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Rigtrrant of Purposes and Methods of Operation

The Armcd Forees - National Reacerch Coun-
el Commndttae on Hearing and Blo-Acouaties
(CHABA) was orgenized early in 1963 to pro-
vide consultation and advice to the Armed IMorces
in the general arsas of (1) the effects and con-
tral of nolee, (2) anditory discrimination, (3)
speech communication, (4) the fundamantal
mechanism of hearing, and (8) auditery atand-
ards, The term “bio-aconstics’ includes the dl-
rect non-auditory effects of high-intcnatty sound
and vibration on man's body, the relovant phyaical
and englneoring problema of nolse genmration,
measuremont, and control, and the psychclogieal
and aoclal reactions of man and of animals te
noise, The activitiea of CHABA nre supported
equally by the Army, Navy, and iho Air Foreo,

CHARA {5 nict & contracting agoncy. It does not
dispenge funds, although It may recommiend that
regearch along certain linam hn carried out, It Is
not itself a research organisation, Itn output is not
data but advice,

The Executive Council of CHABA consista of
nine members: one representalive apiece from
the Army, the Navy, and the Alr Force, three
members appointed by the MNational Research
Council, and three members-at-large chosen by
the appointed members of the Council. The full
Committee on Hearing and Bio-Acoustics con-
sists of abuut 80 regular members approximately
equally balanced between military ropresenta-
tives and eivilians appointed by the National Re-
search Councii. The latter appointments include
“'engineers and scientists . . . in the ficlds of
acoustics, vibration, psychology, physiology, or
medicine.” There are also several affiliated mem-
bers who represent other government agencies
with interests in the general arca.

The major work of CHABA is carrled out by
“working groups” of consultants. They deal with
specific problems hronght to the Executive Coun-
cil by one of the service representatives on the
Executive Council, or by the National Rescarch

Council, At loast one or two of the membora of
tach working group are alveady mombors of
CHABA, hut often oulside consultania ave also
invited to sorve, When a working group has pre-
pared its report, the Executive Council has the
responsibility for avcepting and transmitting the
report, elther with or without additicnal com.
meni or endoracment,

(HABA reports to the Aymed Forces through
the sorvico ropresentatives on the Wxecutive Coun-
cll, CHABA reports to th- National Rescarch
Couneil Divisions of Physical Sclences, Medical
Sclences, Anthropology and Psychology, Engl-
nooring and Industrial Reeearch, and Blology and
Agriculture, So equully divided are the interests
that the committee & responsible divsctly to the
office of the Chairman of the National Research
Couneil, although the administrative details of
linison, distribution of roports, i<, are carrled
out through the Executive Secrotary of ths Di-
vision of Anthropology and Paychology.

Members of the Armed Forces desiring CHABA
consulting services should submit their requests
through the appropriate service repreaentatives on
the Executive Council, These are:

Army:
James P, Albrite, Major /{MC) USA
Director, Audiology and Speech
Correction Center
Walter Reed Army IMedical Center
Washington 12, D.C.

Navy:
Clifford P, Phoebus, Captain (M7T)
USN
Special Assistant for Bio Sciences
Office of Naval Research
Department of the Navy
Washington 25, D.C.
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Air Foree:

Dr. Horace O. Parrack

Coordinatoy of Noise and Vibration
Control

Attn: WCIDO (NVC)

Wright Air Development Center

Wright-Patterson Air Forco Baso,
Ohio

The committee as & whole mests at least an.
nually, The program of each meeting of the
full committee is carefully designed to take ad-
vantage of the interdisciplinary character of the
membership, A thorough presentation of some
major problem and its subsequent discussion by
the members provides valuable insight for the

Others desiring CHABA  consulting aervicus
should submit their request through the Executive
Secretary of the Division of Anthropology and
Paychology of the Natlonal Research Couneil,

He is:

Dr. Qen Fineh

Executive Secvotary, Division of
Anthropology and Psychology

National Academy of Sclences -
National Research Council

2101 Constitution Avenue

Washington 25, D.C,

specialists into the background and varied con-
plexities of the problem. Opportunity ixz pro-
vided for the informal discussion of any problems
that members wish to raise, with resulteny clari-
fication of the actual problems and possible
recommendations for attacking them,
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FOREWORD

The following eoritical review and selected
" bibliography on the subject of the Fffects of

Blast Phenomena on Man was propaved in the
Secretarial Office of the Committee on Hearing

