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Indian Standard
CODE OF PRACTICE FOR

DESIGN AND CONSTRUCTION OF
MACHINE FOUNDATIONS

PART I FOUNDATION FOR RECIPROCATING
TYPE MACHINES

( Second Revision )
0. F O R E W O R D

0.1 This Indian Standard (Part I) (Second Revision) was adopted by
the Indian Standards Institution on 26 July 1982, after the draft
finalized by the Foundation Engineering Sectional Committee had
been approved by the Civil Engineering Division Council.
0.2 Installation of heavy machinery has assumed increased
importance in the wake of the vast programme of industrial
development in the country. Foundations for these machines have to
be specially designed taking into consideration the impact and
vibration characteristics of the load and the properties of soil under
dynamic conditions. While many of the special features relating to the
design and construction of such machines foundations will have to be
as advised by the manufacturers of these machines, still a large part of
the details will have to be according to certain general principles of
design covering machine foundations. This standard is intended to lay
down these general principles. This part, which is the first of a series
of standards relating to machine foundations, deals with machines of
the reciprocating type for which rigid-block type foundations are
generally used. This standard was first published in 1964 and revised
in 1969. In this revision, the principal modifications made are in
respect to providing additional information of pile foundation, grouting
and inclusion of guidelines for installation of anti-vibration mountings
and testing and measurement of vibration.
0.3 This edition 3.1 incorporates Amendment No. 1 (November 1985).
Side bar indicates modification of the text as the result of
incorporation of the amendment.
0.4 For the purpose of 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*. The number of significant places
retained in the rounded off value should be the same as that of the
specified value in this standard.

*Rules for rounding off numerical values ( revised ).
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1. SCOPE

1.1 This standard covers the design and construction of foundations for
machines of the reciprocating type which normally generate steady
state vibration and is of a size for which a rigid block type foundation
is normally used.

2. TERMINOLOGY

2.0 For the purpose of this standard, the definitions of the following
term shall apply ( see Fig. 1 ).

FIG. 1 AXES AND CO-ORDINATES
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2.1 Supporting Ground — That part of the ground carrying load
arising from the machine and foundation.
2.2 Foundation — The part of the structure in direct contact with,
and transmitting loads to the supporting ground.
2.3 Forces and Couples

2.3.1 External Forces — The unbalanced part of the periodic inertia
forces caused by the acceleration and deceleration of reciprocating
parts. The primary inertia force has one complete cycle and the
secondary inertia force two cycles per revolution of the crank shaft.
2.3.2 Vertical Force — An unbalanced force at machine operation
frequency or twice the operation frequency, or both, acting in the
directions of axis Z.

2.3.3 Horizontal Force — An unbalanced force at machine operation
frequency or twice machine operation frequency, or both acting in the
directions of axis X.
2.3.4 External Couple — A moment which occurs when one inertia
force is balanced by another but in a separate line of action. For
foundation design it is usually necessary to consider only the primary
and secondary vertical and horizontal couples.
2.3.5 Vertical Couple — An unbalanced couple at machine operation
frequency or twice the machine operation frequency, or both acting in
the planes of axes Z.
2.3.6 Horizontal Couple — An unbalanced couple at machine operation
frequency or twice the machine operation frequency, or both, acting in
the planes of axes X .
2.4 Torque

2.4.1 Harmonic Torque Reaction — Turning moment in plane of axes
XZ, the frequencies of which depend on number of cylinders and
configuration of the machine.
2.5 Periodic Motion — The motion which repeats itself in all its
particulars at regular intervals of time is called the periodic motion.
2.5.1 Aperiodic Motion — The motion which does not repeat itself at
regular intervals of time is called aperiodic motion.
2.6 Damping — Damping is associated with energy dissipation and is
the internal resistance offered by a foundation system to the vibration
of machine. It is termed viscous damping when the force of damping is
directly proportional to the instantaneous velocity of the oscillating
system.
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2.6.1 Damping Constant ( C ) — Constant of proportionality relating
force of damping with instantaneous velocity of motion.

