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Earthquake is a natural calamity which occurs frequently on the earth’s surface and leads to lots of
damage to life and property. It occurs due release of energy from earth’s crust which results in shaking of
ground. Nowadays, greatest challenge for a civil engineer is to make buildings which are seismic resistant
because in today’s building construction irregularities cannot be avoided. These problems of irregularities
can be overcome by incorporating the bracing into the structure. Braced frames are very good in resisting
large number of lateral forces such as earthquake, wind forces and they have reduced lateral deflection.
In this study, G+10 story building is being analysed by considering vertical and horizontal irregularities
using different types of steel bracing system such as v-type steel bracing and diagonal type buckling
restrained bracing and their results are compared with bare frame model. Steel braced model shows
good results as compared to buckling restrained bracings models.
Keywords:Pushover Analysis; Horizontal and vertical irregularity; Steel bracings; Buckling restrained
bracings; Bare frame

Introduction

Earthquake is a natural phenomenon which occurs in the Earth’s crust for a short
duration. But a large devastation may occur in those few seconds leading to loss of thousands
of life and property. Building collapse or damage are the major loss due to an earthquake,
during an earthquake the building base experience a high frequency movement, which results
in inertial force on the building and its components. Nowadays, buildings are constructed
while considering many irregularities both in plans and elevations. Buildings with simple,
symmetrical and regular configuration perform much better in the event of an earthquake
compared to buildings with irregular configurations. The structural irregularities cause non
uniform load distribution in various members of buildings. So, there must be a continuous
path of movement of forces to avoid failure in the structure. Re-entrant corners (such as L and
U-shaped configuration in plan) types of buildings are also constructed nowadays because of
functional and aesthetical superiority. The presence of these irregularity in a building affects
it adversely during an Earthquake. But these types of building are used for constructing
schools and hotels as they provide many rooms along the perimeter of buildings with good
access of light and air. These types of buildings are severely susceptible for damages during
an earthquake. To overcome the difficulties of irregularity during earthquake ,there is a
need to develop different kind of structural system, one such system is by incorporating
steel bracings and buckling restrained bracings in the structure .The large ductility and high
strength to weight ratio of structural steel makes it an ideal material for earthquake resistant
.Steel bracing is a highly proficient and cost-efficient method of resisting horizontal forces in
a framed structure .Bracings resist lateral forces predominantly with members in tension and
compression. It can also be used for retrofitting of the structure.

A brief review of previous studies which had been carried out by various authors to make
building Earthquake resistant using push over analysis of RC framed building is presented
in this section. This literature review focuses on the various recent contributions related to
pushover analysis of RC frames and past efforts which are very closely related to the needs of
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the present study. Various researchers study the use of steel bracing
and buckling restrained bracing on the existing and new building
and found out that these diagonal structural members reduce the
lateral forces to a remarkable level and helps to reduce the damage
which can be done by these seismic forces. Some researchers worked
on irregularities of the building and checked their performance
during earthquake ground motion Sahoo [1] studied the seismic
performance of building using performance-based plastic design
(PBPD) methodology. In this study the reported that both the
frames showed that both frames showed intended yield mechanism
and their drifts were well within the target drifts. Mohammed [2]
studied G+14 storey building using different configuration of
bracings in the building and comparing the results with bare frame
model. And reported that the displacement and the axial load of the
model decreases after the employment of bracings. Also, there is
maximum reduction in the storey drift as well.
The cross-bracing system performs very well compared to
the other types of bracing Prasad [3] studied the effect of steel
bracings and shear wall on the G+9 story building using linear and
nonlinear dynamic analysis. The results conclude that the inter
story drift was minimum 14 by using Shear wall. Lateral drift of the
building was found to be negligible for steel bracing as well as for
shear wall. Eccentric Bracings minimizes the lateral. Baikerikar [4]
investigated the effect of steel bracing on the building model, the
model is of G+10 story and seismic zone s taken as zone V and soft
soil as per specified in code IS 1893-2002. There results show that
the bare frame produces large displacement and drift compared to
other two models. Karthik [5] observed the seismic performance
of the reinforced concrete braced frames with different vertical
irregularity. They found the use of X-type of bracing provides the
best lateral load resisting capacity Neha [6] studied the effect of
irregularity in building plan in L and + shaped buildings including
horizontal irregularity and vertical irregularity and reported that
the irregular buildings are more susceptible to damage during
Earthquakes. Kulkarni [7] investigated the effect of steel cross
bracing and shear wall on the building. They conclude concluded
that shear wall performs well during earthquake as compared
to cross bracings. Nikhil [8] examined the effect of conventional
bracings and buckling restrained bracing systems in the building
model and was concluded that these bracing avoid brittle failure
of the building. Eghbali [9] studied the seismic performance
of buckling-restrained braced frames (BRBFs) and ordinary
concentrically braced frames (CBFs) through nonlinear static and
time history analysis. They reported BRB frames present more
satisfying results with regards to inter-story drifts, residual drift
responses and energy dissipation in case of near-fault seismic
excitations [10]. However, the implementation of BRBs provides
better performance against the Basic Safety Earthquake 1.

