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FOREWORD 
 
(Formal clauses to be added later) 
 
Installation of heavy machinery has assumed increased importance in the wake of the vast 
programme of industrial development in the country. The overall foundation design of such 
machines shall have to be in accordance with the dynamic requirements of machine, foundation 
and soil, besides special requirements of the machine as laid down by machine manufacturer. It 
was well realized that the dynamic soil parameters underneath the foundations play a 
significant role in achieving the said objective. It is to serve such purposes that, the Indian 
Standard IS 2974 ‘Code of practice for design and construction of machine foundations’ was 
published in five parts covering foundations for host of machines. The various parts of the 
standard were published and revised as per the details given below:  
 

 Title of Various Parts First 
published in  

Subsequently 
revised in 

 
Part 1 Foundations for reciprocating type machines  1964 1969 and 

1982 
 

Part 2 Foundations for impact type machines  
 

1966 1980 
 

Part 3 Foundations for rotary type machines 
(medium and high frequency)  
 

1967 1975 and 
1992 
 

Part 4 Foundations for rotary type machines of low 
frequency  
                      

1968 1979 
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Part 5 Foundations for impact machines other than 
hammer (forging and stamping press), pig-
breaker, drop crusher and jolter  

1970 1970 and 
1987 

 
Over the years, improvement in manufacturing technology has provided machines of higher 
ratings with better tolerances and controlled behaviour. The increased dependence on such 
machines provides no room for failure and demands equipment and systems with higher 
performance reliability. To ensure satisfactory performance of machines and to minimize 
machine downtime on account of malfunction or unsatisfactory performance, foundations for 
these machines have to be specially designed taking into consideration the impact of vibration 
on the foundations as well as on the adjoining structures. Thus, for satisfactory performance, 
every machine, be it small or large, does require detailed vibration analysis providing insight 
into the dynamic behaviour of machine-foundation system including their associated 
components. 
 
Further, failure data collected over the years from field tests on wide variety of machines and 
their foundations provides clear indicator that the existing design philosophy needs a re-look 
and suggests host of changes to be incorporated in the standards covering various design and 
construction aspects of the foundations. In view of the above as well as the recent 
developments reported globally on this subject, it has been felt that the provisions regarding 
the design and construction of machine foundations should be further revised.  
 
To cater to these objectives, it was decided to revise and restructure all the existing parts of the 
standard to meet the current demand of satisfactory performance of machines with no room for 
failure. While restructuring these standards, it was decided to restructure the standard 
foundation-wise rather than machine-wise, except foundations for impact and impulsive load 
machines, that is, hammers and presses, where it necessarily has to be machine-wise. This 
would also avoid any overlapping of the provisions between different parts of the standard for 
similar foundation types and bring better clarity in design and construction of the foundations.  
Accordingly, the revised standard is being brought out in following eight parts, first five being 
brought out in the first phase and remaining three parts in subsequent phase:  
 

Part 1 General provisions, 
Part 2 Block foundations, 
Part 3 Frame foundations, 
Part 4 Foundations for hammers and presses, 
Part 5 Machine foundations (excluding foundations for hammers  
           and presses) supported on vibration isolation system,       
Part 6 Machines supported on superstructures, 
Part 7 Machines supported on strip footings, and 
Part 8 Machines supported on common mat/raft. 

 
This Part 5 deals with specific provisions relating to design and construction of machine 
foundations supported on vibration isolation system.  Such foundations for hammers and 
presses have not been covered in this part of the standard, they being covered in Part 4. The 
Part 1 of the standard is a necessary adjunct to this part and shall be referred for general 
provisions. 
 
In the design and construction of foundations for all the machines, a proper coordination 
between different branches of engineering, including those dealing with erection and 
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commissioning is essential. Coordinated efforts by the different branches would result in 
satisfactory performance, convenience of operation, economy and a good general appearance 
of the complete unit.  
 
When making the foundation plans, the main unit should be provided with all its auxiliaries and 
adjacent piping, and all the details should be well worked out, before going ahead with the 
design.  
 
In the preparation of this standard, due weightage has been given to international coordination 
among the standards and practices prevailing in different countries in addition to relating it to 
the practices in the field of this country.  
 
For deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in 
accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised)’. The number of 
significant places retained in the rounded off value should be the same as that of the specified 
value in this standard. 
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1    SCOPE 
 

1.1 This standard (Part 5) deals with the design and construction of foundations and structures 
supporting variety of rotary and reciprocating machines supported on vibration isolation system 
(VIS) associated with the industries listed in IS 2974 (Part 1).   
 
1.2 The foundations of hammers and presses on VIS are not covered in this part and are 
covered in IS 2974 (Part 4). 
 

2    REFERENCES 
 

The Indian Standards given below contain provisions which through reference in this text, 
constitute provision of this standard. At the time of publication, the editions indicated were 
valid. All standards are subject to revision, and parties to agreements based on this standard 
are encouraged to investigate the possibility of applying the most recent editions of the 
standards. 
 

