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Abstract. The design of a multi-storied steel building requires a lateral load
resisting system in addition to the gravity load system, as these are the governing
factors in the design and affect its service-life performance. This study aims to
demonstrate the impact of several bracing systems in multi-storied steel buildings.
Since most multistorey structures comprise reinforced concrete (RC) frame
construction, ensuring the design is safe against lateral loads is essential. Steel
bracing is mainly used to resist these lateral loads in designing a tall building. Due
to its high rigidity, strength, and lateral load-resisting capacity, steel bracing is an
excellent alternative for providing lateral support in a high-rise building. The
bracing element in a structural design offers additional rigidity, which helps the
structure resist earthquake forces. Because of its ease of manufacture and low cost,
concentric bracing is one of the most used lateral load-resisting measures in
building frames. This study presents the analysis results of various types of bracing
(X-bracing, V-bracing, K-bracing and Diagonal bracing) in a structural system
using STAAD Pro software and a comparison is presented in terms of maximum
lateral displacement, shear forces and bending moments observed due to the
application of lateral loads. Tall buildings having 34 storeys with different bracing
patterns were analyzed. This study concludes that using bracing units in a
structural design significantly alters and improves the structural response of a
high-rise building under seismic and wind loads.
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1. Introduction

Land is limited in the cities, and the population is migrating to the cities; hence, it
becomes essential to study the effect of lateral load in different bracing patterns used in
the tall building system. Tall buildings are susceptible to lateral loads from earthquakes
and wind, which cause storey drift. A steel frame can be strengthened in various ways
to resist lateral stresses. Girder-to-column connections with moment resistance, brace
brackets with moment bearing connections, brace frames with hinge pin connections,
and brace frames with pin connections and moment load connections are all examples
of such systems. Bracing is the most common method for designing load-bearing
systems inside steel buildings to resist lateral forces while offering several advantages.
It also reduces the deflection of columns and beams while increasing the system
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rigidity. Therefore, the most crucial consideration is selecting the appropriate bracing
pattern and type of connection.

2. Literature Review

Story drift occurs due to lateral forces acting on the structure, which increase as the
height rises. In the design of tall structural systems, lateral stiffness is a critical factor in
meeting the strength and serviceability limits of the high-rise structure [1,2]. A
fundamental concept used to determine the lateral stiffness of a building is the "drift
index". The drift index is a simple estimation of the lateral stiffness of the structure and
is used almost exclusively to limit damage to non-structural components. Inter-story
drift ratio (IDR) is the relative translational displacement between two consecutive
floors divided by the story height.

Drift Index = Z&placement Q
height ]
Total drift Index = Total drift @

Building height

The drift index is defined as the ratio of the highest deformations at the building to
the highest point in the entire height of the building. Many structural designs for tall
structures can be used to improve lateral stiffness and reduce the drift index. A steel-
braced frame is a framework used in multi-story constructions to reduce the lateral load
[3.4].

Steel bracing increases the structure's rigidity and stability, which makes it more
resistant to horizontal forces [5]. Bracings stabilize the structural system by
transmitting the horizontal loads to the ground; hence, the lateral load effect is reduced
in such type of structure using the bracing pattern. In RC multi-storied structures [6];
[3,4,6] steel bracing members are less expensive, easier to use, take up less space and
provide the necessary quality and stiffness to the high-rise structure. Bracing
techniques include [3,7] X-bracing, K-bracing, V-bracing, and diagonal bracing.
Concentric and eccentric bracing systems are the two major types of bracing systems.
Primarily, bracing is used in the structure with more dimensions in vertical height
compared to the horizontal dimension. Steel bracing is frequently used [1,8] to resist
more lateral load. This technique can significantly increase stiffness while only slight
weight is added to the tall building.

2.1. Concentric Bracings

The lateral stiffness of the steel frame is increased by concentric bracing, raising the
resonant period and, in most circumstances, reducing lateral storey drift [7,9]. The
bracings also minimise bending stresses and shear forces in the column while
simultaneously increasing the axial forces in the column to which they are connected.

