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Introduction

ISO 9996:1996(E)

An important criterion for writing standard guidelines for the measurement and evaluation of human exposure to
low-frequency oscillatory motion, mechanical vibration or shock is to prevent mechanical disruption and
physiological impairment of human volitional activity and skilled task performance by the impressed force or motion.
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Mechanical vibration and shock — Disturbance to human activity
and performance — Classification
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3 Defini

tions

For the purposes of this International Standard, the definitions given in ISO 2041 and ISO 5805 and the following

definitions

apply.

3.1 human volitional activity:
Any consciously directed human action that is performed electively, i.e. for a purpose or in a manner that is not
immediately essential to the performance of a specific task in hand, or that is not required of the person by virtue of
his essential presence in a situation or function in a system as a human operator.

1) To be published. (Revision of ISO 5805:1981)
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NOTE 2 Examples of human activity in this sense are: walking, eating, reading, writing or trying to sleep in a train, ship or
other vehicle, and trying to sleep, rest, enjoy general amenities or carry out some fine task of choice in a building that may be
shaken by internally or externally generated vibration or impact. The distinction from task performance may be rather fine in
many operational contexts. For example, a seaman who, because of violent ship motion, has difficulty traversing a deck or
climbing a ship's ladder to get to or from his quarters in heavy weather experiences interference with activity. Interference with
task performance would begin when he is at his workstation, engaged in his assigned duty. However, a shipmate whose
assigned task it was to traverse the same rolling deck while hauling on a rope or transporting ship's equipment or materials
would be experiencing interference with task performance. (In either case, an occupational hazard may arise when the effects
of the ship's motion on the seaman's locomotion and ability to concentrate on what he is doing become severe enough to
undermine safety.)

3.2 task performance:

Any learned or skilled activity that is carried out of necessity or by direction as part of an assigned duty. In such a
situation, the feceiver of motion or vibration exposure is acting in his capacity as a human operatof, monitor,
inspector, crew member, supervisor or controller in a mechanical environment, where adverse effects, ol motion or
vibration may prejudice efficiency, productivity, safety, or some other attribute of the work, process or-mission.

NOTE 3 Examples of task performance in this sense include driving a vehicle, piloting an aircraff-or navigati g, standing
watch or carryifng out any assigned duty aboard ship, operating or monitoring an industrial plant,“process or machine, or
carrying out some specialized task (for example instrument assembly, quality inspection, microsurgery, fine craftsmanship such
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dealing with hyman “exposure to vibration. For instance, mechanical resonance phenomena in humans occuf mainly at
frequencies abdue=l Hz while motion-sickness-is-provoked-only be-oscillator—metions-at-frequencies—below-abelit 1 Hz. As
another practical matter, specialized inertial instrumentation and analytical techniques may be called for when recording and

evaluating motion of very low frequency and large displacement amplitude. Moreover vibration isolation and conventional

vibration control

engineering techniques may not be readily applicable at very low frequencies.

3.7 motor (performance or activity):

Descriptive of the function or output of the musculoskeletal system of the body, by which man regulates his own
posture and exerts physical action upon the external world, for example when using a tool, operating a computer
keyboard, controlling a vehicle, or communicating with others by speech or gesture.

3.8 neuromuscular:

Pertaining to the muscles (specifically, in the context of human performance, the skeletal or "voluntary" muscles that
subserve conscious, volitional action) and to the motor nerves and higher centres of the nervous system that control
them.
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2.9 oculomantar:
3.9 oculomotor:

Pertaining to the voluntary and reflex movements of the eyeballs with respect to the skull, and to the generation and
neuromuscular regulation of eye movements.

3.10 reference posture:
In biodynamics, a notional orientation and posture of the human body considered as a receiver of mechanical
vibration and shock.

3.11 sensory:

Pertaining to the organs and physiological mechanisms by which the human brain acquires information ("input")

about the world, enablmg human bemgs to know, relate to and mfluence the external worId by volitional action.
FaEHS - : conscious or

state and to

NOTE 7 Uow-frequency motion and vibration are perceived by means of a variety of sensory organs and rgceptors. These
include the |eye, the vestibular (balance) organs of the inner ear, and a range of microscopi€Jorgans (medhanoreceptors)
distributed in the tissues throughout the living body that variously signal changing pressure, tension, position, vjbratory motion,
etc. The ordans of special sense, particularly of hearing and sight, also provide motion and Vibration cues to thg brain in many
circumstances.

3.12 senksorimotor:

In the context of biodynamics, pertaining to the sensory input of information)to, and the motor action (output) of, the
human opgrator functioning in a dynamic environment.