IS No. Title 

IS 456:2000 Plain and reinforced concrete – Code of practice (fourth revision) 

IS 800:2007 General construction in steel – Code of practice (third revision) 

IS 2974 Design and construction of machine foundations ― Code of 
practice 

(Part 1):XXXX Part 1 General provisions (under preparation) 

(Part 2): XXXX Part 2 Block foundations (under preparation) 

(Part 3): XXXX Part 3 Frame foundations (under preparation) 

(Part 4): XXXX Part 4 Foundations for hammers and presses (under preparation) 

IS 13301:1992 Vibration isolation for machine foundations ― Guidelines 
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3    TERMINOLOGY 
 

For the purpose of this standard, the terminology given in IS 2974 (Part 1) shall apply in 
addition to those given below.  

 
3.1 Base Block — The concrete block that supports machine and/or inertia block through 
vibration isolators. This base block is in turn supported on soil or pile groups.  
 
3.2 Damper – A device that dissipates energy. 
 
3.3   Excitation Force (𝐹E) – Force generated by the machine at operating speed/frequency. 
 
3.4 Inertia Block – The concrete block supporting the machine which in turn is supported 
over the vibration isolators. 
 
3.5 Isolation Efficiency (η) – Percentage of vibration force or motion which is not transmitted 
from machine to foundation or from foundation to machine. 
 
3.6 Spring – A device that stores energy when deflected and returns the same amount of 
energy when released (for example, steel springs, elastic pads, etc). 
 
3.7 Substructure Frame – The structural frame [steel or reinforced cement concrete (RCC)] 
that supports machine and inertia block through vibration isolators. This structural frame is in 
turn supported on the soil or pile groups.  
 
3.8 Transmissibility Ratio (𝑇𝑅) – Ratio of transmitted force to the excitation force.  
 
3.9   Transmitted Force (𝐹T) – Force transmitted to the foundation through the isolator. 
 
3.10 Vibration Isolation – The process of reduction in transmission of vibration from machine 
to foundation or from foundation to machine. 
 
3.10.1  Active Isolation – Reduction of vibration generated by machine itself and transmitted to 
the surrounding.  
 
3.10.2   Passive Isolation — Reduction of vibration transmitted from external sources to the 
equipment/machine through the foundation. 
 
3.11 Vibration Isolator — A device comprising spring(s) with or without damper(s). 
 
4    SYMBOLS 

 

Symbol Description Unit 

ζ Damping ratio - 

𝑓 Circular frequency Hz (Cycles/s) 

𝑓e Operating frequency Hz (Cycles/s) 

𝑓n Natural frequency Hz (Cycles/s) 

𝑓nx Natural frequency in x-direction Hz (Cycles/s) 
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𝑓ny Natural frequency in y-direction Hz (Cycles/s) 

𝑓nz Natural frequency in z-direction Hz (Cycles/s) 

𝑓nxx Rotational natural frequency about x-direction Hz (Cycles/s) 

𝑓nyy Rotational natural frequency about y-direction Hz (Cycles/s) 

𝑓nzz Rotational natural frequency about z-direction Hz (Cycles/s) 

𝑁 Operating speed rpm 

𝜔e Operating frequency rad/s 

𝜔n Natural frequency rad/s 

β Frequency ratio ( 
𝜔e

𝜔𝑛
) or (

𝑓e

𝑓n
) - 

𝑇𝑅 Transmissibility ratio - 

𝑘ix Translational stiffness of ith isolator in x-direction N/m 

𝑘iy Translational stiffness of  ith isolator in y-direction N/m 

𝑘iz Translational stiffness of  ith isolator in z-direction N/m 

𝑘iθ Rotational stiffness of  ith isolator about x axis N-m/rad 

𝑘iψ Rotational stiffness of  ith isolator about y axis N-m/rad 

𝑘iϕ Rotational stiffness of  ith isolator about z axis N-m/rad 

𝑘x Translational stiffness of isolator(s) (summation of translational 
stiffnesses of all the isolators) in x-direction  

N/m 

𝑘y Translational stiffness of isolator(s) (summation of translational 
stiffnesses of all the isolators) in y-direction 

N/m 

𝑘z Translational stiffness of isolator(s) (summation of translational 
stiffnesses of all the isolators) in z-direction 

N/m 

𝑘θ Rotational stiffness of isolator(s) (summation of rotational 
stiffnesses of all the isolators) about x-direction 

N-m/rad 

𝑘ψ Rotational stiffness of isolator(s) (summation of rotational 
stiffnesses of all the isolators) about y-direction 

N-m/rad 

𝑘ϕ Rotational stiffness of isolator(s) (summation of rotational 
stiffnesses of all the isolators) about z-direction 

N-m/rad 

𝑀 Total mass on the top of the isolator kg 

𝑀x  Mass moment of inertia on the top of the isolator in x-direction kg-m2 

𝑀y  Mass moment of inertia on the top of the isolator in y-direction kg-m2 

𝑀z  Mass moment of inertia on the top of the isolator in z-direction kg-m2 

𝑒x  Eccentricity in x-direction m 

𝑒y Eccentricity in y-direction m 

𝑒z Eccentricity in z-direction m 

 
5  GENERAL PRINCIPLES FOR DESIGN OF FOUNDATIONS FOR MACHINES 
SUPPORTED ON VIBRATION ISOLATION SYSTEM (VIS) 

5.1 Need for Isolation 

Vibrations are generated during operation of machines due to various reasons depending on 
type of machines. The vibration generated during machine operation gets transmitted to its 
foundation.  Whenever transmitted force from the machine to the foundation or from foundation 



 

7 
 

to equipment becomes excessive, VIS is provided to reduce such transmission to bring it to 
acceptable limits. 
 
