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ABSTRACT

Codes of practice for plain and reinforced concrete and earthquake resistant design are revised periodically.
Assessing the capacity of existing building as per the requirement of new codes of practice is an important task. In
this thesis, two typical designs of a 6-Storey building are carried out as per old codes and present code of practice
for two load cases and they are, i) Case-1 For gravity load plus earthquake load as per IS: 456-1978 and IS: 1893-
1984 (Limit state method), ii) Case-2: For gravity load plus earthquake load as per IS: 456-2000 and 1S: 1893-2002
(Limit state method). With these load cases the performance evaluation of the building is carried out with nonlinear
static analyses and the capacity curves are generated. From these curves, the variation in maximum base shear and
roof displacement capacities for the two different load cases are brought out clearly. The performance points are
obtained and the corresponding base shear and roof displacements are arrived for IS 1893 — 2002, Design Basis
Earthquake (DBE) and Maximum Considered Earthquake (MCE). All the two designs are found to meet the design
basis earthquake demand. However, only case-2, is found to meet the performance point for maximum considered
earthquake.

KEYWORDS: Limitstatemethod,NonlinearstaicAnalysis,SAP-2000,Pushover urve,Capacity Spectrum method,
Performance point.

1. INTRODUCTION

1.1 General: Many parts of Indian subcontinent were subjected to frequent high intensity earthquakes. Life safety
of buildings has become an important issue. The strength and ductility of the buildings designed and detailed using
earlier versions of the codes are becoming important issues for assessing their safety prescribed by the present
earthquake codes of practice. Under such circumstances evaluation of seismic performance of the existing buildings
has become extremely important. In present study nonlinear static analysis is used to evaluate the performance of
the buildings. Presently, there are two nonlinear static analysis procedures available, one termed as the Displacement
Coefficient Method (DCM) included in the FEMA-356 document and the other termed as the Capacity Spectrum
Method (CSM) included in the ATC-40 document. Both of these methods depend on the lateral load —deformation
variation obtained by using the nonlinear static analysis under the gravity loading and idealized lateral loading due
to seismic action.

In the present work an attempt is pursued to establish guidelines for strengthening/retrofitting the existing buildings
designed as per the old codes of practice to the present revisions of codes of practice. For seismic performance
evaluation of the existing building, a 6-Storey building is taken from, ITK-GSDMA-EQ26-V3.0. This is a typical
beam-column RC frame building with no shear wall. The building considered does not have any vertical plan
irregularities and it is a 6- storey office building. The building is analysed for four cases. They are, i) Case—1: For
dead load plus earthquake load as per IS: 456-1978, and IS: 1893- 1984, ii) Case-2: For dead load plus earthquake
load as per IS: 456-2000 and 1IS: 1893-2002.
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The analysis of building for the four cases is carried out with STAADPro package and spread sheets are developed
to design the cross sections. The building is designed for the two load cases using the spread sheets. The section
details are arrived by Limit state method for case-1 & case-2. SAP-2000 nonlinear analysis program is used to
obtain the capacity of the buildings by push over analysis for the two cases.

1.2 Analsis and code based design
1.2.1 Introduction

Building codes are revised from time to time and the revision necessitates checking the adequacy of existing
building for the demand as per the latest codes of practice. Code of practice for plain and reinforced concrete for
general building construction was first published by the Bureau of Indian Standards (BIS) in 1953 and subsequently
got revised in 1957. It was further revised in 1964. In this version and before only working stress method was in
practice. The limit state design methodology was introduced in IS: 456 - 1978. Latest revision for this code is IS:
456-2000. Similarly, the code for criteria for earthquake resistant design of structures 1S: 1893 was introduced in
1962. This standard was subsequently revised in 1966, 1970, 1975, 1984 and 2002.

1.2.2 Code based Design

In India the two design approaches are used for the design of RC structures as per IS: 456 and they are i) working
stress method (IS: 456-1964and IS: 456-1978) and ii) limit state method (IS: 456-1978 and IS: 456-2000). The
conceptual difference between working stress method and limit state method is given in the Table 3.1. The
estimation of design seismic base shear based on seismic coefficient method as per the revisions of IS: 1893 are
given in Table-1.The conceptual development and methodology adopted in working stress and limit state method are
discussed in the following sections along with problem definition.