. and Bio-Acoustics by Dr. Donald H, Eldredge,
. Technical Alde and Shirley K. Hirsh, Admini-
- strative Assistant, in response i & »e3 voeat Bub-
" mitted by the Aymy representativn nn the CHABA
- Council,

" The report has been reviewed and approved
far publicetion by the CHABA Council. However,
uie opiuions expressed in the raviaw and the re-

sponsibility for the inclusion or the excitrion of

pavticviar papiis lies with isv. Eldredge as the
author. ‘The review and bibliography are not in-

tended to be exhaustive. They include the ma- -

terial and the information judged by Dr, Eldredge
to be most useful and significant for future work-
ers on problems of blast. The members of the.
CHABA Cotuncil belleve that Dr. Eldredge has
used good care and judgment in-his selection and
presentation of material, but obviously are not

- in & position to judge the merits of papers that are -

not included. The scientific opinions and gen-
eralizations are those of Dr. Eldredge, and the
CHABA Council publishes them in the belef that
they are useful and give an adequate introduc-
tion to the problems that are considered.

HALLOWELL DAVIS
Executive Secretary




THE ErFECTS OF BLAST PHENOMENA ON MAN

A REVIEW FOR THE COUNCIL OF THE COMMITTEE
ON HEARING AND BIO-ACOUSTICS

L Task

In response to a letter from Colonel C., S. Ger-
soni, Office of the Surgeon General, Army, to Dr.
Aram Clorlg, Army Roprosentative on  ihe
CHABA Council, and at the direction of the
CHARA Council, the staff of the Executive Sec-

retary has reviewed the open literaturo dealing

with the effects of blast on man. Colonel Gersoni
outlined three general areas in which blast might
have a delsterions effect en military personnel.
These were:

-*1, The effect of blast on decrei'nent of per-
formance of crews (ficld artillery crews, -

" rogket leunching crews, guided missile
crews, ote.). ,

2. The effect of blast.on behavior of crews.

8. The effect of repeated blast for prolonged
periods of time on the body with particular
reference - to pathological conditions pro-
duced.”

In a letter to the Executive Secretary, dated 4
April 1855, Major James P, Albrite, present
Army Representative on the CHABA Council, en-
larged on certain aspects of the above problems
with the following more specific questions:

“1, What is the present status of research on
the ear defender? What ear defenders are
recommended? What are the techniques
recommended to {est the attenuation prop-
erties of the ear defendar? We would like
to have information on ear defenders that
are available in the commercial field .

2. What are the methods for accurate
messurement of blast? How would you de-

fine blast? What are the components of

blast?

. What is the pathology of the ear or other
parts of the body due to blast?...

@

4. What would you suggest as an outline for
a program aimed to protect soldiers and
civillans in the Army who are exposed. to

blast and high-intensity noise, kecping: fn

mind present-day - knowledge and recom-

mendations for futuve reaearch in this N

fxeld I

"The open literature dealintudxrééﬂ'y vi}lth”b’lasi»:

injury to man and experimental animals is not

extensive and s principally conétrned with in. -

Jury to the ear, body injuries sufficiently severe
to produce combat casualties, cerebral blast con-

cussion, and battle fatigue or hysteric-anxiety

state. In few cases is there significant effort to

relate injury to the physical stimulus quantitative-

ly. The Literature that may be useful in planying
‘procedures for the diagnosis and measurement of
the possible effects included in Colonei Gersoni’s
questions.is extremely varled and extensive, We
belleve we have included most of the important
open literature on blast. We have intentionally
eliminated several references because they seem
out of date or are inaccessible. Also included is
& selected bibliography recently prepared by D. G.
Dochring and W. D. Ward of the Central Insti-

~ tute for the Deaf. This literature deals largely

with specific methods and techniques that havs
been used to measure possible inipairment of funec-
tion,

In the following summary, we have attempted
to extract and to organize the important studies

T TR

e




and hypothesos encountored. To a considorable
degrae, this proceas has been aupplemonted by
experionce gained with high-infensity sound. An
effort has been made to make the physica section
intelligible to those trained in biclogical selences,
and vice versa., Approached In this way, pre-
cislon and conclscneas are lost to some degrve
but the presentation should be more useful, Also

in the Interests of Intelligibility and perapective,
detalled reporting of experimental results has.
~been kopt to 8 minimum.