2.2. Eccentric Bracings

The lateral rigidity could be decreased in the high-rise structure, and bracing may
enhance the dissipation of energy up to some extent. Steel is more ductile, which offers
considerable warning before its failure. All of these qualities of steel are essential in
earthquake design [10-13]. In this study, various bracing systems are investigated for
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use in tall buildings to provide lateral stiffness and analysis results were narrowed
down to suggest the suitability of the best option.

2.3. Seismic Force Resisting Systems

The main aim of every structure system employed in constructing structures is to
effectively transfer gravitational loads (dead, live, and snow loads) effectively.
Buildings are also exposed to external loads due to wind, blasting, or earthquakes, apart
from the vertical loads. The structure should be strong enough to withstand gravity
loadings and resist lateral loads [14]. The response of every structure is different in the
event of an earthquake. As a result, designers must design structural systems that meet
the structural requirements and can withstand site-specific hazards like seismic and
wind loads [15].

3. Methodology

In this study, analysis was done to determine the structural behaviour of a steel
structure with various bracing systems under the action of seismic and wind loadings.

3.1. Dead and Live Loads

Dead and live loads were taken as per the provisions of Indian Standards (IS) Code.
The unit weight of concrete (for floors) is taken as 25 kN/m? and unit weight of steel is
taken as 78.5 kg/m®. The thickness of the slab is considered as 150 mm and live load of
4 kN/m? is considered.

3.2. Seismic Load

For seismic analysis, the values adopted [16] are, seismic zone IV (Zone factor, Z is
0.24), soil type- medium, importance factor, I - 1.0, response reduction for a steel frame
with concentric bracing, R - 4.5 and damping ratio - 0.02.

3.3. Wind Load

Wind load is a significant factor in tall building design, and as height rises, so does the
effect of the wind; thus, the wind load needs special attention. Following Indian
standards for wind loads [17], the values taken up are, namely, basic wind speed as
47.00 m/s, the terrain category considered as 2, the class of the structure is taken as B
type, probability factor k; is taken equal to 1.07, the values of k,, ks and ks were
suitably adopted.

3.4. Load Combinations

The load combinations considered for the structural models in the present study are, 1.5
(D.L+L.L.), 1.2 (D.L+L.L.+E.L.), 1.2 (D.L+L.L+W.L.),09 D.L. + 1.5E.L., 0.9 D.L.
+ 1.5W.L. (D.L. is dead load, L.L. is live load, E.L. is earthquake load and W.L. is
wind load).
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4. Analysis of Models

Analysis is performed using Staad Pro and the provisions for the design loads and load
combination of the latest Indian Standards are adopted. The plan area of the building is
900 m? and having 6 bays along the plan cross-sectional area. The different bracing
patterns adopted in the present study is depicted in figure 2.

-

V-Bracing X-Bracing K-Bracing Diagonal-Bracing

Figure 1. 3-D view of Figure 2. Different bracing patterns considered in the present study
building without bracing

4.1. Model-1: Steel Frame without Bracing

The 3D view of the building model without any bracing is shown in figure 1. Steel
sections 180016A40012 and 180016A50016 were assigned for the column and beam
members, respectively. Figure 3 shows that the displacement increases along with an
increase in height. The 34-storey has a maximum storey displacement of 54.79 mm,
whereas the first storey of the building model without any bracing reported a minimum
storey displacement of 1.475 mm.

4.2. Model -2: Steel Frame with Diagonal Bracing

Columns, beams, and braces are made of steel sections 180016A40012, 180016A50016,
and ISA 200X200X20, respectively. Figure 3 shows the maximum storey displacement
at the top floor, 49.37mm, and the lowest at the first level, 0.891mm. The storey
displacement results indicate that as the height of the tall building model increases, the
top floor displacement increases relative to the base.