IS Codes IS 1893-1984 IS 1893-2002

Equations for Vg =KCo,W Vg = AsW

Base Shear

Constants Where, For structure T <0.1s;
(lh=BI(10 |fAhSZ, Ah=Z/2

B Coefficient depending upon | Where,

type of soil and foundation @ Z1S,
system "T2R g
o, Basic horizontal seismic Where
coefficient Z Zone factor given in Table 1.2 for MCE
varlesiir.t SeISMICIZones and service life of structure in a zone.*
K- Performance factor R Response reduction factor depending
depending on the structure on the perceived seismic damage
framing system and performance of the structure,
brittleness or ductility of SJ/g Average response acceleration

construction

a, Design seismic coefficient A,

T Fundamental time period of
the building in seconds

C Coefficient defining the
flexibility of structure with
the increase in number of
storeys depending upon
fundamental time period T

coefficient varies with type of soil
Design horizontal seismic coefficient
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1.2.3 limit state method

This method of design is based on limit state concepts. In this method, the structure shall be designed to withstand
safely all loads liable to act on it throughout its life; and it shall also satisfy the serviceability requirements, such as
limitations on deflection and cracking. The acceptable limit for the safety and serviceability requirement before
failure occurs is called limit state method. All relevant limit states shall be considered in design to ensure an
adequate degree of safety and serviceability. In general, the structure shall be designed on the basics of the most
critical limit state and shall be checked for other limit states. The Design should be based on characteristic values for
material strengths and applied loads, which take into account the variations in the material strengths and in the loads
to be supported. The characteristic values should be based on statistical data if available; the ‘design values’ are
derived from the characteristics values through the use of partial safety factors, one for material strengths and the
other for loads. In the limit state method of design which covers forms of failure, structure are designed for limit
states at which the structures causes to function, the most important thing is

1) The limit state of collapse or total failure of the structure.

2) The limit state of serviceability which includes excessive deflection and excessive local damage.
1.3 Details of 6-storey Building

1.3.1 Problem definition

The building studied is a 6-storey office building. The plan and elevation of the building are shown in Fig.3.1.The
soil type is medium soil and the plan is regular in nature it is a symmetrical one there are four cases are studied They
are i) Case—1: For gravity load plus earthquake load as per IS: 456-1978 and IS: 1893- 1984. ii) Case-2: For gravity
load plus earthquake load as per IS: 456-2000 and IS: 1893-2002. Pushover analysis of this problem is carried out
using SAP-2000 software package.

1.3.2 Design Details

The building is assumed to have only external walls of 230mm thick with 12mm plaster on both sides and no
internal walls are assumed. At ground floor only tie beams are provided. M20 grade concrete and F415 grade steel
are used for design. The sizes of all columns are kept equal and to be equal to 500mm x 500mm. The sizes of all
beams are kept equal to 300mm x 600mm. At ground floor slabs are not provided and the floor will directly rest on
ground. Therefore, only ground beams passing through columns are provided as tie beams. The design data
considered are shown in Table -2
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FIG: 1 Plan and elevation of the building

Table :2 The design data of six storey building

Live load

Floor finish
Water proofing
Terrace finish
Location

Wind load

Earthquake load :
Depth of foundation below ground

Type of soil

Allowable bearing pressure
Average thickness of footing
Storey height, Typical floor:
Floors

Ground beams

Plinth level

4.0 kKN/m” at typical floor

1.5 kN/m? on terrace

1.0 kN/m?

2.0 kN/m?

1.0 kN/m?

Vadodara city

As per 1S: 875-Not designed for wind load, since
earthquake loads exceed the wind loads.

As per 1S-1893 (Part 1) - 2002

25m

Type I, Medium as per 1S:1893

200 kN/m?

0.9 m, assume isolated footings
5m,GF:3.4m

G.F. + 5 upper floors

To be provided at 100 mm below G.L.
0.6 m
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Walls
periphery

Material Properties:

Concrete

All components unless specified in design: M25 grade

Modulus of elasticity, Ec : 25000 MN/m?

