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1L.INTRODUCTION

In the present time, Steel structure plays an important role in the construction industry. Previous
earthquakes in India show that not only non-engineered structures but engineered structures need
to be designed in such a way that they perform well under seismic loading. Structural response
can be increased in Steel moment resisting frames by introducing steel bracings in the structural
system. Bracing can be applied as concentric bracing or eccentric bracing. There are ‘n’ number
of possibilities to arrange steel bracings, such as cross bracing “X’, diagonal bracing ‘D’, and
‘V’ type bracing.

Steel moment resisting frames without bracing, inelastic response failure generally occurs at
beam and column connections. They resist lateral forces by flexure and shear in beams and
columns i.e. by frame action. Under severe earthquake loading ductile fracture at beams and
columns connections are common. Moment resisting frames have low elastic stiffness. P-
effect is an another problem associated with such structures in high rise buildings.

Inelastic Response
of a Steel Moment
Resisting Frame

FIG 1.1 (ref. Praval Priyaranjan,dspace@nitd.ac.in)

So, to increase the structure response to lateral loading and good ductility properties to perform
well under seismic loading concentric bracings can be provided. Beams, columns and bracings are
arranged to form a vertical truss and then lateral loading is resisted by truss action. Bracings allow
the system to obtain a great increase in lateral stiffness with minimal added weight. Thus, they
increase the natural frequency and usually decrease the lateral drift. They develop ductility through
inelastic action in braces. Failure occurs because of yielding of truss under tension or buckling of
truss under compression. These failures can be compensated by use of Buckling Reinforced Braced
frame (BRBs) or Self Centering Energy Dissipating frames (SCEDs).
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The present study will clearly estimate the advantage of concentrically braced steel frames over
Steel moment resisting frames. A simple computer based modeling in Staad Pro. Software is

performed for Equivalent static analysis, Response spectrum analysis, and linear Time history
analysis subjected to earthquake loading.

2.1 INTRODUCTION

This chapter deals with a brief review of the past and recent study performed by researchers on
seismic analysis of braced steel frames. A detailed review of each literature would be difficult to
address in this chapter. The literature review focusses on concentrically braced frames, failure mode
generally observed in moment resisting frames and bracings, brace to frame connections, local
buckling and plastic hinge formation. The recent study of use of Buckling reinforced bracing
(BRBs) and Self centered energy dissipating frames (SCEDSs) is also mentioned.

2.2 LITERATURE REVIEWS

Tremblay et al. ,(ASCE)0733-9445(2003)
Tremblay et al. performs an experimental study on the seismic performance of
concentrically braced steel frames with cold-formed rectangular tubular bracing system.
Analysis is performed on X bracing and single diagonal bracing system. One of the
loading sequence used is a displacement history obtained from non linear dynamic
analysis of typical braced steel frames. Results were obtained for different cyclic
loading and were used to characterize the hysteretic response, including energy
dissipation capabilities of the frame. The ductile behaviour of the braces under different
earthquake ground loading are studied and used for design applying the codal
procedures. Simplified models were obtained to predict plastic hinge failure and local
buckling failure of bracing as a ductility failure mode. Finally, Inelastic deformation
capabilities are obtained before failure of moment resisting frame and bracing members.

Khatib et al. (1988)
The failure mode generally observed in special moment resisting frames with bracing
system is fracture of bracings at the locations of local buckling or plastic hinges.
Significant story drift can occur at a single story and this research shows how the failure
mode occurs and how the failure is concentrated entirely on single floor . So, this is one
of the limitations of using moment resisting frames with bracing system.

Seismic response of Steel braced reinforced concrete frames by K.G.Vishwanath
in International journal of civil and structural engineering (2010)

A four storey building was taken in seismic zone 4 according to 1S 1893:2002 . The
performance of the building is evaluated according to story drift. Then the study is
extended to eight story and twelve story. X type of steel bracing is found out to be most
efficient.

Seismic response assessment of concentrically braced steel frame buildings (The
14th World conference on earthquake engineering October 12-17, 2008, Beijing,
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China) Improvement of performance based design and analysis procedure for better
understanding of conventionally used concentrically braced frame and buckling
restrained braced frames is discussed.

3.1 EQUIVALENT STATIC ANALYSIS - AN OVERVIEW

The equivalent static method is the simplest method of analysis. Here, force depend upon the
fundamental period of structures defined by IS Code 1893:2002 with some changes. First,
design base shear of complete building is calculated, and then distributed along the height of the
building, based on formulae provided in code. Also, it is suitable to apply only on buildings with
regular distribution of mass and stiffness.