Transmission of high continuous vibration to the foundation and thereby to the adjoining 
structures/equipment is not desirable on account of the following: 

 
a) High structural vibrations when machine is supported on superstructure, 
b) Presence of sensitive equipment/machine in the vicinity, and 
c) Prevention of consequential failures. 

 
5.2 Types of Vibration Isolators 
 
Different types of vibration isolators are as given below: 
 

a) Isolators made of steel springs with or without dampers, 
b) Isolators made of rubber or elastomeric pads, and 
c) Cork sheets or pads as isolators. 

 
The different types of vibration isolators are explained in 5.2.1 to 5.2.4. 

5.2.1 Isolators Made of Steel Springs with/without Dampers  

Steel spring isolators (VIS module) generally consist of a set of individual springs of same 

height enclosed by top and bottom plates. Each VIS module has definite vertical and lateral 

stiffness.   

Dampers may be used along with these spring units to minimize the amplitude during transient 

resonance. 

The centre of stiffness of spring assembly shall match the centre of base area of the VIS 

module.   

A typical spring unit made of helical compression springs is shown in Fig.1A and a typical 

damper unit used in conjunction with the spring unit is shown in Fig.1B. 
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1A VIS Module with Springs Only 

 
 

 
 

1B VIS Damper in Module 
 

Fig.1 Typical VIS Module Made of Steel Springs 
 

5.2.2 Isolators Made of Rubber or Elastomer Pads  

Rubber or elastomer pads may be used as single element and/or as distributed pads/plates or 

mats.  Typical rubber or elastomeric pads/plates or mats are shown in Fig. 2. 
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Fig. 2 Typical Isolators made of Rubber or Elastomer Pads/Plates or Mats 

5.2.3 Cork Sheets or Pads as Isolators 

Cork may be used as vibration isolator by laying cork sheets or pads of required thickness 

below concrete inertia block. Cork sheets or pads are available in various sizes and 

thicknesses. 

5.3 Types of Foundations with Vibration Isolators 
 
5.3.1  Block Foundation with VIS 
 
In this system, machine is directly supported over the inertia block that rests over VIS, which in 
turn are supported over base block (see Fig. 3A, Fig. 3B and Fig. 3C).  
 

NOTE − Machines directly mounted over the isolators are not covered in this standard.  

 
 

 

                                    

2C 
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Fig. 3 Block Foundation with Vibration Isolators 
 
5.3.2 Frame Foundation with VIS 
 
In this system, machine is directly supported over the inertia block that rests over VIS, which in 
turn is supported over frame type foundations (see Fig. 4). 
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Fig. 4 Frame Foundation with Vibration Isolators   
 

5.3.3 Machines Supported over Superstructure with VIS 
 

In this system, machine is directly supported over the inertia block that rests over VIS, which in 
turn are supported over superstructure as shown in Fig. 5.  

 
 

Fig. 5 Machine at Higher Elevation on Building/Structure 
with Vibration Isolators 

 
6    DESIGN PARAMETERS 

 
6.1 Material and Geotechnical Data 
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The material and geotechnical data shall be in accordance with IS 2974 (Part 1). 
 
6.2 Machine Data 

 
The machine data shall be supplied by the machine manufacturer in accordance with IS 2974 
(Part 1). 
 
6.3 Vibration Isolators 
 
The following parameters shall be obtained from the supplier of vibration isolator: 

 

a) Steel springs with or without dampers; 

 

1) Vertical stiffness; 
2) Lateral stiffness; 
3) Load carrying capacity (load-deflection diagram); 
4) Damping characteristics (damping vs frequency); 
5) Height and plan dimensions; and 
6) Other factors of influence (such as creep, temperature, ageing, resistance to acids, 

moisture, fire resistance, maintenance requirements, etc). 
 

b) Rubber or elastomeric pads 

 
1) Elastic/shear modulus (load-deflection curve);  
2) Poisson’s ratio; 
3) Density; 
4) Plan sizes and thickness; 
5) Damping characteristics (damping versus frequency); and 
6) Other factors of influence (such as time, temperature, ageing, resistance to oils, 

moisture, fire resistance, maintenance requirements, etc). 
                    

NOTE — Since the stiffness and damping parameters of rubber or elastomer pads are dependent 
upon the type of loading (compression forces, shear forces, torsion moments, bending moments, or 
combinations thereof), care should be taken that the values given by manufacturer are in conformity 
to the same. 

 
c) Cork sheets or pads 

 
1) Elastic or shear modulus (load-deflection curve);  
2) Poisson’s ratio; 
3) Density; 
4) Plan sizes and thickness;  
5) Damping characteristics (damping versus frequency); and 
6) Other factors of influence (such as time, temperature, ageing, resistance to oils, 

water, moisture, fire resistance, maintenance requirements, etc). 
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7    DESIGN CRITERIA 
 

7.1 Basic Design Requirements 
 
The basic design requirements for foundations on VIS are as follows 

 
a) Block Foundation 

 
1) Block foundation shall consist of a RC base block supported over soil or pile and a 

RC inertia block supporting the machine; and isolators shall be placed in between 
base block and inertia block. 