Modulus of elasticity, Ec : 27386 MN/m?
Steel: HYSD reinforcement of grade Fe 415 confirming to IS: 1786 is

230 mm thick brick masonry walls only at

For central columns up to plinth, ground floor and first floor: M30 grade

used throughout

Different load cases studied and design methodology adopted are given in Table- 3 For seismic performance
evaluation the 6-Storey building, is designed with different revisions of codes of practice with respective seismic

zones as given in Table-4

Casel Case2
Codes 1S:456-1978 and IS: 456-2000 and IS:
1S:1893- 1984 1893-2002.
Load cases
with factors 1.5(DL+EQ) 1.5(DL+EQ)
Design
approach

Table -4 Different cases considered for present study

Case Design of Reinforced Seismic-Code Load Combination Design Seismic Zone
Concrete
Procedure
1 1S:456 1978 1S:893 - 1984 1.5(DL+EQL) Limit State I
2 1S:456 2000 1S:1893 - 2002 1.5(DL+EQL) Limit State 11l
Note: DL=Dead Load, LL=Live Load, EQ=Earth Quake load, WS=Working Stress, LS=Limit State
1.3.3 Estimation of base shear calculation
The design base shear for the various cases studied as per the revisions of 1S: 1893 are given in Table-5
Table -5 Distribution of lateral force as per 1S 1893- 1984, 2002
Vi (kN)
IF;\‘;Z{ Wi (kN) h(m) W, h?
IS 1893 - 1984 IS 1893 - 2002

1 2027 1.1 2452.67 0.16 0.23

2 6138 5.2 1659720 11.12 15.57

3 6381 10.2 663879.2 44.50 62.30

4 6381 15.2 1474266.0 98.81 138.34

5 6381 20.2 2603703.0 174.51 244.32

6 6381 25.2 4052190.0 271.60 380.24

7 5597 30.2 5104688.0 342.15 479.00

TWih{ 14067152
777
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1.3.4Analysis of the building

The analysis of the building is carried out by using STADD PRO software package for the four cases. The Fig-2
shows the frame studied under gravity loads and lateral loads considered in each case is given in Table -5. The
values for axial forces and Moments for column members and Moments and Shear force for beam members
respectively are given in Table-B1-B6.

1.3.5 Reinforcement Details

The axial force and moments found from the analysis packages (STADD PRO) of are used for designing column
members as per SP-16 for case-1 and 2, and they are given in Table-6 (exterior columns) and Table-7 (interior
columns). Considering the moments and shear forces the beam members are designed as per SP-16 for case-1 and 2,
and given in Table-8

=183 B11+1335N
(1.8 19) kKN'm (1819 kN'm
001 (490 kN/m 7003
02
= = o o =
" = S| a2zate 250N E =
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F 001 (216 + 0)kN/m 5003
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Fig: 2 Gravity loads: Frame AA
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Table -6 Design Details of Exterior Columns

Case-1 Case-2
1.5(DL+EQ) 1.5(DL+EQ)
1S:456-1978, 1S:456-2000,
1893-1984 1893-2002
Force (kN) 1639 1799
C101,C401, | Moment (KNm) | 2145 314
SPAN = Section-1 600x600 600x600
1100 Longitudinal 4-250 T/B 8-250 T/B
Transverse 8D2L@200c/c BDSL(@200c/c
Force (kN) 1488 1638.4
531&, catz Moment (kNm) | 273 356
4100 Sectlc_)n-l_ 500x500 500x500
Longitudinal 4-250 T/B 8-25 ® T/B
Transverse 8D2L@200c/c 8D5L@200c/c
Force (kN) 1226.4 1347
Moment (kNm) | 256.2 336
2230423 [Section-1 500x500 500500
5000 Longitudinal 4-250 T/B 4 -25 ® T/B, 4-22
@ T/B
Transverse 8D2L@200c/c 8DS5L@200c/c
Force (kN) 945 1031
Moment (kNm) | 244 315.2
oo O [Section-1 500x500 500500
5000 Longitudinal 4-250 T/B 4-25 ® T/B,
4-22 0 T/B
Transverse 8D2L@200c/c 8DS5SL@200c/c
Force (kN) 667 720
Moment (kNm) | 236.3 303.3
C145,C445  section-1 500x500 500X500
gop(%N B Longitudinal 4-250 T/B 4 -25 ® T/B, 4
-22 ® T/B
Transverse 8D2L@200c/c 8DOSL@200c/c
Force (kN) 399 425
Moment (kNm) | 222 279
glg,i\?\l (;456 Section-1 500x500 500x500
5000 Longitudinal 3-250 T/B 4-25 ® T/B,
4-22®0T/B
Transverse 8D2L@200c/c 8O5L@200c/c
Force (kN) 147 155
Moment (kNm) | 165 198
Saon ST Section1 500x500 500%500
5000 Longitudinal 3-250 T/B 4-25®T/B, 4-22
O T/B
Transverse 8DO2L@200c/c 8O5L@200c/c