4.3. Model-3: Steel Frame with X-bracing

From figure 3, the top floor of the building with X-bracing has a storey displacement of
35.82 mm at its highest and 0.78 mm at its lowest. It is also evident from figure 3 that
the storey displacement at the top is smaller when the diagonal bracing is used, and the
storey drifts at the first floor are less when the diagonal bracing is used. However, a
considerable increment is shown on the first floor when the bracing system is not used.
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4.4. Model-4: Steel Frame with K- Bracing

From figure 3 it may be deduced that the top floor of the building with K-bracing has
maximum storey displacement of 55.34 mm, while the first floor has minimum storey
displacement of 1.84 mm. The storey displacement is more noticeable with a K-bracing
has a maximum storey displacement of 55.34 mm, while the first floor has a minimum
storey displacement of 1.84 mm. The storey displacement is more noticeable with a K-
bracing system compared to the diagonal than the building without bracing systems.
The first-floor level displacement is less different when comparing K-bracing and the
absence of bracing. However, adequate reductions in storey displacement in diagonal
and X-bracing systems were observed compared to building models with K-bracing
and without bracing systems.

4.5. Model-5: Steel Frame with V- Bracing

Values of storey drift from figure 3 imply that the top floor has 52.74mm maximum
storey displacement and the first floor has 1.12mm minimum storey displacement. The
relationship between displacement and story on the graph is comparable, and the
maximum and minimum displacement are almost identical to the diagonal bracing
system employed in analysing various bracing systems with equal plan area.

5. Results and Discussion
5.1. Displacements

The maximum storey displacement is demonstrated at the top level in the case of X-
bracing, which is 0.543mm greater than the case without bracing, as seen in figure 3.
While initially, a decrease is observed in the V-bracing system, the maximum
displacement at the top level is approximately the same for K-bracing and without
bracing. However, using K-bracing will significantly increase the high-rise structure's
overall stiffness. The observed displacement pattern versus storey number is nearly
identical for buildings with K-bracing systems and without bracing. However, if a
comparison is made, it can be determined that the X-bracing system is more effective at
reducing lateral loads in the design of multistorey steel buildings.

Without Bracing Diaguol X v K

Figure 3. Displacements values obtained for building models
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5.2. Shear Force

Table 1 shows that the highest shear force, of 107137.82 kN, is found in the X-bracing,
while the minimum shear force, or 54458.397 kN, is found in the K-bracing. Table 1
shows that the shear force variation is almost the same for the V-and diagonal bracing
systems used in the study of the tall building design and is practically similar when
bracing systems are absent and when K-bracings are adopted.

Table 1. Recorded values of shear force and bending moments for different bracing systems.

Models Shear Force (kN) Bending Moment (kN-m)
W/O Bracing 56753.352 11187.69

Diagonal Bracing 68796.49 14322.414

X-Bracing 107137.82 15368.229

K-Bracing 54458.397 8676.736

V-Bracing 63294.723 10529.637

5.3. Bending Moments

Table 1 shows the values of bending moment observed for building models with
various bracing systems. The minimum bending moment is observed for K-bracing, i.e.,
8676.736 kN-m, while the maximum bending moment is observed for the X-bracing
system i.e., 15368.229 kN-m, which is almost slightly more than the diagonal-bracing
system. The bending moment is highest for the building model having X-bracing
because it resists more lateral load than the other bracings used in this analysis.

6. Conclusions

The present study summarises the analysis results of the effects of different bracing
systems used in tall buildings. When bracings are supported by a structure, bracings
either concentric or eccentric, increases its resistance to lateral deflection and is
especially helpful in earthquake-prone locations. Some significant outcomes from the
present studies are as follows:

e Based on the present analysis, it can be stated that an appropriate bracing
system is necessary for high-rise steel structures and it considerably improves
the structure's lateral stability.

e The different type of bracing system has a significant role in controlling story
displacement, as it can be seen from the results that the maximum story
displacement in the case of K-bracing is 54.5% more than the one with the X-
bracing system.

e The story displacement is observed least in the case of X-bracing, 35.82 mm,
while the maximum is observed in the case of a K-braced building, 55.34 mm.

e The X-type bracing system is the most appropriate bracing system to resist
horizontal forces for tall buildings.
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