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Abstract: Amongst the natural hazards, earthquakes
have the potential for causing the greatest damages.
Since earthquake forces are random in nature &
unpredictable, the engineering tools needs to be
sharpened for analyzing structures under the action
of these forces. Performance based design is gaining
a new dimension in the seismic design philosophy
wherein the near field ground motion (usually
acceleration) is to be considered. Earthquake loads
are to be carefully modeled so as to assess the real
behavior of structure with a clear understanding that
damage is expected but it should be regulated. In this
context pushover analysis which is an iterative
procedure shall be looked upon as an alternative for
the orthodox analysis procedures. This study focuses
on pushover analysis of multi-storey RC framed
buildings  subjecting them to monotonically
increasing lateral forces with an invariant height
wise distribution until the preset performance level
(target displacement) is reached. The promise of
performance-based seismic engineering (PBSE) is to
produce structures with predictable seismic
performance. To turn this promise into a reality, a
comprehensive and well-coordinated effort by
professionals from several disciplines is required.

1. Introduction

Performance based engineering is not new.
Automobiles, airplanes, and turbines have been
designed and manufactured using this approach for
many decades. Generally in such applications one or
more full-scale prototypes of the structure are built
and subjected to extensive testing. The design and
manufacturing process is then revised to incorporate
the lessons learned from the experimental
evaluations. Once the cycle of design, prototype
manufacturing, testing and redesign is successfully
completed, the product is manufactured in a massive
scale. In the automotive industry, for example,
millions of automobiles which are virtually identical
in their mechanical characteristics are produced
following each performance-based design exercise.

What makes performance-based seismic engineering
(PBSE) different and more complicated is that in
general this massive payoff of performance-based
design is not available. That is, except for large-scale
developments of identical buildings, each building
designed by this process is virtually unique and the
experience obtained is not directly transferable to
buildings of other types, sizes, and performance
objectives. Therefore, up to now PBSE has not been
an economically feasible alternative to conventional
prescriptive code design practices. Due to the recent
advances in seismic hazard assessment, PBSE
methodologies, experimental facilities, and computer
applications, PBSE has become increasing more
attractive to developers and engineers of buildings in
seismic regions. It is safe to say that within just a few
years PBSE will become the standard method for
design and delivery of earthquake resistant
structures. In order to utilize PBSE effectively and
intelligently, one need to be aware of the
uncertainties involved in both structural performance
and seismic hazard estimations. The recent advent of
performance based design has brought the nonlinear
static pushover analysis procedure to the forefront.
Pushover analysis is a static, nonlinear procedure in
which the magnitude of the structural loading is
incrementally increased in accordance with a certain
predefined pattern. With the increase in the
magnitude of the loading, weak links and failure
modes of the structure are identified. The loading is
monotonic with the effects of the cyclic behaviour
and load reversals being estimated by using a
modified monotonic force-deformation criteria and
with damping approximations. Static pushover
analysis is an attempt by the structural engineering
profession to evaluate the real strength of the
structure and it promises to be a useful and effective
tool for performance based design.

2. Advantages of performance based

Seismic Design
In  contrast to prescriptive  design
approaches, performance-based design provides a
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systematic  methodology  for  assessing  the
performance capability of a building. It can be used
to verify the equivalent performance of alternatives,
deliver standard performance at a reduced cost, or
confirm higher performance needed for critical
facilities [2].

It also establishes a vocabulary that
facilitates  meaningful discussion between
stakeholders and design professionals on the
development and selection of design options. It
provides a framework for determining what level of
safety and what level of property protection, at what
cost, are acceptable to stakeholders based upon the
specific needs of a project.

Performance-based seismic design can be used to:

* Design individual buildings with a higher level of
confidence that the performance intended by present
building codes will be achieved.

* Design individual buildings that are capable of
meeting the performance intended by present
building codes, but with lower construction costs.

* Design individual buildings to achieve higher
performance (and lower potential losses) than
intended by present building codes.