"'Wa have not attempted here to answer directly

“any of tho questions that led to this review. It

soon became apparent that direct answers could

not be obtained in most instances. The specific
auecations roluied to eir protectors we belleved
were peripheral to the central themos of this re-
view ahd will be dealt with separately. Instead
wo have iried to write thi: review in & way that
will provide sound bases for future research plan-
ning, This is really only & first step. A second
step might attempt to outline in general terms
the kinda of new knowledge that should he ac-
quired. After this step, each of many specific

. questions will require further detalled theorefical

and experimenial  consideration. Without a.
comprchonsive basie approach, important ques-
fions will romain unanswered and individual
atudics will be more difficult to relate in mean-
ingful pattomis.

11, The Physical Stimuli

' .In spproaching this problem, we have included

under the. category “blast” all of the physiesl

.. &vents that chagaétgz:ize’ very. rapid combustion,
" explosions, and detonations. The significant dif-
forance -among these categories is the rate at

which the chemical transformation takes place.
This rate in turn determines the nature of the
particular physical changes in the environment
that are produced by the reaction.. The common
factor is the rapid conversion of solid or fluid
in & small volume to gas under pressure in the
sBme volume.

Jet engines, particularly with after burners,

rocket. engines, and the combustion of fuel i the

cylinder of & "“knockless” internal combustion en-
gine constitute examples of very rapid combus-
tion. Explosions oceur with the ignition of slow
gun powder, primer materials, and gases or dusts
in air. The term “detonation” is usually reserv-
ed for the reaction produced by high explosives
such as nitroglycerine, trinitrotoluene, and tetryl.
In varying degrees each of the above reactions in
air produces four physical phenomena, These are
1) blast, 2) shock waves, 8) svund of “finite”

—— o =

dimenaions;*-and 4)-sound of ususl-or infinitesi-

~-mal dimensions. Often it {s difficuli for the non-
_physiciat to Astinguish among these phenomena
that are 80 clnsely tied to what to the ear and
eye appears to be a single event, It is perhaps
helpful to understand first, that there is a se-
quence of events, even though the time scale is
short, and second, that blast, shock waves, finite

. sound and usual sound actually behave different-
1y and require different minthematioal treatments
for their description, )

Blast properly refers to the escape of the gase-
ous products of combustior from the high-pres-
sure small-volume state to & volume compatible
with ambient pr.ssure. A measure of blast is the
initial velocity and turbulence of the expanding
gas. These initial blast velocities are about the
same as the rate of chemical reaction, and in a
detonation may reach 20,000 to 25,000 feet per
second or nearly 20,000 miles per hour, In such
at o i (e B e terones. of 0808 ;‘-‘53;;%2?
cin? is about .000%8 atmospheres. This = about the loudest
B ble Tor tha ahe We hall coneider sound 1o uspims

“finite” dAlwenalons when the peak Dpressures ate greater
than .002 atmosphar sa.




cases the turbulence Js extreme., Blast as such
is not an oscillatory phenomenon, but s the ene-
way flow from conter outwards, The entire phe-
asmenon la contined to a relatively small volumo
around the center of the reaction. For example,
Robingon' reports that the maximum {ravel of
the blast of a §00-pound homb {s about 26 feet.
The directional pattern of a blast depends on the
avenues of oacape for tho gases tha! are oithar
already available or produced by the blast,

In the pregent contoxt, blast Is the phenomenon
which {s used to do work., Usually the work is
mechanical such a8 propelling misalles, aircraft,
shells, or bullets. Even the exploding she!l ac-
complishes most of ita destruction mechanically
through the action of the secondary fragments
of easing and target thal are propelled at high

veiocity for conaiderable distances by the force
of the cxplosion,

Extremcly high temperatures ars also associat-
ed with the high-pressure small-volume state of
the blast gases. ‘Within the context. of this review
this heat i3 not important.

A shock wave i.s phyéically characterized by a

wave front showing discontinuity between par-

ticle density and particle acceleration. In ordi-
nary acoustics the highest particle accelerstions
occur synchronously with the extremes of particle
density, 1. e., condensation and rarefaction. Fur-
thermore, particle acceleration is proportional to
the instantaneous particle density. In shock
waves, however, the change with time of particle
aceeleration is quite different from the change
with time of particle density, and particle accel-
eration is not proportional to particle density.
Associated with these discontinuities are very
high particle velocities within the wave front. The
shock wave is a disturbance in the medium (solid,
liquid, or gaseous) produced by the initial blast
energy. This disturbance travels in the medium
by {ransfer of energy from particle to particle
in an oscillatory manner as distinguished from
the direect iravel of particles in the blast itzalf,