Structural Modelling

A summary of various parameters defining the computational
models, basic assumptions and reinforced concrete frame geometry
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are present in (Table 1 & 2) represent the BRB properties and its
sectional dimension. Modelling of building frames. In this study
all the models are G+10 storied with different irregularities were
analyzed for seismic zone IV are listed below.
Table1: Material and geometrical properties.
Contents

Description

Grade of Concrete

M 30

Young’s modulus of Concrete, E

27386.13MPa

Grade of Steel

Fe 415

. Density of Concrete

25kN/𝑚3

Young’s modulus of Steel

2x105N/𝑚𝑚2

Density of Steel

76.98kN/𝑚3

Size of column

400x600mm

Finish load on slab

1.0kN/m2

Poisson’s ratio of Concrete

0.25

Slab thickness

150mm

Size of beam

350x450mm

Live load on slab

3.0kN/m2

Live load on roof

1.5kN/m2

wall load

14.7kN/m

Steel bracing

ISMB-350

Thickness of top and bottom flange width

14.20mm

Poisons ratio

0.2

Finish load on slab
Top and bottom flange width
Web thickness

Critical damping ratio

1.0kN/m2
140mm
8.1mm
0.5

Table 2: BRB properties and its sectional dimension.
Material of yielding core strength

262MPa

Overall depth

304.8mm

Area of yielding core

3230mm2

Total BRB weight
Overall width

8.25kN

203.2mm

Stiffness of elastic segment

407.0kN/mm

Length of elastic segment

1716.2mm

Length of yielding core
Effective axial stiffness

4267.2mm

114.39kN/mm
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(a) N1

(b) N2

(c) N3

(d) N4

(e) N5

Figure 1(a-e): Plan and Elevation view of Models.
a)

b)

c)

Model No.1: Bare frame building is symmetrical in plan with
bracing system as shown in (Figure 1a). However, mass of
building is included.

Model No.2: Bare frame building is symmetrical in plan
with bracing system as shown in (Figure 1b). The Vertical
configuration of a structure and lateral force resisting system
in top story consist an offset of 40% in X direction on each side.
Model No.3: Bare frame building is symmetrical in plan
with bracing system as shown in (Figure 1c). The Vertical

a

configuration of a structure and lateral force resisting system
in top story consist an offset of 20% in X direction on each side.

d) Model No.4: Bare frame building is symmetrical in plan with
bracing system and with horizontal re-entrant irregularity in
the form of L-Shaped as shown in (Figure 1d).
e)

Model No.5: Bare frame building is symmetrical in plan with
bracing system and with Horizontal irregularity consisting of
plus (+) shaped building as shown in (Figure 1e).

b

Figure 2(a,b): Model with steel V bracing and buckling restrained bracing.
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To all these models’ different types of bracing are employed such
as V-type steel bracing and buckling restrained bracing and their
results are subsequently compared with the bare frame models.
Steel bracing are provided alternately on the outer periphery of the
building and these model naming Model N-1, 2, 3, 4, 5 various types
of steel bracing are employed, and the results of each models are
compared with its subsequent bare frame model and the results of
each models are compared with its subsequent bare frame model.
The comparison is done between the Pushover curve, Performance
point and the formation of hinges in the whole building, this hinge
formation tells. The cross-section plan of building is 25x25m. Each
storey height of the building is 3.2m with total height is equal to
35.2m. Models with two different types of bracing has been shown
in the (Figure 2a,2b) respectively.

Result and Discussion

All the building models considered for the study with different
irregular configuration in geometry are presented and their results
are compared by doing Non-Linear Static Pushover Analysis
using ETABS software. The results are focuses on pushover curve,
performance point and the Performance Based Seismic Design
of the building. Pushover analysis is done until the collapse
mechanism reaches.

Pushover curve

The graphical representation between base shear and
displacement and Pushover Curve results are shown in (Figure 3a-

4

e) and in (Table 3) respectively. The Pushover curve of Model N1.N2.
N3.N4 and N5 in which comparing the Pushover curve for the Bare
Frame, V Bracing and the Buckling Restrained braced model. It can
be seen from these figures the design base shear and the capacity
value are much higher than the design value. Further it is observed
that the bare frame shows more performance displacement and
less performance base shear capacity as compared to other two
models with different bracings. The introduction of bracing to these
models has increased the performance level both in terms of Base
shear carrying capacity as well as roof displacement. It is found
that by using V-Bracing to the model No.1 gives better results as
compared to BRB bracing. The reduction in displacement and Base
shear is found to be more by using V type steel bracing as compared
to BRB. The maximum displacement for bare frame comes out to be
around 291.3mm, for V-Brace frame it is around 88mm and for BRB
bracing it is around 120mm. So, it can be seen that there is a huge
decrease in the displacement value by using V-Braced steel bracing.
BRB is also found out to be effective in reducing displacement. The
maximum Base shear for Bare frame is found out to be around
13234.3KN, for V-Braced frame it is around 14200kN and for BRB
frame it is around 14000kN. It has been seen from the Pushover
curve that the introduction of bracing to these models has increased
the performance level both in terms of Base shear carrying capacity
as well as roof displacement and seen that the Base shear carrying
capacity of the building also increases by using V-braced and BRB
bracings.

