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1. SCOPE

This SAE Informjation Report provides data regarding
human tolerance to|impact conditions. It is intended that
this information wil| aid those having to do with the plan-
ning or designing of| motor vehicles in which people may
experience high fordes, to so design various components to
reduce the likelihood or severity of injury.

The term "acceleration” denotes both posifive and negative
acceleration (deceleration).
Evaluation of the degree of injufy is complicated by the

many types of injuries that caihoccur. Medically, these
run from minor bruises, lacérations and bofe fractures to
serious fractures, injuriés to-the brain and ¢ther vital organs.
Also, it is difficult to evaluate functional jmpairment of
various organs since the impairment may not be evident for
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is based on currently available knowl-

in the biomechanical field. However,
mation set forth, it must be recognized
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to continuing review
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several days and~may then be masked by o
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individual humans to injury will vary; it must be expected
that some humans will sustain injuries when exposed to im-
pulses.well below the tolerance level of th¢ average human.
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conditions and the mechanism of injury ca
vehicle accidents is extremely limited. N
information to date is sufficiently reliable
combining of preliminary human tolerance
engineering design principles in a practica
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endeavor 10 reduce the likelihood of occuppnt injury during

accidents. In applying the following data
must be recognized that optimum occupan
requirement of overall vehicle design. Co
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2.2 FACTORS AFFECTING IMPACT T

2.2.1 Location of Measurement (Forcin
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LERANCE -
y Function versus

Response Function) - Due to the dynamic ¢

haracteristics of

the materials involved in impact situationg

the forcing func-

Similarly, there is no way of accurately correlating animal
studies to human tolerance. However, responsible investiga-
tions of injury producing highway accidents and human free-
fall accidents can provide data concerning both survivable
and fatal impulse levels. Additional data, particularly on
skeletal tolerance, are being obtained by engineering tests
and analysis on both intact cadavers and cadaver parts.

In many cases, interpretation of acceleration readings
obtained from instruments mounted to humans or animals
is difficult because the components of the body are not rigid
in the usual engineering sense. Thus, the measured accel-
eration cannot be directly converted to a force by the F =
ma equation, as the actual force at the point of impact may
be substantially different than would be indicated by an ac-
celeration measured some distance from the impact point.

tion will, in general, differ from the response in both mag-
nitude and time duration (see paragraph 2.2.8). When in-
jury criteria are given, it is practically always as there-
sponse function and not as the forcing function.

2.2.2 Direction of Impact - Most regions of the body can
withstand more severe impacts in one direction than can be
withstood in another direction. For example, a well dis-
tributed impulse applied to the vetebral column of a person
in a transverse direction is not nearly as likely to cause in-
jury as one along the axis of the column. With complete
body and head support, an acceleration of about 20 g's for
100 msec at high jerk applied parallel to the vertebral col-
umn is likely to injure a lumbar vertebra, whereas 60 g's
for 100 msec applied aft-to-fore through a seat back should
cause little or no injury.
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2.2.3 Location of Impact - Certain portions of the body
are more susceptible to impact injury than others. For in-
stance, head injury is probably most serious, considering both
the severity and frequency of occurrence during accidents.

However, severe impacts to the chest, abdomen, and lower
extremities can cause death or prolonged disability. There-
fore, no portion of the body should be neglected in design-
ing for safety. v

2.2.4 Areaof Contact - The degreeof injury is an inverse
function of the area of the body contact, up to 2 maximum
impact tolerance level for the particular region contacted.
A blow from a sharp pointed object, such as a knife blade or

input by as much as 2 to 1 for a linear single degree of free-
dom system and by greater amounts for more complex sys-
tems.

2.3 DISCUSSION - Human tolerance to impact condi-
tions of the type normally experienced in vehicle accidents,
has been more fully studied with respect to head, chest, and
facial injuries, than with respect to injuries to other areas
of the body. Thus, the following information with regard
to such injuries should be given special consideration.-

Much of the data regarding tolerance of the head to im-
pact have been obtained from forehead impacts. There is
evidence that the difference in energy necessary to produce

an icepick, can injury with little impulse to ead are impacted

the body. On the other hand, large impulses with no injury
can occur when|a large area of the body is contacted such
as occurs when 2n individual falls into water.

2.2.5 Time puration of the Impact - Highforces, pres-
sures or accelerftions can be tolerated for very short time
periods while lower values of these quantities can be toler-
ated for longer periods of time. Fig. 1 shows this relation-
ship for foreheafl impacts where acceleration has been used
as the injury crifterion.

2.2.6 Kinetif Energy - All other variables of the impact
situation remaiiling the same, the degree of injury to a par-
ticular body arefa is a function of the kinetic energy absorbed
by that body arda during the impact. The energy absorbed
by a body area s dependent upon the crush characteristics
of the object imppacted.

\ 2.2.7 Maximum Force, Pressure, or Acceleration - The
peak values of fuch quantities can serve as criteria of dam-
age only for a|theoretically brittle material, but are’ of
limited use as ifidices of bodily injury because they take no
account of timg exposure to loading.

