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ABSTRACT 

Development in manufacturing technology has given rise to greater dynamic forces which leads to the 

development of greater stress. Thereby to ensure better performance and to avoid failures, foundation 

design plays a vital role. A key ingredient to the successful foundation design for a turbo-generator is the 

careful engineering analysis of the foundation response to the dynamic loads from the anticipated 

operation of the machine. This paper highlights a detailed procedure for the structural design of a framed 

foundation structure along with dynamic analysis of machine foundation design.  

Index Terms—Dynamic Analysis, Framed foundation, Machine foundation, Turbo-generator. 

 

INTRODUCTION 

Turbo-generator is a vital and expensive part in a power plant complex. Safety, stability, 

durability and reliability of structure should be considered while designing the foundation 

system. The analysis and design of turbo generator foundation is a complicated problem because 

of the interaction of Structural engineering, Geotechnical engineering and vibration theory.  It is 

essential that the foundation for turbo-generator is designed adequately for all possible 

combinations of static and dynamic loads.  The foundation system may be block type, frame 

type, frame with isolator. The frame type foundation is preferred for supporting high speed 

machinery due to saving in space, time and materials, easy accessibility for inspection of 

machine and less liability to cracking due to settlement and temperature changes. Design of 

frame foundation is relatively complex compared to block foundation. Frame foundation system 

comprises of a top deck, a set of frames and a base raft, 

LITERATURE SURVEY 

Jayarajan [1] focuses on dynamic analysis to calculate natural frequency of vibration 

under a loaded condition shall not fall within ±20% of operating frequency and critical speeds. 

Jayarajan [1] highlights dynamic analysis issues related to mathematical modelling of structure, 

soil and machine. Since the finite element method provides an efficient tool for dynamic analysis 
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and modelling, Jayarajan [1] uses SAP 2000 to perform free vibration and forced vibration 

analysis and also studied the finite element modelling of framed foundation structure and 

concludes that dynamic analysis needs attention to detail both in the interpretation of results as 

well as modelling of turbine foundation. K. G.Bhatia [2] has taken measurements of field 

vibration on a 200MW turbo generator foundation and   studied the dynamic behavior of turbo-

generator foundations of various ratings. Turbo-generator foundation also indicated the 

importance of soil structure interaction effect on the dynamic response and recommendations, 

including the soil structure interaction effect for dynamic response calculations based on the 

results of the analytical and experimental studies. Based on detailed seismic analysis, Fleischer 

[3] elaborates practical design approach of spring mounted, table mounted and raft type 

foundation system and given importance to load distribution over the height apart from local 

parameters such as soil amplifications and ground accelerations. Accidental eccentricity of 

earthquake loads due to uncertainties in the distribution of mass and stiffness is small and can be 

neglected and this is valid for both, torsional and translational dynamic effects 

Peter Nawrotzki [4] presents a systematic overview of the static analysis and dynamic analysis 

of turbine reinforced concrete foundations and also focuses on the load cases to be applied for 

foundation. Peter Nawrotzki [4]  evaluates the value of static foundation stiffness and  dynamic  

foundation stiffness and provides the required  ultimate  limit  and  serviceability  limit  state  

checks. Fang Ming [5] performs detailed investigations on dynamic characteristics of the turbine 

foundation soil system, a highly developed and complex finite element model was constructed to 

consider soil effect and facility vibration. Considered all major components of the system, 

including shaft, journal bearing, piers, deck, rotors, piles, foundation mat and soil medium have 

been included along with the full interaction between the facility, the foundation, and the soil 

medium is taken into account. Fang Ming [5] analyzed 1000MW turbine foundation soil system 

under excitations from earthquakes and rotor unbalances. Three dimensional viscous spring 

boundary elements have been used for exploring the influence of soil structure interaction on the 

response of the system. Effect on the acceleration and internal force is minimal, the presence of 

soil does affect the displacements of the system under seismic excitations.   

Shasmer Prakash [6] discuss the analyzing methods for determining the response of 

foundations due to vibratory loads and design of machine foundation is made by idealizing the 

foundation soil system as a spring mass dashpot model having single or double degrees of 

freedom. Since  most foundations for machine is treated as surface footing, the soil spring and 

damping values can obtained by following the impedance compliance function approach and also 

by using the elastic half space analog. Arkady Livshits [7] performed modal analysis for 

verification of frequency separation, harmonic forced vibration analysis checks limit for 

amplitude of vibrations at machine bearing. Under seismic excitation, Response spectrum 

analysis gives an estimation of internal forces and displacements. Structural design turbine 

generator reinforced concrete foundation requires a series of static analysis of quasi-static loads 

and various static loads. Bharathi [8] studies the codes/standards includes IS 2974, CP 2012, 

DIN 4024 and ACI3513R04 and reviews the variation among codes/standards of different 
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countries for the design of machine foundations. 

Bhatia [9] carried out that investigation of the dynamics of the machine foundation system is 

very vital and the consideration of earthquake effects on machines as well as on their foundations 

adds complexity to the system. The safety, performance and stability of machines depend largely 

on their design, interaction and manufacturing with their supporting frame. In this case, the 

machine foundation system should be able to withstand the action of earthquake loading up to 

the safety limit without collapse. Bhatia [9] described that the suitability of machine foundations 

depends  not  only  on  the  forces  subjected  to act,  but  also  on  their  behavior of machine 

foundation  when exposed  to  dynamic  loads,  which  depends  on  the  natural  frequency  of  

the foundation and speed  of  the  machine hence vibration  analysis  becomes  necessary.  A 

detailed  vibration  analysis is done for each and every machine foundation  providing  dynamic  

behaviour  of  foundation  and  its components  for  satisfactory  performance  of  the  machine.  

