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ABSTRACT

From the effects of significant earthquakes (since the early 1980s) it is concluded that the seismic risks in urban areas are
increasing and are far from socio-economically acceptable levels. There is an urgent need to reverse this situation and it is
believed that one of the most effective ways of doing this is through: (1) the development of more reliable seismic standards and
code provisions than those currently available and (2) their stringent implementation for the complete engineering of new
engineering facilities. A performance-based design is aimed at controlling the structural damage based on precise estimations of
proper response parameters. This is possible if more accurate analyses are carried out, including all potential important factors
involved in the structural behavior.

With an emphasis on providing stakeholders, owner the information needed to make rational business or safety-related decisions,
design practice has moved toward predictive methods for assessing potential seismic performance and has led to the
development of performance based engineering methods for seismic design.

1. INTRODUCTION (fig 1.1). Sumatra earthquake of December 26, 2004,
1.1 General Kashmir earthquake of October 8, 2005, Nepal earthquakes
Earthquakes are one of the greatest natural hazards which in beside country & disasters due to earthquakes in the
can make a uncountable damage to our earth. Earthquake is current decades. Most of the causalities were due to collapse
unpredictable hazard and we need a tool which can help us of the buildings and or due to lack of rescue and relief to the
to come across with this hazard. Engineering can make a victims under the collapsed buildings .Earthquakes do not
tool for the constructions which can sustain in these kill people but poorly by unprotected designs of
Earthquakes. Performance based design is gaining a new constructions. These earthquakes have clearly shown us that
dimensions in the seismic design philosophy Where in the we need to have a comprehensive strategy for disaster
near field ground motion (usually acceleration) is to be managements which should include planning, design and
considered. Earthquake loads are to be carefully modeled so construction of earthquake resistance buildings through
as to be assess the real behavior of the structure with the strict compliance of Codal provisions for earthquake
clear understanding that damage is expected but it should be countermeasures. As of today, it is unfortunate that despite
regulated. In this Project , pushover analysis which is of having all the scientific know-how in the field of
iterative procedure shall be looked upon as an alternate for earthquake engineering and the Codal provisions for
the orthodox analysis procedures. This study focused on construction in seismic areas, developed and brought out by
pushover analysis of multistoried R.C building subjected the Bureau of Indian Standards, on account of ignorance or
them to monotonically increasing lateral forces with an fear of added cost we continue to find utter neglect of our
invariant height wise distribution until the preset engineers and builders. Common people are not savvy to
performance level is reached. The promise of performance- many aspects of earthquakes disaster and better building
based seismic engineering (PBSE) is to produce structures practices in seismic zones of the country.

with predictable seismic performance. Comprehensive

effort by professionals from several disciplines is required 2. LITERATURE REVIEW

to turn this promise into a reality. Earthquakes can create Earthquake engineering is most sensible engineering field in
serious damage to structures & the damage to structures the world. Performance based design approach is new
causes deaths, injuries, economic loss, and loss of functions. concept and lot of research is going on the validating this
The structures already built are unprotected to future approach. Number of scientist gone through this approach
earthquakes. Earthquake risk is associated with seismic and explained the varieties of approaches it properties and
hazard, vulnerability of buildings, exposure. Seismic hazard limitations. Some of them are discussed below.

quantifies the probable ground motion that can occur at site. Peter Fajfar et al (2000) ™ presented a relatively simple
Unpredictability of building is important is causing risk to nonlinear method for the seismic analysis of structures (the
life. India has witnessed Bhuj earthquake of Jan 26, 2001 N2 method). It combines the pushover analysis of a multi-
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degree-of-freedom (MDOF) model with the response
spectrum analysis of an equivalent single-degree-of-
freedom (SDOF) system. The method is formulated in the
acceleration- displacement format, which enables the visual
interpretation of the procedure and of the relations between
the basic quantities controlling the seismic response.
Inelastic spectra, rather than elastic spectra with equivalent
damping and period, were applied. This feature represents
the major difference with respect to the capacity spectrum
method. Moreover, demand quantities can be obtained
without iteration. Generally, the results of the N2 method
are reasonably accurate, provided that the structure
oscillates predominantly in the first mode. In the work, the
method is described and discussed, and its basic derivatives
are given. The similarities and differences between the
proposed method and the FEMA 273 and ATC 40 nonlinear
static analysis procedures are discussed. Application of the
method is illustrated by means of an example.

J. B. Mander (2001)[10] reviewed from an historical
perspective past and current developments in earthquake
engineered structures. Based on the present state-of-the
practice in New Zealand, and a world-view of the state-of-
the-art, he argued that in order to make progress towards the
building of seismic resilient communities, research and
development activities should focus on performance-based
design which gives the engineer the ability to inform
clients/owners of the expected degree of damage to enable a
better management of seismic risk. To achieve expected
performance outcomes it will be necessary to supplement,
current force-based design standards with displacement-
based design methodologies.

Improved design methodologies alone will not lead to a
significantly superior level of seismic resilient communities,
but rather lead to a superior standard of performance-based
engineered structures where the post-earthquake outcome
will be known with a certain degree of confidence. This
paper gives two philosophical approaches that are referred
to as Control and Repairability of Damage (CARD), and
Damage Avoidance Design (DAD)

Qiang Xue, et al (2003)[14] presented a performance-based
seismic design procedure, which is directly associated with
pre-quantified performance criteria, by employing a
displacement-based approach. A lower bound of yielding
displacement of the structure to satisfy these performance
criteria was proposed. This approach is general and
applicable for any type of reduced response spectrum that
taking into account of the inelastic behavior provided the
spectrum reduction factor regarding each spectral region is
given. The procedure can be extended to fulfill multiple
performance objectives and to consider special effects such
as the near-fault and accumulative damage. In the presented
design procedure of the building, the k factor plays an
important role in controlling the design strength. The
simplicity and applicability of the proposed procedure is
demonstrated through numerical examples. The proposed
design procedure, which starts from the pre-quantified
performance objectives, is transparent and straightforward
to present the underlying concept of —performance based
designl. Non-linear time history analysis verified that this
approach is applicable to control the target displacement to
the performance acceptable limit. Its flexibility in
considering special effect such as near-fault or strong

motion duration and simplicity in a proposed multiple
performance objectives design are demonstrated.
Andreas J. Kappos et al (2004)™ proposed a performance-
based design procedure for realistic 3D reinforced concrete
(R/C) buildings, which involves the use of advanced
analytical tools. The proposed method was then applied to a
regular multistory reinforced concrete 3D frame building
and was found to lead to better seismic performance than
the standard code (Euro code 8) procedure, and in addition
led to a more economic design of transverse reinforcement
in the members that develop very little inelastic behavior
even for very strong earthquakes.
The building was first designed to a standard code
procedure, and then redesigned to the proposed method.
Due to its high regularity, the building was designed using
both versions of the method (based on either inelastic
dynamic or inelastic static analysis). In addition, several
alternative designs to the new method were carried out. All
designs were subsequently assessed for a number of
performance objectives, using both local and global criteria.
A six-storey R/C, doubly symmetric structure (three 3 m
spans in y-direction, three spans of 6,4,6 m in x-direction)
was selected as a test of the proposed procedure. The
building was first designed to the provisions of the current
Greek Seismic Code, which is very similar to Euro code 8
(CEN, 1995) [9] ductility class Ml (medium), for a design
ground acceleration of 0.25g, assuming class A soil
conditions (stiff deposits). Earthquake loading was
combined with gravity loading G + 0.3 LL. The materials
used in the structure are C20/25 (characteristic cylinder
strength of 20 MPa) concrete, and S400 steel (characteristic
yield strength of 400 MPa). Square column crosssections
(from 300 to 450 mm) were used, with reinforcement ratios
not exceeding about 2% (the minimum reinforcement ratio
for columns was 1%). Beam sections varied from 200x400
to 300x650 (mm?).

25000
O Columns longitudinal
B Columns transverse
0 Beams longitudinal

O Beams transverse
B Total reinforcement

20000

g
s

cight (kgr)

Steel w
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Code design Dissipating zones  High serviceabilty  Usual serviceability Dissipating zones  High serviceabiity - Usual serviceability
strength same as in demands demands strength same 25 m demands demands
Code design Code design

Proposed method Proposed method
Inelastic dynamic analysis Inelastic static analysis

Figure 2.1 - Required amount of steel in beams and
columns for all designs

Both elastic and inelastic (dynamic and static) analyses of
the structure were carried out using SAP 2000 Nonlinearl
(Computers and Structures, 2000), adopting a member-by-
member modeling approach. Inelastic beam (and column)
members were modeled as elastic elements with inelastic
springs (plastic hinges) at their ends; the effective rigidity of
T-beams was taken equal to 40% the gross section rigidity
(Elg), while for columns 80% of Elg was assumed. The
moment curvature characteristics of the plastic hinges were
estimated from section analysis using appropriate non-linear
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constitutive laws for concrete and steel (Penelis and
Kappos, 1997) : member strength and ductility were
estimated on the basis of the nonlinear section analysis
results.

Vipul Prakash (2004) ™ gives the prospects for
Performance Based Engineering (PBE) in India. He lists the
pre-requisites that made the emergence of PBE possible in
California, compares the situation in India and discusses the
tasks and difficulties for implementing PBE in India.

In India, the criteria for earthquake resistant design of
structures are given in IS 1893, published by the Bureau of
Indian Standards (BIS). 1S 1893-2002 reduced the number
of seismic zones to four by merging zone | with zone Il and
adopted a modified CIS64 scale for seismic zoning and
dropped references to the MMI scale. The mapping of zones
to intensities in IS 1893-2002 is given in Table 2.1.

Table 2.1 - Mapping Seismic Zones to Intensities in IS
1893-2002

In 1S 189320 02

Seismic Zone | Mapped to a Modified CIS-
I VI and below

1l VI

v VI

\ IX and above

In US, building performance levels are divided into
structural performance levels (SP-1 to SP6) and
nonstructural performance levels (NP-A to NP-E), and then
a combination of structural and nonstructural performance
levels is set as the performance objective to be met at a
given level of earthquake. These combinations can be
approximately mapped to the damage grades specified in
EMS-98 as follows:

IS 1893- 2002 specifies two levels of earthquakes —
Maximum Considered Earthquake (MCE) and Design Basis
Earthquake (DBE). In Clause 6.1.3, it states the
performance objective as follows: —The design approach
adopted in this standard is to ensure that structures possess
at least a minimum strength to withstand minor earthquakes
(< DBE), which occur frequently, without damage; resist
moderate earthquake (DBE) without significant structural
damage though some nonstructural damage may occur; and
aims that structures withstand a major earthquake (MCE)
without collapse.

