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Abstract:— In the industry heavy machinery is used
as operate low frequency to high frequency. To get
more production the speed of machinery has been
increased for low speed to high speed. With the
development of high speed machinery the problem of
vibration arises. The vibration creates problems to
foundation or its supporting structure and it may
cause failure of the structure. Because of these
problems static and dynamic analysis of machine
foundation with different type of soil is necessary.
For the economical design of structure provided
separate foundation for the machine. It dicusses the
load cases to applied and find out the displacement
and stress in structure. The results will be compare
and check the frequency ratio and displacement as
per the range of IS Code of machine foundation. An
attempt is made in the study to carry out an
observation on machine foundation by using
software SAP 2000 Vs.14. The analysis for
foundation is also described in this paper and an
attempt has been made to study the dynamic
behaviour of a foundation structure for LESSAR
machine which is used in cloth industry. Two
different types of foundations for Reciprocating type
Machine that is LESSAR have been studied in this
paper.
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l. INTRODUCTION

Generally three types of machine are use in industry.
Reciprocating machines operating speeds are usually
less than 600r/min. Impact machines speeds of
operation usually vary from 60 to 150 blows per
minute. Rotary machines have speeds of more than
3,000r/min and up to 12,000r/min'. Foundation
parameters that influence the vibrations of a
machine-foundation system are mainly (i) overall
foundation size, (ii) depth of embedment, (iii) sizes
of the foundation members like columns, beam, deck
slab, cantilever projections, etc., (iv) dynamic soil
parameters or dynamic soil-pile properties, and (v)
dynamic forces, both internally generated as well as
externally applied?. A suitable foundation is
selected, depending upon the type of machine. For
compressors and reciprocating machines, a block
foundation is generally provided. A block foundation
has a large mass and, therefore, a smaller natural

frequency. However, if a relatively lighter foundation
is desired, a box or a caisson type foundation may be
provided. The mass of the foundation is reduced and
its natural frequency increases™ . Foundations under
low-frequency machines should be designed so that
their natural frequencies are much higher than the
operational frequencies of the machines®" . When
fundamental natural frequency is below the operating
speed of machine that foundation design as Under
tuned fondation and fundamental natural frequency
is much higher then the operating speed of machine
that foundation design as overtuned foundation to
avoid the reasonance .The fundamental natural
frequency (f,) shall be at least 20 perccnt away from
the machine operating speed(f.,,). There should be no
resonance, i.e. the natural frequency of the machine
foundation-soil system should not coincide with the
operating frequency of the machine. Frequency ratio
should not be within 0.8 to 1.2. The amplitudes of
motion at operating frequencies should not exceed
the limiting amplitudes, which are generally specified
by machine manufacturers®®..

1. METHODOLOGY

For lasser machine, frequency of the machine is only
8.66 Hz that very small compare to high speed
machine but the self weight of the machine is very
large compare to machine frequency therefore
machine in only one placed at the ground level if the
machine is placed at first floor the displacement is
increase of the structure therefore necessary to
dynamic analys:is of foundation required.

Figure 1 Lesser machine at industry

Collection of necessary machine data such as size of
machine, static load of machine, frequency of
machine, permissible amplitude of machine.
Preparation of drawing of industrial floor plan
showing machine position of existing building, size
of machine and necessary space for worker using
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CAD Software, Modelling of R.C.C Frame of
Ground + One Storey structure using sap 2000.
From size of machine and vibration of motor
maximum two machine should be placed on each
floor that total four machine place in building. To
reduce the effect of vibration in the structure to
destroy the slab below the machine makes separate
foundation for machine on ground floor. To study all
possible types of foundations such as block type
foundation, box type foundation. To compare
different type of structure with each other to stress,
displacement, economic condition.

1. MODELLING OF FOUNDATION

Model 1: Block foundation

The block foundation is of dimension 35m x 1.6m x
0.5m. Block foundation is made of small solid block
of dimension 0.5m x 0.1m x 0.1Im in sap 2000.
Material property of the solid block is assign as
concrete M 30 grade. Then load is assign as machine
and harmonic load as point load on block foundation
and also earthquake force applied in X and Y
direction. This foundation is designed as such that
block is 0.2m in depth in ground so that support
condition is assign as soil spring at bottom of block
and around 0.2m in depth of block foundation.
Response spectrum analysis also performs on
foundation.

figure 2 3D view of Block foundation with soil stiffness

Model 2: Box foundation

In the box foundation the block provided same as
block foundation. In this foundation the changes are
that we provide box in the upper portion of block.
Dimension of the box is top slab portion is 0.1m
thick and side leg portion is 0.2m thick and 0.4m in
height. Material property of the solid block is assign
as concrete M 30 grade. Then load is assign as
machine and harmonic load as point load on box
foundation also earthquake force applied in X and Y
direction. This foundation is designed as such that
block is 0.3m in depth in ground so that support
condition is assign as soil spring at bottom of block
and around 0.3m in depth of block foundation.
Response spectrum analysis also performs on
foundation.

Figure 3 3D view of Box type foundation with soil stiffness

v. SOIL INTERACTION THEORY

Dynamic shear modulus G is the most important soil
parameter influencing the dynamic behaviour of the
soil-foundation system. The dynamic shear modulus
represents the slope of the shear stress versus shear
strain curve. Most soils do not respond elastically to
shear strains; they respond with a combination of
elastic and plastic strain. For that reason, plotting
shear stress versus shear strain results in a curve not
a straight line. The value of G varies based on the
strain considered. The lower the strain, the higher
the dynamics hear modulus.

