
 
Abstract—Steel bracings are used to improve the seismic 

behaviors of the structures. In this study, 8, 12 and 16 story reinforced 
concrete (RC) buildings with steel bracings are used in three base shear 
contributions (25%, 50% and 75%) in the columns. With the help of 
pushover analysis and capacity curves, the overstrength factors, 
ductility factors and ductility reduction factors are investigated for 
braced RC buildings. It is observed that when the base shear 
contribution in the columns increases the ductility reduction factor also 
increases. The results show that when the time period of the structures 
increases, the ductility reduction factors of the structures decrease.  

 
Keywords—Steel bracing, overstrength factor, ductility, ductility 

reduction factors, base shear contributions. 

I. INTRODUCTIONS 

IFFERENT types of steel bracings are used in buildings to 
resist the lateral earthquake force. Inverted V bracings, 

diagonal bracings, X bracing, multi X bracings, V shape 
bracings and Y shape bracings are generally used in the 
structures. The steel bracings are normally used in steel 
structures as a retrofitting. Steel bracings are used in RC 
buildings to improve seismic performances. It reduces the 
maximum displacements and drift of the structures and 
increases the stiffness and strength of the structures [1], [2]. The 
steel bracings are used for retrofitting purposes for existing 
buildings and also used in new constructions. Many 
experimental [3]-[5] and analytical [6]-[8] studies have found 
that steel bracings improve the seismic parameter in the RC 
buildings. Studies also focused on the seismic behavior and 
response modifications factors for X, inverted V bracing and 
knee bracings to investigate the performance and ductility of 
the steel braced RC buildings [9]-[12]. Also, [9]-[12] focused 
on the X and inverted V bracings and their base shear 
contributions in the RC buildings. The researchers studied the 
relationship between the slenderness ratio and overstrength 
factors, ductility reduction factors of the structures [9], [12]. 
Bohara et al. [13] studied the four-story RC building with steel 
bracing where steel bracings were considered with different 
thicknesses. In this study, it was observed that the thickness of 
the bracings can change the strength contribution of bracing in 
global structures. Bohara et al. [14] performed the seismic 
analysis in the L shape irregular building with steel bracing to 
observe the seismic parameter such as top story displacement, 
inter-story drift, base shear, fundamental time period, torsional 
irregularity ratio, columns forces. They show that the position 
of bracings in the L shape of buildings can affect the seismic 
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property of buildings. Even it is more venerable if the position 
of steel bracings is placed unsymmetrically.  

The ductility reduction factors (R𝝁) and overstrength factors 
(Rs) of the structures are important parameters for 
understanding the performances of the structures and are also 
used to calculate the response modification factors (R). The 
response modification factors are used in the code to design the 
economic buildings. Uang [15] formulated the seismic behavior 
factors in their study, where 𝝁 has defined the ratio of maximum 
drift and yield displacements (𝝁=Δm/Δy). The R𝝁 is defined as 
the ratio of base shear at elastic design level and yield strength 
level. The overstrength factor is the ratio of base shear at yield 
level and base shear at first significant yield level (Rs = Vy/Vd) 
as shown in Fig. 1. For the calculation of R𝝁, the Newmark and 
Hall (1982) equations are used. Newmark and Hall (1982) 
purposed the equations between the fundamental time period 
and ductility of the structures [16].  

In this study, the pushover analysis and capacity curves are 
used to calculate the seismic behavior factors. And the paper 
discussed about overstrength factor, ductility, and ductility 
reduction factors for 8, 12 and 16 story buildings with three base 
shear contributions (25%, 50% and 75%) in columns. 

 

 

Fig. 1 Capacity curves between base shear and displacements 
 

II. METHODOLOGY 

The ETABs 2018 software is used to analyze the RC braced 
buildings. The response spectrum method is used to fix the 
beam, columns, and bracings sizes. In this study, the bracings 
are designed first at required base shear contributions in the dual 
system. Indian standard 1896 (part1) clauses 7.2.7 suggested 
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the dual system where the columns are designed to resist at least 
25% design base shear. In this paper, three different base shear 
contribution cases are used. In the first case, 75% base shear is 
provided in the steel bracing and 25% base shear in the 
columns. In the second case, nearly 50% base shear is resisted 
by the columns. And in the last case, 75% base shear is provided 
in columns. After the design, the bracings, beam and columns 
cross-sections are fixed. The Indian standard codes [17] are 
used to design the 8, 12 and 16 story buildings with steel 
bracings. The capacity design methodology [9] is used for this 
study. The response reduction factor is considered as 4.5 with a 
5% damping coefficient as the Indian standard. The 
corresponding design spectra are given in Fig. 2, which is 
corresponding to a 5% damping ratio. Other factors such as 
zone factor is considered as 0.36, importance factor is 
considered as 1. For the design, the live load is considered as 5 
kN/m2, for top floor slab load is taken as 2 kN/m2 and the 
finishing dead load is assumed as 2.5 kN/m2. The material 
property and design cross-section of beam, columns and 
bracings are considered from [18]. The designed column beam 
and bracing section in the braced RC frames are changed along 
the height to decrease the stiffness and strength irregularities as 
possible. The cross-sections of the columns are reduced every 
four-story in 8, 12 and 16-story buildings. The bracings are 
taken as hollow box cross section to reduce the local buckling 
in bracing during compression force. To optimize the design of 
bracings, every four story, the thickness of bracings is changed 
without affecting the base shear contribution in bracing. Fig. 3 
shows the plan view and spacing of column to columns distance 
which are 7 m and Figs. 4 and 5 show the elevation along X and 
Y direction respectively with height of 3.2 m for each story. Fig. 
6 shows the elevation along the Y-axis and also Fig. 7 shows 
the 3D views of steel braced 16, 12 and 8 story buildings.  

