A Comparative Study on an RC Frame Building with Different Types of Bracing for Various Seismic Zones
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ABSTRACT: 
Most of the reinforced concrete buildings failed due to earthquake strikes in that region. So it is critical to select an effective lateral load-resisting system. In the RCC frame, the more prominent significance is given to creating a structure secure against lateral load. To stand up to lateral load acting on a building different types of steel and RCC bracing systems are provided. In this study, the seismic analysis of reinforced concrete framed structures with different types of bracing X- bracing, inverted V bracing, and diamond bracing etc. are investigated in the designing software STAAD.Pro Connect Edition. A G+4 RC framed structure is analyzed for various seismic zones using STAAD.Pro Connect Edition software as per IS code 1893:2016 (Part 1). It is found that the X-type of steel bracing systems significantly contributes to the structural stiffness and reduces the maximum inter-storey drift of RC frame structure than other all the bracing systems. It is also concluded that base shear is maximum for X-type of bracing system other than all the bracing systems for the same seismic zones. 
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INTRODUCTION :
The essential reason of all kinds of basic frameworks utilized within the building type of structures is to exchange gravity loads effectively[9]. The most common loads coming about from the effect of gravity are dead load, live load and snow load. Other than these vertical loads, buildings are too subjected to lateral loads caused by wind, impacting or earthquake. Horizontal loads can develop high stresses, deliver sway movement or cause vibration. Subsequently, it is exceptionally critical for the structure to have sufficient quality against vertical loads along -side satisfactory stiffness to resist lateral forces[7]. Bracing members are organized in so numerous shapes, which carry exclusively tension, then again tension and compression. The bracing is made of crossed diagonals, when it is planned to resist as it were tension. Based on the direction of wind, one diagonal takes all the tension whereas the other diagonal is expected to remain inactive. One of the most common arrangement is the cross bracing. There are other types of bracing systems like V and inverted V sort bracing. Braced frame give resistance to lateral force by their bracing action. The braces recreate force within the related bars and columns, so that all work together as one like truss member[8].  A bracing system improves the seismic performance of the frame by increasing its firmness and capacity.
Brace hysteretic behaviour is additionally very complex; showing unsymmetrical properties in tension and compression, and typically appearing substantial quality deterioration when loaded monotonically in compression or consistently into the inelastic range[2].
Concentric bracings increases the lateral stiffness of the frame hence increases the characteristic frequency and also usually decreases the lateral story drift. However, increase within the stiffness may attract a larger inactivity force due to earthquake[3]. Further, whereas the bracings decrease the bending moments and shear forces in columns and they increase the axial compression within the columns to which they are associated. Eccentric Bracings reduce the lateral stiffness of the system and improve the energy dissipation capacity. The lateral stiffness of the system depends upon the flexural stiffness property of the beams and columns, hence reducing the lateral stiffness of the frame. The vertical component of the bracing forces due to earthquake causes horizontal concentrated load on the beams at the point of connection of the eccentric bracings[1].
The main aim of the present study is to know the effect of bracings on the RC framed structure. How the different types of bracings enhance the overall performance of the building and to identify the suitable bracing system for resisting the seismic load efficiently.
OBJECTIVE OF THE STUDY :

There are following objectives of this study:
· The designing and analysis should be done using the codes IS codes 456:2000 and IS 1893:2016 (Part1).
· The modeling should be done in STAAD.Pro Connect Edition software.
· Compare the story drift of RC frame building without bracing and with Diamond, Inverted V, and X bracing systems for the various types of seismic zones.
· Comparison of base shear of RC frame building without bracing and with Diamond, Inverted V, and X   bracing systems for the various types of seismic zones.

METHODOLOGY :

A G+4 RC frame building will be analyzed in the STAAD.Pro Connect Edition software. Seismic load is assigned with different types of bracings X bracing, Inverted V bracing and diamond bracing for all the seismic zones as per IS 1893:2016 (Part1) code. The building configurations will be given in Table 1.

 
Table 1. Building Specification

	S No.
	Design parameters
	Design data

	1
	Building cross-section
	18m x 18m

	2
	No. of bays
	6

	3
	number of stories
	5

	4
	floor height
	3m

	5
	Beam cross section
	300mmx 300mm

	6
	column cross section
	450mmx450mm

	7
	slab thickness
	125mm

	8
	Steel Bracing 
	ISA 100X100X12

	9
	concrete
	M25

	10
	steel
	Fe415

	11
	specific weight of RCC
	25KN/M2

	12
	Earthquake directions
	X,Z,-X and -Z

	13
	seismic zones
	II,III,IV and V

	14
	soil type
	Medium soil

	15
	Earthquake loads
	As per IS 1893:2016 (Part1)

	16
	Damping ratio
	5%

	17
	Response reduction factor
	5

	18
	Importance Factor
	1




MODELLING :
Design modules within STAAD.Pro Connect Edition automates the process of designing structural elements according to the selected design codes. It provides a comprehensive suite of tools for the modeling, analysis, design, and documentation of various types of structures. A G+4 RC framed building will be modeled using the STAAD.Pro Connect Edition software as per Indian standard codes IS 1893:2016 (Part1) and IS 456:2000. The plan of the RC frame structure is given in Figures 1 and 2. Here, Figure [image: ]


3 shows the 3D models of RC frame building without bracing. Figures 4 , 5 and 6 shows the 3D models of RC frame building with X bracing, inverted V- bracing and Diamond bracing respectively.