* Assess the potential seismic performance of
existing structures and estimate potential losses in
the event of a seismic event.

* Assess the potential performance of current
prescriptive code requirements for new buildings,
and serve as the basis for improvements to code-
based seismic design criteria so that future buildings
can perform more consistently and reliably.

3. Literature Review

X.-K. Zou et al. (2005)[8] 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 explicitly
expressed in terms of element design variables. An
optimality criteria technique is presented in this
paper for solving the explicit performance-based
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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:

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 [9].

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

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.

R. K. Geol. and A. K. Chopra presented an
improved Direct Displacement-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
equivalent 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.

J. B. Mander (2001) [12] 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
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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 Reparability of Damage
(CARD), and Damage Avoidance Design (DAD).

Characterstic
Earthquake Hazards

Defing Building
Configuraton

Building Response

Asess Building Compute
e Dumg || Bildng Loses

Figure 1 Procedures for Performance Assessment

4. Proposed Method

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 for various Response Reduction factors (R) to
evaluate the real strength of the structure and it
promises to be a useful and effective tool for
performance based design.

All modern national seismic design codes
converge on the issue of design methodology. These
are based on a prescriptive Force-Based Design
approach, where the design is performed using a
linear elastic analysis, and inelastic energy
dissipation is considered indirectly, through a
response reduction factor (or behavior factor). This
factor, along with other interrelated provisions,
governs the seismic design forces and hence the
seismic performance of code-designed buildings.
However, different national codes vary significantly
on account of various specifications which govern
the design force level. The response reduction factor,
as considered in the design codes, depends on the
ductility and over strength of the structure. Building
codes define different ductility classes and specify
corresponding response reduction factors based on
the structural material, configuration and detailing.
Another important issue, which governs the design

Volume 06 Issue 08
July 2019

and expected seismic performance of a building, is
control of drift. Drift is recognized as an important
control parameter by all the codes; however, they
differ regarding the effective stiffness of RC
members. Further, the procedures to estimate drift
and the allowable limits on drift also vary
considerably.

Response reduction is used to scale down
the elastic response of the structure [14]. The
structure is allowed to be damaged in case of severe
shaking. Hence, structure is designed for seismic
force much less than what is expected under strong
shaking if the structure were to remain linearly
elastic. It is simply represents the ratio of the
maximum lateral force, V. which would develop in a
structure, responding entirely linear elastic under the
specified ground motion, to the lateral force, Vg4
which has been designed to withstand.

Response reduction factor R, is expressed by the
equation:

R =V Vyq
Where, V. = Linear Elastic lateral Force, V4 =
Design lateral Force

Ductility may be broadly defined as the
ability of a structure or member to undergo inelastic
deformations beyond the initial yield deformation
with no decrease in the load resistance. The
displacement ductility demand for a given
earthquake load is obtained from the pushover curve
and is calculated by the following equation,

M= 4m , Where,
Ay
Apm Ay is maximum
displacement and yield
displacement.

Inter-storey drift is defined as the ratio of
relative horizontal displacement of two adjacent
floors and corresponding storey height (h). It is
calculated by equation,
5=

, Where,

1—1

&;, 8;_4 is displacement at i and
i-1 storey.

DESCRIPTION OF BUILDINGS

In the present work, an eight storied and
sixteen storied reinforced concrete frame building
situated in Indian Seismic Zone V and Soil type
medium is taken for the purpose of study with
different R values. The plan area of building is 20 x
12 m with 3.0 m as height of each typical storey. It
consists of 4 bays of 5m each in X-direction and 3
bays of 4m each in Y-direction. The total height of
the building is 25.5 m and 49.5 m for eight and
sixteen storey building respectively. The response
spectrum used in the analysis is shown in fig.4.9.
The two problems chosen are

Available online: https://journals.pen2print.org/index.php/ijr/

Page |418




e-ISSN: 2348-6848
p-ISSN: 2348-795X

o ® International Journal of Research
ﬁg Available at https://journals.pen2print.org/index.php/ijr/