Table 2.2 Comparison of Damage Grades as per EMS-98 and Building Performance Levels

Damage Grade as per EMS-98

Approximate Building Performance Combination in PBE

Grade 1
(no structural damage, slight nonstructural damage)

SP-1 (immediate occupancy)
+ NP-A (operational)
= 1-A (operational)

Grade 2
(slight structural damage, moderate nonstructural
damage)

SP-1 (immediate occupancy)

+ NP-B (immediate occupancy)
= 1-B (immediate occupancy)

Grade 3
(moderate structural damage, heavy on structural damage)

SP-3 (life safety) + NP-C (life safety)

= 3-C (life safety)

Grade 4
(heavy structural damage, very heavy nonstructural damage)

SP-5 (structural stability) +

NP-E (not considered)
= 5-E (structural stability)

Grade 5
(very heavy structural damage)

SP-6 (not considered) + NP-E (not considered)

= 6-E (not considered)

In PBE, merely stating a performance objective is not
sufficient; it has to be followed up by analyses or a
methodology for ensuring that the stated performance
objectives will indeed be met by the evaluated structures.
PBE thus requires much tighter language and cross-
referencing to be used in the specifications.

X.-K. Zou et al (2005)[19] present an effective computer-
based technique that incorporates pushover analysis
together with numerical optimization procedures to
automate the pushover drift performance design of
reinforced concrete (RC) buildings. Performance-based
design using nonlinear pushover analysis, is a highly
iterative process needed to meet designer-specified and code

requirements. This paper presents an effective computer-
based technique that incorporates pushover analysis
together with numerical optimization procedures to
automate the pushover drift performance design. Steel
reinforcement, as compared with concrete materials,
appears to be the more cost-effective material that can be
effectively used to control drift beyond the occurrence of
first yielding and to provide the required ductility of RC
building frameworks.

In this study, steel reinforcement ratios are taken as design
variables during the design optimization process. Using the
principle of virtual work, the nonlinear inelastic seismic
drift responses generated by the pushover analysis can be
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explicitly expressed in terms of element design variables.
An optimality criteria technique is presented in this paper
for solving the explicit performance-based seismic design
optimization problem for RC buildings. Two building frame
examples are presented to illustrate the effectiveness and
practicality of the proposed optimal design method.

The design optimization procedure for limiting
performance-based seismic drifts of an RC building
structure is listed as follows:

1. Establish an initial design with optimal member
dimensions, which can be obtained from the elastic
seismic design optimization by minimizing the
concrete cost of an RC structure subjected to a
minor earthquake loading using the elastic
response spectrum analysis method.

2. Determine the design spectra, corresponding to
different earthquake demand levels, which will be
used in the nonlinear pushover analysis.

3. Conduct a static virtual load analysis to obtain the
member internal forces that will be used in
formulating inelastic drift responses by employing
the principle of virtual work.

4. On the basis of the optimal member size, determine
the minimum and maximum size bounds of the
steel reinforcement ratios, pi and pi’, in accordance
with the strength-based code requirements.

R. K . Goel and A. K. Chopra(2006)® presented an
improved Direct Displacemnt Based Design Procedure for
Performance-Based seismic design of structures. Direct
displacement-based design requires a simplified procedure
to estimate the seismic deformation of an inelastic SDF
system, representing the first (elastic) mode of vibration of
the structure. This step is usually accomplished by analysis
of an —equivalentl linear system using elastic design
spectra. In their work, an equally simple procedure is
developed that is based on the well-known concepts of
inelastic design spectra. This procedure provides: (1)
accurate values of displacement and ductility demands, and
(2) a structural design that satisfies the design criteria for
allowable plastic rotation. In contrast, the existing procedure
using elastic design spectra for equivalent linear systems is
shown to underestimate significantly the displacement and
ductility demands.

In this work, it is demonstrated that the deformation and
ductility factor that are estimated in designing the structure
by this procedure are much smaller than the deformation
and ductility demands determined by nonlinear analysis of
the system using inelastic design spectra. Furthermore, it
has been shown that the plastic rotation demand on
structures designed by this procedure may exceed the
acceptable value of the plastic rotation.

Qiang Xue, Chia-Wei Wu et al (2007)[15] summarized the
development of the seismic design draft code for buildings
in Taiwan wusing performance-based seismic design
methodology and case studied following the guidelines in
the paper. They presented the design of a reinforced
concrete building by using the draft code.

In their study first, the current seismic design code
provisions are examined according to the theoretical basis
of PBSD to identify which methodologies of PBSD need to
be incorporated into the current seismic design code. Then,
a PBSD flowchart is presented. Finally, a draft of the

proposed code is described. Transparent seismic design
objectives for buildings of different use groups have been
established qualitatively and interpreted quantitatively as
performance criteria including drift limits. Site feasibility
requirements, conceptual design scopes and basic rules have
been proposed. Performance objective-oriented procedures
for preliminary design and seismic performance evaluation
have been presented. Suggestions on seismic performance
criteria and the evaluation of existing buildings have been
made. In order to provide clear, easy to follow guidelines,
comparisons and case studies have also been conducted.
The performance-based seismic design code introduces a
transparent platform in which the owners and designers can
exchange their views on the expected seismic performance
of the buildings under different levels of earthquakes. For
buildings of different seismic use groups, specific
performance goals are established without employing an
importance factor. Performance levels are quantified
through parameters associated with structural strength,
stiffness and ductility. Conceptual design rules with focuses
on redundancy and uniform continuity of strength, stiffness
and ductility are specified. A performance objective-
oriented preliminary design procedure is presented with
consideration of flexibility. Preliminary checks on the
interstory drift limit may help in finding the stiffness
deficiencies earlier in the preliminary design stage and save
some computational effort, particularly for steel structures.
The differences between seismic performance assessments
of new buildings and those of existing buildings are pointed
out. In engineering practice, member size standards and
construction convenience are usually considered. A
structure designed in this way usually has a lower ductility
capacity than that specified in the code because structural
ductility is not uniformly distributed. However, the
structural strength and stiffness are usually higher than the
demand. Therefore, the prescribed performance objective is
usually satisfied.

According to the case study, if the same column size has
been adopted for the first several floors, a higher
reinforcement ratio assigned to the first 2 stories is helpful
for uniform distribution of system ductility. Adopting the
performance criteria in the draft code, direct displacement-
based design procedures have been applied successfully for
moment resisting frames without iteration. The performance
criteria associated with stiffness or displacement as
suggested in the draft code should not be used either as
optimized design criteria or in a direct displacement-based
design procedure for structural systems other than moment
resisting frames.

In this draft code, the design of nonstructural components is
done to accommodate either acceleration or displacement.
No specific criterion regarding economic loss is provided.
The nonstructural damage is limited by the structural drift
limit.
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Figure 2.2 - Performance Objectives

As shown in Fig. 2.2, three seismic hazard levels were
considered and can be distinguished by return period,
probability of exceedance, or corresponding site intensity
scale. Performance of a building has been classified into 5
levels, Operational (OP), Immediate Occupancy (10),
Damage Control (DC), Life Safety (LS) and Collapse
Prevention (CP).

Whittaker, Y. N. Huang et al (2007) "8 summarize the
next (second) generation tools and procedures for
performance-based earthquake engineering in the United
States. The methodology, which is described in detail in the
draft Guidelines for the Seismic Performance Assessment of
Buildings, builds on the first generation deterministic
procedures, which were developed in the ATC-33 project in
the mid 1990s and in ASCE Standard: ASCE/SEI 41-06
Seismic

Nilesh M. Kashid (2011) Says that, During the last few
decades, earthquake engineering has undergone significant
development. Initially, structures were designed without
considering seismic loading. Later, it was observed that the
structures designed for some lateral loads like wind etc.
performed significantly well than those designed for gravity
loading only. Hence, the importance of considering
earthquake forces in the design process is realized and
seismic resistant design became a practice. Further with the
advent of time history analysis and better understanding of
seismic response. The importance of ductility of structure is
realized in resisting even higher seismic loads than the
designed loads. The design base shear force is reduced by
introducing a response reduction factor to consider an
inelastic displacement capacity of ductile structure in
dissipating the energy. Further, with more understanding of
structural behaviour at micro-level or element level, the
concept of “capacity design” was introduced and this forced
to decide the required performance of the structure right at
the design stage itself. Today, the seismic design codes of
various countries are being revised to decide performance
criteria of the buildings that will suit the existing design and
construction practices in the respective countries. In this
paper, an attempt has been made to develop a possible
method of seismic analysis that can be incorporated in the
existing Indian Seismic Code 1.S.: 1893- 2002. For the
purpose, some of the key features the existing methodology
followed by Federal Emergency Management Agency
(FEMA) of United States of America is made use of.
Sudhanshu Sood (2011) ™! mentioned his paper that, A
performance-based design is aimed at controlling the
structural damage based on precise estimations of proper
response parameters. Performance-based seismic design

explicitly evaluates how a building is likely to perform;
given the potential hazard it is likely to experience,
considering uncertainties inherent in the quantification of
potential hazard and uncertainties in assessment of the
actual building response. It is an iterative process that
begins with the selection of performance objectives,
followed by the development of a preliminary design, an
assessment as to whether or not the design meets the
performance objectives, and finally redesign
and reassessment, if required, until the desired performance
level is achieved. In this present study two R.C buildings,
one symmetrical and one unsymmetrical in plan (designed
according to IS 456:2000) are analysed using Pushover
Analysis and redesigning by changing the main
reinforcement of various frame elements and again
analyzing. The pushover analysis has been carried out using
SAP2000, a product of Computers and Structures
International. A total of 24 cases for a particular four storey
building located in ZonelV have been analyzed, changing
reinforcement of different structural elements,

3. METHODOLOGY

3.1 Introduction

Force Based design is a traditional approach to Seismic
Design of a Building. Using the Response Spectrum the
design lateral forces on the Building are determined & the
members are designed to withstand these forces. In this
approach, there is no measure of the deformation capability
of a member or of the building. At best, an elastic drift is
computed under the design forces and checked against an
elastic drift limit. Alternatively, an inelastic drift is
estimated from the calculated elastic drift by multiplying the
later by a factor and checking the inelastic drift against an
inelastic drift limit.

In performance based analysis the deformations of the
members and the building as a whole are quantified under
the lateral forces of an earthquake of a certain level of
seismic hazard. The deformations or strains are better
quantities to assess damage than stresses or forces. A
performance based analysis requires a nonlinear lateral load
versus deformation curve as the deformations are expected
to go beyond the elastic curve. The performance based
analysis gives the analyst more choices of
“PERFORMANCE" of the building as compared to the
limit states of collapse and serviceability in a design based
on limit state method.