2) The inertia block shall be separated from adjoining foundations and structures.  
 

3) Base block below VIS should be rigid enough to minimise differential deflection in 
base block between VIS.  

 

Stiffness of base block (excluding effect of soil) should be at least ten times the 
total stiffness of all the VIS considered together over base block. Flexure 

stiffness, (𝐸𝐼 𝐿⁄ ) of base block may be calculated with span, 𝐿 as distance 

between line of isolators, and 𝐼 as least moment of inertia across span. The 

thickness of base block in line of Isolators should not be less than thickness of 
base block in between line of isolators. Alternatively, for assessing base block 
stiffness, an equivalent UDL under operating condition may be considered over 
line of isolators and maximum deflection be measured at any point on base 
block. The maximum deflection should not be more than 1/10th of average 
deflection of isolators over base block. 
 
Similarly, stiffness of inertia block should be at least ten times the total stiffness 

of all the VIS considered together below inertia block. Flexure stiffness, (𝐸𝐼 𝐿⁄ ) of 

inertia block may be calculated with span, 𝐿 as distance between line of isolators, 

and 𝐼 as least moment of Inertia across span. The thickness of Inertia block in 

line of Isolators should not be less than thickness of base block in between line of 
isolators. Alternatively, for assessing Inertia block stiffness, an equivalent UDL 
under operating condition may be considered over line of isolators and maximum 
deflection be measured at any point on inertia block. The maximum deflection 
should not be more than 1/10th of average deflection of Isolators over inertia 
block. 
 
As an approximate assessment, a solid block foundation shall be considered as 

rigid, provided the thickness T of the foundation block is greater than 0.4𝐿, 

where 𝐿 is the greater plan dimension of the foundation.  
 

4) A hollow base block foundation shall be considered as rigid, if the first natural 
frequency of each panel of the hollow block is more than 1.3 times the highest 
operating speed of the machine. The minimum thickness of each panel shall be 
300 mm. These hollow blocks shall not be filled with any material. Further, air 
vents shall be provided in the portion above ground level to relieve the entrapped 
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air. Due care shall be taken to avoid water entry in to the hollow part through 
these air vents.  
 

5) If the conditions as given in (3) and (4) above are not met, then the type of 
foundation under consideration (solid or hollow) becomes flexible foundation. 
Dynamic analysis shall be carried out with FE model duly accounting the actual 
block stiffness and not manual method where foundation block is considered 
rigid. 

 
6) Base block can either be isolated block or common base raft with other static 

foundations.  
 

7) Isolators which require maintenance shall be so placed that they are accessible 
for maintenance. 

 
b) Frame Foundation 

 
1) In frame foundations, there are two elements, namely, base frame and inertia 

block. Isolators are placed between base frame and inertia block. 
 

2) Base frame is a framed structure made up of a set of columns and beams that 
support isolators. Vertical stiffness of isolator supporting members (flexure stiffness 
for beams and axial stiffness for columns) shall be more than ten times the 
stiffness of isolators placed over that member. Elastic shortening of all the columns 
should nearly be same. 
 

3) The inertia block shall be separated from adjoining foundations and structures. 
 

4)  All columns of frame foundation shall be tied up at top of the column in both the 
directions. Wherever it is not feasible to connect columns laterally at the top, it 
shall be connected at a lower elevation such that the lateral stiffness of the 
unsupported length of the column top is not less than twice that of the isolator 
stiffness (vertical) supported over that column. 

 

5) Vertical stiffness of the isolator supporting members should be more than ten times 
that of the respective isolator.   

 

6) Frame foundation can either be in standalone mode or can be common with other 
static foundations.  

 

7) Isolators which require maintenance shall be so placed that they are accessible for 
maintenance. 
 

c) Machines Supported over Superstructure with VIS,  
 

1) The inertia block on VIS is supported over structural beams. 
 

2) The inertia block shall be separated from adjoining structure.  
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3) The flexure stiffness of each beam shall be more than ten times that of the 
isolators supported on that beam.  

 
4) The lateral stiffness of entire structural system supporting the isolators shall be 

more than ten times that of the lateral stiffness of the isolators supported on that 
system. If not, the supporting structure shall also be modelled along with the 
isolators for isolation design.  Lateral bracing arrangement between beams may 
be provided to meet the above criteria. 

 
5) Isolators which require maintenance shall be so placed that they are accessible 

for maintenance. 
 
7.1.1 The following steps shall be followed for design of foundation with VIS: 
 

a) Selection of VIS as per 7.2 and Annex A and Annex B, 
b) Calculation of isolation efficiency of the system, and 
c) Calculation of vibration amplitude and compliance with IS 2974 (Part 1). 

 
7.2 Design of VIS 
 
7.2.1 Selection of VIS and Design Criteria of Inertia Block 
 
The following shall be the criteria for selection of VIS and design of inertia block 

 
a) Sizing of inertia block   

 
1) Block foundation – The mass of inertia block shall be minimum two times 

that of the machine to ensure that the flexural natural frequency of the 
inertia block are more than twice that of the sixth rigid body mode. 

