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 

Abstract: In recent year significant research has been carried 

out for seismic protection techniques for various types of building. 

Turbo generator building which is the important part of power 

plant structures falls under category of special industrial building 

and are irregular in plan with complex frames, presents many 

problem during analysis of earthquake forces. The 

turbo-generator building is considered to be vulnerable to 

earthquake forces needs to be protected. In this research, 

nonlinear time history analysis of turbo generator building has 

carried out with fixed base, base isolation and dampers using SAP 

2000 v14 software. Time history analysis has been done to 

determine the response of turbo generator building with fixed 

base and to find out seismic response control efficiency with 

seismic protection techniques.. 

 
Index Terms: Base isolation; Dampers; Ground motions, 

Turbo generator building; Time history analysis.  

I. INTRODUCTION 

  Turbo-generator building consists of reinforced concrete 

floor and steel roof and it is mostly vulnerable to earthquake 

force and it presents problem during seismic analysis. The 

buildings which do not fulfill requirements of seismic design, 

may suffer extensive damage or collapse if shaken by a severe 

ground motion. The seismic analysis and evaluation reflects 

the seismic capacity of earthquake vulnerable buildings for 

the future use. Conventional seismic design approach which is 

based on ductility design concept that has been used 

worldwide, if looking at Indian codes specifically the design 

philosophy involves intensity of earthquake, moderate 

earthquake or design based earthquake which has 10 % 

chance of return period of 250 years [1]. The ductility helps to 

dissipate energy while undergoing large permanent 

deformation that can incur heavy repair cost, as much as 

building structure itself. It is apparent from this design 

approach that more emphasis is laid on life safety and not 

much importance is given to protect the non-structural 

damage which sometimes costs more than structure itself. For 

 
 

Revised Manuscript Received on 30 May 2019.  
* Correspondence Author 

 Sravya Madupalli*, Department of Civil Engineering, Gokaraju 

Rangaraju Institute of Engineering and Technology , Hyderabad, India. 

 K. Vasugi, Rishi kumar, Division of Structural Engineering, School of 

Mechanical and Building sciences, VIT University, Chennai Campus, 

Tamilnadu, India. 

L. Natrayan, School of Mechanical and Building Sciences, VIT 

University, Chennai Campus, Tamilnadu, India. 

 

© The Authors. Published by Blue Eyes Intelligence Engineering and 

Sciences Publication (BEIESP). This is an open access article under the 

CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 

example in turbo-generator building equipment such has 

turbo-generator, de-aerator etc.,[2] Thus it is necessary to find 

a method that is devoid of the shortcomings of the ductility 

approach. 

II. OBJECTIVES 

In this research, it is a challenging task to identify how turbo 

generator building behaves to various earthquake ground 

motions and to propose suitable seismic protection 

techniques. To achieve these objectives, the problem is 

divided into different phases with following sub-objectives. 

 To model turbo generator building with fixed base, base 

isolation (LRB) and dampers (VFD) by SAP2000 software. 

 To perform non-linear time history analysis of two different 

sets of earthquake ground motion records (El-Centro, North 

ridge). 

 To propose suitable seismic protection technique for turbo 

generator building.  

III. SEISMIC PROTECTION TECHNIQUES 

Seismic protection systems have been classified into 

conventional system, isolation system, and supplemental 

damping system. In conventional system flexure plastic hinge, 

shear plastic hinge and yield braces have been used whereas 

in isolation system lead rubber bearing, friction pendulum 

bearing have been used. Supplemental damping system is 

further classified into active or semi active damper and 

passive damper [3]. Tuned mass damper, viscous fluid 

damper, friction falls under passive dampers. In active or semi 

active tuned mass damper, braces have been used. In this 

current research lead rubber bearing and viscous fluid 

dampers have been considered.  

