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Abstract 
Higher the time period higher will be the flexibility this helps in controlling the structural damages during ground motions. In a 

flexible building different parts move by different amount, but for a stiff building every part moves by same amount. Depending on 

the situation either a flexible or a stiff structure can be made to work. In this study the comparison of fundamental time period and 

storey shear between fixed base building and isolated base building is done by modelled in Etabs non-linear software with 

different frame systems and storey height in order to know the variation of time period with different conditions. 
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1. INTRODUCTION 

In isolated structure due to insertion of a flexible layer 

between foundation and superstructure, the fundamental 

time-period of the structural system increases to a value 

higher than the predominant time-periods of earthquake 

ground motions. Since a base isolated structure has 

fundamental frequency lower than that of the frequency of 

its fixed base and as well as the predominant frequencies of 

ground motion, the first mode of vibration of the isolated 

structure involves deformation only in isolation system 

whereas the superstructure remains almost rigid. In this way, 

the isolation of base becomes an attractive and effective 

approach for protection of expensive equipments and 

internal non-structural components where needed (Kelly JM, 

1986). The incorporation of seismic base isolation system 

aims at the avoidance of damage to the superstructure in 

contrast with the conventionally designed structures, where 

damages are very likely during strong earthquake. 

 

1.1 Materials and Methods 

The G+9 storied RC frame building is modelled in ETABS 

nonlinear software. The special moment resisting frame 

building is considered to be situated in zone V having 

medium soil type and intended for residential use. Beams 

and column members are modelled as frame elements, 

where the columns have been restrained in all six degrees of 

freedom at the base. Slabs are defined as area elements are 

defined as membrane elements and are modelled as rigid 

diaphragms. The concrete braces are defined as frame 

elements and shear walls as shell area elements. 

 

Column size for building is 0.6 x 1 m, while the beam size is 

0.35 x 0.6 m and bracing size of 0.2 x 0.2 m, slab thickness 

of 130 mm and shear wall thickness of 200 mm are taken. 

Grade of concrete for beam, slab, brace and shear wall is 

taken as M20 and M25 for column, with unit weight of 

concrete as 25kN/m
3
. The G+9 storeys building will have 4 

number of bays with 4m width in X direction, 5 number of 

bays with 5m width in Y direction, see Fig -1 and Fig -2. 

 

 
Fig -1:  Building plan layout 

 

 
Fig -2:  Elevation view of bare frame building, with X-

bracings and with Shear Walls 
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2. RESULTS AND DISCUSSIONS 

2.1 Fundamental Time Period 

It is the total time required for any structure to complete one 

cycle of vibration or a sway, which is expressed in second. 

In order to know the behavior of natural time period of 

various models the first mode time period of the models are 

obtained from equivalent static analysis in ETABS. Table-1, 

Chart-1A and Chart-1B shows the variation of time period 

for different conditions. 

 

The time period value for base isolated structure is more 

when compared with base fixed structure; this is because the 

isolated structure moves without much restriction during 

earthquake so that the time taken by them to complete a 

cycle is high. In case of fixed base buildings, for every 0.2m 

increase in storey height increases the time period value by 

8-10%, also for buildings with isolated base the time period 

increases by 2-3%. 

 

So we can say that Time period increases with the increase 

in storey height. The time period of fixed base buildings will 

reduce up to 20% by using X-bracings and up to 35% by 

using shear walls. However in case of base isolated building 

by using X bracings or shear walls time period reduces only 

about 3%. By this way the frequency of isolated base 

buildings will be least which helps in reducing the damages 

during the earthquake vibrations. 

 

Table -1: Comparison of time period between fixed base 

and isolated Base buildings 

 

Time Period (second) 

Fixed base G+9 storey building 

Storey ht. 

(m) 
Bare frame 

With 

Bracing 

With 

Shearwall 

2.8 1.11619 0.88597 0.66208 

3 1.21735 0.95645 0.72581 

3.2 1.3212 1.02901 0.79172 

 
Isolated base G+9 storey building 

Storey ht. 

(m) 

Isolated 

Bare frame 

Isolated 

with 

Bracing 

Isolated 

with 

Shearwall 

2.8 2.68541 2.62819 2.64831 

3 2.74733 2.6736 2.69621 

3.2 2.81306 2.72066 2.74513 

 

 
Chart -1 A:  Variation of Time period for G+9 storey fixed 

base building 

 

 
Chart -2 B:  Variation of Time period for G+9 storey 

isolated base building 

 

2.2 Storey Shear 

The storey shear at each storey level for various building 

model in both X and Y directions are presented in Table-2 

and Table-3, which are obtained from the equivalent static 

analysis and can be visualized in Chart-2 and Chart-3. By 

observing the below tables and charts we see that for every 

0.2m increase in storey height reduces the storey shear by 5-

10% in fixed base building and 1-2% in case of isolated base 

building. This indicates that storey shear decreases with 

increase in storey height. Also in case of fixed base 

buildings the storey shear increases by 10-30% with 

addition of bracings and 30-50% with addition of 

shearwalls. This shows that storey shear increases by use of 

bracings or shearwalls. 