Qutaide the immediate bLlast nrea, propagation of
the shock wave is apherical a8 in ordinary acous-
tics. Shock waves are reflected by obstacles and
in the process they show pressure doubling. The
nature of the inedium and tha nature of the biast
together determing the peak pressure at the
source and the initial duration of the positive
shork impulse,

As in acoustics, the denalty, pressure, tempora-
ture, specific heat, and coefficients of viscosity

-and heat exchange of the medium determine the

characteristics of the medium for shock waves.
Also, any medium will be asymmetrical in regard
to ahiock waves to the extent that pressures below

tho resting state are limited by zero, ‘whereas
pressures above the restinz state are ossantiall:.‘___,,' o

unlimitad.

- Although the shiock wave undergoes spherizal

divergence like ordinary sound waves, its,energy

decreases with distance faster than the inverse
square law vrediets. This iy largely becausé the

physical properties of the medium, partieularly
the viscous sud elastic propert'es, are such that

t+2 discontinuities between. particle density and - -

particle acculeration can not aceur adiabatieslly;

that is, without lpss of energy :. the form of heat

to tho medium. This loss tends to “smooth out” a
shock wave, largely by reduction of the peak

pressure and the abruptness of the diseontinuities, -

On the other hand, a sound or shock wave travels
faster as the density of the medium i3 increased.
In the case of shock waves the densily of the
medium in the condensation phase is greator than
the density of the medium at rest or in the rare-
faction phase to such a degree that the velority
of propagativn is gignificantly greater in the con-
densation phase. The condensation peak front
thus precedes in time (and phase angle} the peak
condensation that would be anticipated from the
sinusoidal behavior of classical acoustics. This
sharpens the wave front and maintains the dis-
continuities between particle density and accelera-
tion. Obviousiy a shock wave ultimatcly decays
into a claasical acoustic wave in spite of this
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tandoney becauso of the energy losses introduced
by the inverse square law and the viscosity of tho
medium,

The above physical features of the initial blast
and the subsequent transmission of shock waves

In & medium iIntroduce two other charactoristics
of shock waves, First, because of asymmetry of

‘the medium, the short initial condensation or

positive pressure phage of & shock wave, which
Jasts about five to ten milliseconds, is followed

by a much longer rarefaction or low pressure

phase of the order of 26 to B0 milliseconds. As
the energy of explosion is increased this approxi-
mate yatio between tho durations of the phases
ia prekerved even though condensation phases

lastins' as long as one second are encountered.
,Secor,d, depending on the peak .pressure, shock

waves travel somewhat faster than sound. Under
usual cireumstances, in air near its source & shock
wave will ‘vavel two to three times as fast as
gound, . The velogity of the. shock wave front. may

. be even ‘higher initially, but ultimately it de-

creases to the velocity of sound as the pressure de-
cays to usual acoustic pressures.

In conceptually relating the blast wave to the

» shock wave as they occur in an explosion in air,
it is perhaps useful to consider shock waves that

ave generated in the ahsence of an explosion., Any
object that travels through air faster than sound
generates shock waves at its leading and trailing
edges. The crack of a whip is a shock wave 50
genorated. Similarly, the crack heard from a
supersonic bullet as it passes is a shock wave.
‘When a solid object travels theough air st veloci-
ties less than sound, the pressure zf its leading
edge creates a pressure wave disturbance which is
transmitted ahead of the moving object with the
velocity of sound. 'The undisturbed medium ahead
first is disturbed by this pressure wave, As the
object approaches, the amplitude of the pressure
wave gradually increases to the pressure at the
Jeading edge of the object. This pressure wave
in effect "pierces” the medium ahead, pushing
(accelerating and compreassing) the air molecules

aside to allow the object to pass through the
medium,

When un objecl moves through air with ve-
locities greater than sound, the pressure wave 18
confined to the leading edge of the cbject and is
not propagated ahead. Thus the pressure wave
and the object strike undisturbed air almost

simultaneously; imparting high acceisrations to

particles before they have had time to move to
positions they will have at the maximum particle
density state. This disturbance at the leading

edge must travel with the velocity of the object,

but on cither side of the object its velocity rapidly
decreases to sonic velocity and Jag: far. behind

the object itsrlf. The shape of the prussure dig-
turbance is then quite similar to the bow wave

created by a boat in watuz

In the cage of an- exp]osion it is the expanding
gases traveling outward from the snmll-volu‘me_
high-pressure atate with velocities greater than]
sound that rmeet undisturbed air dnd creite a
shock wave. Under these circumistances the blast -

wave front and the shock wave front are indis-
tinguishable. As the velocity of the blast wave
front decreases to and below sonic velocity, the
shock waves separate and continue on, with super-
sonic velocities at first, The shock waves rapidly
slow down, however, to sonic velocities, as is the
case with shock waves generated by solid objects
traveling in air, Since the disturbance is spheri-
cal there is not an opportunity for the disturbance
to assume the configuration of the bow wave of a
boat. '

