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Abstract
Ordinary moment resisting frames are not provided with special ductile detailing, which results in poor performance of
structure against seismic action. Ductile action, in withstanding the high seismic intensity of ordinary moment resisting
reinforced concrete frames is much less than that of ordinary moment resisting steel moment resisting frames. Steel
bracings used as an effective retrofitting system to improve the seismic performance of structure, but buckling of
bracings due to compression loads makes the braced structure to underperform against cyclic loads generated during an
earthquake. Buckling restrained braces are designed to overcome this disadvantage of conventional braces. A reinforced
concrete - ordinary moment resisting frame retrofitted with buckling restrained braces is taken for the present study.
Improvement in ductility and seismic performance (in terms of ductility value and response reduction factor) of ordinary
moment resisting frame after retrofitting with buckling restrained braces are studied. Factor influencing the response
reduction factors, ultimately seismic performance of a structure are also studied in the present paper.
Keywords: Response reduction factor, Ordinary moment resisting frame, BucklingRestrained brace.

1. Introduction
Designed earthquake forces of a structure are much lesser than the actual earthquake generated forces. It is

not possible to design a structure as an earthquake proof structure; instead designers go for earthquake
resisting structure. Inelastic behaviour of structure is indirectly taken into account in seismic analysis and
design by using response reduction factor. IS:1893-2016 suggest RRF values as 3 and 5 for Ordinary Moment
Resisting Frames and Special Moment Resisting Frames for RC structures respectively. If response reduction
factor of a structure is 3 then, only 1/3rd of actual seismic forces are taken for seismic design of structure. In
conventional analysis structures designed as per IS: 13920-1993 for ductile detailing, but ductility of a
structure not considered for design. Specifications and procedure for calculating the response reduction factor
value of a structure is not mentioned in the IS: 1893-2016.

Ductile behaviour of a structure depends on the ductile detailing providing in structure, which affects its
seismic performance at the time of earthquake event. Special moment resisting frames are provided with
special ductile detailing for members and joints, according to IS 13920 or SP 6. But the value given for
Ordinary Moment Resisting frame in IS: 1893-2016 is 3, hence design seismic forces are high compared to
Special Moment resisting frames. Non-ductile detailing in ordinary moment resisting frame has lower
ductility and ultimate poor performance in seismic events. Kunal and Sejal Dalal evaluated the values of RC
building by using performance based plastic design method [6]. From the experimental study on buckling
restrained braced frame of 1/3 rd scale using a shake table, their improved performance over conventional
braced frame was given by Minglan Ge, et al [7]. A comparative study between the conventional braces and
buckling restrained braces in terms of seismic performance parameters was done by Nikhil Dhanda and P. S.
Lande [9].

Very few studies have been conducted on reinforced concrete - ordinary moment resisting frames on their
ductile behaviour. There is a need to retrofit ordinary moment resisting frames to improve their performance
at the time of seismic event. Using steel braces is a good solution for providing lateral stiffness to structures
and improves their seismic performance considerably. The present paper tries to evaluate the response
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reduction factors of ordinary moment resisting frames retrofitted with buckling restrained braces, which are
not provided in the IS code.

2. Buckling Restrained Braces
A buckling restrained brace is a structural steel brace, which is showed an improved performance over

conventional brace in withstanding the cyclical lateral loadings, typically earthquake-induced loading. It
consists of a slender steel core, a concrete casing designed to continuously support the core and prevent the
buckling of the steel core under axial compression forces. Undesirable interactions between the casing and
steel core prevented by providing an interface between them. Interface is a bond-preventing layer that
decouples the casing from the core and allows the steel core to resist 100% design axial force in bracing
element.

Prevention of steel core to axial compression loads leads to similar strength and hysteresis behaviour in
both compression and tension. Symmetrical hysteresis curves of buckling restrained braces prove the
improved performance in ductile, stable and repeatable hysteretic behaviour over conventional braces.

3. Numerical model analysis
3.1. Numerical model-I

To assess the actual values of response reduction factor of buckling restrained brace frames. Different
configurations of bracing system were selected to study their effect on RRF. A six storey building having plan
dimensions as shown in figure was taken for analysis. The building is located in seismic zone II on a site with
medium soil. The building was designed as art gallery, so there are no walls insides the buildings. Only
external walls of 230mm thick with 12mm plaster o both sides were considered. Secondary/ floor beams were
arranged so that they act as simply supported beams. The main beams rest centrally on columns to avoid local
eccentricity. Nonlinear static analysis was conducted on the designed building models by displacement control
method.