3.2 Performance-Based Seismic Design Process
Performance-based design is an iterative process that begins
with the selection of performance objectives, followed by
the development of a preliminary design, an assessment as
to whether or not the design meets the performance
objectives, and finally redesign and reassessment, if
required, until the desired performance level is achieved.

3.3 Select Performance Objectives

The process begins with the selection of design criteria
stated in the form of one or more performance objectives.
Performance objectives are statements of the acceptable risk
of incurring different levels of damage and the
consequential losses that occur as a result of this damage, at
a specified level of seismic hazard. Since losses can be
associated with structural damage, nonstructural damage, or
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both, performance objectives must be expressed considering
the potential performance of

3.3.1 Performance Levels

Building performance is a combination of the performance
of the structure, the nonstructural elements and systems and
the contents. Although structural and non — structural
performance may be affected by similar seismic response
parameters, it may be convenient to consider the two
separately. This approach allows for selection of different
performance levels for structural and non-structural
systems. A common practice in seismic
rehabilitation might be to select life safety performance
level for the structural system and a hazard mitigated
approach involving anchoring heavy items for the non
structural components [FEMA 273:1997]. Although
different performance levels may be selected for structural
and non-structural systems, in general the approach to
evaluating acceptability is nonetheless the same.

The decision to include or exclude performance of the
building contents may be influenced by the significance of
the hazard passed by the contents or whether the structural
engineer has control over how contents are introduced and
used in a building. Except for specialized facilities or
contents, the structural engineer’s responsibility normally
does not include contents.

A wide range of performance can be targeted in building
design, ranging from damage onset to collapse. Performance
terminology usually is selected so that owners, risk
managers, or users without a structural engineering
background can readily understand it. As a result, the
terminology itself may be somewhat ambiguous in
engineering terms. Unambiguous definition of the
performance levels or states must accompany the
terminology.

A series of performance definition has been selected for this
document. The series ranges from what is being defined as
damage onset through collapse. These performance levels
are presently roughly in order of increasing damage and
decreasing function, as illustrated in figure 3.2. The
performance levels are shown in the ranges likely for most
buildings. Precisely where the performance level falls for a
specific building will depend on the building configuration,
material and details. Precise definition, rather than ranges,
will be needed in the code implementation.

3.3.2 Building Performance Levels

3.3.2.1 Operational Level

This Building Performance Level is a combination of the
Structural Immediate Occupancy Level and the
Nonstructural Operational Level. Buildings meeting this
performance level are expected to sustain minimal or no
damage to their structural and nonstructural components.
The building is suitable for its normal occupancy and use,
although possibly in a slightly impaired mode, with power,
water, and other

Figure 3.2: Capacity Curve

required utilities provided from emergency sources, and
possibly with some nonessential systems not functioning.
Buildings meeting this performance level pose an extremely
low risk to life safety. Under very low levels of earthquake
ground motion, most buildings should be able to meet or
exceed this performance level. Typically, however, it will

not be economically practical to design for this performance
under severe levels of ground shaking, except for buildings
that house essential services.

3.3.2.2 Immediate Occupancy Level

This Building Performance Level is a combination of the
Structural and Nonstructural Immediate Occupancy levels.
Buildings meeting this performance level are expected to
sustain minimal or no damage to their structural elements
and only minor damage to their nonstructural components.
While it would be safe to reoccupy a building meeting this
performance level immediately following a major
earthquake, nonstructural systems may not function due to
either a lack of electrical power or internal damage to
equipment. Therefore, although immediate reoccupancy of
the building is possible, it may be necessary to perform
some cleanup and repair, and await the restoration of utility
service, before the building could function in a normal
mode. The risk to life safety at this performance level is
very low. Many building owners may wish to achieve this
level of performance when the building is subjected to
moderate levels of earthquake ground motion. In addition,
some owners may desire such performance for very
important buildings, under severe levels of earthquake
ground shaking. This level provides most of the protection
obtained under the Operational Level, without the cost of
providing standby utilities and performing rigorous seismic
qualification of equipment performance.

3.3.2.3 Life Safety Level

This Building Performance Level is a combination of the
Structural and Nonstructural Life Safety levels. Buildings
meeting this level may experience extensive damage to
structural and nonstructural components. Repairs may be
required before reoccupancy of the building occurs, and
repair may be deemed economically impractical. The risk to
life in buildings meeting this performance level is low.
Many building owners will desire to meet this performance
level for a severe level of ground shaking.
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Table 3.1 - Details of Performance level

Performance

Structural Performance
Level

Non Structural Performance

=

Very light damage
No permanent drift

N

Operational (O)

3. Substantially original strength and stiffness

1. Negligible damage.
2. Power & other utilities are available.

1. Light damage
No permanent drift

wmn

Immediate
Occupancy (10) Minor cracking
Elevators can be restarted

Fire protection operable

Substantially original strength & stiffness

1. Equipments & content secure but may not operate
due to mechanical/utility failure.

Moderate damage

NEo s

stiffness in all stories
Gravity elements function

Life Safety (LS)

Some permanent drift Residual strength &

4. Building may be beyond economical repair

1. Falling hazard mitigated but extensive systems
damage.

Severe damage
Large permanent drifts

Collapse Little residual strength & stiffness

Prevention
(CP)

PR

blocked
5. Building near collapse

Gravity elements function Some exits

1. Extensive damage.

3.3.2.4 Collapse Prevention Level

This Building Performance Level consists of the
Structural  Collapse  Prevention Level with no
consideration of nonstructural vulnerabilities. Buildings
meeting this performance level may pose a significant
hazard to life safety resulting from failure of nonstructural
components. However, because the building itself does
not collapse, gross loss of life should be avoided. Many
buildings meeting this level will be complete economic
losses.

3.4 Seismic Hazard

For any type of solution details estimation of problem is
assessed , so before design the seismic hazard is assessed .
The most important seismic hazard to the majority of the
building is earthquake ground shaking. The hazard posed by
shaking includes both the motions imparted to the isolated
structure as well as the hazard from adjacent building due to
pounding, shared elements, or falling debris. Other hazard
that may be considered in special cases include ground
failure (liquefaction and lateral spreading, land sliding,
differential settlement, or surface fault rupture); loading,
flooding, or other water damage due tsunami; or collateral
hazard such as fire or hazardous chemical release. These
mentioned hazard are not usually of direct interest in
displacement based design, although in special cases the
effects of ground movement will be considered.

3.4.1 Seismic hazard levels:

Seismic hazard level should be selected considering the
building function, its targeted performance, and its expected
service life. Seismic hazard level can be stated in terms of
probability that those levels will be exceeded over an
established time. A common reference time is 50 years,
which relates conveniently to both the service of a

conventional building structure as well as the adult life of a
typical occupant or investor, and hence relates both to
property risk and life risk.

Some performance objectives aimed at providing enhanced
performance such as continued occupancy will consider a
seismic hazard defined, for example by 10% reliability of
design for life safety has considered a 10% probability of
exceedance level in 50 vyears, or a return period of
approximately 475 years.

Four levels of earthquake hazard are defined for the
performance objectives. EQ-I represents a frequent event
and is defined as the earthquake that has an 87% probability
of being exceeded in a 50 year period (annual probability of
exceedance of 4% or mean recurrence interval of
approximately 25 years). EQ-II has a mean recurrence
interval of 72 years, EQ-IIl has a recurrence interval
between 250 and 800 years, and EQ-IV has a recurrence
interval between 800 and 2500 years.

3.4.2 Combined Performance level and Seismic Hazard
Level

Three standard performance objectives are defined as shown
in Figure 3.3. Basic Safety Objective (BSO) is
recommended for PBSE of standard occupancy structures
and requires level 1 performance in EQ-I, level 2
performances in EQ-II, level 3 performance in EQ-III and
level 4 performance in EQ-IV. Enhanced Objective 1 (EQI)
is a higher objective than BSO and requires level 1
performance in EQ-II, level 2 performance in Reproduced
with permission of the copyright owner. Further
reproduction prohibited without permission. EQ-III and
level 3 performance in EQ-1V. E02 is considered for safety
critical facilities and includes level 1 performance in the
EQ-I, EQ-II and EQ-III and level 2 performance for EQ-1V.
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As seen from Figure (1.1) a performance objective is a
combination of a hazard level and the expected performance
under that hazard. The hazard level is determined by a
probabilistic hazard analysis (PSHA) and expressed in terms
of the annual frequency of exceedance or return period. The
SEAOC Blue Book and SEAOC Vision 2000 report (1995)
define the performance levels in both qualitative and
guantitative terms. The quantitative levels are defined
through limiting values of measurable response parameters,
such as story drifts and ductility demands. The DBD
method presented here uses hazard estimates represented by
Uniform Hazard Spectra given by codes, for example
NBCC 2005, and quantitative displacement, drift and
ductility measures to satisfy the desired performance
objectives.

3.5 Push Over Analysis

Pushover Analysis is a nonlinear, static procedure in which
the lateral loads' magnitude is incrementally increased,
maintaining a predefined distribution pattern along the
height of the building. Weak links and failure modes of the
buildings are found with the help of the increase in the
magnitude of the loads.

Earthquake Performance Level
(Structural or Non-Structural Systems)
Level 1 Level 2 Level 3 Level 4
SP1
BG-I -] ) )
NP1 Nofl Considered
SP1 SP2| Kior New Constrctont
EQ-II S, o o
NP1 ) P2
; E3] P35
© Ba-11I o
E Anes
3 i SP3 SP4
BQ-IV @ :
NP3 NP4

Figure 3.3 - Standard Performance Objectives (SEAOC
Blue Book)

In Pushover analysis, a static horizontal force profile,
usually proportional to the design force profiles specified
in the codes, is applied to the structure. The force profile is
then incremented in small steps and the structure is
analyzed at each step. As the loads are increased, the
building undergoes yielding at a few locations. Every time
such vyielding takes place, the structural properties are
modified approximately to reflect the yielding. The
analysis is continued till the structure collapses, or the
building reaches certain level of lateral displacement.

3.6 Need For Pushover Analysis
Conventionally, seismic assessment and design has relied on
linear or equivalent linear (with reduced stiffness) analysis
of structural systems. In this approach, simple models are
used for various components of the structure, which is
subjected to seismic forces evaluated from elastic or design
spectra, and reduced by force reduction (or behavior)
factors. The ensuing displacements are amplified to account
for the reduction of applied forces. This procedure, though
simple and easy to apply in the design office environment,
suffers from the following shortcomings:
1. The force reduction factors recommended in codes
of practice are approximate and do not necessarily
represent the specific structure under consideration.