The complete knowledge of load-transfer mechanism, excitation forces and associated 

frequencies are a must for the accurate evaluation of machine performance. Bhatia [9] 

recommendations, equates the vertical seismic coefficient with horizontal seismic coefficient in 

application to machine-foundation in order to get better performance for the systems. Sukanta 

Adhikari [10] illustrates the critical aspect in the design of a turbo generator foundation for a 

thermal power plant with respect to IS 2974 (Part 3)-1992 and other international standards. Due 

to some contradiction in demands for seismic design, Fleischer [3] put forward an idea for 

consideration on a simplified method of design principles for large machine foundation and it is 

preferred to transfer seismic to static equivalent force loads for practical design of pedestals, 

machine anchorages and foundation supports. 

 Karthigeyan [11] have pursued harmonic analysis of a finite element model for a steam 

turbine tabletop using a combination of beam and plate elements to compute the amplitudes of 

vibration for the out off-balance machine loads and to limit amplitude to a suitable acceptance 

criterion. They highlights that the amplitudes computed from lumped mass models due to the 

participation of flexural modes are lower than the amplitude of the detailed finite element model. 

Ali Ossama [12] compared the study between frame element and brick element models were 

performed under the effect steady state forces and harmonic excitation forces. In order to identify 

the problem, the simulation of the model was performed in software for finite element analysis, 

SAP: 2000.Frame element and brick element models were constructed to study the effect of rigid 

links distribution and element type on the mass foundation pedestal responses and elastically 

suspended turbine generator subjected to dynamic loads of reinforced concrete column 

foundation is optimized. The design objective is to avoid resonance of the natural frequency of 

foundation columns with first harmonic excitation of the generator.  

Ping Jiang [13] uses Staad pro v8i to perform modal analysis and proposes the use of DMF 

(Dynamic Magnification Factors) to determine the acceptability of mode shapes and natural 

frequencies. Ping Gu [14] proposes a new DPF (Dynamic Participation Factor) for design and 

design of structures supporting large turbine generators and rotating machines. Based on the 

approach on modal synthesis Lakshmanan [15] developed a simplified analytical formulation for 
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computing peak dynamic responses of turbine-generator pedestals and focuses on the effect of 

the variability on the amplitudes of the various modes and variability of elastic modulus of 

concrete. For accurate determination of resonant frequencies, Moreschi [16] studied the 

application of the harmonic analysis technique for resonant frequencies of individual structural 

members in large steam-turbine generator foundations and proposed a systematic procedure for 

the accurate determination of the local structural vibration properties and details of the 

implementation is done using the GT STRUDL software.  

Sungyani [17] considered the winkler spring soil model, dynamic analysis of Turbo generator 

foundation and solid Finite element modelling. The frequency dependent soil impedance, 

stiffness and damping for various mode shapes are addressed and dynamic response of 

foundation was analyzed .The soil foundation system were simulated in SAP: 2000 v 17.1. 

software. Sungyani [17] concludes resonance condition cannot be avoided, hence during 

frequency overlapping machine can be speeded up to reduce transiting resonance condition for 

the safety of Turbo generator Frame Foundation and also the Eigen values increase with each 

static and dynamic mode and one of the values shall be near to the operating frequency of the 

machine. 

CODAL PROVISIONS 

Description IS 2974- 3 

Sizing 

of 

Foundation 

Top deck  
Girders which 

support    Turbine 

Girders   to Support 

Generator 

Clear span to 

depth ratio 
2 -3 2.5 – 3.5 

Depth to width 

ratio 
1 -3 1 -1.5 

Base Raft 

Ratio of Bending stiffness of the base and largest column in 

transverse direction ≥ 2 

The   thickness of the base   raft should    not   be less than 0.07 

L
4/3

, L is the average of two adjacent clear span length. 

Eccentricity
 Under unavoidable circumstance, a maximum eccentricity of 3% 

base dimension may be allowed. 

Frequency Ratio  1.2   <   
operating frequency

natural frequency
  < 0.8 

Limiting Amplitude Amplitudes ≤ 0.07 mm in horizontal direction. 
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Amplitude ≤ 0.12 mm in vertical direction. 

Description IS 2974- 3 

Minimum Reinforcement 

Top Deck Column Base Mat 

Top and bottom=0.25% 

of Ag (each) 

Side = 0.1% of Ag 

 

Longitudinal= 

0.8% of Ag 

Top and 

bottom=0.12% of 

Ag (each) 

Intermediate = 

0.06% of Ag (if 

raft thickness 

>2m) 

Fatigue factor For dynamic analysis use Fatigue factor  = 2 

CONCLUSION 

An extensive study about the dynamic loads and static loads, frequency, amplitude, 

eccentricity and code/standards of machine foundation is carried out and observed the 

procedure for the design of machine foundation. A very less Research work has been done on 

turbo generator foundation. As a result of literature survey, it has been concluded that the 

dynamic   analysis   of   turbine generator foundations   needs attention to detail both in 

modelling and interpretation of the results and also to consider the issues on mathematical 

modelling of structure, soil and machine for dynamic analysis. 
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