IR

1. Problem 1. Eight storey R.C.
building with response reduction
factors 3, 5, 8.

2. Problem 2: Sixteen storey R.C.
building with response reduction
factors 3, 5, 8.

Problem 1: 8 storey R.C. Building
Table 4.1 Design data for 8 Storey building

Grade of concrete M20
Grade of steel Fe415
Live load on roof 1.5kN/m’®
Live load on floors 3kN/ m*
Roof finish 1kN/ m?
Floor finish 1kN/ m?
Brick wall on internal beams 150mm
Brick wall on external beams 230mm
Density of concrete 25kN/ m°
Density of concrete wall including 20 kN/ m®
plaster

The seismic criteria considered for this building is:
i. Response reduction factor :3, 5 and 8
ii. Importance factor :1
iii. Zone factor for zone V:0.36

Table Preliminary Sizes of columns and beams
for 8 storey building

Beam

Column
External 300X500 Roof and | 300X600
frames floor
middle beam (1)
Corner 400X400 Roof and | 300X400
column floor

beam (2)
Interior 400X500 Plinth 300X400
column beam (1)

Plinth 300X350

beam (2)

125mm
Slab thickness
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Roof treatment load: Intensity of roof treatment load
1.5kN/m
Live load: Intensity of live load
: 3KN/m
1.5kN/m

El
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Figure 3. Elevation of 1-4 frames of 8 storied

Figure 2. Procedures for Performance Assessment

Loads assigned
Wall load: External wall load intensity
11.73kN/m
Internal wall load intensity
7.65kN/m

Parapet wall load intensity

: 4.6kN/m
Slab load (Dead Slab): Intensity of slab load

: 3.125kN/m
Floor finish load (Dead FF): Intensity of floor finish

: 1kN/m

RC Building
Grade of concrete M20
Grade of steel Fe415
Live load on roof 1.5kN/m?
Live load on floors 3 kN/ m?
Roof finish 1kN/ m*
Floor finish 1kN/ m*
Brick wall on internal beams 150mm
Brick wall on external beams 230mm
Density of concrete 25kN/ m°
Density of concrete wall including 20 kN/ m?
plaster

The seismic criteria considered for this building is:
i. Response reduction factor :3, 5and 8
ii. Importance factor :1
iii. Zone factor for zone V:0.36
Table: Preliminary Sizes of columns and beams
for 16 storey building
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Beam

Column
External 300X500 Roof and | 300X600
frames floor
middle beam (1)
Corner 400X400 Roof and | 300X400
column floor

beam (2)
Interior 400X500 Plinth 300X400
column beam (1)

Plinth 300X350

beam (2)

125mm

Slab thickness

Loads assigned

Wall load: External wall load intensity
11.73kN/m

Internal wall load intensity

7.65kN/m
Parapet wall load intensity
: 4.6KN/m
Slab load (Dead Slab): Intensity of slab load
3.125kN/m
Floor finish load (Dead FF): Intensity of floor finish
1kN/m
Roof treatment load: Intensity of roof treatment load
1.5kN/m
Live load: Intensity of live load
3KN/m
Live roof load: Intensity of live roof load
1.5kN/m

Figure 4. 3D Model of 16 story R.C. building
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Figure 5. 3D Model of 8 story R.C. building

1 2 3 4 5
Period's

Figure 6. Response spectrum curve

ANALYSIS PROCEDURE

In this study, the preliminary sections
chosen are given in Table 4.2 and 4.4 for
eight storied and sixteen storied building.
Then the model is done according to the
sections chosen, and loads are also assigned
as given above for the model.

First using response reduction factor as 8
and response spectrum as shown in fig. 4.9
the linear analysis (Response spectrum) is
done for model and designed using IS 456:
2000.

In each model some members are
overstressed, so the sections for these
members are changed and made sure that it
is not overstressed.
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5. Then the steps 2 and 3 are repeated for
various response reduction factors say 3, 5,
and 8 to get total of 6 models.