2. When critical zones of a structure enter into the
inelastic range, the force and deformation
distribution change significantly. This change is
not represented by a global reduction of forces.

3. The mechanism that will most likely perpetuate
collapse is unlikely to be that represented by the
elastic action and deformation distribution.

4. The global and particularly the local distribution of
deformations in the inelastic range may bear no
resemblance to those in the elastic range. The same
applies to the values of deformations, not just the
distribution.As a consequence of the above, the
reduced forces - amplified deformations linear
elastic approach fails to fit within the principle of
failure mode control, which is part of performance
based assessment and design. This in turn has lead
to an increase in the use of inelastic analysis as a
more realistic means of assessing the deformational
state in structures subjected to strong ground
motion.

The pushover analysis is a significant step forward by
giving consideration to those inelastic response
characteristics that will distinguish between good and bad
performance in severe earthquakes. The non-linear static
pushover analysis is a partial and relatively simple
intermediate solution to the complex problem of predicting
force and deformation demands imposed on a structure and
its elements due to ground motion.

Here, the important terms are static and analysis. Static
implies that a static method is being employed to represent a
dynamic phenomenon; a representation that is adequate in
many cases but doomed to failure in some cases. Analysis
implies that a system solution has been created already and
the pushover is employed to evaluate the solution and
modify it as needed.

The pushover is a part of an evaluation process and provides
estimates of demands imposed on structures and elements.
Hence, there is always a need of a method which is more
rational and accurate and at the same time able to identify
seismic deficiencies correctly and that too in correct order
of vulnerability. Pushover analysis is able to satisfy these
criteria satisfactorily and in a convenient way.

3.7 Description Of Pushover Analysis

The non-linear static pushover procedure was originally

formulated and suggested by two agencies namely, federal

emergency management agency (FEMA) and applied

technical council (ATC), under their seismic rehabilitation

programs and guidelines. This is included in the

documents FEMA-273, FEMA-356 and ATC40.3.4.2.1

Introduction to FEMA-273. The primary purpose of

FEMA-273 document is to provide technically sound and

nationally —acceptable guidelines for the seismic

rehabilitation of buildings. The Guidelines for the Seismic

Rehabilitation of Buildings are intended to serve as a ready

tool for design professionals for carrying out the design

and analysis of buildings, a reference document for

building regulatory officials, and a foundation for the

future development and implementation of building code

provisions and standards.

3.8 Capacity Spectrum Method

One of the methods used to determine the performance
point is the Capacity Spectrum Method, also known as the
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Acceleration-Displacement  Response Spectra method
(ADRS). The Capacity Spectrum method requires that both
the capacity curve and the demand curve be represented in
response spectral ordinates.

3.8.1 Capacity Spectrum, Demand  Spectrum,
Performance Point

As graphically presented in Figure 3.6, the nonlinear static
analysis procedure requires determination of three primary
elements: capacity, demand and performance. The capacity
spectrum can be obtained through the pushover analysis,
which is generally produced based on the first mode
response of the structure assuming that the fundamental
mode of vibration is the predominant response of the
structure. This pushover capacity curve approximates how a
structure behaves beyond the elastic limit under seismic
loadings.

The demand spectrum curve is normally estimated by
reducing the standard elastic 5% damped design spectrum
by the spectral reduction method. The intersection of the
pushover capacity and demand spectrum curves defines the
“performance point” as shown in Figure 3.6. At the
performance point, the resulting responses of the building
should then be checked using certain acceptability criteria.
The responses can be checked against acceptability limits
on both global system levels (such as the lateral load
stability and the inter-story drift) and local element levels
(such as the element strength and the sectional plastic
rotation). When the responses of a structure do not meet the
targeted performance level, the structure needs to be resized
and the design process repeated until a solution for the
desired performance level is reached. In general, the
determination of the satisfactory performance response that
fulfill both the system level response and element level
response requires a highly iterative trialand-error design
procedure even with the aid of today’s engineering
computer software.

3.8.2  Conversion of Pushover curve to Capacity
Spectrum Curve

To convert a spectrum from the standard Sa (Spectra
Acceleration) vs T (Period) format found in the building
codes to ADRS format, it is necessary to determine the
value of Sdi (Spectral Displacement) for each point on the
curve, SaiTi This can be done with the equation:

Sa
Capacity m
I Cs.

Demand
Sd
l Sa _ Performance
i point
Performance

Check perform
strocture i

Fig 3.6 - Nonlinear Static analysis procedure

Standard demand response spectra contain a range of
constant spectral acceleration and a second range of constant
spectral velocity; Sv. Spectral acceleration, Sa and
displacement at period Ti are given by:

2TC
Saig = Ti_ Sv
T

Sd; 2 TL' Sv

The capacity spectrum can be developed from the pushover
curve by a point by point conversion to the first mode
spectral coordinates. Any point Vi (Base Shear), 8i (Roof
Displacement) on the capacity (pushover) curve is
converted to the corresponding point Sai, Sdi on the
capacity spectrum using the equations:
Vi /
_ W

Sa; al

Ol
s, ZPF1*®1R0OOF

Where al and PF1, are the modal mass coefficients and
participation factors for the first natural mode of the
structure respectively. ®4roof is the roof level amplitude of
the first mode.
The modal participation factors and modal coefficient are
calculated as:

PF

Y (Wiliq)/g

17 n 2
n 1:1(V51g11)/9
[Xi=1(W18i1)/9]
2
Pt (ﬂ)[ n Wb,
=1 g =1 g

Where w i is the weight at any level i.
As displacement increase, the period of the structure
lengthens. This is reflected directly in the capacity
spectrum. Inelastic displacements increase damping and
reduce demand. The Capacity Spectrum Method reduces
the demand to find an intersection with the capacity
spectrum, where the displacement is consistent with the
implied damping. Figure 3.7 shows the conversion of
Pushover curve to capacity spectrum curve. The damping
that occurs when the structure is pushed into the inelastic
range can be viewed as a combination of viscous and
hysteretic damping. Hysteretic damping can be represented
as equivalent viscous damping. Thus, the total effective
damping can be estimated as:
Beff= A0 + 0.05
Where B0 is the hysteretic damping and 0.05 is the assumed
5% viscous damping inherent in the structure. The A-factor

1:
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(called «-factor in ATC-40) is a modification factor to
account for the extent to which the actual building
hysteresis is well represented by the bilinear representation
of the capacity spectrum (See Table

3.7 & 3.8 and Figure 3.10).

The term po can be calculated using

po=— LD

4T Ego
Where Ep is the energy dissipated by damping and Eso is
the maximum strain energy. The physical significance is
explained in Fig. 3.8.

Bilinear representation of
Capacity Spectrum 7
Spectral Capacity Spectrum
P A pacity Spe

Acceleration
R B P S

=

Es, = Maximum Strain Energy
= Area of hatched triangle
=Say Sdy/2

Figure 3.8 - Derivation of Energy dissipated by Damping

Table 3.2 - Structural Behaviour Types

Shaking Essentially new | Average Poor
Duration Building Existing Existing
Building Building
Short Type A Type B Type C
Long Type B Type C Type C

Table 3.3 - Values for damping modification values, A

Structural Behaviour Bo A
Type
Type A <16.25 1
>16.25 1.13-0.51
Type B <25 0.67
>25 0.845 -
0.446
Type C Any 0.33
Value

To account for the damping, the response spectrum is
reduced by reduction factors SR, and SRy which are given

by:
1 321 0.68In (Beff)
SRA 35 2.12

1 2.31-0.41In (Beff)

sr, Bl 1.65

Both SR, and SRy must be greater than or equal to
allowable values. The elastic response spectrum (5%
damped) is thus reduced to a response spectrum with
damping values greater than 5% critically damped (See
Figure 3.9).
3.8.2.1 Determination of Performance Point
There are three procedures described in ATC-40 to find the
performance point. The most transparent and most
convenient method for programming is
Procedure A, which uses a set of equations described in
ATC-40.
Procedure B is also an iterative method to find the
performance point, which uses the assumption that the yield
point and the post yield slope of the bilinear representation,
remains constant. This is adequate for most cases; however,
in some cases this assumption may not be valid.
Procedure C is graphical method that is convenient for hand
as well as software analysis. SAP2000 uses this method for
the determination of performance point. To find the
performance point using Procedure C the following steps
are used:
First of all, the single demand spectrum (variable damping)
curve is constructed by doing the following for each point
on the Pushover Curve:

1. Draw a radial line through a point on the Pushover

curve. This is a line of constant
period.

2. Calculate the damping associated with the point on
the curve, based on the area under the curve upto
that point.

3. Construct the demand spectrum, plotting it for the
same damping level as associated with the point on the
pushover curve.

4, The intersection point for the radial line and
associated demand spectrum represents a point on the Single
Demand Spectrum (Variable Damping Curve).

5. A number of arbitrary points are taken on the
Pushover curve and such points are obtained.
6. A curve is then drawn by joining through these

points. The intersection of this curve with the original
pushover curve gives the Performance Point of the Structure
as shown in fig. 3.10.

3.9 Important Terms

1. Displacement Ductility

The ability of a structure or member to undergo inelastic
deformations beyond the initial yield deformation with no
decrease in the load resistance.

Am
Ay

Figure 3.10 Capacity Spectrum Procedure C to
Determine Performance Point 2. Inelastic displacement
demand
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Expressed in terms of Inelastic Displacement demand Ratio
(IDDR). IDDR represents the ratio of inelastic displacement
demand over the ultimate inelastic displacement capacity.
IDDR

Inelastic Dispalcement Demand

 Ultimatelnelastic Dispalcement Capacity

Performance Point
Capacity
curve

Figure 3.11 - Ductility and IDDR

Where,

Ay = yield deformation

Ap = displacement at PP

Am == maximum displacement.

Am

(IDDR) B AP

3. Plastic Rotations

The sequence of plastic hinge formation and state of hinge
at various levels of building performance can be obtained
from SAP output. This gives the information about the
weakest member

Force
=
(=]

Displacement

I v ¢ ) B

Figure 3.12 - Determination of Performance Point (FEMA)

4. Response Reduction Factor:

Max. force if
stru. remain
elastic

Linear
elastic

Response

Due to

Non-Linear ductility

Max. load capacity

F Due to

:’ot:l Hzl redundancy
loa

Load at first yield ¢ Due t

ue to

Design force  Fdes overstrength

Aw  Av Amax

Roof Displacement

Allowable Limits:

FEMA — 356 has specified allowable limits for IDR, Plastic
rotations, and IDDR values.

