL
After the Gujarat earthquake in January 2001, a lot of emphasis is being in India given to the analysis and design of buildings to render them capable of resisting lateral forces, at least to the extent of avoiding causalities and reducing damages. This project is aimed at complete structural design of a multi-storey building for resisting gravity and lateral loads. This seven-storey residential complex under investigation is located in Jamnagar, Gujarat. This building is vulnerable to earthquakes and severe cyclonic winds due to its proximity to sea, geographical conditions and seismic history of the region. 
Architectural plans of the building are accepted as per the original with minor modification. The building is designed for gravity loading, earthquake loading and wind loading as per the provisions of current IS codes with the appropriate load combinations. Analysis is performed by the finite element based software SAP2000, with checks using simplified manual methods. The design includes complete structural design and detailing of slabs, columns and beams. Foundation is assumed of raft type, design of which is beyond the scope of this project.
Wind load analysis is performed by running static analysis of the building under lateral equivalent wind forces calculated based on force coefficient, building dimensions and wind pressure as per IS 875 (Part III):1987. Design philosophy followed for earthquake analysis and design - as stated in IS 1893:2002 - is “…to ensure that structure possesses at least a minimum strength to withstand minor earthquakes (< Design Basic Earthquake)...without damage; resist moderate earthquake (DBE) without significant structural damage …and…withstand a major earthquake (Maximum Considered Earthquake) without collapse.” The Response Spectrum analysis is used to assess structural response under DBE.
Since stresses in slabs are not significantly affected by lateral loads, all slabs are designed normally as per IS 456:2000 as one-way or two-way slab depending on their dimensions. However, due to time constraint, all beams could not be designed though design and detailing of few frames is demonstrated in the report. 
1.2

OBJECTIVE OF THE PROJECT

The main objective of this project is to analyse and design a multi-storey building, along with learning to use the software SAP2000 and observing the behaviour of the structure under gravity loads and lateral loads. 
1.3 
SCOPE OF THE PROJECT
This project can be divided into three broad parts.

The first part includes preliminary adjustment in the plan, preliminary evaluation of the building, estimating member sizes and locations, theoretical review of analysis procedures – Response Spectrum Analysis and Wind load analysis, and capabilities of SAP2000 as analyzer.
The second part mainly consists of modeling the building in SAP and running dead load, live load, wind load and Response Spectrum analysis and obtaining the results.

The third and the last part involves the design and detailing of all the slabs and some of the beams and columns for the worst possible combination of loads with appropriate load factors as specified by the codes. Since the building lies in Zone IV, ductile detailing according to IS 13920:1993 is adopted. 
1.4

OUTLINE OF THE REPORT

The report is divided into the following chapters:
Chapter 1 contains introduction of the project, its objective and the scope.
Chapter 2 includes preliminary observations and evaluation of the building, adjustment in the plan, positioning of the columns, and initial dimensioning of beams, columns and slabs.
Chapter 3 discusses the theoretical background behind various analysis procedures adopted in the SAP2000 and used for manual calculation in reference to this project. 
Chapter 4 has details of modeling of the structure in SAP, involving material and section definitions, assigning joint constraints, inputting analysis functions, calculating loads and running the analysis. 
Chapter 5 contains details of Response Spectrum Analysis along with manual calculations for base shear. SAP2000 results are discussed and details of mode shapes are presented with figures.

Chapter 6 shows typical output from the SAP analysis in the form of the bending moment, shear force and axial force diagrams under various loads. Results of gravity load analysis are compared with those obtained from manual calculations.
Chapter 7 discusses design philosophy of Limit States Method and presents design formulas for rectangular section under flexure, compression and shear. Provisions of IS codes regarding design and detailing are also listed. 

Chapter 8 presents designs of few typical beams and columns including design calculations and detailing diagrams.

1.5 
SUMMARY

This chapter gives an overview of the project, and describes its objective and the scope of the work. A brief outline of the report is also given for ready reference.