Note: L-legged; ®-diameter; c/c-Centre to Centre; T/B-Top and Bottom;
All length unit in mm; Force in KN.
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Table -7 Design Details of Interior Columns
Case-1 Case-2 1.5(DL+EQ)
1.5(DL+EQ) )
. 1S:456-2000,
1S:456-1978, 1893-2002
1893-1984
Force (kN) 2694 2709
§§2hi301 Moment (kNm) | 217.3 320
1100 Sectlc_)n-l_ 600x600 600x600
Longitudinal 6-25® T/B 8-250 T/B
Transverse 8D2L@200c/c 8D5L@200c/c
Force (kN) 2436.7 2452
C212,C312 | Moment (kNm) [251.4 369
SPAN =
4100 Section-1 500x500 500x500
Longitudinal 6-25® T/B 8-250 T/B
Transverse 8D2L @200c/c 8D5L@200c/c
Force (kN) 2007 2018
Moment (kNm) [293 152
223, 9323 I'section-1 500500 500%500
5000 Longitudinal 6-250 T/B 4-25d T/B,
4-22 ® T/B
Transverse 8D2L @200c/c 8D5L@200c/c
Force (kN) 1571 1578
Moment (kNm) | 283 405.2
23033 [Section-1 500500 500x500
5000 Longitudinal 5-250 T/B 4-25® T/B,
4-22 ® T/B
Transverse 8D2L@200c/c 8DSL@200c/c
Force (kN) 1138 1142
Moment (kNm) | 265 376.2
2050345 [Section-1 500x500 500x500
5000 Longitudinal 5-250 T/B 4-25® T/B,
4-22 ® T/B
Transverse 8D2L@200c/c 8DSL@200c/c
Force (kN) 709 710
Moment (kNm) | 216 305.4
SPo0C30  [Section 500x500 500x500
5000 Longitudinal 3-250 T/B 4-25® T/B,
4-22 ® T/B
Transverse 8D2L@200c/c 8DSL@200c/c
Force (kN) 283 284
Moment (kNm) | 187 244
SPOTCI0T [ Section-1 500x500 500x500
5000 Longitudinal 3-250 T/B 4-259T/B,4-22 @
T/B
Transverse 8D2L@200c/c 8D5L@200c/c
Note: L-legged; ®-diameter; c/c-Centre to Centre; T/B-Top and Bottom; All length
unit in mm; Force in KN.
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Table -8 Design details of Beams
Casel Case2
Support All 300x600 300x600
Beam B212 to B734 4-25@at top 7-25®at top
4-250 at bottom 6-20d at bottom
Mid Span All 300x600 300x600
Beam B212 to B734 2-25®at top 2-25®at top
4-250 at bottom 52-20® at bottom
Support 300x600 300x600
Beam B112,B123,B134 3-25®at top 5-20®at top
3-25® at bottom 5-20® at bottom
Mid Span 300x600 300x600
Beam B112,B123,B134 3-250at top 5-20dat top
3-25® at bottom 5-20® at bottom

Codes of practice for plain and reinforced concrete, IS: 456 and the code for criteria for earthquake resistant design
IS: 1893 are revised periodically. This chapter summarizes the design guidelines and features as per the revisions
of IS: 456-1978 and 2000 and estimation of design seismic base shear (seismic coefficient method) as per the
revisions of 1S: 1893- 1984 and 2002. Apart from the general analysis and design guidelines, the problem definition
and methodology adopted for analysis and design of two load cases studied also presented. The 6-Storey office
building with different load cases with reinforcement details for column and beam members as per the two cases are
also discussed.

2. NON LINEAR STATIC ANALYSIS
2.1 Performances objective

The seismic performance of a building is measured by the state of damage under a certain level of seismic hazard.
The state of damage is quantified by the drift of the roof and the displacement of the structural elements. Before the
analysis of a building, a target performance level of the building and level of seismic hazard are selected. A
performance objective specifies the desired seismic performance of the building. Seismic performance is described
by designating the maximum allowable damage state (performance ground motion). A performance objective may
include consideration of damage states for several levels of ground motion. The selection of the two levels is based
on recommended guidelines for the type of the building, economic consideration and engineering judgment.