 

 

Fig. 2 Response spectrum function for soil type III and 5% damping 
 

To understand each model, the models are named as pDn 
form, where the p represents the base shear contributions in 
columns (25%, 50% and 75%), D represents the direction (x 
and y-axis) and n represents the story buildings (8, 12 and 16). 

III. RESULT AND DISCUSSION 

The 8, 12 and 16 story buildings are properly designed in the 
finite element software known as ETABs. At first equivalent, 
static and response spectrum methods are used to design the 
models and fix the dimension of columns, beams and bracings 
by using the software. In the modeling, slabs are considered 

rigid and the base of the structures are restricted in all x, y and 
z directions. Finally, the nonlinear pushover analysis is applied 
in all models. The capacity curves represent the curves between 
the base shear and displacements of the structures. The study 
considered the capacity curves from [18]. The design base 
shear, maximum base shear, maximum displacement and 
displacement at drift level are calculated from the capacity 
curves. By using these parameters, the ductility, ductility 
reductions factor and overstrength factors are calculated and 
represented in Tables I-III. The tables show the seismic 
behavior factors with different base shear contributions (25X, 
50X and 75X and similar to the y axis).  

 

 

Fig. 3 Plan view 
 

 

Fig. 4 Frame elevation in X direction 
 

 

Fig. 5 Elevation in Y direction (dimension in meter) 
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Fig. 6 Elevation of 16, 12 and 8 story buildings with steel V bracings 
 

 

Fig. 7 Elevation of 16, 12 and 8 story buildings with steel V bracings 
 

The curve between the base shear and displacement are 
obtained by using the nonlinear pushover method. The curve is 
also known as the capacity curve which shows the capacity of 
the structure when the lateral force is applied. Ductility 
reduction factors and ductility capacity are calculated by using 
the performance point in the capacity curve. Structure shows 
the different performance levels according to their structural 
and nonstructural component. The capacity curves are used to 
understand the performance level of the structures and their 
performance level under the loadings. After the calculation of 
performance level, other parameters like ductility, ductility 
reduction factor, overstrength factor and response reduction 
factors are calculated. The ductility reduction factor (𝑅µ) mainly 
depends upon the fundamental time period and damping. In 
Tables I-III, T is the natural time period of the buildings. V0 and 
𝑉𝑑 are the maximum base shear and design base shear 
respectively. Δm is the maximum displacement and Δy is the first 
yield displacement calculated by using pushover curves. µ, 𝑅µ, 

and 𝑅s, are the ductility ratio, ductility reduction factors and 
overstrength factors respectively. 

 In Tables I-III, it is observed that only structures having 50% 
and 75% base shear contributed models show a good ductility 
behavior. Only greater than 50% base shear models have above 
3.3 ductility factors. It means that, when the base shear 
contribution in the columns increases, the ductility factors of 
the buildings increase. However, when the building height (8 to 

World Academy of Science, Engineering and Technology
International Journal of Structural and Construction Engineering

 Vol:16, No:3, 2022 

103International Scholarly and Scientific Research & Innovation 16(3) 2022 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 S
tr

uc
tu

ra
l a

nd
 C

on
st

ru
ct

io
n 

E
ng

in
ee

ri
ng

 V
ol

:1
6,

 N
o:

3,
 2

02
2 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
12

48
1.

