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Abstract – To make building structures earthquake resistant, various methods adopted amongst which application of fluid viscous dampers (FVD) is a most recent one. But after more studies on this method it was found that there is need to optimize its use to make it cost effective. This paper gives some idea about to optimize the use of FVD in building with shear wall. In this study 12 storey RCC frame building models, with bare frame and with shear wall prepared in ETABS & was studied against four time history (TH) records of ground motions, by applying FVD at various positions. The maximum displacements, storey shear, base shear and storey drifts of the various models are compared to find out optimal location in between shear walls. This comparative study observes that to reduce seismic response of the building FVD are most effective and comparison of the various models gives the most suitable dampers location in between shear walls of the building.
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INTRODUCTION
There are many methods of seismic response control of the building structures in structural engineering such as absorption of energy at plastic hinges, base isolation and energy dissipation. The energy dissipation devices like viscous dampers have been immensely developed in last 2 decades. Fluid Viscous dampers technology is basically very old (1860s) used by US military cannons & navy ships. Taylor Devices got permissions to sell this FVD technology to the whole public society from 1990s. Hence it is a recent one and yet needed to be explore especially in building structures, as it is advantageous to used as a huge energy dissipater devices for shock and vibrations and for seismic hazards protection. Many types of dampers are available in the market like steel dampers, viscoelastic dampers, friction dampers and tuned mass dampers etc. but FVD have wide range of variety and flexibility in application which preferred it mostly suitable in buildings. Recently this FVD technology used in RCC building frames to reduce seismic response of RCC buildings against 3d earthquake records and able to achieve higher values of percentage reduction in peak displacement [1]. In another research, retrofitting of a 7 storey building was carried out   with nonlinear FVDs and revise modeling against minor, moderate and major earthquakes has been carried out with reduction in inter storey drifts and deformations[2]. Different types of bracings like K-type, diagonal, toggle for FVDs also studied to simplify the dampers installation inside the building frames [3].
 Administrative buildings, hospitals, school buildings are the most important buildings need to prevent against earthquake using energy dissipation devices to ensure there operational services. Shear wall at core of the buildings gives better performance in seismic response and also takes most of lateral loads than that of the columns. Shear wall at the core positions with dampers installed in shear wall openings performs better and gives more reduction in response compare to shear wall at corners [4, 5]
A nonlinear damper dissipates more energy with lower damper force due to its longer hysteresis loop against seismic excitations than that of linear dampers [6, 7]. Especially for buildings more than 9 storey (30m), nonlinear FVDs are preferred rather than linear. To examine the nonlinear behavior of the structure nonlinear time history analysis has to be carried out to obtain hysteresis behavior of the dampers. Dynamic analysis of the structure usually stiffness and mass of the damper not taken to account as it is so small compared to structural member [8,9,10,11,12,13]. 
There is very less study carried out on the seismic response of the buildings with shear wall and dampers. Most of the researchers have studied application of FVD as a passive energy dissipating device into the building frame, but very less study has been carried out on the application of dampers in shear walls building structures. In this paper models behavior to nonlinear time history along with dampers used in the shear walls has been studied to determine the suitable positions of the dampers.
The main aim of this paper is to provide some research information on the effectiveness of the seismic performance of the building with dampers equipped in between shear walls at various locations against the nonlinear analysis with different TH records of ground motion. The other secondary objectives of this study are A) To study the response of the building with shear wall at core position. B) To find out most suitable locations of the FVDs in between the shear walls in building structure.
This paper is focused on nonlinear time history analysis of RCC building structure with FVD installed in between the shear walls which is at core position of the building. The response of the RCC building against various TH and to find most suitable FVD locations to reduces their seismic response by carrying out comparative study of different models in finite element software ETABS. 
Damper modeling:-
According to functional behavior of dampers, they are classified as linear and nonlinear dampers. Generally force generated due to viscous dampers reduces the motion of the structure and this force is directly proportional to the relative velocity or also called as stroking velocity of the dampers produced between the its two ends and this relationship is defined by the equation given as : 
F= CVα
Where F = damping force generated by damper; C= damping coefficient; V= relative velocity of a damper; α = velocity exponent (generally taken as 0.1 to 2).Depending on the value of the alpha α, dampers behaves linear or nonlinear. For linear type α value is taken as 1. Any value besides 1 i.e. 0< α <0.9 & 1< α <2 values classify it as a nonlinear damper. While α=0 are purely friction dampers. From the previous studies (5) it was found that α value <1 gives more effective and dissipates more energy. As stroking velocity of the damper increases, the value of damping force increases in nonlinear FVD with lower rate. This protects device from excessive damping force which ultimately shows efficiency of the nonlinear FVD for α<1 value to limit the peak damping force value. That’s why nonlinear FVD more favorable for seismic vibration control and short duration or impulse type loads [7, 14, 15, 16, 17, 18]. 
METHODOLOGY
 Analytical modeling information:-
For this study two models of 12 storey RCC building was modeled with bare fame and another with shear wall at core position in ETABS as shown in fig1) and 2). Total height of building is 36m.floor to floor height is 3m. Support base properties are fixed. Column size 600mmX600 mm and beam size 230mmX460mm. Shear wall dimension is 1500mm width and 230mm thickness. Slab thickness is 130mm. Material properties for concrete M30 grade and Fe 500 rebar are selected. Frame carries wall load of 9KN/m only. Loads on Slab in gravity direction are DL = 2KN/m2 and LL = 4KN/m2. ETABS takes self-weight by ETABS by default.
     [image: C:\Users\Lenovo\Desktop\my project related\new pics\unb.jpg]
Fig.1) plan of building bare frame model [image: C:\Users\Lenovo\Desktop\my project related\new pics\sbndplan.jpg]
  Fig.2) plan of building model with shear wall   
Damper properties:-
 Fluid Viscous Dampers properties used in building models are taken from Taylor Devices Inc. made in USA [19]. From that damper with 500KN damping force is selected. Stroking velocity suggested from previous research study is between 200 to 250 mm/sec. For this paper it is taken as 200 mm/s. Other parameters for dampers are calculated from equation 2 which are given below.
Table 1
	Mass 
(Kg)
	Effective stiffness (KN/m)
	Damping coefficient  [KN*(s/m)α ]
	Velocity exponent

