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Abstract— In multistoried buildings steel braced frames is 

used in resisting lateral loads. For strengthening or 

retrofitting seismically inadequate reinforced concrete frame 

the use of steel bracing is a viable solution for inducing 

seismic resistance. An analytical study is required to be 

performed to gain understanding into the behavior of braced 

frame under earthquake loading. By using steel bracings drift 

is controlled and collapse is prevented. Steel bracings system 

occupies less space, easy to erect and has flexibility to design 

for meeting the required strength and stiffness. In RC 

buildings strength and stiffness is increased by the use of 

steel bracings to be safe against natural forces like 

Earthquake. In this study G+15 building frame is analyzed 

with different bracing systems under seismic loading in 

seismic zones III, IV, V. as per IS 1893-2002. E-TABS 

Software is used for the analysis of the building frame. The 

results of various bracing systems (X-Bracing, V-Bracing, K-

Bracing, Inverted V-Bracing, and Inverted K-Bracing) are 

compared with bare frame model analysis. The effectiveness 

of various types of bracing systems is studied in order to 

control the lateral displacement, storey drift & member 

forces in the frame. It is found that all the bracing systems 

control the lateral displacement very effectively. Therefore 

the object of the study is to determine the degree of 

effectiveness of different bracing arrangements to increase 

the sustainability of the RC frame against the effects of 

Earthquake. 
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I. INTRODUCTION 

Structures are built to facilitate the performance of various 

activities, and all the structures should be capable of 

sustaining the loads coming on them during the service life 

of the structure. Structure should have adequate strength, 

stiffness and durability. Strength of the structure depends on 

the quality of materials used for the construction and 

stiffness depends on the geometrical as well as cross 

sectional property of the structure.  

Earthquake happens when there is a disturbance at 

some depth below ground level causing the vibration of 

ground surface. These vibrations are totally uncertain and 

happen in all directions. Earthquakes are highly 

unpredictable. Earthquakes are generally a geological hazard 

or those living in earthquake prone areas.  

Earthquake cause ground to shake and structure 

support on it is subjected to vibration. Therefore the 

dynamic loading on the structure is not an exterior loading, 

but due to movement of the supports. Earthquake ground 

motion is a natural hazard which causes both financial and 

living losses. Most of these losses is a result of damage of 

structure or collapse of building. Hence it is necessary to 

design the structure to defend against reasonable to rigorous 

earthquake.  

Structure is subjected in the direction of seismic 

forces for the duration of an earthquake. The wave 

beginning the earthquake reaches the structure through soil 

or rock medium it produces motions inside the structure. 

These motions depend on the characteristic of the structure. 

For the structure to respond to this motion, it needs to 

conquer its own inertia, which results in an interaction 

among the structure and the soil. Soil structure interaction is 

the phenomenon which involves the study of the affiliation 

between structure and soil. Such a mutually dependent 

behavior among soil and structure regulating the overall 

response is known as “Soil –Structure Interaction”.  

II. LITERATURE REVIEW  

Youssef et. al (2007)[5], has studied the efficiency of braced 

steel frames. They were conducted two cyclic load test on 

moment frame as well as a braced frame. Moment frame is 

designed according to existing seismic codes. They were 

observed that steel bracings are one of the successful 

systems in resisting lateral loads. Though it is used to 

promote the lateral load capability of existing RC frames has 

been the subject of various studies, guidelines for the use in 

recently constructed RC frames is still require to be 

developed. They adopt a rational design methodology to 

design the frame together with the associations between the 

brace members and the concrete frames. The investigation 

results showed the braced frame resist higher lateral loads 

than moment resisting frame and provide sufficient ductility. 

The adopted methodology for the designing the braced 

frame resulted in an reasonable seismic performance and 

represents the first step in the expansion of design guidelines 

for these types of frames. 

Vishwanath et. al (2010)[7], have analyzed an four 

storey structure for the seismic zone IV as per IS 1893-2002 

by using E-Tabs Software. They examined usefulness of a 

variety of type of the steel bracing in rehabilitation a 4 

storey building. They observed that the steel braced frame is 

one of the structural system used to counter earthquake load 

in multistoried building. The steel bracing is inexpensive, 

simple to erect, occupy less space and has flexibility to 

design for the necessary strength and stiffness. The bracings 

are provided for peripheral columns. They observed that x-

type of steel bracings appreciably contribute to the structural 

stiffness and reduces the max inter storey drift of the frames. 