Fig. 2. Top view of RC frame structure
Fig 1. Side view of RC frame structure
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Fig. 5. 3D model of RC frame building with inverted V-bracing.
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Fig. 6. 3D model of RC frame building with Diamond bracing.




RESULT AND DISCUSSION :Fig. 8. Outcomes of RC frame building with Diamond bracing.

Fig. 7. Outcomes of RC frame building without bracing.
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Fig. 10. Outcomes of RC frame building with X-bracing.

Fig. 9. Outcomes of RC frame building with Inverted V-bracing.


The above figures shows the torsion, axial force, Shear force, bending moment and displacement diagrams of the RC frame building with without bracing, diamond bracing, inverted V bracing and X bracing respectively.









Fig 11. Comparison of Storey drift of RC frame building with different types of bracing for Zone 2.
Fig 12. Comparison of Storey drift of RC frame building with different types of bracing for Zone 3.













Fig 14. Comparison of Storey drift of RC frame building with different types of bracing for Zone 5.
Fig 13. Comparison of Storey drift of RC frame building with different types of bracing for Zone 4.


Figures 11, 12, 13 and 14 represents the comparison of story drifts of RC frame building with without bracing, diamond bracing, inverted V bracing and X bracing for the various types of seismic zones respectively.










Fig 16. Comparison of Base shear of RC frame building with different types of bracing for Zone 3.

Fig 15. Comparison of Base shear of RC frame building with different types of bracing for Zone 2.
















Fig 18. Comparison of Base shear of RC frame building with different types of bracing for Zone 5.

Fig 17. Comparison of Base shear of RC frame building with different types of bracing for Zone 4.





Figures 15, 16, 17 and 18 represents the comparison of Base shear of RC frame building with without bracing, diamond bracing, Inverted V bracing and X bracing for the various types of seismic zones respectively.
CONCLUSIONS :
Comparison is done based on relative displacement, maximum shear force, maximum axial force, maximum bending moment, maximum tensile stress, the maximum compressive stress in different seismic zones. In all models, the displacement values are less for lower zones and it goes on increase for higher zones. The key factors of the study are comes out.
· The storey drift of the RC frame building is decreasing more for X type of bracing other than all the bracing systems after comparing in the same seismic zones.
· The base shear of the RC frame building is increasing more for X type of bracing other than all bracing systems after comparing in the same seismic zones.
· It seems that the maximum shear forces and maximum bending moments are increasing when we go from seismic zone II to Zone V. 
· It also concludes that wherever the height of the structure is increasing the max shear force, max bending moment, storey drift, and base shear of the building are increased.
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Without Bracing	
0	2.0760000000000002E-3	5.7879999999999997E-3	9.5639999999999996E-3	1.2696000000000001E-2	1.4789E-2	0	1	2	3	4	5	Diamond Bracing	
0	1.4319999999999999E-3	3.852E-3	6.2849999999999998E-3	8.3210000000000003E-3	9.6989999999999993E-3	0	1	2	3	4	5	Inverted V bracing	
0	1.3320000000000001E-3	3.852E-3	5.8849999999999996E-3	7.5209999999999999E-3	8.6990000000000001E-3	0	1	2	3	4	5	X bracing	
0	1.158E-3	3.1089999999999998E-3	5.1019999999999998E-3	6.8100000000000001E-3	8.0000000000000002E-3	0	1	2	3	4	5	Storey Drift


No. of Storey




Without Bracing	
0	0.14119999999999999	0.39360000000000001	0.65039999999999998	0.86329999999999996	1.0056	0	1	2	3	4	5	Diamond Bracing	
0	0.14849999999999999	0.39879999999999999	0.64959999999999996	0.85899999999999999	1.0003	0	1	2	3	4	5	Inverted V bracing	
0	0.1416	0.37930000000000003	0.61839999999999995	0.81859999999999999	0.95369999999999999	0	1	2	3	4	5	X bracing	
0	0.1181	0.31709999999999999	0.52039999999999997	0.6946	0.81599999999999995	0	1	2	3	4	5	Storey Drift


No. of Storey




Without Bracing	
0	1.2979999999999999E-3	3.617E-3	5.9779999999999998E-3	7.9349999999999993E-3	9.2429999999999995E-3	0	1	2	3	4	5	Diamond Bracing	
0	8.9499999999999996E-4	2.408E-3	3.9280000000000001E-3	5.2009999999999999E-3	6.0619999999999997E-3	0	1	2	3	4	5	Inverted V bracing	
0	8.6700000000000004E-4	2.3240000000000001E-3	3.7889999999999998E-3	5.0159999999999996E-3	5.8440000000000002E-3	0	1	2	3	4	5	X bracing	
0	7.2400000000000003E-4	1.9430000000000001E-3	3.1879999999999999E-3	4.2560000000000002E-3	5.0000000000000001E-3	0	1	2	3	4	5	Story Drift