3.13 sopjte syndrome:
A state of gieepiness, lassitude, or drowsy inattention induced b§"motion or vibration.

3.14 vestibular:

Pertaining fo the organs of balance (part of the labyrinth,;"whence the term, labyrinthine) in the inner ear, and to their
functional ¢onnections with the brain and central nerous system.

3.15 volitional:
By the exefcise or direction of the will. Used-of human motor activity (including task performance), carfied out as the
result of eXercise of the conscious will, i.;e.ynot automatically or as an unconscious reflex action.

4 Classffication
4.1 Categories of activity and task performance

The taxongmy is entered for either of the categories of learned or skilled human action, defined undgr 3.1 and 3.2,
volitional aftivity_or-task performance.

4.2 Clasges and varieties of action that may be affected by motion or vibration

4.2.1 Acquisition of information
4.2.1.1 Visual system

a) Visual stimulus (signal) detection
b) Visual motion detection

¢) Visual resolution (acuity)

d) Other visual functions (for example colour discrimination)
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4.2.1.2 Other sensory systems

a) Hearing

b) Vestibular system

1)

2)

Sense of balance and orientation

Low-frequency motion sense

c) Distributed mechanoreceptors

1)

Vibr

actlie sense

Senge of gravity and incident mass

Senge of position of body members

Sense of force/strength

4.2.2 Centra

4.2.2.1
4222
4223
4224
4225
4.2.2.6
4227
422.8

4229

Visu

processing of information (cognitive function)

| pattern recognition

Visugl search

Spatipl perception and orientation

Recognition and processing of speech and other auditory signals

Vigilance (visual and auditory) and concentratioh

Time|perception and estimation

Ment

Reas

[I computation

ning

Other cognitive functions

4.2.3 External activity and task'execution (motor function)

4.2.3.1 Stati¢ postural function

a) Stability qf stance/whole-body (or head) orientation

b) Maintena|

Pce of fixed postures of limbs/extremities

4.2.3.2 Kinetic (moving) postural function

©1SO

a) Locomotor skills (human locomotion, load-carrying and -handling, coarse manual and pedal control operations,
including continuous tracking)

b) Fine manipulative skills (manual dexterity)

c) Speech
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4.3 Mechanisms of impairment of disruption of human activity and task performance by
low-frequency motion and vibration

4.3.1 Direct mechanical interference

4.3.1.1 Disruption or degradation of sensory input from task or activity

a)

b)

4.3.1.2 Djsruption or impairment of human motor output (i.e. the input to the activity.or'task)

EXAMPLES

a)

b)

c)

d)

4.3.2 Indjrect or central (physiologically mediated) effects

By vibratory displacement of head, eye or intraocular structures

NOTE 8 Such effects (for example blurring of vision) are associated particularly with resonance phenomena in major
body structures up to 30 Hz. Accordingly, the effect is apt to be of immediate onset, markedly frequency-dependent, and
closely correlated with the time-course of the mechanical stimulus.

By osgillatory relative displacement of visual surroundings or point of regard (indirect vibrationl) (for example
vibration of pointers on scales, making them difficult to read)

By mechanical interference with the smooth course of locomotion or by osc¢illatory displacement of the human
point of contact with the task (for example hand/control, foot/pedal, finger/keypad)

By diglodgement of objects of human activity or task performance (for example loose or mobile gbjects which it
is intended to handle or pick up)

By ingtantaneously confusing subjective estimations of the-pdsition, weight or inertia of loads|to be lifted or
movef (for example aboard a rolling ship)

Vibrafory distortion of articulation (speech)

NOTE 9 Physiologically mediated effects of motion.and vibration may persist for variable periods (minutes t¢ days) after the

provocativg mechanical disturbance has ceased.

4.3.2.1 Impairment of sensory input-and perception

a)

b)

d)

By digturbance of visual fungtion

1) By motion-induced-destabilization of oculomotor control (for example nystagmus)

2) By changes in‘visual function (for example colour or contrast sensitivity) at the receptor leve
By impairment:of auditory function

1) Byrauditory masking of speech or other auditory signals by lower-frequency vibration-inducef noise

2) By temporary elevation of the threshold of hearing (temporary threshold shift)

By masking or impairment of the vibrotactile sense

1) By threshold elevation, distortion or masking of afferent signals from vibrotactile receptors
2) By sensory fatigue at the receptor level

By impairment or disturbance of vestibular function (leading to postural instability or to disorientation)
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By impairment, disturbance or pre-emption of the function of deep (muscle, tendon and joint)
mechanoreceptors and associated neural (including reflex) pathways subserving postural activity