They conclude that the idea of using steel bracing is one of 

the beneficial concepts which can be used to strengthen or 

retrofit the existing structures. The building frames with x-

bracing systems will have least possible bending moment in 

association to the other types bracing.  

R.K. Gajjar, Dhaval P. Advani (2011), investigated 

the design of the multi storied building to has superior 

lateral load resisting system along with the gravity load 

system because it govern the design. They demonstrate the 

effect of different types of bracing systems in multi the 

storied buildings. In support of this reason the 20 stories 

building model is used with same configuration and 

different bracing systems such as X bracing V bracing is 
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used. A marketable package E-tabs is used for analysis and 

design and the different parameter are compared.  

Kevadkar, Kodag et al (2013), concluded that the 

structure in heavy susceptible to lateral forces may be 

concern to severe damage. In this they said along with 

gravity load (dead load, live load) the frames able to 

withstand to lateral load ( loads due to earthquake, wind, 

explosion, fire hazards etc) which can extend high stresses 

for that purpose they used bracing system to resist such type 

of loading like earthquake, wind etc. In study according to 

author R.C.C building is model, analyzed in E-Tabs & 

results are compared in terms of Lateral Displacement, 

Storey shear & storey drifts.  

Abhijeet Baikerikar (2014)[1], Braced frames can 

resist large amount of lateral forces and have reduced lateral 

deflection and thus reduced P-Delta effect. In the present 

study the author have use grid of 20m in each direction of 

5m bay in each direction, software used is E-Tabs 9.7.0, he 

has compare the outcome of bare frame and braced frame 

and found the result that braced frame significantly lower 

the lateral displacements and drifts compared to bare frame 

and thus resisting earthquake forces efficiently. The study 

have been carried out for the zone V and soft soil as 

specified in IS 1893-2002. The analysis results showed that 

bare frame produces larger displacements and drifts 

compared to other frames with bracing systems. 

III. MODELING 

E-TABS software is used for the 3D model and analysis of 

the building. The software is capable of predicting the 

behavior of space frame under different loading conditions, 

considering both geometric non linearity and material in 

elasticity. The software has the capacity to perform static 

analysis and as well as dynamic analysis. 

A. Model Description 

The building is model as a series of load resist elements. 

Based on the Indian standard code lateral loads are apply on 

the building. The study is performed for seismic zones III, 

IV, V as per IS 1893 (part 1): 2002. The building considered 

consists of reinforced concrete and brick masonry element. 

The building is assumed to be tightly fixed at the base 

storey.  

 Fifteen storey building is analyzed for gravity loads 

and seismic forces.  

 Model is analyzed for different bracing systems such 

as X Bracing, V Bracings, K-Bracings, Inverted V & 

Inverted K bracings.  

 Both Equivalent static and Response spectrum method 

of analysis is been performed for analysis.  

IV. DETAILED DATA FOR THE BUILDING  

Sl. 

No. 
Description Parameter 

1 Depth of foundation 2.5 m 

2 Floor to floor height 3.5 m 

3 Grade of concrete M 30 

4 Grade of steel HYSD-500 

5 
Column size  

(bottom 3 storey’s) 
0.85 m x 0.85 m 

6 Column size (top 12 storey’s) 0.75 m x 0.75 m 

7 Beam size in X 0.3 m x 0.70 m 

8 Beam size in Y 0.3 m x 0.50 m 

9 Slab thickness 150 mm 

10 Unit weight of masonry wall 20 kn/m 

Table 1: Detailed Data for the Building 

V. LOADS 

Wall load in X-direction 11.8 kn/m  

Wall load in Y-direction 12.6 kn/m  

Floor finish – 1 kn/m2  

Live load – 4 kn/m2  

VI. EARTHQUAKE LOADS 

Earthquake Zone – III, IV, V  

Response reduction Factor: 5  

Importance factor: 1  

Damping: 5%  

Soil type: Hard Soil 

 
Fig. 1: Plan of Proposed Structural Frame  

 
Fig. 2: Elevation of proposed structural Frame 

 
Fig. 3: Bare Frame 

 
Fig. 4: X- Bracings 
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Fig. 5: V-Bracings 

 
Fig. 6: K-Bracings 

 
Fig. 7: Inverted V-Bracings 

 
Fig. 8: Inverted K-Bracings 

VII. RESULTS AND DISCUSSION 

The results for displacements, Base shear, storey Drift, 

Bending moment & Shear force in Beams and Columns for 

different building models are presented. Based on the results 

the most suitable type of bracing is suggested for 

strengthening of the structure. Hence effect of addition of 

different types of bracings systems is studied by performing 

seismic analysis. 