2.2 Capacity

The overall capacity of a structure depends on the strength and deformation capacities of individual components of
the structure. In order to determine capacities beyond the elastic limits some form of nonlinear analysis is required.
This procedure uses a series of sequential elastic analyses superimposed to approximate a force-displacement
capacity diagram of the overall structure. The capacity curve is generally constructed to represent the first mode
response of the structure based on the assumption that the fundamental mode of vibration is the predominant
response of the structure. This is generally valid for buildings with fundamental periods of vibration up to 1 second.
For more flexible buildings with fundamental period greater than one second, higher modes need to be considered.

2.3 Demand

Demand is the representation of earthquake ground motion and capacity is a representation of the structure’s ability
to resist the seismic demand. There are three methods to establish the demand of the building. They are i) Capacity
spectrum method, ii) Equal displacement method and iii) Displacement coefficient method. Out of these three
methods capacity spectrum method is widely used and it is adopted here.

2.4 Evaluation Based on Nonlinear Pushover Analysis

Push over analysis is a nonlinear static analysis in which the magnitude of the lateral load is gradually incrementally
increased, maintaining a predefined distribution pattern along the height of the building. By increasing the
magnitude of the loads, as a result in weak links and failure modes of the building will occur. In pushover analysis
one can determine the behavior of a building, including the ultimate load and the maximum inelastic deflection. At

10323 Www.ijariie.com 781



Vol-5 Issue-3 2019 IJARIIE-ISSN(O)-2395-4396

each step, the base shear and the roof displacement can be plotted to generate the pushover curve. It gives an idea of
the maximum base shear that the structure is capable of resisting. For regular buildings, it can also give a rough idea
about the global stiffness of the building.

2.5 Seismic Hazard Levels
In a probabilistic method, an earthquake level is defined with a probability of exceedance in a specified period. The
following three levels are commonly defined for buildings with a design life of 50 years (FEMA356).

1. Serviceability earthquake: 50% propability of exceedance in 50 years.

2. Design basis earthquake (DBE): 10% propability of exceedance in 50 years.

3. Maximum considered earthquake (MCE): 2% propability of exceedance in 50 years.
In 1S 1893:2002, the zone factor Z corresponds to MCE. The values of Z were evaluated based on a deterministic
method. It cannot be directly related to the definition given above. The factor 2 in the denominator of Z is used so as
to reduce the Maximum considered Earthquake (MCE) zone factor to the factor for Design Basis Earthquake (DBE).
A partial load factor of 1.5 is applied to DBE in the load combination.

2.6 Analytical Procedures

These analytical procedures for evaluating the performance of existing buildings and verifying the design of seismic
retrofits. There are two analysis methods, (1) Elastic (linear) (2) Inelastic (nonlinear), available for the analysis of
existing buildings. Elastic analysis methods available include code static lateral force procedures, code dynamic
lateral force procedures and elastic procedures using demand capacity ratios. The most basic inelastic analysis
method is the complete nonlinear time history analysis, which at this time is considered overly complex and
impractical for general use. Available simplified nonlinear analysis methods, referred to as nonlinear static analysis
analysis procedures include the capacity spectrum method (CSM) that uses the intersection of the capacity
(pushover) curve and a reduced response spectrum to estimate maximum displacement; the displacement coefficient
method(e.g., FEMA-273 (ATC1996a).

2.7 Capacity Spectrum Method

In capacity spectrum method, a capacity curve which is a graphical representation of global force-displacement
capacity curve of the structure is used and compared with response spectra of earthquake demands. In other words,
in capacity spectrum method, location of performance point at which the capacity and demand are equal is located.
When the structure is subjected to earthquake excitation the displacement of the structure increases and results in
lengthening of the period and increase in damping. The capacity spectrum method reduces the demand to find an
intersection with the capacity spectrum where the displacement is consistent with the implied damping. In capacity
spectrum method three procedures are there A, B, and C, in which only the minimum required mathematical
relationships of this section referenced.