2.6.2 Critical Damping ( Cc ) — The magnitude of damping at which
the motion of the system changes from periodic to aperiodic.

where Cc =  for single degree of freedom system

2.6.3 Damping Factor — The ratio of the damping constant ( C ) to the
critical damping ( Cc ) of the system.

2.7 Amplitude of Motion — The distance that a body moves from its
position of rest when subjected to vibration.

2.8 Frequency — The number of times a periodic motion repeats
itself expressed in revolutions or cycles per minute ( f ).

2.8.1 Operation Frequency — The rotating speed of the main drive in
cycles per second or the frequency of the periodic force acting on the
system.

NOTE — System means the machine, the foundation block and soil.

2.8.2 Angular Frequency (  ) — The frequency expressed in radians
per second.

2.8.3 Natural Frequency ( fn ) — The frequency of free vibration of a
body.

2.8.4 Disturbing Frequency — The frequency of a periodic force.

2.8.5 Limiting Frequencies — If a system possesses ‘n’ degrees of
freedom having ‘n’ natural frequencies f1, f2, f3, f4, ............. fn, the
minimum and maximum of such frequencies, fmin and fmax are known
as limiting frequencies of the system.

2.8.6 Frequency Ratio ( f/fn ) — The ratio of the operating frequency to
the natural frequency.

2.9 Degrees of Freedom of a System — The degree of freedom of a
system is defined as the number of coordinates required to describe the
displaced position of the system ( see Fig. 2 ).

2.10 Reasonance — When the frequency of the forced vibration
(operating frequency of the machine) equals the natural frequency of
the foundation soil system the condition of resonance is reached.

2.11 Mass Moments of Inertia — The resistance of a mass to
rotation and equal to its mass times the radius of gyration squared.

mk2
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2.12 Mass-Spring System
2.12.1 Single Mass Spring System — A rigid body supported by a
number of springs, such a system has six natural frequencies, three of
them being translational or three cartesian, co-ordinate axes and the
other three being rotational on three planes in a cartesian co-ordinate
system.
2.12.2 Multiple Mass-Spring System — A number of rigid bodies
connected by a series of relatively flexible springs. The natural
frequencies depend on the number of degrees of freedom being defined
as the number of co-ordinates required to identify a point on the rigid
body.
2.13 Fatigue Factor or Fatigue Coefficient — The factor of safety
utilized to obtain equivalent static force for a dynamic force so as to
take care of reduction in the strength of the concrete and steel due to
repeated loading. The factor should be assumed as 3 unless otherwise
specified.

FIG. 2 SYSTEM OF AXES AND THE SIX DEGREES OF FREEDOM
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3. NOTATIONS

3.1 The notations given in Appendix A shall apply.

4. NECESSARY DATA

4.1 Data to be Provided by Machine Manufacturer — The
manufacturer should provide information as outlined in 4.1.1 to 4.1.3.

4.1.1 General
a) Description of driving and driven machinery,
b) Operating speed or speed ranges,
c) Number and arrangement of cylinders,
d) Distance between axis of main shaft of the machine and the top

face of foundation,
e) Maximum rated output,
f) Gear box ratio where applicable, and
g) Maximum operating temperature in the bases of the machine.

4.1.2 For Static Design

4.1.2.1 A detailed loading diagram comprising plan, elevation and
section showing details of communication and point of all loads on
foundation.

4.1.2.2 A detailed drawing showing the position and size of mounting
feet and details of holding down bolts.

4.1.3 For Dynamic Design

4.1.3.1 Details of out of balance forces and couples shall be given,
together with associated frequencies for all possible modes of vibration
for driving and driven machinery. These include the following:

a) External forces,
b) External primary couples,
c) External secondary couples, and
d) Harmonic torques.