	98
	148750
	102000
	0.3



Nonlinear time history analysis:- 
 Fast nonlinear analysis (FNA) is adopted to get the seismic behavior of the building with FVD at different position in between the shear wall. It is most accurate and fast method of analysis than direct integration method of time history analysis and mostly preferred for the ETABS software.FNA has been carried out to study the nonlinear structural behavior to get exact structural elements deformation beyond their yield limit. Each TH record, first defined as a time history (TH) function from file and then defined as a load case and applied to both models. After that four different TH records are applied to the models which are mentioned in table1.
Table 2
	Load Case Name
	Load Case Type

	Dead 
	Linear static 

	Live 
	Linear static

	TH1-(El Centro)
	Nonlinear Modal History (FNA)


	TH2-(San Fernando)
	

	TH3-(Northridge)
	

	TH4-(Loma Prieta)
	


Mainly there are six cases of models to compare:1) Symmetrical Building Bare Frame (SBF) 2) Symmetrical Building with No Damper (SBND) 3) Symmetrical Building with Dampers at All storey (SBDA) 4) Symmetrical Building with Dampers at Bottom (SBDB) 5) Symmetrical Building with Dampers at Middle (SBDM) 6) Symmetrical Building with Dampers at Top (SBDT). For each case, analysis results were calculated and compared.
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        (a)                  (b)                  (c)                  (d)
Fig.3) Different locations of the FVD in a building model a)at top b)at middle c)at bottom d)at all storey 
RESULTS AND DISCUSSION
After performing nonlinear time history analysis for four TH, all models results are compared in terms of maximum displacement, storey shear, axial forces, base shear and storey drifts.
Maximum storey displacement:-
The TH response of all four cases of 12 storey building models in terms of maximum storey displacements are plotted as in fig4. The displacements at the top of the models are maximum compare to base level. Bare frame model undergoes large displacement compare to models with shear walls. Dampers at base, middle level and at all storey have reduced 40 to 50% displacement compare to bare frame. The maximum reduction in displacement found in SBDA about 60% and after that SBDB about 30% compare to SBND and SBF.
 
                                        (a)

                                         (b)

                                        (c)

                            (d)
[bookmark: _Toc7528447]Fig.4) Maximum storey displacement for earthquakes a)El Centro b) San Fernando c)Northridge d) Loma Prieta


 Storey shear:-
The time history response of all four cases of 12 storey building models in terms of maximum storey shear are shown in fig.5.Storey shear at top reduced in SBDT & SBDB model about 40% of without dampers case, but other models shown some increase in storey shear about 10 to 18%. Up to 4th storey, the shear demand of the building is high and can be reduced by using dampers at this position. This is for short duration of peak response and gets better for other time step of response. SBDA shows increase in shear values in all four time histories and proves that it is not good to provide dampers at all storey. 
                           (a)