6. After linear analysis is done the pushover
load cases are defined and auto hinges are
assigned to beams and columns as per
FEMA 356 for each model.

7. Nonlinear static pushover analysis is done
for each model.

8. Then Pushover curves, inter-story drift has
been calculated for each model and
compared with graph.

5. RESULTS

Reinforced concrete building frameworks
used for performance evaluations in this present
study are described in chapter 4. Analyses results of
R.C. building frames modeled and analyzed in
chapter 4 for the assigned response spectrum are
tabulated in the present chapter for the result
discussion. Based on the analysis performed for three
different response reduction factors to eight and
sixteen storied RC Building, the results for Pushover
Curve, Inter-storey drift ratio and displacement
ductility are compared for various performance
levels.

As explained in chapter 4 when linear

analysis is done some members are overstressed. The
sections are changed for those members namely
Frame nos. 1, 2, 3, 16, 17, 18, 21, 41, 61, 81, 82, 83,
26, 27, 28, 29, 46, 47, 48, 49, 66, 67, 68, 69, 31, 32,
33, 34,51, 52, 53, 54, 71, 72, 73, 74, 96, 97, 98, 36,
46, 76 in eight storied building.
The members changed in sixteen storied building are
1,81, 21, 22, 23, 24, 25, 383, 41, 42, 43, 44, 45, 319,
61, 62, 63, 64, 65, 335, 16, 96, 36, 32, 38 , 39, 40,
315, 56, 57, 58, 59, 60, 331, 76, 77, 78, 79, 80, 347,
11, 12, 13, 14, 15, 91, 92, 93, 94, 95, 31, 32, 33, 34,
35, 51, 52, 53, 54, 55, 71, 72, 73, 74, 75, 6, 7, 8, 9,
10, 26, 27, 28, 29, 30, 46, 47, 48, 49, 50, 66, 67, 68,
69, 70, 86, 87, 88, 89, 90.

Tables 5.1 to 5.4 correspond to base shear
versus displacement and Table 55 and 5.6
corresponds to inter-storey drift ratio of eight and
sixteen storey reinforced concrete building frame.
Figures 5.1 to 5.4 corresponds pushover curve and
Figures 5.5 to 5.8 corresponds inter-storey drift ratio
for 8 & 16 storey reinforced concrete building frame.

Result Discussions

The fact that ductility of the structure has major
contribution to response reduction factor which
highlights the importance of critical consideration of
structural ductility in the seismic analysis process of
the structure.

The check for inter-storey ratios for each model(as
per the guidelines by FEMA-273), makes it
meaningful so that the inter-storey drift is not limited

Volume 06 Issue 08
July 2019

to a value only at design load level and thus, it need
not depend upon the ductility class of the structure.
The evaluation factor like displacement ductility
justify the ductile detailing of the structure as every
parameter associated with it is critically evaluated for
the seismic behaviour in the present study.

The determination of plastic rotations and the type of
hinge formation for each performance level and their
potential locations provides a useful input for
providing special confining reinforcement in the
structural members. The accuracy of these will
depend upon the accuracy of modelling. Hence, it is
necessary to establish proper guidelines or
methodology for modelling in the respective seismic
code, which is the limitation of present Indian
seismic code, 1S 1893-2002.

In the present study, the possible performance based
design methodology was described by consideration
of limited variable parameters. It is because of the
limitation of the performance evaluation parameters
in the present Indian seismic code, so some of the
guidelines given by FEMA-273 are followed. To
incorporate the performance based seismic design
approach in the Indian seismic codes, a
comprehensive study is needed to decide such
performance parameters which will suit the current
design and construction practices in India.

As a closing remark, one can say that performance
based seismic design gives a structure with better
seismic load carrying capacity, thereby achieving the
objective of performance as well as economy and
there is certainly room for further improvement in
the above mentioned method.
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