Miller* measured the shock waves gonerated by
large artillery. In this case the shock waves ars
sencrated spherically by a moving blast sowwce.
This case demopstrates features of shock wave
formation comraon to both of the cases described
abova and is worth reading in the original.

Sound waves of finite amplitude occupy an in-
termediate position between shock waves and
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classical sound waves of infinitesimal magnitude,
A shock wave decaya through this state hefore
it becomes an ordinary sound wave. The distine-
tione hetween ordinary sound waves, “finite”
sound waves and small discrete shock waves is
primarily quantitative and rather arbitrary., For
instance, one can classify aperiodic waves with
inital peak pressures in excess of one atmosphere
as discrete shock wavces, periodic waves with peak
. pressures of less than one atmosphere but more
" than 0.008 atmosphercs as sound_waves of finite
amplitude, and waves with pesk pressures less
~ than 0.008 atxnospheres as ordinary sound waves,
- Sound waves of finite amplitude; like shock waves,
show nphpriml divergence, somewhat more lose

of e¢nergy with distance than the square law .

would predict, and steep wave fronts, The mathe-

‘maties for sound waves of finité amplitude s not -

. so.well developed as ‘for the other forms of energy
" under- cbnsideration here, because of this transi-

txonal character and because interest. in the gub- -

Ject:is “relatively reeent. Ordinarily such: ‘sound
is not. considered separately in explosion studies.

" “However, for the purposes of this study- separatoi

- consideration seems advantageous for two Tea-.

cons. In the first place, sound waves of finite

H
I

_procedures are reasonably well standardized. .

amplitude, as well as small discrets shock waves,
are abundantly produced hy the biasts of Jet and
rocket engines. In the second place, sound waves
of finha amplitude require separate sets of in-
struments for their measurement.

Classical sound waves of usual or infinltesimal
dimensions appear ultimatcly at some distance
from the point of the explosive reaction. The. be-
havior of the energy in this formi follows the
“uspal rules for acoustics and the mesasurement

st
R

The detaila -of the- preceding outline, of the- ;
phys!cs.l phenumeria associated with explomve re- o

“actiond may be altered when the reaction is con-

trolled in ordér to do “work” Measurements . .
‘made near Iarge guus, for. an instante, may ghow

several .peak pressure waves- separated in time

“by a few milliseconds.” These ‘peaks can be-vari-
ously associated with such events ay the firing of
the charges within the gun beech, the ¢scape snd- -
_ passage of the missile, and the biast of gaSes ex-
hausting from the gun barrel. '

 IL Méasurement of the Physical Stimull

. In many respects measurement of blast phe-
nomena falls short of being ideal. Instruments
exist or can s designed to measure most of the
features tuat are likely to have practical import-
ance in the bivlugical area. The most important
handicap at present would appear to be a lack of
kniowledge as towhich leaturesef blast phenomena
should be measured in correlate with particular in-
jurles. Over and above this, the discontinuity of
particle density and particle acceleration in &
transient pheriomenon creates difficulties in inter-
preting the measurements of blast phenomena,
There are semantic difficullies invelving the
operaiional significance or “real” meaning of
many terms used in ordinary acoustics when they
are applied to shock waves, Condensation and

compr‘essio.hr (or préssti_ke) are no -ionger propor-.
tional. Time also becomes critical, particularly at

‘both ends of the continuum of durations extend-

ing from thie brief duration of & dstonation to the
long dursations of some of the pressure fluctua-
tions observed around rocket engines. There are
no devices which respond fast enough to follow
the time course of the peak pressure of a detona-
tion without some degree of distortion. On the
other hand, the pressure fluctuations of the order
of one cycle por second cbaerved around some
rocket engines require that the measuring de-
vice and associated equipment be capable of re-
cording static as well as dynamic pressure in
order to describe the event appropriately.