A. Base Shear 

Base shear is the total lateral force on the structure. During 

the earthquake structures do not remain stiff, it deflects, and 

thus base shear is distributed all along the height of the 

building. The base shear of bare frame and different 

bracings systems of the frame for seismic zones III, IV, V 

are found. The values obtained from the analysis are 

tabulated in the Table 2 & 3 and in fig 7.1&7.2. 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 3192.92 4789.38 7184.03 

X Bracing 3695.39 5543.09 8314.64 

V Bracing 3713.76 5570.64 8355.97 

K Bracing 3513.26 5269.89 7904.86 

Inverted V Bracing 3746.45 5619.67 8429.51 

Inverted K Bracing 3543.81 5315.71 7973.57 

Table 2: Base Shear EQX (KN) 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 2559.54 3839.28 5758.92 

X Bracing 3042.90 4564.35 6846.53 

V Bracing 2941.62 4412.44 6618.66 

K Bracing 2683.59 4025.39 6038.09 

Inverted V Bracing 2976.99 4465.48 6698.23 

Inverted K Bracing 2701.52 4052.28 6078.42 

Table 3: Base Shear EQY (KN)  

 
Fig. 9: Base Shear EQX (KN) 

 
Fig. 10: Base Shear EQY (KN) 

From table 2 & 3 following observations are made. 

 It has been observed that the base shear EQX and EQY 

is least for bare frames in all zones considered, as 

compared to different bracings systems. 

 The base shear EQX is maximum in Inverted V-

Bracings for all seismic zones considered. 
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 The base shear EQY is maximum for X-Bracings for 

all seismic zones considered. 

B. Max SF and BM in Columns and Beams 

The maximum SF and BM for Beams and Column are 

obtained in bare frames in seismic zones III, IV, V. and it is 

compared with all type of bracings considered. It is practical 

that bracings decrease the SF and BM in Beams and 

Columns. The values thus obtained are presented in the 

tables 4 to 5.  

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 539.63 805.67 1204.72 

X Bracing 623.95 918.44 1360.17 

V Bracing 585.80 867.96 1291.20 

K Bracing 545.93 815.49 1219.85 

Inverted V Bracing 603.01 890.17 1320.90 

Inverted K Bracing 545.82 808.74 1209.09 

Table 4: Maximum moments M2 (KN-m) in Columns: 

 
Fig 7.3: Max Moments M2 in Columns 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 483.12 714.21 1069.55 

X Bracing 603.09 878.70 1292.10 

V Bracing 595.17 872.66 1288.89 

K Bracing 559.82 819.31 1208.56 

Inverted V Bracing 628.01 910.38 1333.92 

Inverted K Bracing 582.95 844.71 1237.35 

Table 5: Maximum moments M3 (KN-m) in Columns 

 
Fig. 5: Max moments M3 in Columns 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 308.06 395.89 586.78 

X Bracing 311.21 311.21 457.76 

V Bracing 310.07 328.80 486.16 

K Bracing 308.77 375.26 555.84 

Inverted V Bracing 311.22 323.29 478.03 

Inverted K Bracing 309.62 372.47 551.65 

Table 6: Maximum Shear Force V2 (KN) in Beams 

 
Fig. 7.5: Max Shear Force V2 in Beams 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 480.09 574.33 729.94 

X Bracing 463.81 512.24 629.76 

V Bracing 459.70 509.41 626.14 

K Bracing 461.27 533.15 666.82 

Inverted V Bracing 463.86 510.92 625.54 

Inverted K Bracing 463.12 534.12 666.72 

Table 7: Maximum Bending Moment M3 (KN-m) in Beams 

 
Fig. 7.6: Max moments M3 in Beams 

From the Table 4 to 7 the following observations 

are made 

 It has been seen that shear force and bending moments 

are maximum in zone V as compared to zone III, IV. 

The seismic intensity of zone V is very severe. 

 Shear force V2 in beams is least for X-Bracings as 

compared to other types of bracings. Shear force is 

maximum for bare frame in all seismic zones. 

 Bending moments M3 in beams is maximum in bare 

frames while compare to other type of bracing systems. 

BM in beams is least in V-Bracings in all seismic 

zones. 