4.1.3.2 Mass moments of inertia of driving and driven machine about
three principal axes shall be indicated.

4.1.3.3 Additional information relating to specific machines, as given
below, shall be provided where necessary:

a) Loads due to dynamic short circuit conditions, and
b) Loads due to an abnormal sudden stoppage.
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4.1.3.4 Where it is found necessary to use anti-vibration mountings,
the type and positions be indicated.

4.2 Data on Ground and Site Conditions — The following soil data
shall be known:

a) Soil profile and soil characteristics up to a depth at least three
times the expected mean plan dimension of the foundation which
can be taken as the square root of the expected area, or hard
strata.

b) Soil investigation to the extent necessary in accordance with
IS : 1892-1979* and for the determination of dynamic properties
of soil in accordance with IS : 5249-1977†.

c) The relative position of the water table below ground at different
times of the year.

5. DESIGN CRITERIA

5.1 General

5.1.1 The foundation structure of machine shall be isolated at all levels
from the main building and from other foundations as far as possible.

5.1.2 Overhanging cantilevers where unavoidable shall be designed to
ensure rigidity against vibration.

5.1.3 All machine foundations shall satisfy two fundamental criteria;
that resonance does not occur between the frequencies of the pulsating
loads and natural frequency of foundation/soil system and also the
amplitude of vibration does not exceed safe limits. Design criteria
based on frequency and amplitude limits can be classed as follows:

a) Limits set by the possibility of damage or uneconomic wear to
machinery or associated equipment or both,

b) Limits set by the possibility of damage to building structures,

c) Limits of structural borne vibrations to ensure confort of person,
and

d) Limits set by possibility of disturbance of ground resulting in
unacceptable settlement of foundation.

*Code of practice for subsurface investigation for foundations ( first revision ).
†Method of test for determination of dynamic properties of soil ( first revision ).
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5.2 Frequency Ratio — Wherever possible the natural frequency of
the foundation soil-system shall be higher than the highest disturbing
frequency and the frequency ratios shall not be normally less than 0.4.
Where this is not possible, the natural frequency of the foundation-soil
system shall be kept lower than the lowest disturbing frequency. The
frequency ratios in such cases shall not be lower than 1.50. While the
above criteria shall be applied to all possible modes of vibration, it may
be permitted to operate machines closer to the resonance in certain
modes of vibration provided the resulting amplitudes do not exceed the
permissible limit.

NOTE — Even though machine may be balanced, minor disturbing forces can occur
due to manufacturing tolerances and other causes, for sensitive installations, the
frequencies arising from these may have to be considered.

5.3 Permissible Amplitudes

5.3.1 Limitations of Vibration Amplitude to Avoid Damage to
Machinery — This shall be specified by the manufacturer and shall in
no cases be exceeded. Where no specific limit has been stated by the
manufacturer, it may be taken that foundation satisfying the following
amplitude criteria shall provide a satisfactory base for machinery.

5.3.2 Limitations of Vibration Amplitude to Avoid Damage to
Machinery — The damage in neighbouring buildings due to resonance
will be negligible if the amplitude vibration of the foundation is less
than 200 microns at frequencies below 20 Hz, where the disturbing
frequency exceed 20 Hz, a lower amplitude may be necessary for
certain installations, when a value corresponding to the frequency may
be read off line ADD of Fig. 3.

5.3.3 Limitation of Vibration Amplitude to Avoid Discomfort of Persons
— For low speed machines, it is unlikely that foundations which
satisfy 5.3.2 will produce vibrations of sufficient amplitude to be
disturbing to persons. In special cases where there are particular
reasons to avoid discomfort to personnel, a low permissible amplitude
corresponding to operating frequency of machine can be read off
from Fig. 3.

