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Abstract: As the population is increasing and available space is less, world is looking to make tall buildings to accommodate more 
people within available area. Due to this, tall buildings passion started. Due to movement of tectonic plates Indian land is divided into 
zones which represent the seismic ranges. These zones are reduced to four from five. This indicates the closeness of earthquake causing 
effects. If we come across the design of existing buildings we can find the lack of seismic resisting capacity. For impeccable performance 
of buildings we have to do the seismic analysis. Seismic analysis is performed on Three models namely “G+14 Normal Building” as 
Model 1, “G+14 Building with Bracings” as Model 2, “G+14 Building with Single Struts” as Model 3 using Equivalent static method, 
Response Spectrum Method and Time History Analysis. The Buildings are assumed to be located in Zone IV and Zone V resting on 
Hard soil. From the static and dynamic analysis we can compare the three models for seismic parameters like Base shear, Storey Shears, 
Storey drift and Time period. For this comparison ETABS software package is used for modeling the Building Models by following the 
IS:1893(Part I)-2002. 
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1. Introduction 

The composite reinforced (RC) frame buildings are becoming 
most preferable for Earthquake Resistant Buildings. The 
composite materials that are used in composite RC frame 
buildings are Bracings, Struts, Shear walls, etc. These 
Composite RC frame buildings shows great stiffness and 
strength than normal RC frame buildings. Due to these 
advantages the composite structures are capable of resisting 
Earthquake effects. In order to study this composite nature of
buildings, Bracings and struts are considered. In order to
resist the earthquake loads the external loads are to be carried 
to the foundation in a most effective way without any 
interruption. These composite materials are installed in
between the columns of the building in a diagonal manner. 
As the weight of the building is increased, the stiffness also 
increases automatically. By this increase in stiffness the
strength of the building also increases, which gives the 
resistant towards the compression and tension values.  

From these facts this study is carried over by taking three 
models, the first model is “G+14 Normal RC frame 
building”, the second one is “G+14 RC frame building with
Bracings”, the third one “G+14 RC frame building with 
struts”. Using ETABS software seismic analysis is carried 
out on these three models in four zones as per IS: 1893(part 
I)-2002 using Static analysis and Dynamic analysis.  

Seismic Coefficient method also known as Equivalent static 
analysis is used as a static analysis and the response spectrum 
method is used to perform the dynamic analysis. A linear 
dynamic analysis namely time history analysis is used to
apply the ground motions recorded during uttarakasi 
earthquake which occurred in a year 1991. From this 
Dynamic analysis we can get the Storey shears which are 
distributed more accurately compared to Equivalent static 
analysis. We also get the storey drifts, Base shears and time 
period of these three models. By using all these results the

comparison is done among three models located in all four
zones respectively. 

1.1 Definition of Bracings 

Bracings are the structural components which are used as
compression or tension member to resist lateral loads from 
wind or from earthquake. These bracings can be installed 
either as a RC frame structure or Steel frame structure. There 
are many types of bracings namely V Braces, Inverted V or
Chevron braces, K braces, X braces, Eccentric Braces etc., In
this present study we use chevron bracings to resist the lateral 
loads. 

1.2 Definition of Struts

Struts are another type of composite structural component 
used for resisting lateral loads. These struts are of steel or Rc
frame type. Basically struts can be designed as single strut, 
double strut and triple strut models. These struts function 
effectively in dissipating the energy that released from the
lateral loads and keep the structure safe.In this present study 
we use single strut model for comparison of Normal RC
frame building and RC frame building with bracings. 

1.3 Seismic Analysis 
The seismic analysis is performed on tall buildings using 
both static and dynamic analysis. Equivalent static analysis is
used as a static method, where the Response spectrum 
method and Time history analysis are used as Dynamic 
analysis. 

Equivalent static method is a preliminary method in order to
find the later loads that act on building. Using seismic weight 
of building and the seismic horizontal acceleration coefficient 
the Base shear is calculated. Using code base formula this 
Base shear is distributed along the height of the building. 
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This method is evaluated using IS:1893(Part I)-2002 seismic 
code. 

Response spectrum analysis is an improved method over 
equivalent static analysis to find the accurate lateral loads of
a building. The base shears that are evaluated from 
equivalent static method and the response spectrum method 
are matched because in this analysis we use the bare frame 
but in practical sense wall loads also add to the seismic 
weight of the building. For getting the desired seismic 
parameters we match the base shear values in these methods. 

Time history analysis is a dynamic analysis, this analysis is
done by applying data over incremental steps as a function 
of acceleration, force, moment or displacement. The closer 
the spacing of time steps, the more accurate the solution will 
be. The background of this time history analysis depends on
eigen values generated for the structure based on response to
time history. Considering to be more realistic compared to
response spectrum analysis. Most useful for very long or
very tall structures (flexible structures). In this present study 
the ground motions recorded during the earthquake occurred 
at uttarakasi during 1991. 

