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__________________________________________________________________________________________

Abstract: Many engineers are associated with the analysis, design, construction, maintenance, and repair of 

structural elements that machine resting in building. Heavy machinery with reciprocating, impacting, or rotating 

masses requires a support to system that can resist dynamic forces and the resulting vibrations. Foundation for 

Machine is design such that to limit its motion to amplitudes which will neither endangers the operation of the 

machine nor will they disturb the people working on machine.  These vibrations may cause varying degree of 

damage to the building components. Minor damage is seen in the building to non-structural components such as 

cracking of masonry walls, de-bonding of aggregate and cements gel, etc. Control of vibrations can be achieved 

by avoiding from resonance and not to exceed the permissible vibration amplitude limits. In this paper, an attempt 

has been made to review the experimental and numerical investigation of dynamic analysis of machine foundation 
and study of criteria for dynamic effect of machine on structural elements. Hence, suggest the important guidelines 

for the owner/operator, geotechnical engineer, structural engineer, and equipment supplier collaborate during to 

design and develop such structure which sustains the vibrations of machinery. 
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I. Introduction 

For analysis of machine resting on structural element required mechanical property of machine and structural 

property of building and soil therefore desirable that the mechanical and civil engineering work in close 

coordination from the planning stage until the machinery is installed on the structural element. 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[1]. Dynamic forces are  internally generated forces by the machine 

itself or  externally applied forces that are applied directly to the machine, or transmitted through the support 

foundation[2]. 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[2].  A suitable foundation is selected, depending upon 

the type of machine. For compressors and reciprocating machines, a block foundation is generally provided.  If two 

or more machines of similar type are to be installed in a shop, these can profitably be mounted on one continuous 

mat. 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. Hammers may also be mounted on block foundations, but their details would 

be quite different than those for reciprocating machines[1] . Foundations under low-frequency machines should be 

designed so that their natural frequencies are much higher than the operational frequencies of the machines[3]. . 

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[4] .The fundamental natural frequency (fn) shall 

be at least 20 perccnt away from the machine operating speed(fm). 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[5]. 

II. Review of literature 

Hamid Eskandari, Morteza Gharouni Nik, Amir Pakzad have developed a procedure for FEM of large 

foundation such as induced draft(ID) fans. 3D linear analysis performed under static and dynamic load for various 

modulas of elasticity of concrete Ec(20,25,28,30) and reinforcement Es(200,250,300 GPa). FEM results were 

compared with the existing ID fan foundations to assess the accuracy of simulations made by the FEM[6] 
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Chart 1 :Deflection values for point 5 considering speed (rpm)= 400 and various levels of modulus of elasticity of concrete (Ec) and 

reinforcement (Es)[6] 

They  have conclude that the Increasing Ec from 20 to 30 Gpa and Es from 200 to 300 GPa reduced stress and 

deflection in Y axis by 35% and 8% respectively and circular ducts were 15% more effective than rectangular 

ducts in both static and dynamic case. However, due to the harmonic dynamic loading, especially for frequencies 

between 6 and 19 Hz, fatigue might reduce the lifetime of concrete foundations[6] 

Swain Abhijeet,  Ghosh Priyanka have reported the dynamic interaction of different combinations of two-

footing assembly was investigated by inducing vertical harmonic load on one of the footings, where the other 

footing was loaded with the static weight only. The dynamic interaction of the active and passive footings was 

observed by studying the variation of transmission ratio (T+) with the frequency ratio (fr.). It can be observed that 

the passive footing undergoes resonance due to the dynamic excitation on the active footing, which occurs, 

however, with a phase lag from the resonant frequency of the active footing. This phase lag is found to be a vital 

parameter in defining the dynamic interaction of a group of footings.  The phase lag is observed to decrease with 

decrease in the spacing between the footings. The variation of transmission ratio is generally associated with a 

minimum and a maximum point[7] 

 
Figure 1: Layout of Two Closely Spaced Footing Assembly[7] 