2.8 Pushover Analysis and Pushover curve

After assigning all properties of the model, the force controlled pushover analysis of the building model is carried
out. The model is pushed in monotonic increasing order in a particular direction of our case it is 2D model the model
is pushed in X-direction only.

For this purpose, value of maximum displacement (4% of height of the building) at roof level and number of steps
in which this displacement must be applied, are defined. The global response of structure at each displacement level
is obtained in terms of base shear, which is presented by pushover curve. Pushover curve is a base shear force versus
roof displacement curve, which tells about the shear force developed at the base of the structure at any push level.
The peak of this curve represents the maximum base shear, i.e. maximum load carrying capacity of the structure; the
initial stiffness of the structure is obtained from the tangent at pushover curve at the load level of 10% that of the
ultimate load and the maximum roof displacement of structure is taken that deflection beyond which collapse of
structure takes place.

2.8.1Procedure Adopted for Pushover Analysis

As the name implies, it is the process of pushing horizontally, with a prescribed loading pattern, incrementally, until the
structure reaches a limit state. With the increase in the magnitude of the loads, weak links and failure modes of the building
are found. Steps involved in pushover analysis are

1) Create the basic computer model (without the pushover data) in the usual manner using the graphical interface of
SAP2000 makes this quick and easy task as shown in the Figure -3.
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Fig :3 Model of the Frame

2) Define material properties and cross section details to the frame element.
3) Assign the cross section to the frame element as shown in the Figure C-4.
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4) Define load cases pattern.

5) Assign the loads to the frame element as shown in the Figure -5.

10323
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Fig : 5 Assigning the Loads to the Frame Element

6) Define hinge properties the program includes several built-in default hinge properties that are based on average
values from ATC-40 for concrete members and average values from FEMA-273 for steel members. Our case uses

default hinges only.

7) Locate the pushover hinges on the model by selecting one or more frame members and assigning them one or more
hinge properties and hinge locations to the frame element as shown in the Figure -6.
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Fig: 6 Assigning the Hinge to the Model
8) Define the pushover load cases. In SAP2000 more than one pushover load case can be run in the same analysis. Also a
pushover load case can start from the final conditions of another pushover load case that was previously run in the same
analysis.
Typically the first pushover load case is used to apply gravity load and then subsequent lateral pushover load cases are
specified to start from the final conditions of the gravity pushover. Pushover load cases can be force controlled, that is,
pushed to a certain defined force level, or they can be displacement controlled, that is, pushed to a specified displacement.

Typically a gravity load pushover is force controlled and lateral pushovers are displacement controlled. SAP2000
allows the distribution of lateral force used in the pushover to be based on a uniform acceleration in a specified
direction, a specified mode shape, or a user-defined static load case. Here how the displacement controlled lateral
pushover case that is based on a user-defined static lateral load pattern named PUSH is defined for our case.

1) Run the static pushover analysis.
2) Display the pushover curve. The File menu shown in this display window allows you to view and if desired, print to
either a printer or an ASCII file, a table which gives the coordinates of each step of the pushover curve and summarizes the
number of hinges in each state as defined in Figure -7 (for example, between 10 and LS, or between D and E).
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Fig-7 Capacity Curve
11) Display the capacity spectrum curve. Note that you can interactively modify the magnitude of the earthquake
and the damping information on this form and immediately see the new capacity spectrum plot. The performance
point for a given set of values is defined by the intersection of the capacity curve (green) and the single demand
spectrum curve (yellow). Also, the file menu in this display allows you to print the coordinates of the capacity curve
and the demand curve as well as other information used to convert the pushover curve to Acceleration-Displacement
Response Spectrum format.

12) Review the pushover displaced shape and sequence of hinge formation on a step-by-step basis. The arrows in the
bottom right-hand corner of the screen allow you to move through the pushover step-by- step. Hinges appear when
they yield and are colour coded based on their state (see legend at bottom of screen).

13) Output for the pushover analysis can be printed in a tabular form for the entire model or for selected elements of
the model. The types of output available in this form include joint displacements at each step of the pushover, frame
member forces at each step of the pushover, and hinge force, displacement and state at each step of the pushover.

For buildings that are being rehabilitated it is easy to investigate the effect of different strengthening schemes. The
effect of added damping can be immediately seen on the capacity spectrum form. You can easily stiffen or
strengthen the building by changing member properties and rerunning the analysis. Finally you can easily change the
assumed detailing of the building by modifying the hinge acceptance criteria and rerunning the analysis.

