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Closely related to noise is mechanical vibration. However the
adverse health effects from exposure to noise and mechanical
vibration are quite different. Vibration means a fluctuating motion
of a mass with time, and a person can be attached to the mass in any
manner. Two categories of vibration exposure are "segmental" and
"whole body".

Segmental vibration is when only a part or parts of the body are in
direct contact with the vibrating surface. It usually involves the
hand(s) and/or arm(s) and results from the use of hand tools,
jackhammers, chainsaws and rock drills.

Prolonged exposure can cause restricted blood flow in the exposed
arm and hand, leading to a condition knows as "white fingers". Early
stages of this syndrome are characterized by a persistent tingling or
numbness in the fingers. Other symptoms include blanching, pain
and flushing of the fingers. These symptoms appear suddenly and
are precipitated by exposure to cold. With continued exposure to
vibration, the signs and symptoms become more severe and the
pathology may become irreversible. This condition is known as
Raynaud's disease, and results in major consequences and lifestyle
change.

Hand arm vibrations can also cause arthritic changes in the carpal
and metacarpal area of the hand, nerve inflammation, loss of sense
of touch and sensitivity to heat and cold, muscular weakness and
paralysis, and bone decalcification.

Considerable improvements have been achieved by redesign and
vibration damping of handtools and chainsaws. Some reduction in
the level of vibration of rock drills has been reported. Attempts at
developing a glove material that would reduce vibration
transmission were not successful.

Whilst hand-tool induced vibration can shake the entire body, it is
necessary to distinguish that sort of vibration from the lower
frequency, higher amplitude vibration transmitted to the whole body
by mobile equipment. Whole body vibration is prevalent in both
surface and underground mining operations and personnel transport.

Vibration is primarily of two types, sinusoidal and random. As was
discussed in relation to noise, sinusoidal motion is regular and
repeats itself at set intervals. Most studies of the effects of vibration
on humans use sinusoidal wave patterns. Random vibration, as
would be expected, is irregular and unpredictable; most real - world
vibration is random.

Vibration occurs in different directional planes (up - down, forward
- backward, left - right), with the predominant vibratory forces
experienced in the mining environment in the. up - down plane.

As in the case of noise, whole - body vibration is discussed in terms
of frequency and intensity. In the case of sinusoidal vibration,
frequency is defined in hertz, and intensity is defined in several
ways: amplitude (measured in centimetres); displacement
(centimetres); velocity (centimetres per second); or acceleration
(centimetres per square second). Sometimes acceleration is
expressed in terms of number of gravity (g) where 1 g = 9.81 m/s².

The situation becomes more complex with random vibration,
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because the frequency spectrum varies randomly. Frequency is
usually displayed in a power spectral - density plot, showing the
power density (gravity squared per hertz) in each frequency band.
Intensity is often expressed as root - mean - square acceleration
(e.g., RMS G) and is a measure of the total energy across the
frequency range.

Vibration transmitted to the body can be amplified or attenuated as a
consequence of body posture (e.g., standing, sitting), muscle activity
(e.g., relaxed or rigid), type of seating, and the frequency of the
vibration. Every object has a resonant frequency related to its mass.
When an object is vibrated at its resonant frequency, the object will
vibrate at maximum amplitude, greater than the amplitude of the
original vibration. This is called resonance. Different parts of the
body have different resonant frequencies. A mechanical engineering
analysis of the human body has produced a model showing these
resonances and it is illustrated in 

Vibration can be applied to the body via:
          (a) supporting surfaces through feet, back and buttocks.
          (b) application to parts of the body such as head, limbs
               and especially hands
          (c) immersion of the body in a vibrating fluid.

Whole body vibration causes a number of adverse effects on people.

Short term effects:
          - motion sickness (kinetosis)
          - reduced comfort
          - fatigue

Long term effects:
          - eye stress
          - lower back pain
          - disc and vertebrae degeneration
          - gastrointestinal disorders 
          - hemorrhoids 
          - detached muscles.

Because many of these disorders can also be caused by other
factors, direct cause effect relationships are often difficult to
establish.

 

Researchers have for years been trying to develop a standard for
human exposure to whole - body vibration. In 1974, the
International Organisation for Standardisation published a
recommended exposure standard for vertical and lateral vibration.
Three criteria were established: fatigue - decreased proficiency
boundary (FDP), beyond which working efficiency was postulated
to decrease; health exposure limit, which is equal to two times the
FDP; and the reduced comfort boundary (RCB), equal to FDP/ 3.15.

 shows the FDP criteria for vertical vibration. Curves are
shown for 8-h, 1-h, and 1-min to 4-min exposures. The criteria,
although widely accepted, can only be considered approximate.
Evidence has accumulated that challenges the validity of the
criteria, and that indicates that fatigue effects occur at lower levels
and for shorter durations than the criteria suggest.

The vibration exposure of surface coal miners operating equipment
such as track dozers, scrapers, haulers, blasthole drills, motor
graders, and shovels was measured by Remington. This work
indicated that about half of all surface machine operators are
exposed to vibration exceeding the FDP criteria; only about 15%
experience vibration exceeding the health exposure limit. The
machines in which operators were most likely to exceed the FDP
criteria (probability = 0.87 - 0.90) were scrapers, dozers, and
loaders. Truck drivers were next most likely (probability = 0.56 -
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0.58), followed by grader operators (probability 0.32). The operators
of blasthole drills, shovels, and draglines were exposed to very little
vibration. Remington concluded that although one would not expect
to see many mine machine operators with vibration - induced health
effects, one would expect to find significant numbers with impaired
ability to operate their machines safely and efficiently because of
vibration exposure.

The relevant Australian Standards are AS2670 - 1983 and AS2673 -
1985. The problem with these and all exposure limits is that they are
based on the average response of the healthy population and take no
account of variations due to age, sex, body weight or state of health
etc.

For multi - frequency and multi - direction vibration, various
assessment methods are used.

(a) Multi - frequency

          (i) Rating Method - Uses the lowest exposure duration and
assumes effects are not interactive or cumulative.

          (ii) Weighting Method - assumes interaction of frequency
components and uses a weighting network diagram to determine a
weighted root mean square value.

(b) Multi - direction

      A weighted root mean square value is obtained as shown:

where z = up - down vibration
           y = left - right vibration
           x = forward - backward vibration.

Vibration can be reduced at the source through engineering
modifications to the equipment, including better suspension systems
and component isolation. In addition, shock - resistant seats can be
installed to reduce the intensity of the vibration reaching the
operator's body.  shows the transmission of vibration to
seated person in three types of seats. As can be seen, the suspension
seat reduced the level of vibration considerably. The amplitude of
vibration was actually increased when the person sat in the
contoured and standard seats. The cost of a good pneumatic seat can
accrue dividends in increased worker health, comfort, and
efficiency.
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Mechanical Vibration Model of Human Body

Courtesey of Breul and Kjaer
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Directions of Coordinate System for Mechanical
Vibrations Influencing Humans   
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