Peter Nawrotzki, Gunter Huffmann, Timur Uzunogl have defined the static and dynamic analysis of turbine 

foundation made of R.C.C They describe the assessment of the static and dynamic foundation stiffness and special 

provision required in seismic area. They have taken the load case as in the foundation analysis site specific 

environmental load such as wind and snow in case of outdoor installations. Seismic  loads and material specific 

loads such as creep and shrinking have to be taken into account[8] 

Foundation are required for the concrete turbine:  

1. Block foundation, 

2. Table mounted foundation, 

3. Pile foundation 

Results indicated that Dynamically isolated foundation can be a cost effective and economic alternative. Where 

by the joint between machine foundation and surrounding structure can be omitted[8] 

S.Ramesh, V. Vinoth Kumar have investigated the performance a numerical analysis of an industrial structure, 

subjected to wind, earthquake and blast load. The results are compared for severity, and the remedial measures 

shall be discussed. By adopting the remedial measures, the analysis is performed and the effect is compared with 

the earlier results of a normal structure[9] 

The authors deduced from their experimental work that, the structural components must be of huge sections to 

absorb the blast load that would be helpful to increase the cost of the structure. An explosion in the open space 

will have less loss. Hence, by giving way to dissipate the blast energy, the structure may be safe. This can only be 

achieved by providing openings in wall and in roof. The mode shape analysis and the effect of blast load to the 

structure[9] 
Jacob Nathan Phipps was represented in his research work experiments and analyses of small-strain soil structure 

vibration problems and large-strain soil structure rocking behavior. The first was an investigated of multi-modal, 

small-strain vibrations of field-scale and second was an experimental investigation of large-strain rocking of a 
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field-scale surface foundation resting on a different types of soil deposit. For this investigation, the physical 

aspects of the soil-structure vibrating systems, Numerical modeling, and comparison with experimental results 

are presented[10] 

 

            
Figure 2: Foundation resting on various  type soil[9] 

For the Small-Strain Vibration the authors deduced from their experimental work Conclude Peak magnitudes of 

accelerance were shown to vary as much as 25% and resonant vibration peak frequencies shifted as much as 50%.  

These results led to the conclusion that soil footing behaviour can change with seasonal temperature and moisture 

conditions. For the Large-Strain Rocking Conclusions the authors deduced from their experimental work This 

understanding has led to recent research into the effectiveness of seismic energy dissipation by designing shallow 

footing foundations to rock when subjected to dynamic loading[10] 

S. Santosh Kumar Prusty have created model for the dynamic response of pile foundation under coupled 

vibration single piles and 2 x 2 group piles with length to diameter ratios 10,15 and 20 have taken. For group piles, 

spacing to diameter ratios of 2, 3 and 4 for each length to diameter ratio were used[11] 

Author was compared the many parameters like exciting intensities, dynamic load, embedded of pile cap and L/d 

and  s/d  ratios have an influence on the dynamic response of pile foundation under coupled vibration. The resonant 

frequency decreases as the exciting intensity increases for experiment but the resonant frequencies remain constant 

as the exciting intensity increases for theoretical analysis. The resonant frequency increases while amplitudes 

decreases as the pile spacing increases in experimental results and linear analysis. The resonant frequency 

increases and the resonant amplitude decreases as the L/d increases for most of the cases for both experiment and 

linear analysis[11] 

For the dynamic analysis of the power looms industry structure, was carried out for two Storey framed structure 

using software. Sarthi B. Bhavsar , Yogesh D. Rathod, Sunil H. Kukadiya , Gaurang A. Parmar, Jigar K. 

Sevalia created the Drawing of industrial floor plan showing machine position of existing building using CAD 

Software, modeling of R.C.C Frame of Ground + One Storey structure using STAAD.Pro[12] 

           
 

 
Chart 2: Beam size Vs displacement[12] 

Results indicated that the frequency of structure reduces and structure becomes flexible with increase in storey 

height and hence the displacement increases for larger storey height. For a particular storey height, the frequency 
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of a structure increases by increasing the beam size or column size, which in turn, reduces the magnitude of 

displacement[12] 

Ankesh Kumar, Dr. Bappaditya Manna, Prof. K. S. Rao investigated the performance to carried out to the 

effect of soil–rock and rock–rock foundation systems on dynamic response of block foundations under vertical 

mode of vibration. The half-space theory is used for the analysis of foundation resting on homogeneous soil and 

rocks. The finite element program having transmitting boundaries is considered for layered system considering 

soil–rock and rock–rock combinations[13]. 