C. Lateral Displacements 

The maximum lateral displacements for different bracing 

systems in zones III, IV, V are presented in tables 7.7 to 

7.10 for Equivalent Static Method and Response Spectrum 

Method. On behalf of enhanced comparability lateral 

displacements at each floor level for all bracings systems 

bare frame, X, V, K, Inverted V, Inverted K Bracing 
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systems in all seismic zones considered in this analysis is 

presented in tables. 

Displacements (mm) Structure in X (Transverse) Direction 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 39.5 59.2 88.8 

X Bracing 35.6 53.5 80.2 

V Bracing 35.5 53.2 79.8 

K Bracing 36.6 54.9 82.3 

Inverted V Bracing 35.2 52.7 79.1 

Inverted K Bracing 36.2 54.3 81.5 

Table 8: Max Lateral Displacement in Frame: Equivalent 

Static Method 

 
Fig. 7.7: Max lateral displacement in X direction 

Displacements (mm) Structure in Y (Transverse) Direction 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 63.1 94.6 141.9 

X Bracing 53.4 80.1 120.1 

V Bracing 54.5 81.8 122.6 

K Bracing 59.0 88.6 132.8 

Inverted V Bracing 53.8 80.7 121.0 

Inverted K Bracing 58.5 87.8 131.7 

Table 9: Max Lateral Displacement in Frame: Equivalent 

Static Method 

 
Fig. 7.8: Max Lateral displacement in Y direction 

Displacements (mm) Structure in X (Transverse) Direction 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 19.2 28.9 43.3 

X Bracing 17.1 25.6 38.4 

V Bracing 17.0 25.6 38.3 

K Bracing 17.7 26.5 39.7 

Inverted V Bracing 16.9 25.3 38.0 

Inverted K Bracing 17.5 26.2 39.4 

Table 10: Max Lateral Displacement in Frame: Response 

Spectrum Method 

 
Fig. 7.9: Max lateral displacement ix X direction 

Displacements (mm) Structure in Y (Transverse) Direction 

Structure Type Zone-III Zone-IV Zone-V 

Bare Frame 24.6 37.0 55.5 

X Bracing 21.6 32.3 48.5 

V Bracing 22.0 33.0 49.5 

K Bracing 23.6 35.5 53.2 

Inverted V Bracing 21.8 32.6 49.0 

Inverted K Bracing 23.4 35.2 52.8 

Table 11: max Lateral Displacement in Frame: Response 

Spectrum Method 

 
Fig. 7.10: Max lateral displacement in Y direction 

From Table 8 to 11 the following observations are made 

 The lateral displacement is found to be maximum for 

zone V than the building located in zone III, IV. The 

seismic intensity of zone V is very severe.  

 The lateral displacement is maximum for roof level 

and decreases gradually at lower storey’s. 

 The bare frames have greater lateral displacements 

than the frames with the different bracings systems in 

all seismic zones considered. 

 X-Bracing system is found further effective in 

reducing lateral displacement in seismic zones III, IV, 

V. 

 The building frames with X-Bracing systems have min 

probable lateral displacement as compared to other 

types of bracing systems.  

D. Storey Drift 

It is the displacement of one floor with respect to the other 

floor below or above. Is1893-2002 specifies the storey drift 

in any storey due to the min specific design lateral force, 

shall not go over 0.004 times the storey height. So the 

minimum damage would take place during the earthquake. 
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The storey drift at each floor of different frame models for 

different bracing systems in seismic zones III, IV, V is 

presented in fig below. 

 
Fig. 7.11: Seismic Zones 

VIII. CONCLUSIONS 

In the present work, behavior of braced RC frame has been 

studied by performing analytical investigations. A RC 

building frame has been analyzed bare frame model and by 

providing different bracing systems. The following are the 

conclusions, 

1) The conception of using steel bracing is beneficial 

which can be used to resist the seismic forces. 

2) By providing steel bracings lateral displacement is 

been considerably reduced when compared to bare 

frame. 

3) Bracing reduces the forces in the members of the 

frame. 

4) Steel bracings may be used as a retrofitting to the 

existing building. 

5) By using steel bracings as a force resisting member the 

safety against collapse of the structure has been 

increased. 

6) Bracing reduces storey drift more efficiently as 

compared to bare frame. 

7) Bracings reduce the BM and SF in Beam and Column, 

and the lateral load is transferred axially. 

8) The X-Bracing system has least lateral displacements 

in all seismic zones considered, as compare to other 

type of bracing systems. 

9) Steel bracings for RC frame are the major lateral load 

resisting system for RC structure. 
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