5.3.4 Limitations of Amplitude to Avoid Settlement — For most soil
types, foundations for low speed machines designed to limiting
amplitude of 200 microns will not suffer undue settlement due to
dynamic loads. In case of some soils like loose sands and silts in
conjunction with high water table, there is a possibility of significant
settlement to occur. In all such cases, it shall be preferable to
consolidate the soil underneath the foundation.
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FIG. 3 AMPLITUDE LIMITS OF FOUNDATION BLOCK
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5.4 Concrete Foundation Design

5.4.1 General Conditions — Normally concrete block foundations are
designed for reciprocating machines. Both the foundations and
machines are usually taken as a single body resting on an elastic
bedding. (Subsoil or resilient mounting). The foundation is subject to
oscillations at determinable frequencies in six degrees of freedom
(Fig.2).

Pile foundations may be used in cases where the soil conditions are
unsuitable to support block foundation or when natural frequency of
the block foundations needs to be raised in cases where it is impossible
to alter dimensions or when amplitudes or settlement or both need to
be reduced.

Cellular foundations may be used in special cases where it is
necessary to maintain the rigidity of a block foundation but with mass
saving of concrete. Wherever possible provision shall be made in
cellular foundations to add mass by filling the voids to adjust the
natural frequency of foundation block provided this does not result in
additional settlement.
5.4.2 Dimensions of Concrete Foundation Blocks — For initial
dimensioning of the concrete foundation blocks, the following empirical
rules may be allowed.
5.4.2.1 Mass of the foundation shall be greater than that of the
machine.
5.4.2.2 The eccentricity of foundation system along axis XX/  shall
not exceed 5 percent of the length of the corresponding side of the
contact area. In addition, centre of gravity of machine and foundation
shall be if possible below the top of foundation block.
5.4.2.3 To ensure reasonable stability in the case of vertical machines,
the total width of the foundation (measured to right angles to shaft)
shall be at least equal to the distance from the centre of the shaft to
the bottom of the foundation. In case of horizontal machines, where
cylinders are arranged laterally the width shall be greater.
5.4.2.4 The proportion of foundation block shall be such to ensure
stability.
5.4.3 Final Design of Foundation Blocks — The final dimensions of a
concrete foundation shall be derived from vibration calculations and
shall consider:

a) The dimensions of foundations by empirical rules,
b) The bearing pressure due to dead and imposed load,
c) The natural frequencies of the system for six modes of vibrations,
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d) The relationship between the exciting frequency and natural
frequency of the foundation-soil system,

e) Calculated amplitudes in the various modes of vibration, and
f) Influence of water table specially when at a high level.

Appendix B gives the design procedure for an undamped system.
However, damping can also be considered in certain cases.

5.4.3.1 Full value of permissible stresses for steel and concrete as
specified in IS : 456-1978* shall be allowed if dynamic loads are
considered in detailed design by applying suitable dynamic and fatigue
factors.
5.4.3.2 The following dynamic elastic modulus of concrete may be used
in design:

5.4.3.3 The soil stress below the foundations shall not exceed 80
percent of the allowable stress under static loading determined in
accordance with IS : 6403-1981†. When seismic forces are considered
allowable stress in the soil shall be increased as specified in IS : 1893-
1975‡.

5.4.4 Supporting foundation blocks on end-bearing or friction piles
shall be considered in cases where there is need to make a significant
change in frequency in one or more modes of vibration or dead loads.

Pile caps where used as a foundation block shall be of such a size as
to meet all design criteria, and be not less than 60 cm thick.

5.4.4.1 Requirement of piled foundations — The most usual reasons for
adoption of piled foundation are as follows:

a) When pressure on the soil under the block exceeds the
permissible bearing pressure;

*Code of practice for plain and reinforced concrete ( third revision ).

Grades of Concrete Dynamic Elastic Modulus
kgf/cm2

M 15 250 000
M 20 300 000
M 25 340 000
M 30 370 000

†Code of practice for determination of bearing capacity of shallow foundations ( first
revision ).