 
2) Frame foundation – The mass of inertia block shall generally be 1.5 to 2 

times that of the machine to ensure that the flexural natural frequency of 
the inertia block are more than twice that of the sixth rigid body mode. 

 
b) The flexural natural frequency of inertia block (7th mode onwards) shall be 20 

percent away from operating speed and its harmonics as first 6 modes of vibration 
of the inertia block are rigid body modes (3 translational modes and 3 rotational 
modes).     

 
c) The plan dimensions of the inertia block shall be sufficient to support the desired 

number of isolators required as per design. 
 
d) Placement of isolators shall be such that the eccentricity between centre of vertical 

stiffness of the isolators and centre of mass of machine and inertia block should not 
be more than 1 percent (see Note).  In other words, foundations as well as the 
layout of the vibration isolators shall be finalized such that the resultant force due to 
self-weight of machine and deck supported on isolators pass through the centroid of 
the vertical stiffness of the isolators. In case, where small eccentricities are 
unavoidable, an eccentricity of up to 1.5 percent may be allowed for both block 
foundation and frame foundation. 
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NOTE — Eccentricity in percent is the eccentricity in a direction is equal to eccentricity between 
centre of mass and centre of stiffness in that direction divided by plan dimension in that direction 
multiplied by 100. 

 

e) Isolators shall be placed (1) directly over the base block for block foundation, and (2) 
directly over beams/columns for frame foundations. While selecting isolators, effort 
should be made such that all isolators are of same characteristic.  This shall ensure 
avoiding chances of wrongly placing isolators as well as minimize inventory stock.  
Suggestive method for selection of isolators is given in Annex B. 
 

f) The maximum vertical reaction due to self-weight of machine and inertia block shall 
be limited to 80 percent of the load carrying capacity of the isolator.  

 
g) The maximum vertical reaction due to normal operating load conditions of machine 

as well as due to emergency load conditions such as blade failure, short circuit, 
seismic/wind etc, shall be less than the full load carrying capacity of the isolator.  

 
h) Foundation shall be dimensioned and designed in such a way that dynamic 

performance requirements (amplitude) as specified in IS 2974 (Part 1) are met.  
 

j) Strength design – The inertia block should be designed such that integrity of 
foundation shall be maintained under all operational and emergency loading 
condition. 

 

k) Design life of the isolators should match with plant life. The isolators shall be 
suitable for temperature ranging from 0°C to 60°C. Stiffness of Isolators shall be 
determined from individual spring capacity in an Isolator for its designed fatigue life. 

 
m) The VIS shall be designed in such a way that foundation system achieves isolation 

efficiency of 90 percent or above. 
 
  Isolation efficiency = (1 − 𝑇𝑅) × 100 percent 
 
  where, 

               𝑇𝑅 =
𝐹T

𝐹E
=

√1+(2𝛽𝜁)2

√(1−𝛽2)2+(2𝛽𝜁)2
 

 

and 𝐹E is excitation force and 𝐹T is the transmitted force. 
 

NOTES 
1 Annex A shall be referred for principle of vibration isolation.  
2 Annex B shall be referred for steps for selection of vibration isolation system for 

machine foundation resting over base block. 

 
n) The viscous fluid should be time tested to prove that material property does not get 

changed with time. Accelerated performance test for visco-liquid should confirm 
non-changeability of its property in lifetime of plant. The viscous fluid shall have 
practically same material properties in the commonly exposed weather condition 
including temperature condition during whole plant life. 
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o) The damper units or spring cum damper units should be of viscous type offering 
velocity proportional damping. The damping resistance of the individual damper 
units shall be such that the designed damping can be provided using reasonable 
number of units. 

 
p)  All the VIS modules in same category should have same deflection under its rated 

load carrying capacity. 
 

q)  The VIS module shall consist of a number of springs with same or different stiffness 
properties.  The total number of springs in a VIS module should be even and 
structurally stable under its maximum load capacity.  

 
r) The springs shall conform to the requirements specified in IS 13301 (revision under 

preparation). 
 

s) The spring units shall have definite stiffness in both vertical and horizontal 
directions with the horizontal stiffness not less than 50 percent of vertical stiffness. 
The stiffness of Isolator should be such that the vertical natural frequency of any 
spring unit at its rated load carrying capacity is between 2.2 Hz to 3.8 Hz. 

 
t) The VIS module in the same foundation should have same deflection under its 

rated load carrying capacity. The VIS modules having same deflection under its 
respective maximum rated load are categorised in same category. Plan dimension 
of the modules of same category may vary as per the required load carrying 
capacity. However, the height of all the modules of same category must be same. 

 
u) The bolts in the VIS module shall be designed with minimum factor of safety of 2. 

Double nut with washer plates shall be used in top and bottom plate.  
 
8    DYNAMIC ANALYSIS 
 
8.1 Dynamic analysis shall be carried out to assess vibration behaviour of the machine 
foundation system under applied/generated operational loads. Dynamic analysis shall consist 
of, 

a)  free vibration analysis, and 
b)  forced vibration response analysis.  

 
The dynamic response shall be computed either in terms of velocity, in mm/s or in terms of 
displacement, in microns or both, as the case may be. 
 