2.9 Nonlinear Static Analysis of the 6- Storey Building

Towards the performance evaluation of building designed as per past codes of practice nonlinear static analyses are
carried out for the 6 storey building designed earlier.Considering the symmetry of the building and neglecting
torsion effects, the 2D model of frame AA is simulated in SAP2000 for pushover analysis. The frame is modeled
with default PMM hinge properties for columns and M3 hinge properties for beams. Displacement controlled
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nonlinear static pushover analyses are carried out for the different load cases studied. The capacity curves for the
four load cases are shown in Fig.4.1and the Maximum Base shear and roof Displacement are given in Table 9. The

capacity curves are transformed to capacity spectra in ADRS format.

The demand spectra as per 1S 1893 — 2002 (Zone 111) 5% response spectra for design basis earthquake (DBE) is
obtained and converted to ADRS format. The capacity curves, demand curves and performance points are shown in
Fig.4.2. The base shear and roof displacement corresponding to the performance points as per IS 1893 — 2002 (Zone

I11) DBE earthquake are given in Table -10

IJARIIE-ISSN(O)-2395-4396

storey building

Table: 9 Maximum Base shear and Roof displacement for the 6-

cases Base shear (kN) Roof Displacement (m)
Case-1 1094.97 0.099
Case-2 1332.675 0.113

Table : 10 Performance Points for IS 1893 -2002 DBE Medium soil

Cases Sd (m) Sa(g) Displacement(m) Base Shear(kN)
Casel 0.030 0.097 0.030 912.797
Case2 0.030 0.097 0.030 912.797

Sd : Spectral Displacement, Sa: Spectral Acceleration, g is acceleration due to gravity

Fig. 3 Demand, Capacity curves in ADRS format and Performance points of buildings
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3. RESULT

From the pushover analysis results, it is seen that the performance point for case 1 and case 2 are observed in the
elastic region for the demand of 1S 1893 DBE earthquake (Zone 111). Hence the necessity to convert the 5% demand
spectra for higher effective damping did not arise. However for case 2, performance point for MCE earthquake is
observed in the inelastic region of the capacity curve. Necessary correction for effective damping needs to be carried
out and the performance point can be obtained by trial and error method accordingly. The base shears and maximum
displacements corresponding to the performance points reveal the inelastic capacity of existing building designed as
per past codes of practice.

4. SUMMARY AND CONCLUSIONS

3.1 Summary and Conclusions

Building design codes and seismic codes are revised from time to time and the hazard potential of existing buildings
for the revised codes of practice is a major issue. Performance evaluation procedures aim at assessing the inelastic
base shear and inelastic displacement capacity of existing building. Modelling of building for performance
evaluation necessitates the knowledge about the section and reinforcement details of existing buildings. In the
absence of drawings and section details, it is required to design the building as per old codes of practice. The present
generation of structural designers are familiar with provisions of current building codes and have less exposure to
provisions of old codes of practice.

In this thesis, the evolution of RC design procedure from limit state method as given in different versions of IS: 456
are discussed. Various provisions in detailing such as minimum and maximum compression / tension reinforcement,
transverses reinforcement for flexural and compression members with appropriate spacing of rectangular stirrups are
critically reviewed and tabulated. Design steps for Reinforced concrete beams and columns as per limit state method
are presented. Spread sheets are developed for the design of RC beams and columns as per limit state method.

The two typical designs have been carried out as per old and present codes of practice. The nonlinear static analyses
are carried out and the capacity curves are generated. The variation in maximum base shear and roof displacement
capacities for the two different cases are brought out clearly. The performance points are obtained and the
corresponding base shear and roof displacements are arrived for IS: 1893 — 2002 design basis earthquake and
maximum considered earthquake. All the two designs are found to meet the design basis earthquake demand.
However, only case 2, is found to meet the performance point for maximum considered earthquake.

3.1 Scope for Further research Work

e The building studied can be analysed by incorporating the effect of confined stress-strain relation and user
defined PMM and M3 hinges properties.
e Studies can also be conducted for various plastic hinge length models.
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Non-linear Time History analysis can be carried out and results can be compared with Non-linear Static
Analysis.

More number of studies can be carried out to arrive at the guidelines on the performance evaluation of
existing buildings designed as per past codes of
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