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A rotating mass type of excitation.

Some machines have intentionally designed eccentric weights that shake their frames 

in a forceful manner. For example, steel sheet-piling vibrating machines use this 

principle, along with the application of water pressure, in order to create a 

“liquification” condition in the soil and thereby easily place these sheet-piles to great 

depths. A simple diagram of this type is shown below.

A rotating mass excitation of a foundation-soil system.
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The differential equation of motion is ,

mz cz kz Q sin t where Q m e U

The solution maybe of the form ,

z Z cos( t )

where ,
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/(U / m ) vs / is shown on the next slide .

The angular resonant frequency f is ,
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A vibratory machine is 

commencing to place the 

steel casing of a drilled 

shaft.

Notice the two counter-

rotating masses on its 

lower part of the 

vibrating machine.



Vibratory 

hammer driving a 

timber pile.

Note the opposite 

rotating shafts on 

the driver.



A vibro-flotation machine. This 

device is used to “liquefy” granular 

soils and thereby densify a column 

of this soil. It is used for soil 

improvement.

The vibro-flotation probe has two 

concentrically rotating masses 

within its shaft, to generate large 

vertical vibrations.



Example 1.

Is it prudent to operate a steel sheet-pile vibratory machine at 2,000 rpm, given that 

each of its two counter-rotating elements have an eccentric mass of 1 kip each, and 

are located at a distance of 9.75 inches eccentrically from their drive shafts? The 

entire vibrator/sheet-pile system weighs 30 kips, and the damping ratio is about 0.31.
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The amplitude at resonant frequency Z is,
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The “bandwidth method” to determine the damping ratio D.

It is difficult to determine the damping coefficient c of a foundation-soil system. There 

is however, a method to determine the damping ratio D, known as the bandwidth 

method, and back-figure the damping coefficient. The procedure is as follows:
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The log arithmic decrement was shown to be,

Z D
ln D

Z D

It can be shown that ,

Z
n ln nD where Z is the peak amplitude of the nth cycle
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During a forced vibration test, the procedure is as follows:

(1) The system is vibrated with a constant force excitation. The resulting plot of the 

amplitude Z versus the frequency f (shown below);

(2) The peak is the Zresonance;

(3) The root mean square of Zresonance is found by multiplying by 0.707; this yields the 

two frequencies f1 and f2, as shown below.
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Themax imum amplitude at the resonant frequency is Z ,

Q Q
Z if D is small
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but we found previously that Z was given by,
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Example 2.

A forced vibration test is performed with a steel sheet-pile vibratory machine, by 

varying the excitation forces and frequencies. The resulting displacements are plotted 

versus the recorded frequencies. Find the system’s damping ratio D if the natural 

frequency is 1,820 rpm, and the tests were run between 1,233 rpm and 2,360 rpm.
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An instrument to measure vibrations.

The figure below shows a simple arrangement for an instrument that could measure 

the vibrations of a foundation-soil system. Notice that the system consists of all the 

elements we developed before: mass, spring and dashpot, all mounted on a base that 

vibrates. The instrument monitors the relative motion of the mass m with respect to 

the vibrating base. 
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Assume that the motion of the ba se c an be given by,

z Z sin t

and the motion of the mass m is,

z Z sin t

therefore, the differential equation of motion for the mass is ,

mz c( z z ) k( z z )

In order to simplify , let z z z and z
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mz cz kz m Z sin t

A solution similar to pas t analyses,

z Z cos( t )

where,

m Z k m
Z and tan

c
k m c
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Rearranging Z

k m c

/Z

Z
/ D /

Usually the natural frequency of the instrument is small , and therefore

/ is going to be l arg e. For most values of D the value of Z / Z is about .

Under the se c ondition
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s the instrument works as a velocity monitor .

Alternatively ,

Z
cons tan t

Z
/ D /

so, Z Z which is the absolute acceleration of the vibrating base.

Therefore, now the instrument is an acceleration pic
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