                                       (b)

                       (c)      

	                        (d)
[bookmark: _Toc7528448]Fig.5) Storey shear for earthquakes a) El Centro b) San Fernando c) Northridge  d) Loma Prieta
 Base shear:- 
The time history response of all four cases of 12 storey building models in terms of base shear is plotted in fig. 6 which shows that SBDB has minimum base shear which is reduced up to the 26.62% of the model without damper. At the base position dampers are effective to reduce base shear as shear demand at the base of structure is high.TH3 needs higher damping value to get significant reduction as it is not showing any reduction in base shear at present. SBDA have shown base shear values much higher than other cases, which indicates that to provide dampers at all storey is not good for base shear too.
  
                                              (a)

                                              (b)                                                        

                                             (c)
                
                                            (d)	
[bookmark: _Toc7528449]Fig.6) Base shear for earthquakes a) El Centro b) San Fernando c) Northridge  d) Loma Prieta 
 Storey drift:-
The time history response of all four cases of 12 storey building models in terms of storey drift plotted in fig.7 which shows at the middle of the building drift value changes gradually increasing and at top stories it goes on decreasing. Dampers at middle position i.e. for SBDM storey drift are under control showing less variation compared to other cases. TH3 shows non uniform drifts at SBF, SBDM and SBDB positions. TH1, TH3 and TH4 shows less storey drift than TH2 position. Dampers at all storey evenly distribute drifts causing forces and reduces drift values more than SBND and SBF models. Larger drift values for SBF compare to other models shows that dampers are efficient to reduce storey drift

                                            (a)
          
	                          (b)
     
                                          (c)    

[bookmark: _Toc7528450]	                	(d)
Fig.7) Storey drift for earthquakes a) El Centro b) San Fernando c) Northridge d) Loma Prieta

CONCLUSIONS
This research helps to understand the variation in seismic response of a 12 storey RCC building model with nonlinear analysis with nonlinear damper properties, placed at different locations in between the shear walls at the core position building. The conclusions made from this research work summarized as follows:
1. Shear wall at core position of the building reduces seismic response the structure compare to bare frame model about 30 to 40% in every aspect of consideration.
2. Dampers at top storey reduces displacement of the building more efficiently than dampers at all storey as it requires more numbers of dampers.
3. Base shear values are reduced more in dampers at bottom position.
4. Dampers at all storey increases storey shear values of the building, instead of that dampers at bottom and top provides good reduction values.
5. Bare frame models are more susceptible to storey drifts compare to model with shear wall and dampers.
6. Axial forces are reduced up to some extent using dampers at top position.
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SBND	0	7910.6500000000024	7780.9265000000014	7417.3746000000001	7351.6446000000014	7047.8856000000014	6351.3758000000007	5508.1552000000283	5042.6991000000044	4548.8809000000001	3871.9627999999998	3292.4609999999998	1983.2303999999999	0	1	2	3	4	5	6	7	8	9	10	11	12	SBF	0	5785.8771999999999	5393.0941000000003	4656.5700999999999	5467.9382999999998	5795.5914000000002	5371.8906000000034	4603.0836000000008	4737.0183999999999	4748.0167000000001	4396.6338999999998	3495.4594999999999	2171.1261	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDT	0	12684.805099999927	12426.344800000004	11586.009	10543.5852	9485.9989999999198	8182.4808999999996	8112.6347000000005	6989.0293000000001	8537.4796999999216	5711.2497000000003	3292.2039	1694.5089	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDM	0	14635.085899999944	13853.160599999987	11748.963	8745.5831999999482	9830.535299999985	7139.1658000000034	6251.2547999999997	6879.6542000000054	5210.6259000000255	6181.0396999999994	5863.7892999999995	3704.4771000000142	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDB	0	7520.0930000000017	9266.7885000000006	10558.855799999919	11553.363600000001	7634.1487000000006	7491.0712000000003	8375.195299999983	8817.681899999985	8230.2456000000002	6704.5909000000001	5084.1226000000397	2727.0487999999987	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDA	0	13725.8817	15325.5941	14474.319600000001	12095.424199999989	9214.3322000000007	6688.5409	7258.7006000000001	7714.2349000000004	7538.4651000000003	6695.4916000000003	5285.6180000000004	3409.6819999999998	0	1	2	3	4	5	6	7	8	9	10	11	12	Storey Shear in kN