No.of Storey




Without Bracing	
0	8.2000000000000003E-2	0.246	0.40649999999999997	0.53959999999999997	0.62849999999999995	0	1	2	3	4	5	Diamond Bracing	
0	9.3799999999999994E-2	0.2039	0.40920000000000001	0.54069999999999996	0.62929999999999997	0	1	2	3	4	5	Inverted V bracing	
0	8.8499999999999995E-2	0.23710000000000001	0.38650000000000001	0.51160000000000005	0.59609999999999996	0	1	2	3	4	5	X bracing	
0	7.3800000000000004E-2	0.19819999999999999	0.32519999999999999	0.43409999999999999	0.51	0	1	2	3	4	5	Story Drift


No.of Storey




Without Bracing	
0	3.1150000000000001E-3	8.6820000000000005E-3	1.4345999999999999E-2	1.9043000000000001E-2	2.2183000000000001E-2	0	1	2	3	4	5	Diamond Bracing	
0	2.1480000000000002E-3	5.7790000000000003E-3	9.4280000000000006E-3	1.2482E-2	1.4548999999999999E-2	0	1	2	3	4	5	Inverted V bracing	
0	2.0820000000000001E-3	5.5779999999999996E-3	9.0939999999999997E-3	1.2038E-2	1.4024999999999999E-2	0	1	2	3	4	5	X bracing	
0	1.737E-3	4.6629999999999996E-3	7.6519999999999999E-3	1.0215E-2	1.2E-2	0	1	2	3	4	5	Storey Drift


No. of storey




Without Bracing	
0	0.21179999999999999	0.59030000000000005	0.97550000000000003	1.2949999999999999	1.5084	0	1	2	3	4	5	Diamond Bracing	
0	0.22159999999999999	0.59519999999999995	0.97009999999999996	1.2834000000000001	1.4915	0	1	2	3	4	5	Inverted V bracing	
0	0.21229999999999999	0.56899999999999995	0.92759999999999998	1.2278	1.4306000000000001	0	1	2	3	4	5	X bracing	
0	0.1772	0.47560000000000002	0.78049999999999997	1.0419	1.2239	0	1	2	3	4	5	Storey Drift


No. of storey




Without Bracing	
0	4.6719999999999999E-3	1.3022000000000001E-2	2.1519E-2	2.8565E-2	3.3273999999999998E-2	0	1	2	3	4	5	Diamond Bracing	
0	3.222E-3	8.6680000000000004E-3	1.4142E-2	1.8723E-2	2.1822999999999999E-2	0	1	2	3	4	5	Inverted V bracing	
0	3.222E-3	8.6680000000000004E-3	1.4142E-2	1.8723E-2	2.1822999999999999E-2	0	1	2	3	4	5	X bracing	
0	2.6050000000000001E-3	6.9940000000000002E-3	1.1478E-2	1.5322000000000001E-2	1.7999000000000001E-2	0	1	2	3	4	5	Storey Drift


No. of Storey




Without Bracing	
0	0.31769999999999998	0.88549999999999995	1.4633	1.9423999999999999	2.2627000000000002	0	1	2	3	4	5	Diamond Bracing	
0	0.33110000000000001	0.88990000000000002	1.4510000000000001	1.92	2.2368999999999999	0	1	2	3	4	5	Inverted V bracing	
0	0.31850000000000001	0.85350000000000004	1.3915	1.8416999999999999	2.1457999999999999	0	1	2	3	4	5	X bracing	
0	0.20569999999999999	0.71340000000000003	1.1708000000000001	1.5629	1.8359000000000001	0	1	2	3	4	5	Storey Drift


No. of Storey




Base Shear

Without Bracing	
1055.05	Diamond Bracing	
1056.7	Inverted V bracing	
1057.21	X bracing	
1058.3499999999999	


Base Shear

Without Bracing	
718.08799999999997	Diamond Bracing	
719.21	Inverted V bracing	
719.86199999999997	X bracing	
720.33399999999995	


Base Shear

Without Bracing	
659.14	Diamond Bracing	
660.44	Inverted V bracing	
661.04	X bracing	
661.47	


Base Shear

Without Bracing	
448.57	Diamond Bracing	
449.27	Inverted V bracing	
449.678	X bracing	
449.97199999999998	


Base Shear

Without Bracing	
1582.58	Diamond Bracing 	
1585.05	Inverted V bracing	
1586.59	X bracing	
1587.52	


Base Shear

Without Bracing	
2373.86	Diamond Bracing	
2377.5700000000002	Inverted V bracing	
2378.5700000000002	X bracing	
2381.2800000000002	
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