A. Lead Rubber Bearing 

A large number of isolation devices including elastomeric 

bearing (with and without lead core), frictional or sliding 

bearing and roller bearing have been used practically for 

various types building during the last 25 years [4]. Among 

various base isolation system, the lead rubber bearing had 

been used extensively. The device consists of alternate layers 

of rubber and steel plates which one or more lead plugs that 

are placed in to the holes. When subjected to low lateral loads 

the lead rubber bearing is stiff both laterally and vertically. At 

higher load levels the lead yields and the lateral stiffness of 

the bearing is significantly reduced. The lead rubber bearing 

produces the periodic shift effect in characteristic of base 

isolation. 
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 As the bearing is cycled at large displacement, such as during 

moderate and large earthquake. A major advantage of lead 

rubber bearing is that it combines the function of rigidity at 

service load level and damping in to a single compact unit [5]. 

B. Viscous Fluid Dampers 

Viscous fluid dampers have been widely used in many 

structures as a seismic protection strategy. When external 

load is acted upon the viscous fluid dampers the rod with 

piston will create reciprocating motion in cylinder to force the 

damping medium move back and forth between two cavities 

separated by piston. Viscous dampers utilize viscous 

properties of fluids which have developed and used in 

structural application. Viscous damper dissipates or absorbs 

the energy of earthquake induced motion. It aids in reducing 

stress in structural elements and enhances damping, lowers 

displacement throughout the structure [6]. 

IV. NON-LINEAR TIME HISTORY ANALYSIS 

Nonlinear time history analysis evaluates the dynamic 

structural response of the building under loading which varies 

according to specified time function. Time history analysis 

can be either direct integration or modal analysis. Direct 

integration analysis is a nonlinear time history dynamic 

analysis method in which equation of motion are fully 

integrated as a building is subjected to dynamic loading [7]. 

Direct integration analysis involves solving integration of 

properties of structure and its behavior at a series of time steps 

which are small relative to loaded duration. Modal analysis is 

used either static or dynamic analysis of either linear or 

nonlinear structural system. 

V. LOADS AND BUILDING DESCRIPTION 

Gravity loads, dead loads as well as live loads are calculated 

as per structures requirement. Roof live load is taken as per 

Indian standards. Wind loads are calculated as per Indian 

standards. Necessary equipment loads are taken as per details 

provided by equipment suppliers. Basic load data pattern is 

shown in table 1. Load combinations are provided in IS 456 

(2000) and IS 800 (2007) is followed [8]. 

Table.1: Basic load data of turbo generator building 

Load 

components 

Load 

allowance 

Load 

components 

Load 

allowance 

Dead load Self-weight Roof dust load 4.98 kN 

Dead slab load 3.675 kN/m2 De-aerator 254.52 kN 

Live load at 3 

m and 

4.5m 

14.7 kN/m2 Shaft-gland 

cooler 

6.125 kN 

Live load at 

9m and 14m 

19.6 kN/m2 Lp heater 19.6 kN 

Roof live load 15.25 kN Surge tank 14.7 kN 

Purlin 3.08 kN Surge 5.145 kNm 

Runner & side 

sheet 

3.08 N   

 

Table.2: Input data for the modeling of Turbo generator 

building 

Plan dimension                  33000 mm × 29500m 

No of stories                      G + 4 Floor 

Depth of slab                   175 mm 

Grade of concrete and steel      M30 & Fe415 

Seismic zone  II 

 

 

          
Figure.1: Line sketch plan of turbo generator building 

VI. MODELLING AND ANALYSIS OF TURBO GENERATOR 

BUILDING 

Turbo generator building was modeled using SAP2000 v14 

software. Three models were created i.e. turbo generator 

building with fixed base, turbo generator building with lead 

rubber bearing (base isolation) and turbo generator building 

with viscous fluid dampers (dampers). Loads that are 

mentioned in table are applied to structure and load 

combinations mentioned in codes IS456 (2000) and IS800 

(2007) are followed. Nonlinear time history is carried out for 

three models under El-Centro and Northridge earthquake 

ground motion records. 

               
Figure.2: 3D rendering model of turbo generator 

building (SAP2000 v14) 

VII. RESULTS & DISCUSSION 

Turbo generator building with fixed base, lead rubber bearing 

and viscous fluid dampers has been analyzed under el-Centro 

and Northridge earthquake ground motions and results are 

compared with parameters such as displacement, story drift, 

story acceleration, story velocity, and base shear.  