 

However in isolated base buildings the storey shear 

increases only by 5-15% with addition of bracings or 

shearwalls. Therefore we can say that by varying the storey 

height and addition of lateral load resisting systems the 

storey shear value can varies in case of fixed base buildings 

than isolated base buildings that has least storey shear value. 
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Table -2: Storey shear of fixed base building with variation 

of storey height and frame system 

ESA 

Storey shear of fixed base building (kN) 

BARE 

FRAME 

WITH 

BRACING 

WITH 

SHEAEWAL

L 

VX VY VX VY VX VY 

Storey 

no 

2.8m storey 

height 

2.8m storey 

height 

2.8m storey 

height 

10 
804.0

8 
765.5 

1044.

1 

977.9

6 
1629 

1338.

5 

9 
1591.

7 

1515.

4 

2075.

3 

1943.

9 

3316.

1 

2724.

7 

8 2214 
2107.

8 

2890.

1 
2707 

4649.

2 
3820 

7 
2690.

5 

2561.

4 

3513.

9 

3291.

3 

5669.

8 

4658.

6 

6 
3040.

6 

2894.

7 

3972.

2 

3720.

6 

6419.

6 

5274.

7 

5 
3283.

7 

3126.

1 

4290.

5 

4018.

8 

6940.

3 

5702.

6 

4 
3439.

2 

3274.

3 

4494.

2 

4209.

5 

7273.

6 

5976.

4 

3 
3526.

8 

3357.

6 

4608.

7 

4316.

9 
7461 

6130.

4 

2 
3565.

7 

3394.

6 

4659.

7 

4364.

6 

7544.

4 

6198.

9 

1 
3575.

4 

3403.

9 

4672.

4 

4376.

5 

7565.

2 
6216 

BASE 
3575.

4 

3403.

9 

4672.

4 

4376.

5 

7565.

2 
6216 

 

Storey 

no 

3.0m storey 

height 

3.0m storey 

height 

3.0m storey 

height 

10 748.4 
711.9

4 

985.4

7 

918.8

9 

1600.

8 

1244.

7 

9 
1487.

7 

1415.

2 

1966.

9 
1834 

3275.

4 

2546.

8 

8 
2071.

8 

1970.

9 

2742.

4 

2557.

1 

4598.

5 

3575.

6 

7 
2519.

1 

2396.

3 

3336.

1 

3110.

7 

5611.

5 

4363.

3 

6 
2847.

6 

2708.

9 

3772.

3 

3517.

4 

6355.

8 
4942 

5 
3075.

8 

2925.

9 

4075.

2 

3799.

8 

6872.

6 

5343.

9 

4 
3221.

8 

3064.

9 
4269 

3980.

6 

7203.

4 

5601.

1 

3 3304 3143 
4378.

1 

4082.

3 

7389.

5 

5745.

7 

2 
3340.

5 

3177.

7 

4426.

5 

4127.

4 

7472.

2 
5810 

1 
3349.

6 

3186.

4 

4438.

7 

4138.

7 

7492.

8 

5826.

1 

BASE 
3349.

6 

3186.

4 

4438.

7 

4138.

7 

7492.

8 

5826.

1 

 

 

 

Storey 

no 

3.2m storey 

height 

3.2m storey 

height 

3.2 m storey 

height 

10 
699.9

6 

665.2

1 

933.0

9 

866.1

7 

1496.

5 

1162.

9 

9 
1397.

1 

1327.

7 

1869.

8 

1735.

7 
3077 2391 

8 
1947.

8 

1851.

2 
2610 

2422.

8 

4325.

8 

3361.

4 

7 
2369.

5 

2251.

9 

3176.

7 

2948.

8 

5281.

9 

4104.

4 

6 
2679.

4 

2546.

4 
3593 

3335.

3 

5984.

3 

4650.

2 

5 
2894.

5 

2750.

8 

3882.

1 

3603.

7 

6472.

1 

5029.

3 

4 
3032.

2 

2881.

7 

4067.

2 

3775.

5 

6784.

3 

5271.

9 

3 
3109.

7 

2955.

3 

4171.

2 

3872.

1 

6959.

9 

5408.

3 

2 
3144.

1 
2988 

4217.

5 
3915 7038 5469 

1 
3152.

7 

2996.

2 

4229.

1 

3925.

8 

7057.

5 

5484.

1 

BASE 
3152.

7 

2996.

2 

4229.