Storey Number



TH4 (Loma Prieta)
SBND	0	11217.9535	10949.614400000073	10157.9097	8880.572799999989	8501.4728999999206	8346.6687999999831	7489.6736999999994	6402.8969000000034	5596.2259000000004	4890.4076999999997	4122.1796000000004	2496.8834000000002	0	1	2	3	4	5	6	7	8	9	10	11	12	SBF	0	8912.1427999999996	8697.7811000000002	8325.1821	7904.5315000000001	7044.3057000000017	6070.5880000000006	5419.7397999999994	4981.5865000000003	4105.470299999999	2994.6383999999998	2297.4056	1374.7126000000001	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDT	0	11896.314200000004	11637.579	10859.70840000001	9577.9367999999831	9973.6352000000006	9413.717599999989	7514.4897000000001	5203.0511000000024	6114.6311000000014	3847.3287999999998	2310.5173000000182	1404.5898999999999	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDM	0	12272.162200000002	11448.4172	9481.6602000000003	7594.3848000000007	9160.2176999999811	6705.0788999999995	5386.0144	6100.8355000000001	4952.5474000000004	5708.2917000000007	5255.491	3345.2741999999998	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDB	0	6878.0785000000005	8244.5051999998832	8904.0848999999871	9494.4838	6848.7132000000001	7355.1749	7564.0403000000015	6771.5756000000001	6685.7536	5503.9064000000008	3708.4205999999999	2016.6152999999999	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDA	0	9334.7147999999997	10649.5532	10517.298500000004	9580.674699999985	8472.4781999998831	7874.3743999999997	7263.7655000000004	6438.7812000000004	5608.8086000000003	4759.8052000000034	3843.7529	2603.9603999999999	0	1	2	3	4	5	6	7	8	9	10	11	12	Storey Shear in kN

Storey Number



TH1(El centro)

TH1	SBND	SBF	SBDT	SBDM	SBDB	SBDA	5235.9344999999994	6103.1182000000044	6007.5972000000002	7610.3068000000003	3842.4585000000002	7843.2202000000034	
Base Shear in kN


TH2-(San Fernando)
TH2	SBND	SBF	SBDT	SBDM	SBDB	SBDA	803.09820000000002	509.52639999999735	1046.5343999999998	1209.6643999999899	530.74099999999999	1067.2958000000001	
Base Shear in kN


TH3-(Northridge)
TH3	SBND	SBF	SBDT	SBDM	SBDB	SBDA	7924.3770000000013	5823.7006000000001	12643.756899999935	14619.2083	7476.6021000000292	13722.270699999985	
Base Shear in kN


TH4-(Loma Prieta)
TH5	SBND	SBF	SBDT	SBDM	SBDB	SBDA	11196.712500000012	8918.5150999999314	11942.7258	12334.77	6892.8269000000309	9340.582599999987	
Base shear in kN


TH1-El Centro
SBND	0	6.3	14.100000000000001	18.100000000000001	20.299999999999986	20.900000000000006	20.599999999999987	19.799999999999986	18.900000000000006	17.800000000000011	16	13.900000000000002	11.600000000000023	0	1	2	3	4	5	6	7	8	9	10	11	12	SBF	0	13.9	28.4	32.800000000000004	32.600000000000009	30.10000000000003	27.199999999999992	24.5	22.5	21	18.699999999999992	15.30000000000002	11.200000000000001	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDT	0	6.3	14.600000000000001	18.800000000000004	20	19.399999999999988	17.5	14.900000000000006	11.8	8.5000000000000142	5.6999999999999886	3.9000000000000057	3.0999999999999943	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDM	0	8.4	17.399999999999999	19.7	18.200000000000003	15.100000000000001	11.700000000000003	9.4000000000000057	8.6000000000000014	9.2000000000000011	10.200000000000003	10.200000000000001	9.3000000000000167	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDB	0	4.9000000000000004	10.9	13.7	15.100000000000001	15.200000000000001	14.600000000000009	13.200000000000001	11.100000000000009	11	14.100000000000001	11.500000000000014	9.5	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDA	0	6.8	15	18.2	18.399999999999999	17.100000000000001	15.5	15.3	15.8	13.600000000000001	11.30000000000002	10.900000000000006	12.299999999999986	0	1	2	3	4	5	6	7	8	9	10	11	12	Storey Drift in mm