2.2.8 Dynanpic Response - In a mechanical’sense, the
human body is § complex nonlinear, damped, multimass
system. As such, it is subject to dynamic response behavior
in any of its m4ny modes of vibration. This means that the
response, or actual acceleration=time history experienced
by the body, or|a portion thereof, may differ markedly from
the acceleratiop-time inputto the body applied at the point
of impact. Ths respanseof a single degree of freedom, lin-
ear mechanical systefn, to an acceleration-time input, is a
function of the loverall waveform of the input, but for a

against a standardized target, is withimthe variance infrac-
ture tolerance between individuals.) There is considerable
attentuation of acceleration in deforming soft tissue such

as the scalp. To illustrate, a skGll with the soft tissue re-
moved will fracture at about 25 in.-1b of|energy if it strikes
a flat, unyielding surface;yWhereas, with fhe soft tissue in-
tact, 400-700 in.-1b are’required under tle same test con-
ditions.

Voluntary cheést accelerations as measjired by Stapp and
others, haveyreached the tolerance level
did occur inva few cases. In those tests, fhe load wasspread
over a‘arge portion of the/chest wall as ppposed to a load
concentrated on the sternum (breastbone).

Facial injuries are prevalent during agcidents and can
occur at low impulse levels, even when the load is not con-
centrated. Although many of these injurfes may be classed
as minor, they may be disfiguring and haye serious psycho-
logical effects on the individual. Also, spch injuries may
involve impairment of the eyes, ears, rfose, and mouth.
Therefore, it is essential that avoidance ¢r reduction of such
disfiguring facial injuries be carefully col hsidered.

Trauma to the knee-thigh-hip complgx can have serious,
lifelong crippling effects on the patient. | Fracture of the
patella (kneecap) and/or injury to the khee joint results
from even slow to moderate speed knee impact to a hard
surface or small protuberance. A more severe impact to a

ince minor injury
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known system and simple input shapes, can often be approx-
imated by the use of the three basic waveform character-
istics:

1. Time required to reach peak amplitude or average
jerk.

2. Peak amplitude.

3. Overall time duration of the waveform.

For any pulse duration less than about one-sixth the nat-
ural period of a given vibratory mode, the maximum am-
plitude of response of a single degree of freedom, linear sys-
tem, will be less than that of the input pulse and will be
proportional to the area of the pulse waveform. For greater
pulse durations, depending upon the nature of the waveform,
the maximum amplitude of response can exceed that of the
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Fig. 1 - Impact acceleration - time tolerance for the
human brain in forehead impacts against plane, unyielding
surfaces
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somewhat yielding or conforming surface might not seri-
ously injure the knee area, but may result in fracture of the
neck of the femur (thigh bone), dislocation of the hip joint
or damage to the hip joint. These injuries sometimes re-
quire a hip prosthesis and, in some instances, fusing the
joint. The long convalescence and permanent crippling ef-
fect of these injuries make their reduction or elimination
of major importance.

2.4 TOLERANCE LEVELS - Appraisal of the injury po-
tential of an impact, as it is affected by pulse wave shape,
may be estimated by the two following criteria:

2.4.1 Weighted Impulse Criterion - Weighted impulse --
criterion recognizes the importance of both the magnitude

ﬁ ar

where °

a = acceleration (force or pressure)
n = weighting factor greater than 1
t =time

The exponent n has a value between 2 and 3 for the head
tolerance curve of Fig. 1.

2.4.2 Impulse Area Criterion - Area under the acceler-
ation-time curve, pressure-time curve, or force-time curve
may sometimes provide a useful approximation to its injury

and the time duratfion of the impulse, which contribute to
tissue damage by 4n amount which is dependent upon the
viscoelasticity of the injured tissue. Published data indicate
that a weighting factorshould place relatively greater weight
upon the ordinate |[(force, acceleration, or pressure) than
upon time duratio. This is particularly true of the failure
of skeletal comporjents, which are less viscoelastic than soft
tissue. For the mofe viscoelastic materials, the weighting
factor should be lower.

Under this critefion, injury potential is proportional to .

potential. This assumes equal importance ¢f the ordinate
and its time duration in their contributjop-tp tissue damage.
Under this criterion, the area undervery|sharp spikes of
the acceleration-time wave is generally nefligible and is
therefore ignored. The problem is to find the effective ac-
celeration magnitude, whiecl, when multiplied by the total
time duration, will give ‘the"area under the|curve. There-
fore, the following guides’should aid in arrijing at an ef-
fective value for dcceleration.

(a) If the acceleration-time trace has ap essentially flat

- o .o A
Table 1 - Experimentally Determined Levels of Impact Producing Moderate Injury
(Response Functions)

Assumed
Effective
Body Area Weight of Effective Accel Injury Expected at Cond{tions Used to
Impacted Body Area, lb Accel, g Duration, msec Tolerance Limit Obtaip Impact Data
Face 20 40 30 Soft tissue damage
with possibility of Hard flpt surface im-
some facial bone pacted with the ac-
fracture. celerpmeter mounted
Knee (each)c 50 20 30 Knee cap fracture. on bo 1,6 opposite t.o
d the point, and colin-
Head (skull) 20 100 4 Minimum to ear wjth the direction
75 8 moderate con- of the impact.
50 30 cussion.
Chest® 90 60 100 Reversible injury to Accelerometer

aSee Section 3, paragraph 3.1.

organs of the tho- mounted to sternum.

rax.

b
H. R. Lissner and L. M. Patrick, Wayne State University Biomechanics Department Cadaver Impact Studies, 1963.

CJacob Kulowski, M. D.

1963.

eJohn Stapp, Air Force Sled Deceleration Studies.

H. R. Lissner and L. M. Patrick, Wayne State University Biomechanics Department Cadaver Impact Studies, 1959-



https://saenorm.com/api/?name=43c79fa155347b477100682c71cc871f