1 

3925.

8 

7057.

5 

5484.

1 
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Chart -2:  Comparison of Storey shear in X direction 

between fixed base and isolated base buildings 

 

Table -3: Storey shear of isolated base building with 

variation of storey height and frame system 

ESA 

Storey shear of isolated base building (kN) 

BARE 

FRAME 

WITH 

BRACING 

WITH 

SHEAEWAL

L 

VX VY VX VY VX VY 

Storey 

no 

2.8m storey 

height 

2.8m storey 

height 

2.8m storey 

height 

10 
318.1

8 

318.2

3 

330.7

9 

329.6

7 

338.1

4 

334.6

1 

9 
629.8

6 

629.9

5 

657.4

9 

655.2

8 

688.3

6 

681.1

7 

8 
876.1

2 

876.2

5 

915.6

3 

912.5

4 

965.0

7 
955 

7 
1064.

7 

1064.

8 

1113.

3 

1109.

5 

1176.

9 

1164.

7 

6 
1203.

2 

1203.

4 

1258.

5 

1254.

2 

1332.

6 

1318.

7 

5 
1299.

4 

1299.

6 

1359.

3 

1354.

7 

1440.

7 

1425.

6 

4 1361 
1361.

2 

1423.

9 
1419 

1509.

9 

1494.

1 

3 
1395.

6 

1395.

8 

1460.

2 

1455.

2 

1548.

8 

1532.

6 

2 1411 
1411.

2 

1476.

3 

1471.

3 

1566.

1 

1549.

7 

1 
1414.

8 
1415 

1480.

3 

1475.

3 

1570.

4 
1554 

BASE 
1414.

8 
1415 

1480.

3 

1475.

3 

1570.

4 
1554 

 

Storey 

no 

3.0m storey 

height 

3.0m storey 

height 

3.0m storey 

height 

10 
315.5

7 

315.4

6 

330.2

1 

328.7

2 

339.1

9 

335.0

7 

9 
627.2

9 

627.0

8 

659.0

7 

656.0

9 

694.0

1 

685.5

9 

8 
873.5

9 
873.3 

918.9

1 

914.7

6 

974.3

6 

962.5

4 

7 1062. 1061. 1117. 1112. 1189 1174.

2 8 9 8 6 

6 
1200.

7 

1200.

3 
1264 

1258.

3 

1346.

7 

1330.

4 

5 
1296.

9 

1296.

5 

1365.

5 

1359.

3 

1456.

2 

1438.

6 

4 
1358.

5 
1358 

1430.

5 
1424 

1526.

3 

1507.

8 

3 
1393.

1 

1392.

7 
1467 

1460.

4 

1565.

7 

1546.

7 

2 
1408.

5 

1408.

1 

1483.

3 

1476.

5 

1583.

3 

1564.

1 

1 
1412.

4 

1411.

9 

1487.

3 

1480.

6 

1587.

6 

1568.

4 

BASE 
1412.

4 

1411.

9 

1487.

3 

1480.

6 

1587.

6 

1568.

4 

 

Storey 

no 

3.2m storey 

height 

3.2m storey 

height 

3.2 m storey 

height 

10 
312.7

3 

312.4

3 

329.5

2 

327.6

1 

340.1

3 

335.3

8 

9 
624.1

7 

623.5

8 

660.3

3 
656.5 

699.3

5 

689.5

9 

8 
870.2

5 

869.4

2 

921.7

2 

916.3

6 

983.1

8 

969.4

6 

7 
1058.

7 

1057.

7 

1121.

8 

1115.

3 

1200.
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1183.

7 

6 
1197.
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1195.
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1268.
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Chart -3:  Comparison of Storey shear in Y direction 

between fixed base and isolated base buildings  

 

3. CONCLUSION 

3.1 Fundamental Time Period 

 Time period increases with the increase in storey 

height, which is more sensitive in fixed base rather 

than isolated base building. 

 Also the time period of the fixed base buildings will 

reduce up to 20% by using X-bracings and up to 35% 

by using shear walls. 

 However in case of base isolated building by using X 

bracings or shear walls the time period reduces only 

about 3%. 

 The time period value for base isolated structure is 

more when compared with base fixed structure. This 

helps in reducing the damages due to earthquake 

vibrations. 

 

3.2 Storey Shear 

 For every 0.2m increase in storey height reduces the 

storey shear by 5-10% in fixed base building and 1-2% 

in case of isolated base building. This indicates that 

storey shear decreases with increase in storey height. 

 In case of fixed base buildings the storey shear 

increases by 10-30% with addition of bracings and 30-

50% with addition of shearwalls. 

 However in isolated base buildings the storey shear 

increases only by 5-15% with addition of bracings or 

shearwalls. This shows that storey shear reduces by 

isolated base. 
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