pd
f



16 story) and fundamental time period of the structures 
increases, the ductility factors of the structures decrease as 
shown in Figs. 8 and 9. It is also noticed that increasing the base 
shear contribution of the columns also increases the ductility 
factors with fundamental time period (see Figs. 8 and 9). A 
similar result is obtained for X and inverted V braced RC 
buildings in previous results [9], [12]. Higher the ductility 
reduction factor is found when the base shear contribution in 
columns increases. When the time period of the structures 
increases, the ductility reduction factors of the structures 
decrease which are opposite to the previous study for inverted 
V bracings [9]. It is also noticed that when the base shear 
contributions in the columns increase, the overstrength factors 
decrease. The result is similar to the previous result for inverted 
V bracings [9] and the opposite for X bracings [12]. When the 
story number or fundamental time period of the structures 
increases, the overstrength factors of the structures decreases. 
Figs. 10 and 11 show the relation between the overstrength 
factor and ductility reduction factors with 8, 12 and 16 story 
buildings having 25%, 50% and 75% base shear contribution. 
It is observed that the overstrength and ductility reduction 
factors have reciprocal relationship. When the ductility 
reduction factors are high then overstrength factor for that 
particular building decreases and vice versa (see Figs. 10 and 
11). To get the strong and durable structures, it is important to 
design ductile structures. The results show that introducing the 
steel bracings in the RC buildings affect the ductility behaviors 
of the structures. Hence the result shows that, to get the ductility 
behaviors in structure, the structures should be designed for the 
minimum base shear contribution as 50% in columns. It is also 
noticed that when the columns are considered as the main line 
of defense, the structures show low overstrength factors and 
higher ductility factors. While designing the steel braced RC 
structures, it is important to observe the ductility of the 
structures. The base shear contributions in the columns and 
bracings should be checked properly while designing the braced 
frame structures.  

 
TABLE I 

CALCULATION OF THE OVERSTRENGTH FACTOR AND DUCTILITY FACTOR FOR 

8 STORY BUILDINGS 

Models T V0 (KN) 𝑉𝑑 Δy (mm) Δm (mm) µ 𝑅µ 𝑅s 

25X8 0.75 19760 4115 70 150 2.1 2.0 4.8 

25Y8 0.75 19665 4124 77 155 2.0 1.9 4.8 

50X8 0.90 10245 3591 45 187 4.2 3.9 2.9 

50Y8 0.91 9982 3569 45 188 4.2 3.9 2.8 

75X8 1.03 6976 3232 30 202 6.7 6.7 2.2 

75Y8 1.04 6758 3195 32 204 6.4 6.4 2.1 

 
TABLE II 

CALCULATION OF THE OVERSTRENGTH FACTOR AND DUCTILITY FACTOR FOR 

12 STORY BUILDINGS 

Models T V0 (KN) 𝑉𝑑 Δy (mm) Δm (mm) µ 𝑅µ 𝑅s 

25X12 0.754 17491 4115 93 220 2.4 2.2 4.3 

25Y12 0.752 16701 4124 87 221 2.5 2.3 4.0 

50X12 0.908 12073 3591 76 252 3.3 3.1 3.4 

50Y12 0.914 11874 3569 77 253 3.3 3.1 3.3 

75X12 1.035 6273 3232 46 271 5.9 5.9 1.9 

75Y12 1.047 6053 3195 46 274 6.0 6.0 1.9 

TABLE III 
CALCULATION OF THE OVERSTRENGTH FACTOR AND DUCTILITY FACTOR FOR 

16 STORY BUILDINGS 

Models T V0 (KN) 𝑉𝑑 Δy (mm) Δm (mm) µ 𝑅µ 𝑅s 

25X16 1.617 17942 4245 136 313.5 2.3 2.8 4.2 

25Y16 1.609 17295 4267 138 317 2.3 2.8 4.1 

50X16 1.745 18525 3893 144 395 2.7 3.7 4.8 

50Y16 1.75 18327 3882 140 408 2.9 4.0 4.7 

75X16 1.991 7863 3618 81 348 4.3 4.3 2.2 

75Y16 2.015 7294 3576 93 359 3.9 3.9 2.0 

 

 

Fig. 8 Relation between fundamental time period and ductility factor 
for 16, 12 and 8 story buildings with steel V bracings along the X 

direction 
 

 

Fig. 9 Relation between fundamental time period and ductility factor 
for 16, 12 and 8 story buildings with steel V bracings along the Y 

direction 

IV. CONCLUSIONS 

The static nonlinear analysis is performed and ductility 
factors, ductility reduction factors and overstrength factors are 
investigated and the following conclusions are found: 
1. When the steel braced RC buildings are designed it is 

important to consider the base shear contributions in the 
columns in the dual system. To get suitable ductile 
structures, the base shear contribution in the columns 
should be a minimum of 50%.  

2. When the base shear contribution in the columns increases, 
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the ductility factors and ductility reduction factors increase 
and the overstrength factor decreases.  

 

 

Fig. 10 Relation between Rs and 𝑅µ for 16, 12 and 8 story buildings 
with steel V bracings along the X direction 

 

 

Fig. 11 Relation between Rs and 𝑅µ for 16, 12 and 8 story buildings 
with steel V bracings along the Y direction 

 
3. As the height of the structures increases, the ductility, 

ductility reduction factor and overstrength factor of the 
buildings decrease.  

4. When the steel braced RC buildings are designed, the 
columns must be considered as the main line of defense to 
get more ductile and suitable structural behavior of the 
structures. It is obtained when the columns resist at least 
50% base shear in the dual system. 
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