‡Criteria for earthquake resistant design of structures ( third revision ).
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b) When a foundation is found to be subject to resonance, or when
an increase in the mass of the block is either unduly wasteful in
material or ineffective due to the danger of resonance in other
modes;

c) When a block foundation is low tuned by one mode and high
tuned by other and desirable or specified frequency ratios cannot
be maintained simultaneously;

d) When the amplitudes of movement of a block foundation are in
excess of their permissible values;

e) Piled foundation shall be used when a raft foundation is liable to
suffer a differential settlement exceeding the permissible limit; and

f) Piles may be used to minimize the effect of ground borne vibration
on surrounding foundations and equipment.

5.4.4.2 Evaluation of pile soil stiffness — Pile soil stiffness factors both
in vertical and horizontal ( see IS : 9716-1981*) modes of vibration
shall preferably be determined by conducting in situ test on piles. In
cases, where it becomes difficult to conduct this test, the values can be
taken from some standard publications. The centre of gravity of the
system, that is, foundation and machine shall be located within 5
percent of the length of foundation to concerned axis with respect to
the centre of gravity of the pile group.

5.4.4.3 Design considerations

a) Pile-soil stiffness factors both in vertical and horizontal modes of
vibration shall be determined by conducting in situ dynamic tests
on piles. For preliminary design however the computative method
of estimation of pile-soil stiffness can be adopted.

b) Usually in situ dynamic tests are conducted on single pile with
free head condition. In actual practice the pile shall be used in a
group with pile heads largely restrained by the pile cap.
Allowance shall be made for these factors in evaluation of pile-soil
stiffness to be adopted for design. Failure to take account of these
factors will lead to error in estimating stiffness of the system.

c) After evaluating the pile-soil stiffness, the design shall be carried
out in the same way as for the block foundation resting directly
on soil.

*Guidelines for lateral dynamic load test on piles.
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5.4.5 Minimum Reinforcement in Block Foundations

5.4.5.1 Minimum reinforcement in the concerete block shall be not less
than 25 kg/m3. For machines requiring special design considerations of
foundations, like machines pumping explosive gases the reinforcement
shall be not less than 40 kg/m3.

5.4.5.2 The minimum reinforcement in the block shall usually consist
of 12 mm bars spaced at 200/250 mm centre to centre extending both
vartically and horizontally near all the faces of the foundation block.

5.4.5.3 The following points shall be considered while arranging the
reinforcements:

a) The ends of mild steel (if used) shall always be hooked
irrespective of whether they are designed for tension or com-
pression,

b) Reinforcement shall be used at all faces,
c) If the height of foundation block exceeds one metre, shrinkage

reinforcement shall be placed at suitable spacing in all three
directions, and

d) Reinforcement shall be provided around all pits and openings and
shall be equivalent to 0.50 to 0.75 percent of the cross-sectional
area of the opening.

5.4.6 Anti-Vibration Mountings

5.4.6.1 Where it is found to be impracticable to design a foundation
consisting of a simple concrete block resting on the natural soils to give
satisfactory dynamic characteristics, it may be possible to reduce the
transmitted vibrations to acceptable levels by means of anti-vibration
mounting.

5.4.6.2 Depending upon the nature of the machinery and the
installation, the anti-vibration mounting may be used:

a) Between machinery and foundation, and
b) Between a foundation block and a supporting system.

6. CONSTRUCTION

6.1 Concrete — Concrete strength shall be specified on the basis of
28-day cube strength. The concrete grade shall be at least M-15
(according to IS : 456-1978*).

*Code of practice for plain and reinforced concrete ( third revision ).
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6.2 Continuity of Work — Foundation block shall preferably be cast
in single continuous operation. In case of very thick blocks (exceeding
about 5 m) if needed, construction joints can be provided. In such a
event construction joint shall be suitably designed by the design
engineer and shown in working drawing. In the event of an unforseen
interruption in concrete, the resulting unavoidable joint shall be
considered as a construction joint and treated in the same way as cons-
truction joints.