2. Objective and Scope of Study 

In this present study a G+14 Normal Building , G+14 
Building with Bracings and G+14 Building with struts are 
compared using seismic parameters Storey Shears, Base 
shears, Time period, and Storey Drift which are derived from 
Equivalent static Method, Response spectrum method and 
Time history analysis. From this study we can design the tall 
buildings for the earthquake loads using composite structural 
materials. 

3. Modeling of Building 

Here a G+14 storey Normal RC frame Building is modeled 
by using ETABS software. The detailed features of the 
normal building are given below.  

3.1 Features of building 

 Floors =G + 14
 Bays in X-direction = 5 
 Bays in Y-direction =3
 Bay width in X-direction =3 m 
 Bay width in Y-direction =5m 
 Live load on slab =3.0 kN/m2(all floors except terrace 

floor) =1.5 kN/m2( terrace floor) 
 Dead load on slab=1.225 kN/m2(all floors except terrace 

floor)=1.224 kN/m2( terrace floor) 
 Storey height = 3 m 
 Thickness of slab = 0.125 m 
 Grade of concrete = M25
 Grade of steel = Fe415 
 Wall Thickness =0.23 m (exterior wall) 

= 0.12 m (interior wall) 

3.2 Seismic Weight of Building 

The seismic weight of Normal RC frame building is
calculated on the basis of the total dead load of structure and 
the live loads applied. As per the Indian Standard code 1893 
that is earthquake code of clause 7.4 states that the seismic 
weight of building is equal to the sum of full dead load and 
appropriate amount of imposed load as specified in of IS
875(Part 2).As per Code IS 875 it states that if the imposed 
load that is live load on a floor is less than 3 kN/m2 then the 
imposed load is taken as 25 % of imposed load, if the 
imposed load on a floor is greater than 3 kN/m2 then the 
imposed loads is taken as 50 % of imposed loads. 

The seismic weight of building = 41772.44 kN

3.3. Dimensions of Beams and Columns 

For G+14 building by applying the dead load and live load 
the structure will be modeled for minimum sizes of beams 
and columns. After the application of earthquake forces in X 
and Y directions the structure will be unsafe with the
available sizes of beams and columns. So for that purpose 
the sizes of beams and columns are increased to withstand 
the lateral forces applied by the earthquake.  
 Size of beam =0.4m X 0.3 m 
 Size of column =0.45 m X 0.4 m 

The plan and the dimensions for all three models will be
same which gives same seismic data which is used for the 
seismic analysis.  

Figure 1: Showing the plan of a G+14 building 

Figure 2: Showing the elevation in XZ view of Model 1& 
Model 2 
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 Bracings used are Chevron Type with Dimensions as 0.11 
m X 0.11 m X 0.01 m. (Width X Depth X Thickness). The 
Bracing model is IS Double angle section.

Figure 3: Showing the elevation in XZ view of a Model 3  

The width of the single strut is given below

Table 1: Parameters of diagonal strut 
Level Strut type 𝑤𝑑

(m)
𝑙𝑑

(m)
𝐴𝑑

(𝑚2)

Floor
External X 0.732 5.45 0.1685

Y 0.682 3.97 0.1569

Internal X 0.862 5.45 0.1034
Y 0.802 3.97 0.0963

4. Results & Discussions 

4.1 Time Period 

Table 2: Time periods of first three modes in all models
Modes Model 1 Model 2 Model 3
Mode 1 3.17452 2.21614 1.07631
Mode 2 2.61573 2.04759 1.00718
Mode 3 2.48905 1.42403 0.45986

Chart 1: Showing Time periods of first three modes. 

 The Time periods of first three modes in all three models 
are compared which resulted Model 3 with less Time 
period which is less effected to earthquake effects 
compared to other buildings. 