Table 3.4 - Inter-storey drift ratio (IDR)

Structural op |10 |pbc |Ls |cp
System

Masonry Shear | 4 )55 | 9007 | 0.007 | 0.007 | 0.009
wall system

Others 0.005 | 0.010 | 0.015 | 0.020 | 0.025

Table 3.5 - Plastic rotations (radian)

Structura 10 LS CP

| System

Beams 0.00 0.0 0.02
5 2 5

Columns 0.00 0.0 0.02
5 1

Table 3.6 - Inelastic displacement demand (IDDR)

Performance Level | OP | IO | DC | LS | CP

IDDR 00)|02|04 [06]038

This limit helps as a guide lines for the validation of model
results. The results within the limits given above should be
accepted.

4 -SAP2000 MODELLING AND ANALYSIS

4.1 General

The main objective of performance based seismic design of
buildings is to avoid total catastrophic damage and to
restrict the structural damages caused to the performance
limit of the building. For this purpose Static pushover
analysis is used to evaluate the real strength of the structure
and it promises to be a useful and effective tool for
performance based design. 4.2 Description of structure
The building considered for analysis is a typical G + 11
storey R.C. building. The plan area of building is 15 x 15 m
with 3 m as height of each typical storey. It consists of 3
bays of 5m each in X-direction and 3 bays of 5m each in Y-
direction.
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Table 4.1 - Basic Parameters Considered For Analysis

Sr. No. | Basic Parameters Considered

1 Grade of Concrete M20

2 Grade of Steel Fe415

3 Floor to Floor Height 3m

4 Plinth Height above GL 0.55m

5 Depth of Foundation Below GL | 0.65m

6 Parapet Height 1.5m

7 External Wall Thickness 0.23m

8 Internal Wall Thickness 0.15m

9 Live Load on Floor 3 KN/m?
10 Live Load on Roof 1.5 KN/m?
11 Floor Finishes 1 KN/m2
12 Roof Treatment 1.5 KN/m?
13 Density Of Concrete 25 KN/m3
14 Density Of Masonry Wall 20 KN/ms?

The sectional properties of various elements obtained based
on gravity analysis and used as initial sizes for further
analysis are presented as below -
Table 4.2 - Initial Member Sizes Considered For Analysis

The Required codes are -
Table 4.4 - Codes Used For Analysis

Sr. Codes Used

No.

1 R.C.C. design IS 456: 2000

2 Earthquake resistant design of| 1S1893:2002
structures

ST Member Dimensions Sizes n
No. mm
A Columns at 500 X 500
B Beams at each floor level 300 X 300
C Thickness of Slab at each floor | 150
level
The considered earthquake parameters used for analysis are
as follows -
Table 4.3 - Earthquake Parameters
Considered For Analysis
Sr. No. | Earthquake Parameters
1 Soil Type Hard
2 Importance Factor 1
3 Time Period Program Calculated
4 Seismic Zone 1l
5 Building Frame Type | SMRF
6 Seismic Zone Factor | 0.16

Nos. @ 5m

Y3

g
Figure 4.1 —Plan
g
g
g
g
“ - | I _——
Figure 4.2 — Elevation
4.3 Step By Step Procedure
A. Click the File Menu > New Model

command or the New Model button. The form
shown in Fig will display. Verify that the default
units are set to KN, m, C.

B. The New Model form allows for the quick
generation of numerous model types using
parametric generation techniques. However, in this
project the model will started using only the grid
generation. When laying out the grid, it is
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important that geometry defined accurately
represents the major geometrical aspects of the
model so, it is advisable to spend time carefully
planning the number and spacing of the grid lines.
Select the Grid Only button and then form shown
in Fig will display.

C. The Quick Grid Lines form (Fig.4.4) is
used to specify the grids and spacing in the X, Y
and Z directions. Set the number of grids lines to 4
in the X and Y direction, and to 13 in the Z
directions. Type 5, 5, 3 into X, Y, Z directions
spacing edit boxes respectively. The values
specified in the First Grid Line Location area
locate the origin of the grids lines; make sure that
these values are all set to zero for this tutorial.
Click the OK button to continue.

< Quick Grid Lines EX

Cartesion | Cytndrica |

Coordinate System Name

Figure 4.4 - Quick Grid Line Form

SAPRR0Q V1700 Utimate - L) - ol

T 68 T D O e dmp Ao Sy Duin Opin Tob Hi
DVH& A0/ 6 FOQRARR § Moy 26 #§ BBE- n 18-

¥
1

bz paal

HOE

Harrmearn - | [

A ) 5 )

aom <mac v

Figure 4.5 - SAP2000 Wlndows

Step 2 - Begin a New Model

Use the Define menu > Materials command to add, modify,
or delete a material property definition. The material
property definitions are then used in defining the structural
objects (frame sections, cable sections, tendon sections, area
sections, and solid properties.)

24

Define Materials Ex
Materials Click to:
4000Psi Add New Material...
ABG2FyS0
Add Copy of Material...

Modify/Show Material...

Delete Material

[[] show Advanced Properties

oK

Cancel

Figure 4.6 - Define Material Form

A Click the Define menu > Materials command, the
Define Material form (Fig.4.6) will display. Highlight a
4000Psi in the Materials display list Then Click the
Modify/Show Material button, the form shown in Fig. 8 will
display.

B. In Material Name and display color edit box, type
M20 and in Material Type select concrete from drop down
list.

C. Set Weight per unit Volume as 25. Set Modulus of
Elasticity to 22360679.774

(5000 /f

as per IS 456). Set Poisson's Ratio to 0.2. Set Specified

Concrete Compressive Strength to 20000 and then click

OK button.

D. Highlight an A992f,50 in the Materials display list
Then Click on Modify/Show Material button, the
form shown in Fig.4.6 will display.

E. In Material Name and display color edit
box, type Fess and in Material Type select rebar
from drop down list.

F. Set Minimum yield stress (F,), Minimum
tensile stress (F,), Expected yield stress, (Fye) and
Expected tensile stress (F.) to 415000, 498000,
518750 and 622500. Click OK buttons on Material
Property Data form and Add materials form to exit

all forms.

Swich To Advanced Sroperty Dmplay

oK Cancel

> Material Property Data u
General Data
Waterial Name and Display Color Fedls m

Material Type Steel
Material Notes ModifyiShow Noles.

Weight and Mass Unts
Weight per Unkt Volume 78.9729 KN, m, C v

Mass per Uni Volume

isotropic Property Data

Modulus of Elasticty. E 2100E+08
Poisson 03
Coefficient of Thermal Expansion, A 1.170€-05

Shear Modulis. G 80768221

Other Properties for Steel Materials

Yield Stress, Fy $15000

sia Stress, Fu 450000
jeic Stress, Fye 379500
Effective Tensie Stress, Fue 435000

[ Switch To Advanced Property Display

ok cancel

Figure 4.7 - Material Property Data Concrete
Figure 4.8 - Material Property Data Rebar
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Step 2 - Define Frame Section

Defining a frame section makes the section available for
assignment to selected objects. The Define menu > Frame
Sections command can be used to (a) Import sections from
predefined databases, (b) Define frame section properties on
the basis of their dimensions, (c) review and modify section

properties and (d) Delete section properties.

2%

Properties Click to:

Find this property: Import News Property..

x

Add New Property...

Add Copy of Property...

carcer |

Figure 4.9 - Frame Properties Form
A Click the Define Menu > Section
Properties > Frame Sections command, which will
display the frame properties form (Fig 4.9)

B. Click the Add New Property button,
which will display form shown in Fig.4.10.
C. in Frame Section Property Type select

Concrete from drop down list and click the
rectangular button, which will display from shown
in Fig 4.11 In Section Name Area, Type C-
500x500.

In Depth and Width edit box, Type 0.5 and 0.5
respectively.

Select Froperty Type

Frame Secton Froperty Type | Concrets ~

Click to Add a Cancrets Section

Rectanguiar circuiar Ppe Tuse

Figure 4.10 - Add Frame Section Property

vasiaycoer [

Section Hame cS00xS0
Seclon Notes. HodifyiShaw Notes.

Dmenging Secton
Depih (13) 08

e

wim (12) of

.
4o
.
I

Propertis

Vaceral Praperty Vodfers. Section Propertes.

o] w2 v Setoafers Time Degendent Progerfies

Figure 4.11 - Reclcangular Section

Click the Concrete Reinforcement button,
Reinforcement Data form (Fig 4.12) will appear.
In Rebar Material Area, Select Fe 415 from list as a
Rebar Material of longitudinal Bars and
confinement bars (Ties).
In Design Type Area, Select Column (P-M2-M3
Design) Option.
In configuration of reinforcement area, select
Rectangular.
In Longitudinal Bars - Rectangular Configuration
Area, Type 0.05 in Cover to for confinement bars
edit box.
In Confinement Bars Area, Select 10d from drop
down list as confinement
Bar Size; Type 0.2 in Longitudinal Spacing of
Confinement Bars edit box and Type 2 in
Number of Confinement Bars in 3-dir and 2-dir.
In set Check / Design Area, select Reinforcement
to be designed.
Click OK buttons on Reinforcement Data form and
rectangular section form. E. Click the Add New
Property button, which will display from shown in

Fig 4.10

O Renforcement o be Cheched o< |
@ Rentorcementto be Desgned Cancel

Figure 4.12 - Reinforcement Data Form for Column

Rebar Material
Longdudinal Bars + | Fed1s v
Confnement Bars (Ties) 4+ | Fedis v
Design Type

O Coumn (P-M2-M3 Design)
® Beam (13 Design Only)

Concrete Cover to Longitudinal Rebar Center

Top 004

Bottom 004
Reinforcement Overrides for Ductile Beams
Left Right

Top

Bottom

Cancel

Figure 4.13 - Reinforcement Data Form for Beam

F. Make sure that in Frame section Property Type,

Concrete is selected and click the Rectangular
button, which will display from shown in Fig 4.11.
In Section Name Area, Type B-300x300.
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e In Depth and width edit box Type 0.3 and 0.3
respectively.

G. Click the Concrete Reinforcement button,
Reinforcement data form (Fig 4.12) will appear.

e In Rebar Material Area, Select Fe415 from list as a
rebar material of Longitudinal Bars and
Confinement Bars.

e In Design Type Area, Select Beam (M3 Design
only) option, which will display reinforcement data
form (Fig 4.13) for beam.

e In Concrete Cover to Rebar Centre Area, Type 0.04
top and bottom edit box.

e Click the OK buttons on reinforcement data form,
rectangular section form and frame properties
form.