For more details, refer 10.1 of IS 2974 (Part 1). 
 
The response amplitude shall be evaluated at,  
 

a) machine bearing locations,  

b) base of bearing pedestals, and 

c) on the inertia block in longitudinal and transverse directions. 
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The dynamic analysis shall be carried out either by manual method or finite element method as 
given in 8.3 and 8.4 respectively.  
 
8.2 Modeling for Dynamic Analysis  
 
8.2.1 All those elements/components in Inertia block or in machine above it that have 
mass/stiffness shall be included in the model. All the connected piping up to first support 
point/first bellow point shall also be included in the model for their mass effect only.  
 
8.2.2 Spring Stiffness for Isolators  
 
8.2.2.1 The Isolator spring stiffness shall be idealized as six elastic springs, three translational 
and three rotational. These spring stiffnesses, that is, vertical stiffness (ky), horizontal/sliding 
(kx, kz), rocking (kθ, k∅), and torsional (kψ) shall be computed as per IS 2974 (Part 1). 
 

8.3 Dynamic Analysis by Manual Method 

 

Dynamic analysis by manual method is applicable only for rigid inertia block in block 
foundation as per 7.1(a). Manual method shall not be used for flexible inertia block in block 
foundations or in frame foundations. 

 
8.3.1 If the concrete inertia block is sufficiently rigid as per 7.1(a) and 7.1(b), elastic 
deformations within the concrete inertia block become negligible as compared to the overall 
rigid body deflections. For such a system, the machine foundation system is considered as a 
rigid block supported on elastic springs and shall be idealized as a single mass spring system 
with 6 degrees of freedom. The natural frequencies for the 6 uncoupled modes shall be 
calculated as follows: 
 

𝑓nx =  √
𝑘x

𝑀
 ;   𝑓ny =  √

𝑘y

𝑀
  ;   𝑓nz =  √

𝑘𝑧

𝑀
 

 

𝑓nxx =  √
𝑘θ

𝑀mx
;   𝑓nyy =  √

𝑘φ

𝑀my
;   𝑓nzz =  √

𝑘∅

𝑀mz
 

 
NOTE – An example is given in Annex B. 

 
 

The natural frequencies for coupled modes of Inertia block shall be calculated as per Annex A 
of IS 2974 (Part 2) wherein the springs are idealised for Isolators below inertia block. 
 
8.3.2 Forced vibration analysis of such rigid Inertia block shall be carried out as per Annex A of 
IS 2974 (Part 2). The response can be computed for damped/ undamped condition depending 
upon isolator type. The springs are represented for Isolators in this case.  
 
8.4 Dynamic Analysis by Finite Element Method (FEM) 

 
Dynamic analysis by finite element method (FEM) is applicable both for rigid as well as flexible 
Inertia block in Block foundation as well as frame foundations. Rigid inertia block can be 
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analyzed using equations however, for analysing flexible inertia block, advanced computational 
techniques like FE analysis is required.  
 
8.4.1 Modelling for Dynamic Analysis of Inertia block by FEM  
 

a) Inertia Block — The Inertia block shall preferably be modelled using first/higher order 
3D solid elements. The model shall include all openings/cutouts, cantilever 
projections, raised pedestals, etc., unless considered insignificant. At least three 
elements shall be modelled in any direction of the block. A typical FE model using 
3D solid element is shown in Fig.6  

 

                                           
                      Fig 6.  Typical Finite Element Model of a Solid Inertia Block 

 
b) Supporting Isolators — The Stiffness of VIS shall be modelled using linear 3D spring 

elements applied at the bottom of the Inertia Block. 
 
Isolator damping — Though damping is undesirable for VIS, it is recommended to 
provide damping to control transient response.   

 
c) The mass of the rotating or any other equipment on the foundation shall be modelled 

at their respective centers of gravity and shall be connected to the foundation top at 
appropriate locations by massless rigid links. 
 

d) The FE model results shall be validated using simple manual calculation to avoid 
gross error in modelling.  

 
8.4.2 Free Vibration Analysis  
 
Free vibration analysis based on Eigen solution shall be carried out to extract the natural 
frequencies of machine-Inertia block system. Free vibration analysis shall be carried out to 
calculate natural frequencies and mode shapes of the Inertia block system over Isolators. The 
natural frequency shall be extracted at least 20 percent higher than the highest operating 
frequency of the machines.  Damping shall be neglected for the purpose of free vibration 
analysis.   
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The results shall be used to check whether the vertical natural frequency of the foundation 
system is sufficiently away from the operating frequency of the machine. In case the criteria as 
above is not satisfied, this is an indication that foundation needs re-sizing.  
 
8.4.3 Forced Vibration Analysis  
 

a) A steady state harmonic response analysis shall be performed to obtain the steady 
state amplitude of vibration due to various design unbalanced loads caused by the 
vibrating machine. 
 

b) The analysis shall be carried out over a forcing frequency range within ±20 percent 
of the machine operating frequency. 
 

c) Either direct integration technique or a mode superposition technique may be used. 
d) When modal superposition procedure is used, at least all modes within 1.2 times the 

highest operating frequency shall be included while performing the dynamic 
analysis.  