The results obtained from nonlinear time history analysis of 

turbo generator building with fixed base, base isolation and 

dampers are presented below. 
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A. Base shear 

Base shear results indicates that base isolation and dampers is 

very effective in reducing base shear compared to fixed base 

structure. Therefore, the possible damage to bottom level of 

turbo generator building is reduced. The summary of base 

shear response is shown in table 2 as follows. 

Table 3: Base shear response in x and z direction

 Base shear in x direction (kN) Base shear in z direction (kN) 

EQ Fixed base Base isolated Dampers Fixed base Base isolated Dampers 

El-Centro 14563.87 6408.10 9055.81 14563.87 6408.10 9055.81 

Lacc 26725.08 10075.35 12590.18 26725.08 10075.35 12590.18 

B. Storey Displacement 

Displacement of the turbo generator building subjected to 

time history analysis is recorded at each storey level in both 

longitudinal (z) direction and transverse direction (x). Since 

base is in fixed condition no displacement is recorded for 

fixed base structure. Maximum displacement of turbo 

generator building is achieved when it is subjected to north 

ridge earthquake. 

 

 

 

 

 

 

 

 

 

     (a)          (b) 

Figure 3: Storey displacement of turbo generator 

building ground motion in x-direction, 

(a) Storey displacement due to El-Centro 

(b) Storey displacement due to Northridge earthquake 

From fig 3(b) & 3(a) it is clear that story displacement of 

turbo generator building is maximum due to North ridge 

earthquake ground motion and minimum due to El- Centro 

earthquake ground motion. In both ground motion, turbo 

generator experience maximum displacement due to fixed 

base structure compared to base isolation and dampers [9]. 

 

  
     (a)          (b) 

Figure. 4 Storey displacement of turbo generator 

building ground motion in z-direction 

(a) Storey displacement due to El-Centro  

(b) Storey displacement due to Northridge earthquake 

From fig 4(b) & (a) it is clear that turbo generator building 

experiences maximum displacement due to north ridge 

ground motion in z direction. It is also observed that turbo 

generator building with base isolation is uniform when it is 

subjected north ridge earthquake in z direction. Displacement 

of turbo generator building in x-direction is found to be less 

compared to storey drift in z-direction when subjected to 

el-centro and north ridge earthquake ground motion. Turbo 

generator building with base isolation is uniform compared to 

fixed base structure. 
 

C. Storey drift 

Storey drift of turbo generator subjected to el-centro 

earthquake ground motion and northridge earthquake ground 

motion are recorded at each storey in both longitudinal (z) 

direction and transverse direction (x). Storey drift is 

calculated and plotted graphically as shown in fig 5 (a) & (b). 

From graph it is clear that storey drift is maximum when turbo 

generator building is subjected to northridge ground motion. 

Storey drift is maximum in lower storey compared to 

successive upper stories. In both ground motion, turbo 

generator experience maximum drift due to fixed base 

structure compared to base isolated structure and structure 

with dampers [10]. 

      (a)          (b) 

Figure. 5 Storey drift of turbo generator building 

ground motion in x-direction 

(a) Storey drift due to El-Centro 

(b) Storey drift due to Northridge earthquake 

 

 
   (a)                (b) 

Figure. 6 Storey drift of turbo generator building 

ground motion in z-direction 

(a) Storey drift due to El-Centro  (b) Storey drift due to 

Northridge earthquake 

Fig 6(b) indicates that storey drift of turbo generator 

building are maximum in lower storey level and successively 

decreases in upper storey.  Drift of turbo generator building in 

x-direction is found to be less compared to storey drift in 

z-direction when subjected to El-Centro and Northridge 

earthquake ground motion [11]. Turbo generator building 

with base isolation reduces the impact due to drift in lower 

storey level compared to turbo 

generator building with fixed 

base and dampers. 
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D. Storey Velocity 

Velocity of turbo generator building subjected to time history 

is recorded at each storey. Velocity is not recorded at base 

since it is fixed condition for fixed base structure .From figure 

7 it is clear that story velocity is more at lower story level and 

goes on decreasing for successive storey. 