Figure 1. Numerical model plan and details
The dimensions of main beams and floor beams were 300mm*600mm and 200*600 respectively. 150 mm
slab thickness was considered. Typical bay width was 8m and column height was 4m and 5m at ground level
and floor levels respectively.

Figure 2. Single bay braced frames (V,X and Inverted V type)
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Figure 3. Double bay braced frames (V, X and Inverted V type)

Roof Displacement (mm)
Figure 4. Pushover curve of Single bay braced frames

Roof Displacement (mm)
Figure 5. Pushover curve of Double bay braced frames
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Table 1-Single bay braced frames

Bracing type ∆y(mm) ∆max(mm) Vd( kN) Vmax( kN) RRF

X-type 16.10 204 758.88 5501.3 14.75

Inverted-V 15.13 205 753.36 4918.4 13.18

V-type 16.32 206 753.36 3951.4 10.59

Bare 147.12 294.1 743.99 3549.2 9.51

Table 2- Double bay braced frames

Bracing type ∆y(mm) ∆max(mm) Vd( kN) Vmax( kN) RRF

X-type 11.50 26.05 772.20 7191.5 21.05

Inverted-V 10.90 20.00 761.15 6581.1 15.83

V-type 10.40 19.70 761.15 6096.3 15.14

Bare 147.12 294.1 743.99 3549.2 9.51

3.2. Interpretation
From the nonlinear analysis on the selected building models with different bracing configurations, it was

found that the RRF varies with the configuration and bracing bay system adopted in structural system. X-type
braced system showed a maximum value of RRF compared to that of other type braced systems. RRF value
was found to be 9.51 for the ordinary moment resisting frame(bare) from the analysis, where as the proposed
value of RRF is 3 in IS: 1893-2016.

3.3. Numerical model-II
Typical building model consist of 4 bays having an equal span of 5m in X-direction and 6 bays of equal

span 5m in Y-direction was considered for nonlinear analysis. The floor height was 3.1m at ground level and
4m at other floor levels. Effect of number of storeys on RRF was studied by subjecting the structure to
monotonically increasing lateral forces (pushover analysis) with an invariant height-wise distribution

Figure 6. Building models with different no. of storeys
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Figure 7. Pushover curve for different no. of storeys

Table3- RRF for different no. of storeys

4 storey 7 storey 10 storey

Max base shear( kN) 6636 7211 13266

Max displacement( mm) 100 131 168

Design base shear( kN) 585 1205 3251

Over strength factor 11.34 5.99 4.08

Structural ductility factor 5.28 3.99 3.22

Ductility reduction factor 3 2.60 2.20

Fundamental time period(sec) 0.47 0.53 0.58

Damping factor 1 1 1

RRF 33.99 15.56 8.97

3.4. Interpretation
From the tabulated results of pushover analysis, it is clear that RRF decreases with an increase in height of

structure. Maximum value of RRF observed is 33.99 for 4 storey building retrofitted with buckling restrained
braces. It was also observed that overstrength and response reduction factors of BRB frames decreases with an
increase in the height of structure. However there is no considerable variation in the reduction factors due to
ductility.

4. Conclusion
Following are the major conclusions obtained from this study
 From the numerical model analysis of building models, it is proved that there is a huge difference between

calculated RRF and IS code specified RRF.
 RRF of moment resisting building is affected by its height (no. of storeys). RRF decreases with an

increase in number of storeys.
 Buckling restrained braces greatly magnified the RRF value of ordinary moment resisting frame, when

used as a retrofitting system.
 There is a considerable increase (approximately 6 times) in the ductility value of the ordinary moment

resisting frame, than overstrength factor due to X-type buckling restrained braces.
 Considering the range of RRF shown by different systems discussed, it is found that bracing arrangement

of X-type was found to be performing better compared to that of others.
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 Improvement in ductile behaviour of non-ductile detailed reinforced concrete moment resisting frames
after retrofitting with the buckling restrained brace was approximately similar, in V-type and Inverted V-
type bracing configuration for both single bay and double bay system.
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