Figure 3(a-e): Comparison of Pushover curve for Model N1.2.3.4.5.
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Table 3: Pushover curve results.
Model No.

Model N1

Bracing Type

Displacement (mm)

Base Shear (kN)

Bare Frame

291.3

13234.3

BRB Bracing

120

14000

V- Bracing

88

Bare Frame

Model N2

256.77

V- Bracing

98

10725.3

BRB Bracing

102.48

11201.4

V- Bracing

98.81

10787.7

75.3

11562

302.92

BRB Bracing
Bare Frame

9134.31

105.6

10700.32

75.33

11450.89

282

V- Bracing

BRB Bracing

Hinges formation results

14000

291.58

Bare Frame

Model N5

14200

Bare Frame
V- Bracing

Model N4

13234.3

70.277

BRB Bracing

Model N3

14200

11004.98

110.2

The (Figure 3a-c) shows the typical formation of hinges in
a 3D model of the building for the Bare frame, V Braced Frame
and Buckling Restrained Bracing. Various Non-Linear hinges are
formed by doing Pushover analysis and their results are compared
to the models with different types of bracings. It is seen in figure

Performance point

11100.4

that the formation of hinges is very large in bare frame model as
compared to other models. But most of these hinges are in the
range of immediate occupancy, which means less damage will
occur during this earthquake. Further the formation of hinges for
V-Braced frame and the BRB frame are found to be very less in
immediate occupancy level and few in Life safety level.

Table 4: Performance based results.
Parameters
Base
Shear

Spectral
acceleration
(Sa)

Effective
time
period,
Teff (s)
Roof
Displacement
(mm)

Spectral
displacement, Sd
(m)
Effective
damping, βeff

N1

N2

N3

N4

N5

Bare
Frame

VBraced

BRB
Frame

Bare
Frame

VBraced

BRB
Frame

Bare
Frame

VBraced

BRB
Frame

Bare
Frame

VBraced

BRB
Frame

Bare
Frame

VBraced

BRB
Frame

2786.8

3007.2

2973.2

3527.9

4655.2

3966.60.

8056.1

9570.8

8488.7

2065.1

2827.1

2189.1

2392.4

5325

2608.8

0.033

0.037

0.035

0.051

0.07

0.057

0.126

0.162

0.136

0.036

0.05

0.038

0.033

0.076

0.036

2.3

1.22

1.48

2.11

1.16

1.37

4.82

2.35

2.74

2.35

1.16

1.32

2.3

1.73

1.46

41.8

17.7

21.2

45.6

24.4

26.3

129.9

63.7

73.6

47.7

22.9

21.1

41.8

35.3

20

33.4

12.8

17.5

34.5

15.9

19.3

95.6

42.3

52.4

36.7

14.9

15.7

33.4

25.4

16.7

0.085

0.058

0.061

0.101

0.091

0.085

0.14

0.17

0.15

0.088

0.07

0.06

0.085

0.12

0.066
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The Performance point is the intersection of the demand
and capacity curves are shown in (Figure 4a-c) and the results
are tabulated in (Table 4). During pushover analysis if a building
is having performance point and the damage at the same point
is acceptable then the structure is said to be satisfying the target
performance level. From the graphs of Model no.1 with Bare,
V-Braced and BRB braced frame it is found that the addition of

6

V-Bracing increases the performance point of the building which
means it increases the performance level of the building. It is
found to be minimum for bare frame i.e., 2786.83kN, maximum for
V-Braced building i.e., 3007.27kN and intermediate for BRB braced
building i.e., 2973.22kN. The performance point of model no.1 of
Bare Frame, V Brace and BRB are presented here.

Figure 4(a-c): Hinge formation in 3D, bare frame -braced and BRB Frame.

Conclusion
Based on the work conducted following conclusions can be
drawn. The bare frame models show lower strength and stiffness
values as compared to models with steel and buckling restrained
bracing. As the shape of the triangular load pattern and first mode
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shape are similar for mid-rise regular buildings and close for highrise and set back buildings, the resulting pushover curves are found
to be similar for almost all the building studied here. It is found
that the displacement values for all the bare frame models gets
very large as compared to the buildings with providing bracings.
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Provision of bracing is quite effective in controlling the lateral
forces. The Base shear was found to more for all the models that
uses the bracings, instead of only Model no.4 which shows very less
variation in base shear of all three models viz. bare Frame, V-brace
and BRB frame. Effect of providing buckling restrained bracing
gives quite good results by lowering the displacement values and by
increasing the base shear values as compared to bare frame models.
The Pushover curve base shear for all the models was found higher
values than the design base shear, which show such building can
resist earthquake forces safely. Most of the hinges formed was also
in the range of immediate occupancy and few hinges are formed
under life safety and collapse prevention level. It is also seen that
these hinges formation in building will not collapse for this level of
earthquake. It was found that the formation of hinges was more for
all the cases of bare frame models, which gets reduced by applying
the steel bracings and BRB bracings.
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