From the Review of authors In case of block foundation resting on homogeneous systems, it is found that both 

the normalized damping and normalized stiffness show higher values in case of homogeneous rocks as compared 

to homogeneous soil. The dimensionless resonant amplitude values are found higher and the dimensionless natural 

frequency values are found lower for homogeneous soil as compared to homogeneous rock system. They have 

concluded that with increase in H/B ratio, the dimensionless natural frequency and resonant amplitude decreases. 

It is also found that the dimensionless resonant amplitude decreases as shear wave velocity ratio increases. In the 

case of rock-rock combination, it is found that for all H/B ratios, the resonant amplitude increases and 

dimensionless natural frequency decreases with decrease in the shear wave velocity of the top layer. It is observed 

that the normalized stiffness value decreases with increase in both dimensionless frequency and H/B ratio. The 

variation of normalized damping with H/B ratios is found significant for sandstone-basalt system due to the low 

values of shear wave velocity of top layer[13]. 

Piyush K. Bhandari, Ayan Sengupta describe in his research Machine foundation should insure following 

criteria to insure its safe and efficient working all over its life period. 

 It should be safe against shear failure. 

 It should not settle excessively. 

 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 

1.4 

 The amplitudes of motion at operating frequencies should not exceed the limiting amplitudes, which are 

generally specified by machine manufacturers[14] 

Prof. Deepankar Choudhury wrote in report soil dynamics to criteria for dimensional, vibration and 

displacement as per IS: 2974-1969 

Dimensional criteria [15] 

1. Area of the block 

a. Size of the foundation block must be larger than base plate 

b. Minimum all round clearance of 150mm must be provided 

c. Foundation block should be place deep enough on a good bearing strata. 

2. Combine C.G of machine + foundation block should be as far below the top of the foundation as possible. 

3. Eccentricity should not exceed 5% of the least width or horizontal dimension. 

 

 
Chart 3: Tuning of a foundation[14] 

The vibration criteria he expected to have a foundation which is having natural frequency, either much higher or 

much lower than the operating frequency of the machine. 

Prof. Deepankar Choudhury said that if the ratio of operating frequency to the natural frequency, is less than or 

equals to 0.5 that has to be used for important machines and for less important machine, we can go up to 0.6 for 

under tuned foundation. Ratio of them should be greater than or equals to 2 for important machines and it can be 

greater than equals to 1.5 for less important machine for over tuned foundation. He said that permissible value for 
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machine foundation system is, it should be less than or equals to 0.2 millimeter very very low. So, dynamic 

displacement range it should not exceed 0.2 mm. If it is exceeding, then you have redesign your foundation[15]. 

 

III. Concluding remarks 

From the study of many literature it can be conclude that, 

1. The analysis and design of foundation for machine is more complex than of foundation which support  

static load only such that for analysis and design of foundation required proper criteria as per IS Code of 

machine  foundation and skill full engineer to construct the foundation. 

2. The important criteria for analysis and design of foundation for machine is such that no resonance should 

occur hence the natural frequency of foundation should be either too large or too small compared to the 

operating speed of machine and the amplitude under service condition should be within permissible 

limits. The permissible limits are generally prescribed by machine manufactures. 

3. If the static weight of machine is very high such that dynamic effect on foundation is less compare to 

effect of own weight of machine to foundation and in small weight vibrating machine with high speed 

such machine the dynamic effect is more on foundation of machine. 

4. The various geometrical parameter influencing the design of foundation for machine are centre of gravity, 

moment of inertia of the base, mass moment of inertia, water table and bearing capacity of soil and 

physical parameter are damping, effective stiffness of base support, frequency and amplitude. 

5. For low vibrating machine dynamic analysis is simple as manually but high speed machine for accurate 

result dynamic analysis is complete with the help of software and different method such as finite element 

method. 
 

IV. Scope of work 

The effect on nearby structural element of the foundation of machine such that beam, column and slab of building. 

The implementation of the same with respect to soil structure interaction theory. 
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