Storey Number



TH2-(San Fernando)
SBND	1.3000000000000007	1.5	1.9000000000000021	2.1999999999999993	2.5	2.7999999999999989	3	3.2000000000000011	3.1999999999999993	3	2.4	1.1000000000000001	0	12	11	10	9	8	7	6	5	4	3	2	1	0	SBF	0.90000000000000213	1.0999999999999901	1.6000000000000021	1.8999999999999915	2.1000000000000014	2.4000000000000004	2.4000000000000004	2.5999999999999988	2.8	3	2.5	1.3	0	12	11	10	9	8	7	6	5	4	3	2	1	0	SBDT	0.59999999999999787	0.90000000000000213	1.2999999999999876	2.1000000000000014	2.8000000000000007	3.5	4	4.2999999999999989	4.2000000000000011	3.8999999999999977	3	1.3	0	12	11	10	9	8	7	6	5	4	3	2	1	0	SBDM	1.5999999999999901	1.8000000000000007	1.8000000000000007	1.8999999999999915	1.9000000000000021	1.8999999999999915	2.1000000000000014	2.3999999999999977	2.8000000000000007	2.9	2.4000000000000004	1.2	0	12	11	10	9	8	7	6	5	4	3	2	1	0	SBDB	1.7000000000000028	2.0999999999999979	2.5	3	3.1999999999999993	3.4000000000000021	3.2999999999999989	3.1000000000000005	2.7	2.1999999999999997	1.7	0.70000000000000062	0	12	11	10	9	8	7	6	5	4	3	2	1	0	SBDA	1.3999999999999915	0.80000000000000071	0.69999999999999962	1.1000000000000021	1.2999999999999894	1.5999999999999917	1.8000000000000007	2.2000000000000002	2.2999999999999998	2.5	2	1	0	12	11	10	9	8	7	6	5	4	3	2	1	0	Storey Drift in mm

Storey Number



TH3-(Northridge)
SBND	0	13.3	29.499999999999989	36.600000000000009	38.800000000000004	37.800000000000004	34.900000000000006	31.199999999999992	30.5	31.200000000000017	30.399999999999977	28.800000000000011	25.5	0	1	2	3	4	5	6	7	8	9	10	11	12	SBF	0	14.6	29	31.999999999999989	29.60000000000003	24.999999999999986	26.400000000000006	34.600000000000009	35.5	31.60000000000003	23	14	8.2000000000000011	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDT	0	12.9	29.800000000000004	38.800000000000004	42.3	41.8	38.100000000000009	31.900000000000006	24.700000000000017	17.399999999999977	11.200000000000001	7.1000000000000227	5.3999999999999773	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDM	0	11.9	25.4	28.900000000000006	26.599999999999987	21.900000000000006	17.799999999999986	15.400000000000006	15.700000000000001	19	22.599999999999987	24	22.900000000000006	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDB	0	8.9	18.799999999999986	21.900000000000002	21.199999999999996	18.5	25.5	32.000000000000014	37.70000000000001	38	35.9	32.200000000000053	27.599999999999966	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDA	0	8.4	18.200000000000003	21.1	19.799999999999986	16.700000000000003	13.400000000000002	10.400000000000006	7.9000000000000083	6.3999999999999915	5	6.3999999999999915	7.1000000000000227	0	1	2	3	4	5	6	7	8	9	10	11	12	Storey Drift in mm

Storey Number



TH4 (Loma Prieta) 

SBND	0	11.8	26.2	33.5	36.5	36.900000000000006	35.300000000000004	32.5	29.300000000000011	26.10000000000003	22.899999999999977	19.399999999999977	15.900000000000034	0	1	2	3	4	5	6	7	8	9	10	11	12	SBF	0	20.100000000000001	41.5	49	50.100000000000009	47.400000000000006	42.300000000000004	35.900000000000006	29.599999999999966	24	18.900000000000027	13.80000000000002	9.7000000000000011	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDT	0	10.7	25.000000000000004	32.4	35.800000000000004	36	33.600000000000009	29.400000000000006	23.900000000000006	18.399999999999977	13.400000000000034	9.7000000000000011	7.6999999999999886	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDM	0	12.2	26.599999999999987	30.900000000000006	29.5	25.799999999999986	22	19.300000000000011	18	17.199999999999992	16.400000000000006	15.400000000000006	13.799999999999986	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDB	0	6.3	14.5	19.400000000000002	22.599999999999987	28.700000000000003	32	32.70000000000001	31.10000000000003	27.399999999999977	23.10000000000003	19.099999999999966	16.200000000000042	0	1	2	3	4	5	6	7	8	9	10	11	12	SBDA	0	8.4	18.299999999999986	21.900000000000002	21.999999999999989	20.700000000000003	19.299999999999986	17.800000000000011	16	13.400000000000006	11.100000000000001	9.6000000000000014	9.7000000000000011	0	1	2	3	4	5	6	7	8	9	10	11	12	Storey Drift in mm

Storey Number
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