6.3 Cement Grout

6.3.1 Cement grout used for fitting or embedding shall consist of one
part of Portland cement and two parts of clean sharp sand mixed to a
moist consistency sufficient to facilitate the grout being fully worked
under all seatings. Quick setting cement shall not be used.

6.3.2 Additives may be employed to give non-shrink properties to
cement grout. In this case the ratio of cement and sand may be varied
according to the instruction of manufacturer.

6.3.3 Cement grout shall be placed within a period commensurate with
cement type but not later than one hour from the time of mixing.

6.4 Grouting

6.4.1 All metallic and concrete surfaces shall be thoroughly cleaned
and washed to clean all dirt, oil, grease, loose particles and cement
laitance. The concrete surfaces shall be roughened and saturated with
clean water and kept wet for at least 24 hours and all surplus water
removed and surfaces cleaned, oil free with compressed air if required
before commencement of grouting.

6.4.2 Provision shall be made if required to avoid trapping air. Air
relief holes shall be provided, if necessary.

6.4.3 Forms shall be high enough to provide a head of the grout on all
sides which shall be about 150 mm high on side from which cement grout
is to be poured. Forms shall be placed with sufficient clearance to the
edges of the bases to enable the grout to be properly worked into position.

6.4.4 Forms shall be strong and secure and well covered to prevent
leakage. The cement grout shall be poured from one side to avoid
forming air pockets and be carried out continuously without
interruption so that filling is continuous and dense.

6.4.5 On completion of the curing of the grout underfill the machine
shall be finally checked to ensure that its alignment is acceptable.

6.4.6 Exposed surfaces of grout and concrete shall be prepared and
given two coats of an oil and alkali resistant coating.
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7. TESTING AND MEASUREMENT OF VIBRATION

7.1 General — Testing of a foundation block prior to the initial
running of the machinery may, where warranted be carried out to
determine the natural frequencies in various modes of vibration and
the amplitudes due to dynamic forces likely to occur either during
normal running or during emergency or adverse running conditions of
the machine. The observation can also be made during the operation of
machines.

7.2 Excitation — In case where blocks are to be tested prior to the
running of machines, foundation blocks may be excited either by an
electromagnetic or hydraulic vibrator. The block shall be excited in
same modes of vibration as is expected from the operating machinery.
The amplitudes of motion which can be induced with a scale down
disturbing force may be significantly smaller than those expected in
the operation of machine. Allowance may have to be made for the non-
linearity of soil response.

7.3 Measurements

7.3.1 The vibrations shall be measured by transducers having a linear
response over the range 2 to 200 Hz. The accuracy of transducers shall
be better than 10 percent and they shall respond to a uniaxial motion
with more than 10 percent cross sensitivity.

7.3.2 The transducers shall be preferably piezo electric type or geo-
phones meeting the requirements as in 7.3.1.

7.3.3 The transducers shall be mounted firmly to the foundation. The
transducers shall not be merely rested on the foundation or held with
hand.

7.3.4 Transducers shall preferably be placed on extremities of the
upper-most surface of the block and as near as possible to the axis of X
and γ ( see Fig. 1 ).

7.3.5 In order to gain full picture of the behaviour of a block, it shall be
desirable to use a multiple channel recorder with ‘filter’, single channel
recorder can also be used in small installations.

7.3.6 It shall be preferable to use Vibration Analyser which can
measure frequency and amplitude of vibration simultaneously.
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A P P E N D I X A
( Clause 3.1 )