Step 4 - Add Frame Objects
In this step, Frame Objects with the associated column and
beam sections list are drawn using the grids and snap- to
options and generated using Edit menu Command
A Draw Frame Objects XZ. Made sure that
the X-Z plane @ Y=0 view is active. Then select
the DRAW FRAME or Cable option from left hand
side tool bar which will give the properties of the
objects which have to be draw (Fig 4.14).
Confirm the properties given in earlier stage are updated
.Here we will select first C- 500 X 500 property first.

Properties of Object

Line Object Type Straight Frame
Section cS00x500
Moment Releases Continuous
XY Plane Offset Mormal 0.

Drawing Control Type Mone =space bar=

Figure 4.14 - Properties of Objei:t Table of Column

B. Select the Column Properties which was given in
earlier step and draw the nodes

C. Replicate the assigned columns in Y direction as
well as Z directions using

Replicate command of Edit Menu as shown in Fig. 4.16

X <

Lnesr | Radal | Mirr |

Increments Replicale Options
dx |0 Medify/Show Replcate Options.
ay 0 9 of 9 active boxes are selected
a3 [] Delete Original Objects

Increment Data

Numper 11
oK Cancel

[Clnea 7] Redel | Mo |
Increments Repicale Options
dax [0 Modify/Show Replicate Options..
dy |5 9019 active boxes are selected
a o [] Delste Original Objects
Increment Data
Number |3
OK Cancel

Figure 4.16 - Replication of assigned columns to Y and Z
Directions
D. Now again Select the Then select the DRAW
FRAME or Cable option from left hand side tool
bar which will give the properties of the objects
which have to be draw (Fig 4.17). Now we will
select property of beam by changing section to
B300x300.

Line Object Type Straight Frame

Section b 300x300

Continuous

Moment Releases

X" Plane Offset Normal 0.

Drawing Control Type MNone <space bar=

Figure 4.17 - Properties of Object Table of Beam
E. Select the Column Properties which was given in
earlier step and draw the nodes of beams of FF as
Shown in Fig 4.18.

Ven Do D Sdut uign ot Toch e
Hlfu\lﬁb QARG W isimn 28 S 7' ni Sl1-@e-

_____ 1B

r2reera 0 vicw 2w [oow c[im

F. Replicate the assigned Beams in'Y dlrectlon as
well as Z directions using Replicate command of
Edit Menu as shown in Figure 4.19. Similar
procedure adopted for assigning beam in XY
direction and then replicate it along Z direction and
it will give the all nodes as per plan selected.

G. After completion of assignment of frame objects,
check the all objects are assigned appropriately. The Model
will have now beams and columns allotted as per Fig.

H. After assignment of objects column bases should
be restrained. In this Step, supports for the frame
are defined. Make sure X-Y plane @ Z=0 view is
active, And that the program is in select mode.

e  Select the Support Nodes i.e. nodes at Z=0

- % s

HODEXE/ O o
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A.
occurring in the model in the form of shell. Click the
Define> Section properties > Area Sections. Area section
form will arrive. Select the shell section type and click on
add new section. The shell section form will arrive (Fig
4.22). Fill the appropriate information and assumptions and
click on OK.

1

R 7 A

SEDY

N

=4 Joint Restraints Bl

Restraints in Joint Local Directions
Translation 1 Rotation about 1
Transiation 2 Rotation about 2
Translation 2 Rotation about 3

Fast Restraints

o B E E

oK Cancel

Figure 4.21 - Joint Restraints Form

Click the Assign Menu > Joint > Restraints
command to bring up the Joint Restraints form (Fig
4.21).

Click the Fixed Support button to assign restraints
in the Translation and rotation in 1, 2 and 3
directions. Click Ok to accept changes.

Now we have to assign the slab as an AREA object

Section Name o050} oispiay coor [l
Section Notes Modty/Show.

Type Thickness
(®) Shet-Thin Membrane 015
() Shel - Thick Bending 015

Putcass Matera!

_) Plate Thick Material Name + M0

s Material Angle. 0

D) Shet - LayeredMioninear

Time Dependent Properties

Set Time Dependent Properties.
Concrete Shel Section Design Parameters Stiffness Modifiers
ModyiShow Shel Design Parameters. Set Modifiers.

oK Cancel

[Rimmszs |

Figure 4.22 - Shell Section Data Form
Now made sure that X-Y plane @ Y=3 view is
active. Select Draw Rectangular Option from left
hand side tool bar and assigned the slab area to the
model. After assigning the all slabs @ Y=3, select
them and replicate along Z direction. Then the
model will have all its object (Fig. 4.23).

Figure 4.23 - Object Filled Model

X0 28 ZOM0  GUOBL  vIKmC v

Step 5 - Define Load Pattern
The loads used in this problem consist of Dead, Dead Wall,
Dead Slab, Dead FF (Floor finish), Dead RT (Roof
treatment), Live and Live Roof loads acting in the gravity
direction.
A Click the Define menu > Load Patterns
command to bring up the Define Load Patterns
form (Fig. 4.24). Note there is a single default load
case defined, which is a Dead Load case with self-
weight (DEAD). Note that the self-weight
multiplier is set to 1 for the default case. This
indicates that this load pattern will Load Patterns
and Load Cases exist, and they may be different.
However, the program automatically creates a
corresponding Load case when a load pattern is
defined, and the load cases are available for review
at the time the analysis is run.

Lead Patems ek T
SefWeht  Auto Lateral
Load Patlern Nome Muliker  Load Patem Add New Load Patem
MWadify Load Patiem
E_

Snw Load Pattem Noles...

Cancel

Figure 4.24 - Define Load Pattern Form

B. Click in the edit Load Pattern Name column. Type
the name of the new load pattern, DEAD Wall.
Select a type of Load from the drop down list; in
this case, select Super Dead. Make sure that the
self-weight multiplier is set to zero. Click the Add
New Load Pattern button to add the Dead Wall
load to the load list. C. Repeat item B, to add Dead
Slab, Dead FF, Dead RT load cases.

D. Type the name of the new load pattern, LIVE.
Select LIVE, a Type of load from the drop-down
list. Make sure that the Self Weight Multiplier is
set to zero. Click the Add New Load Pattern button
to add the Live load to the load list.

E. Type the name of the new load pattern,
LIVE ROOF. Select ROOF LIVE, a Type of load
from the drop-down list. Make sure that the Self
Weight Multiplier is set to zero. Click the Add
New Load Pattern button to add the Live load to
the load list.

F. The Define Loads form should now
appear as shown in Fig 4.25. Click the Ok button in
that form to accept the newly defined static load

X Define Load Pattems | x|
Loat Puserns [
Sefviet  Adolaenl

Load Patern Name Te Votgier  Losd Patlem AddNow Loed Petom
LNE ROOF RO0F LVE o oty Load aten
BT [ 1
oEADwal SUFRDEAD 0
oED SUFERDED 0 +
wan srme 0 s Lomd P

0

[ N ¢ Show Load Pater Notes.

oK

Cancel

Figure 4.25 - Define Load Pattern
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Step 5 - Assign Loads

A In this step, the Dead Load and Live Load will be
applied to the model. The Dead floor finish, Live load first
act on slab and then transferred to the beam by Trapezoidal-
Triangle rule. So these Loads Assigned to Slabs. The Dead
Wall Load Directly transferred to the beams so this load
should be applied to beams only.

B. First we will apply gravity loads to the slab i.e.
Dead load, Dead FF and then will apply the Live loads. For
application of dead load first select all the slabs by clicking
on select menu > Properties > Area Section. Select the area
section of slab. All Slabs automatically get selected.

B Area Gravity Loads

Load Pattern Name + ||DEAD v

Gravity Multipliers Coordinate System

GLOBAL v

GlobalX |0
Options:

GlobalY |0 =

(@) Add to Existing Loads
GlebalZ |p () Replace Existing Loads

() Delete Existing Loads

0K Cancel

Figure 4.26 - Area Gravity Loads

A. For assigning the dead load click on Assign menu
> Area Loads > Gravity load. The software automatically
calculate the dead load. Select Add to Existing load tab as
shown in Fig.4.26 And click on OK.

B. For assigning external gravity load like dead load
select all slabs and click on Assign menu > Area Loads >
Uniform shell to frame and assign the loads as per Fig.4.27
and select Add to existing load tab and click on Ok. Similar
procedure adopted for live load.

Load Pattern Name Units
4 |DEADff v KN.m.C v
Uniform Load Options
Load 1 ‘! Add to Existing Loads
GLOBAL v () Replace Existing Loads

Coord System
() Delete Existing Loads

Direction Gravity v
Distribution Two-Way v
Cancel

Figure 4.27 - Area Uniform Loads to Frames Form

C. Dead Load of wall directly acts upon the beams so
this dead load should assigned to beams only. So,
calculate the wall load the select all the beams and
select Assign menu> Frame Loads > Distributed.
Fill the frame distributed form as per Fig.4.28.
And select add to existing load tab. and click on
OK.

B Frame Distributed Loads
Load Pattern Name Units
+ | DEAD Wal v KN, m, C v
Load Type and Direction Options
@ Forces (O Moments ® Add to Existing Loads
Coord Sys GLOBAL v !;] Replace Existing Loads
Direction Gravity v O Delete Existing Loads

Trapezoidal Loads
2 3 4

Distance 0 025 075 1
Load 0. 0. 0. 0
@) Relative Distance from End-l () Absolute Distance from End-|
Uniform Load

Load 12.42 I oK i Cancel

Figure 4.28 Frame Distributed Loads

Step 6 - Assign Rigid Diaphragm

Make sure that X-Y Plane @ Z= 3 view is active and that
the program is in the select mode.

A Select all nodes at Z=3, 6, 9 up to 36 level.

B. Click the Assign Menu > Joint > Constraints
command. This brings up the Assign / Define Constraint
form (Fig 4.29).

34 Assign/Define Constraints x|

Constraints Chose Constraint Type 1o Add

Plate v

Click to:

Add New Constraint...

oK Cancel

Figure 4.29 - Assign / Define Constraints Form

C. In the Choose Constraint Type to Add Area, click
the drop down list and select Diaphragm.

=3 Plate Constraint
Constraint Name Diaph1
Coorginate System GLOBAL b
Constraint Axis
O X axis O Aute
(O v Axis
@ Z axis
Cance

Figure 4.30 - Assign / Define Plate Constraints Form

D. Click the Add New Constraints button, which will
display Diaphragm Constraint form (Fig 4.30).

E. Type Floor Diaphragm in the Constraint name edit
box.

F. Verify that Z axis option is selected in the
Constraint Axis area.

G. Check assign a different diaphragm constraints to
each different selected Z level box.

H. Click the OK buttons on the Diaphragm Constraint

and the Assign / Define Constraints forms to exist all forms.
Step 7 Assign Earthquake Load Case

Click the Define Menu > Load Cases command, which will
display the Define load cases form.