 
8.4.4 Modelling Damping  
 
Damping can be specified as constant for all modes or selectively changed for each mode in 
case of mode based dynamic analysis. For direct integration technique, Rayleigh damping can 
be considered. In case of Rayleigh damping, the constants shall be chosen appropriately so 
that the damping applied within the range of frequency of interest is less than the applicable 
damping of the Inertia block system. 
 
8.5 Permissible Amplitude of Vibrations 
 
Permissible response amplitudes shall be as given in IS 2974 (Part 1).  
 
9   STRENGTH ANALYSIS 
 
Modelling for strength analysis shall be done in accordance with 9.1 of IS 2974 (Part 2) for 
block foundations or 9.1 of IS 2974 (Part 3) for frame foundations.  
 
Strength analysis shall be done for the load cases and combinations mentioned in 9.2 of         
IS 2974 (Part 2) for block foundations or 9.2 and 9.3 of IS 2974 (Part 3) for frame foundations 
as well as machine manufacturer’s recommendations, if any. Static deflection criteria 
mentioned in 10 of IS 2974 (Part 3) or as per recommendation of machine supplier shall be 
complied. 

 
10   ANALYSIS OF BASE FRAME AND BASE BLOCK 
 
10.1 The stiffness of the base frame/base block shall be at least ten times of the stiffness of 
the isolators and in that case the structure below isolators shall be analysed for static load 
only.  
 
10.2 The base frame/base block shall be analysed for the reactions from isolators placed 
above.  
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10.3 The bearing pressure due to the reaction for normal operating load shall not exceed        
80 percent of the bearing capacity. However, in case of emergency load combination, the 
bearing pressure shall be limited within full capacity.  
 

11    DESIGN 
 
Design of concrete inertia block, base frame/base block shall be done as per limit state method 
or working stress method of IS 456.  Minimum grade of concrete shall be used M 25. Design of 
steel base frame shall be done as per IS 800. 
 

12    CONSTRUCTION ASPECTS  
 
12.1 In addition to the construction aspects specified in 12 of IS 2974 (Part 1), the specific 
requirements given in 12.2 shall also be followed.  
 
12.2 The suppliers shall be asked to furnish guidelines for placing as well as for removing (for 
replacement of springs) vibration isolators. The following general guidelines should be followed 
in addition to manufacturer’s specific guidelines: 

 
a) The surface on which the spring elements are to be placed shall be levelled with 

care to have smooth finished surface. The surface shall be made clean and dry 
before placing of spring units. 
 

b) The spring elements are placed over the substructure after completion of bottom 
shuttering of top deck. 
 

c) Proper openings shall be kept in the bottom shuttering at the location of the spring 
units. These openings shall be closed by placing embedded steel cover plates. The 
anchors in the steel cover plate shall be properly designed.  
 

d) Proper bracing system shall be provided in the bottom shuttering to prevent any 
sagging. 

 
13    TESTING OF ISLOATORS 

  
All isolators shall be tested for their stiffness and damping characteristics.  Testing shall be in 
accordance with IS 13301.  
 
14    SNUBBERS 

 
High lateral displacements are anticipated on account of emergency/faulted load conditions 
such as blade loss, earthquake, etc.  For VIS supported machines, snubbers/stoppers shall be 
provided to restrain the excessive lateral displacements.   
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ANNEX A 
[Clauses 7.1.1(a), 7.2.1(m) and 8.3.1] 

 
PRINCIPLE OF VIBRATION ISOLATION 

 
The working of vibration isolation is best understood by idealising machine, 
structure/foundation and isolation as simple mass-spring-damper system, as shown in Fig. 7. 
 
 
 

 
 

Fig. 7 System 
 
Where, 𝐹E(𝑡) is excitation force with the frequency of the source of vibration or disturbing 
frequency/ excitation frequency/ operating speed/ operating frequency (𝑓o) and 𝐹T(𝑡) is 
transmitted force, system mass is 𝑚, isolator stiffness is 𝑘, isolator damping constant is 𝐶, 
then, 
 

Natural frequency,  𝑓1 =  √
𝑘

𝑚
  

 

Frequency ratio,  𝛽 =  
𝑓o

𝑓1
 

 

Damping ratio, ζ =  
𝐶

𝐶c
, where 𝐶c is critical damping  

 

Magnification factor =  
1

√(1−𝛽2)2+(2𝛽𝜁)2
 , graphically shown in Fig. 8. 
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Fig. 8 Magnification Factor, 𝜇 for Simple Mass-Spring-Damper System 
 
 

For frequency ratio,  𝛽 =  √2 , the magnification factor, 𝜇 = 1.  The isolation is achieved when 

of 𝛽 > √2 .  Isolation becomes effective when 𝛽 is more than 4. 
 
Transmissibility (𝑇𝑅) through the isolation system consisting of stiffness, 𝑘 and damper, with 
damping constant, 𝐶 and damping ratio, 𝜁 is defined as, 
 

𝑇𝑅 =  
FT

FE
=  

√1+(2𝛽𝜁)2

√(1−𝛽2)2+(2𝛽𝜁)2
 , graphically shown in Fig. 9. 