    
   (a)                (b) 

Figure.7 Storey velocity of turbo generator building 

ground motion in x-direction 

(a) Storey velocity due to El-Centro  (b) Storey velocity due 

to Northridge earthquake 

It is observed that there is decrease in story velocity in base 

isolated structure and structure with dampers of about 51.3% 

and 41.6% when it is subjected to El-Centro earthquake and 

57.3% and 52.7% with Lacc earthquake compared to fixed 

base structure. 

  
    (a)                (b) 

Figure.8 Storey velocity of turbo generator building 

ground motion in z-direction 

(a) Storey velocity due to El-Centro   

(b) Storey velocity due to Northridge earthquake 

From fig 8(b) it is clear that turbo generator building 

experiences low story velocity in z-direction compared to x 

direction. From Fig 8(a) & (b) it is clear that there will be 

more impact on low level story of turbo generator building. 

Turbo generator building with base isolation and dampers 

experiences lower story velocity compared to fixed base 

structure. 
 

E. Storey Acceleration 

Acceleration of turbo generator building subjected to time 

history is recorded at each story in both (x) transverse 

direction and (z) longitudinal direction. Acceleration is not 

recorded at base since it is fixed condition. From fig 9(a) & 

(b) it is clear that storey acceleration is more at lower story 

level and goes on decreasing for successive storey. 

   
Figure.9 Storey acceleration of turbo generator 

building ground motion in x-direction 

(a) Storey acceleration due to El-Centro   

(b) Storey acceleration due to Northridge earthquake 

  It is observed that there is decrease in story acceleration 

in base isolated structure and structure with dampers of about 

71.82% and 68.76% when it is subjected to El-Centro 

earthquake and 68.2% and 51.1% with Northridge earthquake 

compared to fixed base structure. 

  
     (a)                (b) 

Fig. 10 Storey acceleration of turbo generator building 

ground motion in z-direction 

(a) Storey acceleration due to El-Centro   

(b) Storey acceleration due to Northridge earthquake 

 From fig 10 (a) & (b) it is clear that storey acceleration is less 

in z-direction compared to x direction. Similar to the 

x-direction, turbo generator building performs well with less 

impact story velocity with base isolation and dampers 

compared to the fixed base structure [10]. 

VIII. CONCLUSIONS 

Nonlinear time history analysis is done to determine the 

responses (displacement, drift, base shear, storey velocity, 

storey acceleration) of the turbo generator building using 

record of El-Centro and Northridge earthquake. 

●  It has concluded that responses (displacement, drift, 

acceleration and velocity) of turbo generator building is more 

in lower storey compared to the upper storey. 

●  Displacement and drift of turbo generator building 

reached maximum at all storey level when it is subjected 

northridge earthquake ground motion. 

●  Storey displacement and storey drift is maximum in 

lower storey and goes on decreasing in successive upper 

stories. 

●  A better performance of base isolated turbo generator 

building with respect to fixed base structure and dampers is 

observed in base shear (50-65% with base isolation and 

35-55% with dampers), story drift, story acceleration 

(acceleration imparted on each floor is reduced both in 

transverse and longitudinal direction) and story velocity. 

●  Base isolation apart from decreasing dynamic 

response of turbo generator building also increases flexibility 

of structure at base. 

●  Base isolation absorbs and dissipates energy that are 

imparted due to dynamic loading therefore seismic demand of 

turbo generator building is reduced compared to conventional 

fixed base structure. 
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●  Response (drift, displacement, story acceleration and 

story velocity) of turbo generator building with dampers are 

reduced to certain extent compared to base isolation and fixed 

base. 

●  there is significant decrease in overall response of 

turbo generator building with base isolation and dampers. 

Above results indicates that seismic behaviour and 

performance of turbo generator building with base isolation is 

good as compared with viscous fluid dampers. 

●  Base isolation has found to be reliable and consistent 

for seismic protection of turbo generator building.  
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