A Click the Add New Load case Button, which will
display Define Load case data form.( Fig 4.41)
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B. In Load Case Name Area, type EQ-X

C. In Load Case Type Area, Select Earthquake from
drop down list.

D. In Modal Combination Area, Select CQC option.

>

Load Case Data - Hesponsesaecwm

Load Case Name hates a Case Type
Se1 et Hame Weaityisnow. Response Spectum | Desiga.

ouc 1
cucr 0

Beriodic « Rigd Type | SRSS

LLLLL
\.m oo LosgName  Functon  ScalFactor
v|uners w1

’—‘

[] Show Advanced Losd Parameters

Other Parameters,
Modal Damping Constant af 0.05. lodity/Show oK

cancel

Figure 4.31 - Load Case Data- Response Spectrum Form
E. InLoad applied area,

In Load type area, select Accel from drop down

list.

e In Load Name Area, select U1 from drop down list.

e In Function area select 151893 Il from drop down
list.

e Inscale factor edit box type 0.3.

Click the Add button.

C. Click OK button on the Load Case Data- Quake
form to accept the EQ-X analysis case.

D. Click the Add new load case button on the Define
Load Case form.

E. In Load Case Name Area, Type EQ-Y.

F. Repeat Item D-E.

G. Click OK button.

Step 8 Define Mass Source
A. Click the Define menu > Mass source command, which

will display the Define mass source form ( Fig.4.32)
3¢ X

Mass Source Name MODEL MASS
Mass Source

Element Seif ase and Addtional Mase
[¥] Specified Load Patterns

Mass Mutipliers for Load Patterns

Load Pattern Mutipher

oK Cancel

Figure 4.32 - Mass Source Data
Form B. In Mass Definition Area,
Select from loads option.
In Define Mass Multiplier for loads area.
In Load area, select dead from drop down list.
Type 1 in Multiplier edit box.
Click the Add button to add mass source.

e o 0o 0o

DEAD RT load.
In Load area, Select LIVE from drop down list.

e Type 0.25 (as live load < 3 KN/m?) in Multiplier

edit box.

Repeat Item 1-3 for DEAD WALL, DEAD FF and

D. Click OK button on the Define Mass Source form
to accept mass sources.
E. Click the File menu > SAVE command or save

button to save the model.

Step 9 Run Analysis

In this step, the Analysis will be run.

A. Click the Analyze menu > Run Analysis command
or the Run Analysis button, to bring up the set Load Cases
to Run form ( Fig.4.33).

] Set Load Cases o Run [ x|
Click to:
Case Tyve Status Action
DEAD Linear Static Hot Run Run
MODAL Modal Mot Run Run
DEAD Wall Linear Static Not Run Run
DEAD f Linear Static Mot Run Run
DEADRT Linear Static Not Run Run
Live Linear Static Mot Run Run
Live roof Linear Static Not Run Run Jhfofolfan)
EQX Response Spectrum Mot Run Run Delele All Resulls
EQy Response Spectrum Mot Run Run
Show Load Case Tree...
Analysis Nontor Options [ Modekaive
() Always Show ‘ Run Now
() Never Show
@ Showaner [s seconds [ ox famcel

Figure 4.33 - Set Analysis Cases to Run Form
B. Click the Run now button on the set load cases to
run form, which will display SAP Analysis
Monitors. The program will create the analysis
model from your object based SAP 2000 model.
The information may be accessed at a later time by
going to File Menu > Show Input/ Output Text
Files command and selecting the file with .LOG
extension.
C. When the analysis is finished, the message
“ANALYSIS COMPLETE" will display. Close the analysis
window. The program automatically displays a deformed
shape view of the model, and the model is locked. The
model is locked when LOCK/ UNLOCK model button
depressed. Locking the model prevents any changes to the
model that would invalidate the analysis results.
Step 10 Define Load Combinations

A. Click the Define Menu > Combination command,
which will display the Define Response Combinations form.
B. Click the Add New Combo button, which will

display the Response
Combination Data form ( Fig 4.34)
e Type 1.5 (DL+LL) in the Response Combination
Name edit box.
e Select Linear Add from the Combination type drop
down list if it is not already selected.

3 Load Combination Data

Losd Combination llame (User-Generaiad) 1.5 (DLeLL}

Notes ModityiShow Netes.

Options

oK Cancel

Figure 4.34 - Response Combination Data form
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A

e Select dead in the Case Name from drop down list

(if it is not already selected) and type 1.5 in the
Scale Factor edit Box (If it is not already there) and
click the Add button.

e Select DEAD wall in the case Name from drop

down list and click Add button.

o Select DEAD FF in the Case Name from drop

down list and click the Add button.

e Select DEAD RT in the Case Name from drop

down list and click the Add button.

e Select Live in the Case Name from drop down list

and click the Add button.

e Click Ok button on Response Combination Data

form to accept Combination.
Similar procedure adopted to add all load

combinations given below:-

e 1.2(DL+LL+EQX)
1.2(DL+LL-EQX)
1.2 (DL+LL+/- EQY)
1.5 (DL +/- EQX)
1.5(DL +/- EQY)
0.9DL+/-1.5 EQX

e 0.9DL+/-15EQY

Step 11 - Push over Analysis
In this step we carry out the Static nonlinear push over
analysis.

A

For carrying out we have to assign hinges to

column and beams. Select all the beams with nodes first.
Select Assign > Frame > Hinges will give the Frame Hinge
Assignment Data Form. First select hinge property as Auto
and keep relative distance 0 first and will get auto Hinge
assignment data form. (fig 4.35) Select TABLE FORM
FEMA 356 for auto hinge type and select Table 67
(Concrete beams flexural) it will automatically select M3
degree of freedom and click on OK.

Aute Hinge Type
From Tables b FEMA 358 v

Select a FEMAISE Tabee

Table -7 (Concrete Beams - Flexure) kem | v

Component Type Degree of Fresdom V Vaue From
@® Primary (o) ® Case/Combo DEAD v

O n Ol ~
D secondary OFS y Door Vol

Transverse Renforcing Renforcng Ratio (p -p
[V Transverse Reinforcing is Conforming @ From Current Design
) User Vaive

Deformation Controled Hinge Load Carrying Capacty
(® Drops Load After Pomt E
© s Extrapolated Afler Point E

oK Cance

Figure 4.35 - Auto Hinge Assignment Data form for Beams

B. After assigning one hinge to the beams assign other
hinge property same as auto but change the relative
distance to 1 and similar procedure as above should
be adopted. Then we will get the Frame hinge
assignment form as fig

4.35. Click on Ok. The hinges will get assigned to the

beams.

C. Now for assigning the hinges to the column select
all columns with nodes and similar procedure as
per "hinges assigned to beams" is adopted. Here
while selecting auto hinge type select FEMA 356

and select table 6-8 as shown in fig 4.36. And click
on OK.

D. The all frame members are assigned with hinges
should be checked. It will appear on the screen
with hinge number and property. It will appear as
Fig. 4.37.

Auto Hinge Type

From Tables 1 FEMA 356

Select s FEMASS Tabee

Table 6.8 (Concrete Courns - Fiexure) tem|

Componest Type Cegree of Freedom P andV Valies From
® prinary ) w2 P2 ® Caseiconto 0EAD
O secon ou pat

g i 2 i ) User Ve

) u2.u3 P23

Deformation Controled Hige Losd Carrying Capacty
@ Drops Load Atter Pont £
©) ' Extrapolted Atter Pont €

oK Cancel

Figure 4.36 - Auto Hinge Assignment Data form for

Columns
:j ome Higes
L ;
i ey s
X g g
[:]( Ili"—- E S
a % - o -
i i g
1 I:_. I
2 [ I -
! o ;-
i g g e
ot L. —— - L_
) e o

X2Para 815

Figure 4.37 - Frame with Hinges

E. Now we have to set the model for push over
analysis case. For setting out push over case first
we have modify the DEAD load as a nonlinear.
Select Define > Load pattern > Dead Load >
Modify case. Load case data form as per Fig 4.38
will appear change the analysis type from linear to
nonlinear and click on OK.

Dg

Honlnear Porameters Detaut Moatysshew

Figure 4.38 - Load Case Data- Nonlinear Static Form

F. For adding push over case select Define menu >
Load case pattern > Add new case. Write "PUSH"
as Load Case Name and modify the form as per fig
4.39.
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Loaa Case Name Tiotes Load Case Type

PUSH Set Def Nae. Modify/Stow Static | Desgn.
mtal Conaions Analysis Type

() Zero inkal Condtions - Start from Unsiressed State O Linear

¥/ @ Noninear

O Moninesr Staged Constructon

Modal Load Case Geometric Nonlnearty Peramsters
ANModsl Loads ABoied Use Wodes fomCase  |MODAL | @) Nome
0 a1
Loacs Agpiea S
LosdType  LoadMame  Scale Factor O AR 0
Accel |k v Hass Saurce
E— Pravious v
Moaty
Delets

Other Parameters.

Load Agpiiation Dispi Control ueayrSnow Lt
Resats Seved Hutgle States Mocity/Show. cancel
Noninear Paramerars. Defaut Macify/Shew

Figure 4.39 - Load Case Data for Push over Case

G. While setting other parameters from fig 4.39, for
load application select modify tab and change the
load application control for static nonlinear
analysis as Fig 4.40.

Load Application Control

) Full Load

(®) Displacement Control
Control Displacement

(@ Use Conjugate Displacement
) Use Monttored Displacement

Load to a Monitored Displacement Magnitude of 1. ‘

Menitored Displacement

@® DOF u1 v atJoint |49

e |

Figure 4.40 - Load Application Control for Nonlinear Static
Analysis
H. For setting of Results saved of other parameters
click on Modify / Show tab and change the
parameters as per fig 4.41. And click on OK
button.

3 Results Saved for Nonlinear Static Load Cases IR

Resuits Saved

(O Final State Only ® Muttiple States

For Each Stage

Minimum Number of Saved States 10

Maximum Number of Saved States 100

Save positive Displacement Increments Only

oK Cancel

Figure 4.41 - Results Saved for Nonlinear Static Load Cases
J.  After addition of Push Load case the model should
be analyzed for the static push over analysis. Select
Analyze > Run Analysis, "Set load cases to run
analysis" window will obtain. Run only Dead load
case and push over load case as per Fig 4.42. And

click on the Run Now.