4.2 Storey Drifts 

Table 3: Storey Drifts for all models in Zone IV

Storey Model 1 Model 2 Model 3
EQ RS TH EQ RS TH EQ RS TH

Terrace 0.569 0.469 0.134 0.678 0.523 0.187 0.276 0.203 0.097
Storey 14 0.84 0.698 0.167 0.843 0.662 0.196 0.288 0.212 0.115
Storey 13 1.109 0.885 0.148 0.989 0.769 0.173 0.297 0.219 0.114
Storey 12 1.340 1.021 0.152 1.117 0.848 0.189 0.304 0.223 0.104
Storey 11 1.534 1.127 0.156 1.224 0.904 0.188 0.307 0.225 0.084
Storey 10 1.689 1.214 0.168 1.309 0.946 0.186 0.306 0.224 0.075
Storey 9 1.808 1.290 0.189 1.368 0.978 0.204 0.303 0.221 0.092
Storey 8 1.898 1.357 0.175 1.403 1.000 0.174 0.294 0.215 0.097
Storey 7 1.957 1.414 0.154 1.412 1.031 0.191 0.282 0.206 0.096
Storey 6 1.988 1.464 0.167 1.395 1.015 0.187 0.266 0.195 0.093
Storey 5 2.000 1.506 0.758 1.349 1.005 0.188 0.245 0.183 0.083
Storey 4 1.988 1.546 0.184 1.274 0.983 0.191 0.220 0.168 0.066
Storey 3 1.949 1.577 0.157 1.167 0.947 0.176 0.192 0.150 0.068
Storey 2 1.832 1.555 1.000 1.019 0.883 0.164 0.161 0.131 0.078
Storey 1 1.181 1.041 0.153 0.663 0.611 0.170 0.122 0.105 0.105

Chart 2: Showing Storey Drift in Zone IV 
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 The maximum value of Storey Drift of Model 1 located 
in Zone IV is 2.00 and minimum value is 0.134 mm
where as for model 2 the maximum value is 1.412 mm,
minimum value is 0.170 mm and for Model 3 the 
maximum value is 0.307 mm, minimum value is 0.066 
mm.

 We can see clearly that the Storey drift is decreased in
Model 3 compared to Model 1 and Model 2. The G+14 

building with struts gives higher strength toward the 
lateral loads.

Table 4: Storey Drifts for all models in Zone V 

Storey Model 1 Model 2 Model 3
EQ RS TH EQ RS TH EQ RS TH

Terrace 0.854 0.704 0.134 1.017 0.784 0.187 0.414 0.305 0.097
Storey 14 1.261 1.047 0.167 1.264 0.993 0.196 0.432 0.318 0.115
Storey 13 1.664 1.328 0.148 1.484 1.155 0.173 0.446 0.328 0.114
Storey 12 2.012 1.534 0.152 1.675 1.272 0.189 0.456 0.335 0.104
Storey 11 2.299 1.689 0.156 1.835 1.357 0.188 0.461 0.338 0.084
Storey 10 2.532 1.821 0.168 1.961 1.418 0.186 0.460 0.337 0.075
Storey 9 2.710 1.934 0.189 2.053 1.466 0.204 0.454 0.331 0.092
Storey 8 2.849 2.037 0.175 2.105 1.502 0.174 0.442 0.322 0.097
Storey 7 2.933 2.123 0.154 2.119 1.519 0.191 0.423 0.309 0.096
Storey 6 2.985 2.193 0.167 2.092 1.522 0.187 0.398 0.293 0.093
Storey 5 3.003 2.257 0.758 2.024 1.508 0.188 0.367 0.274 0.083
Storey 4 2.985 2.320 0.184 1.912 1.475 0.191 0.331 0.251 0.066
Storey 3 2.924 2.364 0.157 1.751 1.420 0.176 0.288 0.226 0.068
Storey 2 2.747 2.331 0.174 1.529 1.325 0.164 0.241 0.197 0.078
Storey 1 1.769 1.563 0.153 0.994 0.917 0.170 0.183 0.157 0.105

Chart 3: Showing Storey Drift in Zone V 

 The maximum value of storey drift for Model 1 in Zone 
V is 3.003 mm and minimum value is 0.134 mm, where 
as for Model 2 maximum value is 1.522, minimum 
value is 0.170 mm and for Model 3 maximum value is
0.461 mm, minimum value is 0.066 mm. 

 The drift values in Zone V increases compared to Zone 
IV in all Models. Model 3 shows higher resistance 
towards lateral loads 

4.3 Storey Shears 

Table 5:Storey Shear for all Models in Zone IV

Storey Model 1 Model 2 Model 3
EQ RS TH EQ RS TH EQ RS TH

Terrace 135.96 187.88 695.94 135.96 195.80 169.92 135.96 155.22 80.18
Storey 14 357.32 401.15 708.85 357.32 414.75 178.09 357.32 355.94 92.60
Storey 13 548.18 538.06 748.63 548.18 558.09 195.14 548.18 505.80 95.14
Storey 12 710.81 635.30 785.60 710.81 649.67 197.65 710.81 612.22 95.78
Storey 11 847.46 412.12 891.66 847.46 713.96 200.68 847.46 686.62 97.77
Storey 10 960.40 780.55 893.31 960.40 768.14 202.94 960.40 741.47 103.04
Storey 9 1051.88 845.73 904.37 1051.88 821.51 206.62 1051.88 788.74 105.36
Storey 8 1124.16 905.45 974.45 1124.16 874.40 207.81 1124.16 838.76 106.19
Storey 7 1179.50 963.35 979.37 1179.50 926.18 208.33 1179.50 897.88 107.03
Storey 6 1220.16 1016.6 986.26 1220.16 976.29 215.46 1220.16 967.67 107.17
Storey 5 1248.39 1067.2 987.67 1248.39 1029.7 216.05 1248.39 1044.7 108.61
Storey 4 1266.46 1119.6 1018.6 1266.46 1091.0 221.52 1266.46 1122.9 108.69
Storey 3 1276.62 1174.7 1049.5 1276.62 1162.3 231.69 1276.62 1194.3 120.11
Storey 2 1281.14 1239.1 1158.6 1281.14 1233.3 246.63 1281.14 1250.6 140.93
Storey 1 1282.26 1282.3 1414.1 1282.26 1282.2 318.48 1282.26 1282.3 155.24
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Chart 4: Showing Storey Shears in Zone IV