Following are the major steps in determining the seismic forces:
Determination of Base shear
For determination of seismic forces, the country is classified in four seismic zones:

Fig 3.1 shows seismic zones of India (ref., 1S 1893:2002)

T

MAP OF INDIA

SHOWING

The total design lateral force or design base shear along any principal direction is determined
by the expression:
V=AW (3.1)
Where,
A = design horizontal seismic coefficient for a structure
W = seismic weight of building
The design horizontal seismic coefficient for a structure A is given by :

A = (ZISs)/ 2Rg (3.2)

ISSN: 2395-1303 http://www.ijetjournal.org Page 335




Z is the zone factor in Table 2 of 1S 1893:2002 (part 1). I is the importance factor,

R is the response reduction factor, Sa/g is the average response acceleration coefficient for rock
and soil sites as given in figure 2 of IS 1893:2002 (part 1). The values are given for 5% damping
of the structure.
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FIG 3.2

T is the fundamental natural period for buildings calculated as per clause 7.6 of IS
1893:2002 (partl).

Ta= 0.075h0'75 for moment resisting frame without brick infill walls

Ta=0.085h"" for resisting steel frame building without brick infill walls
Ta=0.09h/ d for all other buildings including moment resisting RC frames

h is the height of the building in m and d is the base dimension of building at plinth level in m.

Lateral distribution of base shear

The total design base shear has to be distributed along the height of the building. The base shear at
any story level depends on the mass and deformed shape of the building. Earthquake forces tend to
deflect the building in different shapes, the natural mode shape which in turn depends upon the
degree of freedom of the building. A lumped mass model is idealized at each floor,

which in turn converts a multi storyed building with infinite degree of freedom to a single degree
of freedom in lateral displacement, resulting in degrees of freedom being equal to the number of
floors.

The magnitude of lateral force at floor (node) depends upon:

* Mass of that floor
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» Distribution of stiffness over the height of the structure
* Nodal displacement in given mode

IS 1893:2002 (part 1) uses a parabolic distribution of lateral force along the height of the
building. Distribution of base shear along the height is done according to this equation:
Qi=Wi hi2/ jzln (thjz)

Where:

Qi = design lateral force at floor i

Wi = seismic weight at floor i

hj = height of floor | measured from foundation

n = number of stories in the building or the number of levels at which masses are located.

3.2 RESPONSE SPECTRUM ANALYSIS - AN OVERVIEW

Response spectrum analysis is a procedure for calculating the maximum response of a
structure when applied with ground motion. Each of the vibration modes that are considered
are assumed to respond independently as a single degree of freedom system. Design codes
specify response spectra which determine the base acceleration applied to each mode according
to its period (the number of seconds required for a cycle of vibration).

Having determined the response of each vibration mode to the excitation, it is necessary to obtain
the response of the structure by combining the effects of each vibration mode because the
maximum response of each mode will not necessarily occur at the same instant, the statistical
maximum response, where damping is zero, is taken as sum of squares (SRSS) of the individual
responses.

The results of response spectrum are all absolute extreme values and so they need to be
combined as they do not correspond to any equilibrium state nor they take place at the same
time. There are several methods to execute this, one of them being the (SRSS) method, Square
root of sum of squares method. In this method , the maximum response in terms of given
parameter, G (displacement, acceleration, velocity) may be estimated through the square root
of sum of m modal response squares, contributing to global response:

G= Mwi(Gn)
3.3 TIME HISTORY ANALYSIS- AN OVERVIEW

It is a linear or non linear analysis of dynamic structural response under the loading which may
differ according to specified time function. The basic governing equation for the dynamic
equation for dynamic response of multi degree of freedom system is given by equation 3.4.
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The given equati ration method such as Runge-kutta method,

Newmark integr d. The staad pro. Software calculates the
structural respon IV/&§ the governing time equation.
AODELLING
4.1 INTRODUC
The study in [Iy on linear time history analysis of steel frames
with concentric bra . configurations of frames are selected such as cross
bracing, diagonal braciRg a rted V bracing and analyzed. This chapter presents a

summary of various parametres\lefining the computational models, the basic assumptions and
the steel frame geometry considered for this study.

4.2 FRAME GEOMETRY

Model 1 is an asymmetric plan . Model 2 is a symmetric plan and hence a single
plane frame is considered to be representative of building in one direction.

For Model 1, plan is represented in fig4.1.
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A 3D view of the typical steel frame with diagonal bracing is represented as FIG 4.4
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Model 2 is a symmetric plan, and hence plane frame used for analysis. Variation is both the
brame is height of the building.

FIG 4.5 FIG 4.6 The bay width is 2m and the story
height is 3m at each floor level.

4.3 FRAME DESIGN

The building frame used in this study is assumed to be located in Indian
seismic zone 1V with medium soil conditions. Seismic loads are estimated as
per 1S 1893:2002 and design of steel elements are carried as per 1S 800 (2007)
standards. The characteristic strength of steel is considered 415 N/mm?. The
gravity loading consists of the self weight of the structure, a floor load of
3kN/m2 on every floor except the roof , the roof floor load is taken 2kN/m2.
The design horizontal seismic coefficient (An) is calculated as per IS
1893:2002

An = ZI/2R,

Where, seismic zone factor, Z = 0.24, Importance factor |1 = 1.0, Response
reduction factor, R = 3.0.The design base shear (VB) is calculated as per IS
1893:2002

VB = An.Sa/g.W

Period for analysis = 0.085HO'75, which is found to be 0.647 sec.
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