Table 1 Wave velocity in different types of soil

Type of Vs(misec) | V(m/sec) VsV,
soil

Soft soil 50.819 3344.93 0.015

Medium 88.02 3344.93 0.025
soil

Hard soil 160.70 3344.93 0.047

Dynamic stiffness is change with the change the
dynamic behavior of soil. If the shear modulus of
soil is increase that the shear wave velocity also
increased than the dynamic stiffness is increased
with the dynamic shear modulus of soil.

Horizontl stiffmessin X divection Vs Different types of wil
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Chart 1 Horizontal stiffness in X direction Vs Different types
of soil
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Chart 2 Horizontal stiffness in Y direction Vs Different types
of soil
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Chart 3 Vertical stiffness Vs Different types of soil

From chart 1,2,3 it has been observed that as
stiffness is change with different in various type of
soil. If the shear modulus of soil is increase with
stiffness also increase. From soft soil to medium and
medium to hard soil stiffness is increased.

V. RESULTS
Results of block foundation

Frequency Vs Different 1y pe of soll Tor block
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100 177,77

Froguency
Q
=

56873

i -
a

Soft soil Medivm soll Hard soll

Different types of sail

Chart 4 Frequency Vs different soil for Block foundation

From the above chart 4 frequency is various in
different type of soil. For block type foundation
frequency of the block is increase around 170% from
soft soil to medium and medium to hard soil that
means foundation is very stiff in hard soil.

Top node displacement Vy Different type of sofl for Block
foundation & different direction
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Chart 5 Top node displacement Vs Different type of soil for
Block foundation & different direction

From the chart 5 it is clearly visible that for block
foundation top node displacement in Z direction is
more than the X and Y direction in all type soil and
displacement in soft soil is larger than the medium
and hard soil that more settlement produce in soft
soil then medium and hard soil.
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Chart 6 Bottom node displacement Vs Different type of soil
for Block foundation & different direction

From the chart 6 it is clearly visible that for block
foundation bottom node displacement in Z direction
is more than the X and Y direction in all type soil
because bottom node is very stiff than to top node to
provide dynamic stiffness at base of foundation.
Displacement in soft soil is larger than the medium
and hard soil that more settlement produces in soft
soil then medium and hard soil.
Results of box foundation
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Chart 7 Frequency Vs different soil for Box foundation

From the above chart 7 frequency is various in
different type of soil. For box type foundation
frequency of the box foundation is increase around
170% from soft soil to medium and medium to hard

soil.
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Chart 8 Top node displacement Vs Different type of soil for
Box foundation & different direction
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From the chart 8 it is clearly visible that for box
foundation top node displacement in Z direction is
grater than the X direction and displacement in X
direction is grater than in Y direction in all type soil.
Displacement in soft soil is larger than the medium
and hard soil that more settlement produces in soft
soil then medium and hard soil.

Bottemnode displacement Vs Different type of soil for oy
foumdation & different direction
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Chart 9 Bottom node displacement Vs Different type of soil
for Box foundation & different direction

From the chart 9 it is clearly visible that for box
foundation bottom node displacement in Z direction
is larger than and in X and Y direction in all type
soil. As shown in chart displacement in X direction
is some negative because of dynamic stiffness
provide at base of foundation and bottom node is
very stiff than top node
Comparision of both foundation
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Chart 10 Frequency Vs different types of soil

As shown in chart 10 minimum frequency of

foundation occurs in box and some more frequency
occurs in block type foundation
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Chart 11 Top node displacement Vs different direction for
both foundation

As shown in chart 11 displacement in Z direction is
more than in X and Y direction in all type model.
Displacement in all direction maximum occurs in
box foundation
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Chart 12 Bottom node displacement Vs different direction for
both foundation

As shown in chart 12 displacement in Z direction is
more than in X and Y direction in all type model.
Displacement in all direction maximum occurs in
box foundation

\J \J

Figure 4 Maximum stress distribution in block foundation

. \ 7

Figure 5 Maximum stress distribution in box foundation

VI. CONCLUSION

1. From soft soil to medium and medium to hard
soil horizontal stiffness in X, Y and Z direction
is increased around 300% in variation.

2. Applied frequency of machine is 8.66 Hz and
frequency of foundation according to mode
shape is higher than that applied frequency so
that frequency ratio is less than 0.8 and
foundation act as over tuned foundation.

3. The larger the foundation contact area, the
smaller the reduced pressure on the soil and the
higher the natural frequencies of the foundation.

4. Many cases have been observed in which
foundations under engines with low-frequency
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vibrations underwent vibrations at smaller
amplitudes than those cited above, but induced
strong vibrations of structures located at a
distance of several meters.

5. For block and Box type foundation frequency of
the foundation is increase around 170% from
soft soil to medium and medium to hard soil that
means foundation is very stiff in hard soil.

6. Displacement in Z direction is more than in X
and Y direction in all type model. Displacement
in all direction maximum occurs in box
foundation than Block foundation.

7. For Block foundation maximum stress occurs at
the leg point of machine and reduces it to base
of foundation. Minimum stress occurs at the
middle portion of the foundation.

8. For box foundation maximum stress occur at the
two side portion of the box and in this
foundation total stress absorb by top portion of
box foundation such that minimum stress
produce in block of foundation
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