5 Set Load Cases to Run |
Click to.
T Act
Case ype Status ction Run/Do Not Run C.
DEAD Noninear Static Not Run Aun
MODAL Modal Not Run Do Not Run Show Case.
DEAD Wall Linear Static Not Run Do Not Run R R
DEAD ff Linear Static Not Run Do Kot Run Oelcte Reauks for Case
DEAD AT Linear Static NotRun | Do Not Run
Live Linear Static Not Run Do Net Run
Live roof Linear Static NotRun | Do NotRun Runile ol 0 A%
EQxX Response Spectrum Not Run Do Not Run Delete Al Resuls.
EQY Response Spectrum NotRun | Do Not Run
PUSH____________[Nodincar Static (fun |
Show Load Case Tree..
Analyss Monitor Oplions [ moderaive
(O Always Show Run Now
() Never Show
(®) Show After |2 seconds o s

Figure 4.42 - Set Load Cases to Run Form

L. After Completion of analysis select Display >
Show Static Pushover Curve and check the various
parameters. To change the user parameters click on
modify tab and change the user coefficients Ca and
Cv as per fig 4.43. And click on Ok. The modified
ATC 40 capacity curve is referred to get the

Pushover Parameters ame units

Hame F240P0EL1 KN, m, C v
Fiot Axes Acxis Labels and Range

@ sa-sa O sa-T O sa-T Set Axis Data.

Demand Spectrum Defintion
O Functon
®) User Coeffs ca |01 ev |04 |
[ include Soi-Structure Interaction Effects

Damping and Period Parameters.
Inherent + Additional Damping 0.0s
[] User Defined Etfective Damping, Beft
] user Defined Effective Period, Tefl

Rems Visile On Piot

3 [F] Show Capacty Curve coor
] [Z] Show Famiy of Demand Spectra (MADRS) coor N
Ductiity Ratios
1 15 2 25
3 [#] Show Single Demand Spectrum (WADRE) Color

(Variable Damping)
a 9] Show Constant Period Lines at cowr |
4 0s o 15 2

Reset Defautt Colors

upaate Pt

Figure 4.43 - Parameters for FEMA 440 Equivalent
Linearization

4.4 Results
We get results from the Static push over curve in terms of
Ductility ratio, and performance point which helps to
evaluate the Response reduction factor for both immediate
occupancy level and life safety level.
A For Immediate Occupancy Level:-
Formulation of Response reduction factor:-

e Ductility factor:-
Using equation for ductility factor, derived by Miranda and
Bertero,

H

P L
¢

Where, ® for medium soil is given by:-

¢ _ 1 2 1_ i X c-z(ln(r)-o_Z)

127 a7 ) \ST

For Immediate Occupancy Level, we have
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=2.210 sec. and p = 1.148 (from Fig 4.44)

Thus, @ =1.042
) Pushover Curve
File
Static Noninear Case Pt Type Unis
pusn v FEMA 240 Equivsient Lineanzaton v wme v
0 Spectral Displacement Current Plot Parameters.
300 \‘ I F440POELT
ot | : e
LIl Add Copy of Parameters.
2031
‘ll \ [ Modityishow Parameters.
It | | °
21003171 i
1803 \Ik \l i Ferformance Foint (V, D)
I\ H [Torze55 , 00281
150 %i\ u ]
E V,\ \ -E Performance Point (Sa, 54)
120 N [t008, 0022)
E(IWA -
90 @
Performance Point (Tsec, Dusiiiy)
607 (2210, 1.142)
3.0 Performance Point (Bat1, )
CRR TN RRRNT RRAN CRENY REWRN KON KT KEREN RN AERRY [(a0s3, c309)
200 400 60, 80 100 1200 140 160, 180. 200 x10 -3
Wouse Poinier Location  Horiz Vert
oK Cance:

Figure 4.44 — Determination of Performance Point For 10
e  Over strength factor:-
Over strength factor (Rs) = VO / VD
Where,
Vo = Maximum Base Shear corresponding to performance
point
Vp = Design Base Shear Therefore,
Rs = (1072.855/ 520.596) =2.060
Therefore, the Over strength factor (Rs) of structure
for 10 level is 2.060.
e Redundancy factor:-
The redundancy factor depends upon the number
of lines of vertical seismic framing.
Values to be considered are defined in ATC-19 as
shown below:
Table No.4.5 — Redundancy Factor Table from ATC-19 for
10

Sr. Lines of Vertical | Drift redundancy
No. Seismic Framing Factor

1 2 0.71

2 3 0.86

3 >4 1.00

Thus, the Response reduction factor is given by:
R =Rs X Ru X Rg

= 2060 X 1270 X
1.0
=261
B. For Life Safety:-
Formulation of Response reduction factor:-
e Ductility factor:-

Using equation for ductility factor, derived by Miranda and
Bertero,

Where, ®@ for medium soil is given by: -

For Life Safety Level, we have

T. = 2592 sec. and p =

1.644

Thus, @ =0.660

Ry = {[(1.644-1)/ 0.660] + 1}
=1.970

Y Pushover Curve

Static Noninear Case Prot Type Unts
push v FENA 440 Equivalent Linearzation v KimC v

x10 - Spectral Displacement Current Pt Parsmeters
400 W F440°0EL1 v
NOVIN L I — Add tew Paramaters

YA
NANT [ | 704 Coy i Pwramters
\' B\ MoatyrSnow Parameters

\\ TR !

Performance Point (V, D
(1478885 0048

Performance Pont (Ss, Sd)
(0023,0039)

Spectral Acceleration - g

Performance Point (Tsec. Ductiky)
(2562, 1844)

Performance Point (Beff, )

i 40 wl su' IMI ITBI 140

O
160! " '180! ' '200. x10 2

Mouse Pointer Location  Hora Vert

Figure 4.45 — Determination of Performance Point
for LS Over strength factor:-
Over strength factor (Rs) = V0 /VD
Where,
Vo = Maximum Base Shear corresponding to performance
point
Vp = Design Base Shear Therefore,
Rs = (1478.885/ 520.596) =2.840
Therefore, the Over strength factor (Rs) of structure for LS
level is 2.84.
Redundancy factor:-
The redundancy factor depends upon the number of lines of
vertical seismic framing.
Values to be considered are defined in ATC-19 as shown
below:
Table No0.4.6 - Redundancy Factor Table
from ATC-19 for LS

Sr. Lines of  Vertical Drift redundancy
No. Seismic Framing Factor

1 2 0.71

2 3 0.86

3 >4 1.00

Thus, the Response reduction factor is given by:
R =Rs X Ru X Ry

= 2840 X 1970 X

1.0
=5.596

C. Hinge Results
Hinges are the points in the structure or frame which help us
to analyze the structural behavior. Their rotation amount
helps us verify the results. Figure 4.45 and 4.46 helps to get
hinges behavior and their rotation. The color combination
shown below the Fig 4.46 indicates the performance of
hinges in given push case.

Plastic Rotation (radians) Select Load Case
4 T 1 Push Y

T Cunent Hinge Dt

3 |1 Hinge DOF M3 -
. ! | ] I |-
. | N I — | I ‘l pl—

30 T T T T T T T Step.

M3 [
Plastic A3 s
Plastic RIMac [0
PlasticR3Min  [1.734603
Hige Stale T |
Hrgests R0 [
Plot Control Parameters
 Show Hinge Backbone | |
o | | [ | % Scan for Full Backbore
™ Add Leh and Right Basdars
™ Add Top and Boltom Baorders

Moment 3 (kn-m)

DR O e LT (NS R S5 L O ML ORIy
« »

Mouse Porter Location  Honz [0.0404 Vest [137.8644

Figure 4.4.6 — Hinge result
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Figure 4.4.7 — Building Behavior in Push Over Case

All above results are mentioned in below table — Table 4.7 —
Results for 10 and LS

Immediate Life Safety
Occupancy
Parameter X Y X Y

Directi Directi Directi Directi
on on on on

1072.85 | 1072.85 | 1478.88 | 1478.88
Base Shear | 5 kN 5 kN 5 kN 5 kN

Time 2.210 2.210 2.592 2.592
Period sec sec. sec. sec.
IDR 0.69 0.69 0.243 0.243
IDR 1 1 0.25 0.25
allowable

Ductility Ratio 1.148 1.148 1.644 1.644

IDDR 0.1 0.2 0.55 0.55
IDDR 0.2 0.2 0.6 0.6
allowable
Plastic 0.0041 | 0.0041 | 0.00561 | 0.00561
Rotation () | rad. rad rad. rad.
allowable 0.005 0.005 0.02 0.02
rad. rad. rad. rad.
Response
Reduction Fa | 2.61 5.596
ctor (R)

The Above results are checked with guidelines given in
FEMA 356 mentioned in this report in Table 3.4, Table 3.5,
and Table 3.6, which shows that results are within limits &
appropriate.
5. CONCLUSION AND FUTURE SCOPE
5.1 General
In the present study, the non-linear response of RCC frame
using SAP2000 under the loading has been carried out with
the intention to study the relative importance of several
factors in the non-linear analysis of RC frames.
5.2 Conclusions
Following Conclusions are made from this study:-

1. The frame behaved linearly elastic up to a base

shear value of around 520 KN. At the value of

base-shear 1072 KN, it depicted non-linearity in its
behavior. Increase in deflection has been observed
to be more with load increments at base-shear of
1072 KN showing the elasto-plastic behavior.

2. The joints of the structure have displayed rapid
degradation and the inter storey deflections have
increased rapidly in non- linear zone. Severe
damages have occurred at joints at lower floors
whereas moderate damages have been observed in
the first and second floors. Minor damage has been
observed at roof level.

3. The frame has shown variety of failures like beam-
column joint failure, flexural failures and shear
failures. Prominent failures are joint failures.
Flexural failures have been seen in beams due to X-
directional loading.

4. 1t has been observed that the top storey experienced
major damages in this case opposite to the case of
frame.

5. Micro cracks have been observed to appear even
when the frame is in its elastic zone. The cracks
have been found increasing with the increase in
deflections.

5.3 Recommendations

The literature review and analysis procedure utilized in this
thesis has provided useful insight for future application of
SAP2000 for analysis. It helps in comparing the results with
experimental results data and study the difference between
them. This study helped in understanding the basic approach
of design and performance based seismic approach.
Modeling the RCC frame in SAP2000 software gives good
and efficient results which can be included in future
research.

4, Future Scope

In the present study, frame used is symmetrical and square.
The frame can be unsymmetrical and of irregular shapes. It
has been studied under monotonic loads. The frame can be
studied under cyclic-loading to monitor the variation in
loaddeflection curves at given time history. The relationship
between torsion moment and deflection of building in
seismic event can be derived.

As this approach of seismic design is still in research, there
are various parameters like allowable deflection of top floor,
soil strata interaction are in current research and this
approach can be modified according to it.
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