The storey shears obtained from the equivalent static 
analysis are not well distributed along the height of building 
where as in Response spectrum analysis the storey shears are 

distributed precisely to make the building stable. We can
observe the shear values in Model 3 are acceptable in higher 
seismic region. 

Table 6: Storey Shear for all Models in Zone V 
Storey Model 1 Model 2 Model 3

EQ RS TH EQ RS TH EQ RS TH
Terrace 203.95 281.82 695.94 203.95 293.69 169.92 203.95 232.83 80.18

Storey 14 535.98 601.73 708.85 535.98 622.12 178.09 535.98 533.91 92.60
Storey 13 822.27 807.08 748.63 822.27 837.14 195.14 822.27 758.69 95.14
Storey 12 1066.21 952.95 785.60 1066.21 974.50 197.65 1066.21 918.32 95.78
Storey 11 1271.19 1068.2 891.66 1271.19 1271.2 200.68 1271.19 1029.9 97.77
Storey 10 1440.59 1170.8 893.31 1440.59 1440.6 202.94 1440.59 1112.2 103.04
Storey 9 1577.81 1268.6 904.37 1577.81 1577.8 206.62 1577.81 1183.1 105.36
Storey 8 1686.23 1358.2 974.45 1686.23 1686.2 207.81 1686.23 1258.1 106.19
Storey 7 1769.24 1445.1 979.37 1769.24 1769.2 208.33 1769.24 1346.8 107.03
Storey 6 1830.23 1524.8 986.26 1830.23 1830.2 215.46 1830.23 1451.5 107.17
Storey 5 1872.58 1600.8 987.67 1872.58 1872.6 216.05 1872.58 1567.1 108.61
Storey 4 1899.68 1679.4 1018.6 1899.68 1899.7 221.52 1899.68 1684.3 108.69
Storey 3 1914.93 1762.1 1049.5 1914.93 1914.9 231.69 1914.93 1791.4 120.11
Storey 2 1921.71 1858.5 1158.6 1921.71 1921.7 246.63 1921.71 1875.8 140.93
Storey 1 1923.40 1923.4 1414.1 1923.40 1923.4 318.48 1923.40 1923.4 155.24

Chart 5: Showing Storey Shears in Zone V 

As discussed above the Storey shears evaluated using 
Response spectrum method are acceptable compared to
other methods. The G+14 building with struts gives the 
higher seismic strength compared to remaining models.

4.4 BASE SHEAR 

Table 7: Maximum Base shear Values 
Zones Maximum Base Shear of model 3

EQ RS TH
II 1282.26 1282.30 318.48 as per records from

uttarakasi earthquakeIII 1923.40 1923.50

Chart 6: Showing Time Periods of first three modes. 

5. Conclusion 

In this present study the seismic analysis comparison is done 
for Normal Building, Building with Bracings and Building 
with Struts. The analysis is carried out using the Seismic 
coefficient method, Response spectrum method and the 
Time History analysis. The comparison is made by using the 
values obtained for storey drift, Base shear, Storey shears 
and Time period of buildings.  
 From the results obtained for the storey drifts shows that 

Model 3 i.e., the Building with struts undergoes minimum 
drift values compared to other models. 
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 The shears obtained in each storey nothing but storey 
shears are precisely distributed for model 3 which shows 
the satisfactory strength results towards earthquake effects 
in all zones. 

 The Time period of the normal building is very high 
compared to other two buildings which ultimately results 
for large displacements. 

 To overcome this struts and bracings technology is used 
and it also showed the good response in reducing the Time 
period of building. 

 The Time period of Model 2 is decreased compared to
Model 1, but Model 3 is showed less Time period than 
Model 2. This results less deflection values in Model 3 
under Earthquake loads. 

 From above results we can conclude that the strut model is
more efficient towards earthquake loads. As these struts 
are arranged throughout the structure the economy and 
load of the building may be more when compared to other 
buildings. 

 Building with Bracings also showed better results in
resisting the earthquake loads which is economical 
compared to Building with struts. 
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