By enhancing sensory impairments associated with other stressors simultaneously present in the combined
motion or vibration environment (for example noise, heat, glare)

4.3.2.2 Impairment of cognitive function (central processing of information by the brain) and attention

a)

Disorders due to perceptual conflict and distraction

1) Perce

ptual distraction by vibration and noise

2) Motio

NOTE
comm
with e
conste

N-induced perceptual contlict disorders:
patial disorientation
otion sickness

10 Motion sickness (popularly named airsickness, seasickness and so opf,\according to co
bnly experienced and sometimes severe but reversible (i.e. physiological) @isorder specifically
Kposure to actual or perceived oscillatory motion in the frequency range 0,\Hz to 1 Hz. One or

and p

but injthe less severe case with premonitory manifestations it remains_dn)open question whether indi
performance is degraded until activities are interrupted or abandoned. Gfotip performance (for example th
ship's |department) may be delayed or impaired by attrition in the créw. The malady afflicts sufferers

idiosy!
provoq

Sopite sy
Alteration

NOTE 11
“mental" ta|
individual's
ascending
Excessive
of arousal,
vigilance t3g
drowsiness
motion sud
relationshig

Effects of

1) Sporg
or reg

ofoundly disruptive of motivation, concentration, activity and task perfeimance in both individuals

ntext) is a
associated
more of a

nd groups,

llation of symptoms (with or without frank vomiting) may afflict the sufferer;‘In severe cases it is i{vmediately

cratic manner. Most sufferers can benefit from diminishing ‘efféct of continued or repeated expo!
ative stimulus (habituation).

drome
pf the level of arousal

According to a current, widely-held thepry; the human operator performs best (particularly at
sks, such as vigilance) at an optimal (ot necessarily maximal) level of arousal for the task in ha
physiological state. The state of arousal or "alertness", of the organism is maintained and regulg
reticular activating system of the,brainstem: it is a function crucial to the wakeful activity of the
hrousal, however, may lead to efratic and error-prone performance in certain kinds of task. Profour]
on the other hand, may also‘result in decreased performance, (for example increased errors of {
sks), in this case due to lassitude, drowsy inattention or actual sleeping on the job. Profound las
have been specifically idéntified as the sopite syndrome when associated with low-frequency (b
h as is commonly .éxperienced aboard ships. The neurological basis of the sopite syndrom
to classical sickness; remain open questions in physiological science.

atigue

dic interruption or blocking of thought, resulting in mental processing delays or errors in co
soning
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3) Loss of motivation and increase in apathy or tendency to withdraw from the task in hand

4) Loss of clarity or precision in speech and perception (affecting reliability of verbal communication)

NOTE 12 The term "fatigue” as used here is a human condition that has defied exact definition by physiologists,
psychologists and human engineering specialists since scientific attempts to define it began in the early year of this
century. As a subjective entity affecting motivation to perform a task or continue volitional activity, it encompasses both
"mental” fatigue (tiredness, desire to abandon activity for sleep or rest) and the feeling of physical exhaustion (which can
be experienced while wide awake and without feelings of tiredness). Objectively, fatigue has been defined as that
combination of time-related physiological (i.e. reversible) impairments which degrades human performance.
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4.3.2.3 Degradation of task execution (motor output)

a) Intention tremor, postural instability, loss of smoothness of gait, manual or other motor (muscular) effort,

“overshooting", and other manifest signs of impaired neuromuscular control

b) Loss of clarity, precision and power in speech generation (affecting reliability of verbal communication)

c) Impairment or loss of transfer of acquisition (learning) of motor skills

NOTE 13 As a general rule, the direct mechanical effects of low-frequency motion or vibration upon human activity and
performance are strongly force (acceleration) and frequency dependent, and not strongly dependent upon exposure time.
That is because of the mechanlcal (| e. not physnologlcally medlated) nature of such effects and the fact that they are

5-spring system
wsnon) typically
tinuation of the
hce ceases. On
bften not clearly
and severity of

tade 0,1 Hz to
ough intensity
impairment of

rs), and, once

manifest, impairment is apt to worsen with the passage of time;.tnless some habituation or accomnjodation to the

motion takies place, or some alerting, uplifting or alleviating event or factor intrudes upon performan

ce of the task.

Furthermofe, certain physiological effects of oscillatory motion (for example, fatigue, postural insfability, motion

sickness gnd consequent loss of motivation) do not disappear abruptly with cessation of the provoca

ive motion but

are apt to persist for some time (minutes to hours, even days in severe cases) after it has stopped. For this reason,
an affectefl person's performance may remain impaired even after a ship has docked or an aircraft has landed

following g rough passage.
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