 

 
 

Fig. 9 Transmissibility Ratio, 𝑇𝑅 for Simple Mass-Spring-Damper System 
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Vibration isolation (  < 1) occurs when the excitation frequency (𝑓o)  > 1.4 𝑓1 , where, f1 is the 
natural frequency. For minimum transmissibility (maximum isolation), the frequency ratio (𝛽) 
should be as high as possible. 
 
It may be noted that high damping reduces amplitude significantly at near resonance condition 
but it enhances amplitude when 𝑓o > 1.4 𝑓1. Dampers have detrimental effect when frequency 
ratio 𝛽 > 1.4 .  
 
The effectiveness of isolator is known as isolation efficiency, 𝜂 = (1 − 𝑇𝑅), and it is defined as 
the percentage of vibration force or motion that is not transmitted through the vibration mount. 
 
The effectiveness of isolator, expressed in dB is,  
 

𝐸 = 10 log10

1

𝑇𝑅
 

 
The effectiveness of isolator, expressed in percent is, 
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛 =  (1 − 𝑇𝑅) × 100 , graphically shown in Fig. 10. 
 

 
 

Fig. 10 Isolation Efficiency for Simple Mass-Spring-Damper System 
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ANNEX B 
[Clauses 7.1.1(a), 7.2.1 (e), 7.2.1 (m) and 8.3.1)] 

 
STEPS FOR SELECTION OF VIBRATION ISOLATION SYSTEM FOR MACHINE 

FOUNDATION RESTING OVER RIGID BASE BLOCK 
 
Step 1: Machine Data 
 
Foundation outline, machine mass location, and machine mass distribution, dynamic 
unbalance loads etc, as given in IS 2974 (Part 1) (see also Fig. 11). 
 

 
 

Fig. 11 Outline of Inertia Block and Machine Mass Location Points 
 
Step 2: Calculation of Centre of Mass of Machine-Foundation System in X-Y Plane 
 
C.G of mass of machine =  𝑥m, 𝑦m, 𝑧m 
 
C.G of foundation block =  𝑥f, 𝑦f, 𝑧𝑓 

 

C.G of mass of machine–foundation =  ( 𝑋, �̅�, 𝑍) 
 

  𝑋 =
(𝑊𝑚∗  �̅�𝑚) + (𝑊𝑓∗ �̅�𝑓 )

(𝑊𝑚+𝑊𝑓)
       

 

  𝑌 =  
(𝑊𝑚∗  �̅�𝑚) + (𝑊𝑓∗ �̅�𝑓)

(𝑊m+𝑊f)
                 

 

  𝑍  =  
(𝑊m∗  �̅�m) + (𝑊f ∗ �̅�f )

(𝑊m+𝑊f)
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Step 3: Selection of Isolators 
 
Depending upon target isolation efficiency and isolator capacity, number and type of isolators 
are selected and placed at an assumed location as trial (see Fig. 12). 
 

 
 

Fig. 12 Isolator Location Points underneath the Inertia Block 
 
Centre of isolator stiffness in X-Y plane,  
 

𝑋k =  ∑(𝑘iz ∗ 𝑋ik)/ ∑ 𝑘iz 

 

𝑌k =  ∑(𝑘iz ∗ 𝑌ik)/ ∑ 𝑘iz 

 
Eccentricity with centre of mass,   
 

   

𝑒x =
𝑋 −  𝑋k

𝐿x
∗ 100 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 

 

𝑒𝑦 =
𝑌 − 𝑌k

𝐿y
∗ 100 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 

 
 
Location of isolator shall be chosen such that eccentricity is kept as minimum as possible. For 
better performance, it is desirable to keep eccentricity less than 5 percent. 
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Step 4:  Calculation of Centre of Stiffness and Natural Frequencies 
 
Translational and rotational stiffness at centre of stiffness,  
 

𝐾x =  ∑ 𝑘ix
𝑗=𝑛
𝑗=1  ;  𝐾y =  ∑ 𝑘iy

𝑗=𝑛
𝑗=1 ;   𝐾z =  ∑ 𝑘iz

𝑗=𝑛
𝑗=1  

 

𝐾θ =  ∑ 𝑘iz ∗ (𝑌k −  𝑌i)
2 

 
     𝐾φ =  ∑ 𝑘iz ∗ (𝑋k −  𝑋i)

2 

 

𝐾∅ =  ∑(𝑘ix ∗ (𝑌k −  𝑌i)
2

+ 𝑘iy ∗ (𝑋k −  𝑋i)
2

) 

 
Natural frequency of machine foundation system,  
 
 

𝑓nx =  √
𝑘x

𝑀
 ;   𝑓ny =  √

𝑘y

𝑀
  ;   𝑓nz =  √

𝑘𝑧

𝑀
 

 

𝑓nxx =  √
𝑘θ

𝑀mx
;   𝑓nyy =  √

𝑘φ

𝑀my
;   𝑓nzz =  √

𝑘∅

𝑀mz
 

 
 
Step 5:  Depending upon assumed isolators, natural frequency of machine-foundation system, 
amplitudes under dynamic loads and isolation efficiency of isolator are calculated. Frequency 
separation, amplitudes and isolation efficiency are compared with permissible limits as 
stipulated by the standard and/or machine manufacturer’s recommendations. 
 
In case the above criteria are not achieved, Step 3 is repeated with different isolator 
arrangement. This process is repeated till desired result is achieved. 