NOTATIONS

SYMBOL DESCRIPTION UNIT

A Area of foundation in contact with soil cm2

Ax Horizontal amplitude of foundation subjected to
horizontal force Px and moment Mt

cm

Az Vertical amplitude of foundation subjected to
vertical force Pz

cm

A Rotational amplitude of foundation subjected to
horizontal force Px and moment Mi

radian

C Damping constant dimension- 
less

Cc Critical damping kg-s/cm

Cu Coefficient of elastic uniform compression of soil kg/cm3

C Coefficient of elastic uniform shear of soil kg/cm3

C Coefficient of elastic non-uniform compression
of soil

kg/cm3

e Eccentricity of eccentric weight of rotating parts cm

f Frequency c/s

fn Natural frequency c/s

fn1,fn2 First and second natural frequencies of founda-
tion subjected to horizontal vibration

c/s

fn1,fn2,fn3 First, second and third natural frequencies of
foundation when centre of gravity of mass of
machine and foundation and the centroid of
the foundation contact area with soil lies on
vertical plane but not on the same vertical
line

c/s

fnx Horizontal resonance frequency of foundation
and soil system

c/s

fnz Vertical resonance frequency of foundation and
soil system

c/s

τ
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SYMBOL DESCRIPTION UNIT

fn Rotational resonance frequency of foundation
and soil system

c/s

h Height of the top surface of the foundation
above the centre of gravity of the foundation
and machine

cm

I Moment of inertia of contact area with respect
to the axis of rotation passing through the
centroid of the area

cm4

k Stiffness of spring kg/cm

L Distance from mass centre of gravity of the
vibrating system with respect to the axis of
rotation

cm

Mi Dynamic moment kg/cm

Mm Mass moment of inertia of the vibrating system
with respect to the axis of rotation passing
through C G of the system

kg-cm-s2

Mmo Mass moment of inertia of the vibrating system
with respect to the axis of rotation passing
through centroid of contact area of
foundation with soil

kg-cm-s2

m Mass of vibrating system kg-s2/cm

mo Mass of eccentric weight of rotating parts kg-s2/cm

Px Oscillating force applied at the centre of gravity
of vibrating mass

kg

W Weight of foundation and machine kg

Eccentric distance from centroid of contact area
of foundation with soil to the C G of mass of
machine and foundation

cm

ω Circular frequency radian/s

n Circular natural frequency radian/s
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A P P E N D I X B
( Clause 5.4.3 )

ANALYSIS FOR THE DETERMINATION OF NATURAL
FREQUENCIES AND AMPLITUDES OF FOUNDATIONS

ACCOMPANIED BY SIMULTANEOUS ROTATION,
SLIDING AND VERTICAL DISPLACEMENT (MASS

SPRING ANOLOGY)

B-1. Limiting Natural Frequencies — The limiting natural
frequencies shall be calculated as follows:

B-2. Check on Design

B-2.1 When the centre of gravity of mass of machine and foundation
and centroid of contact area of foundation lie on the same vertical line,
the vertical vibration of foundation is independent of vibrations in
horizontal direction and rotation about the horizontal axis. The
natural frequencies should be calculated as follows:

where γ = Mm/Mmo.
Amplitudes are calculated as follows:
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B-2.2 The maximum displacement of the top edge of the foundation is
equal to Ax + h A  where h is the height of the top surface of the
foundation above the centre of gravity of the foundation and machine.

B-2.3 When centre of gravity of mass of machine and foundation, and
the centroid of the foundation contact area with soil do not lie on the
same vertical line, the vertical vibration is not independent of
horizontal vibration and rocking. The equation governing the natural
frequencies is

where = Eccentric distance from centroid of contact area of
foundation with soil to the centre of gravity of mass of
machine and foundation

B-2.4 Plot the expression on the right hand side versus assuming
arbitrary values of fn. Draw a straight line corresponding to the left
hand side of the above equation. The abscissas of points of intersection

of the two plots give the unknown roots   and which are the

three natural frequencies of the foundation.
NOTE — For foundations having a relatively small eccentricity, say 5 percent of the
length of a side of the foundation contact area its effect may be neglected and
computations may be based on formulae derived for = 0.

B-3. Dynamic forces and moments should be calculated taking into
consideration the fatigue factor and checked with the soil bearing
pressure.

i
Mm

m
----------=

f 2 
n

f2
n1,

f2
n2

f2
n3
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