—6—
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Blaat Waves

This review has not included a detailed search
of the literature for Instruments suitable for
measuring blast pressures. In the literature cited
various mechanical and piezo-electric gauges have
been used with reasonable success In many in-
stances the response of the gauge appears to have
been too slow to measure peak pressure, bul as
often ag not may well have given readings that

" correlated well with the effécts on othei objects.

‘Where blast pressurss develop more slowly than
they do in a detonation some of the gauges may

' respond rapidly enough to give a reasonably good

measure of the peak pressures;

Shock Waves .

Inatruments that.have heen used to measure

o shock waves fall in two classes. This is because™
'two aspects of a shock. wave, condensatidn or
- pressurs,® may be measured. One measure cof con:

. .de¢nsation i the change in the indox of réfractio--

of light in thé air through ‘which the shock wave:

.passes. This same phehomenon is used to’ show -

- shock waves photographically in the Qchllemn-'
" methode and subsequent modifications of this .

~ technique. In general, methods: employing this |

principle can be quite accurate and have the ad-
vantages that go with eliminating inertia from
the measuring system. Unfortunutely pressure

*  cannot be directly derived from & measure of ¢on-

densation, and pressure appears to have the gremt-

_er practical significance.

Condensation can also be measured, but not
8o precisely, by the propagntion of a shock wave
through an interferometer field. A third principle
whieh has been used with soms success to measure
condensation is embodied in the “corona micro-
phone.” The corona current leakage between high
voltage electrodes depends among other thinga

on the density of the air batween the clectrodes. -
These changes in current flow &re thus a measure

of condensatiun,

More devices exist for the measurement of pres-
sure. These ave “"bullistic” devices with transient
responses appropriate to their physical design.
To measure pressure, & part (with mass) held
in place by elastic connections (with dewnping)
must muve. Because of inertia the timo required
for this motion is not always amall compared to
the duration of the applied pressuro. For this rea-

son few if any of these devices record the peak
pressures of very brief shock waves, Mowever,
several ‘ean be dynamically calibrated tu give i rea- -

sonable approximations of peak presaures. ,

o Mochu\’lml 8auses operated a8 balllatle instru-t.
ment.s uan ‘wive a measure of the effective mean-

shock : and ‘the dynamic air flow at ‘the wave

_ front. Such davices include the baroscope of Mil.... . .
«" . lery the- “swinging” door ballistic meter, and the -
: _ '—sunoie ‘set of paper- ‘diaphragms. The Hopkinson -
" bar and variations on this principle have- béen -

used fo.measure the pressure deliversd during the = °

- Lirst or: condensanon .phase of & shock wave, One o

. end of & bar is exposed to the shock wave: Loosely-
‘ coup]ed to the- other etid with-vaseline s a‘short -

, section ‘of the same material and diameter, The -
energy of the shock wave kicks off the short Bec-

tion with momentum proportional to the mean
force transmitted by the wave, A baliistic meter

may be used to catch the short piece and measure -~
. this momentum, This technique is very interest--
ing but the information it gives is not so gener-
_ally useful as that given by some.of the other de-
vices which record the variation: of pressure in

time, Under special circumstances the technique

" may prove useful and economical for monitoring

or for comparative measurements of- éffective
shock wave pressures. Since these devicas do not
record the time course of the pressure changes,
this use assumes that, as deseribed later in this
gection, the particular arrangement used can be
designed to respond in the same way as the tissues
or structures with which ths study of pressure is
concerned.

Piezo-electric guuges can be calibrated to give
a good approximation of maximum pressures. As
measured, these pressures also include dynamie

-"'7-—
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pressures and the pressure doubling phenomenon,
Plezo-electric dovices are subject to some errors
that may trap the unwary. It is usually necessary
lu connect the crystals with short electric cables
to either the recording apparatus or to a vaeuum
tube amplitier. The elements In a vacuum tube
will vibrate in response to shock waves or sound
waves and give spurious electrical signals. Either
the desired electrical signal from the gauge must
be made large compared to the spurious signal by
designing the gauge :
than tho.elements of the vactum tube, or else the

vacuum tube must be placed in an envirenment

which receives less energy than the gauge.

'Beoause of the nature of the cryrtals sultab]e
for use in gauges and hecauss of othe:r ecircuit con-

. ,s,iderqtions, the measurement.of high-pressures

requires gauges of low sensitivity.: Thus the en-
vironment' of the vacuvm tube bedomes critical.

-In. measuring gun pressures wheré the pressure :

.may be applied by a piston to the gauge, and the

T e.saociated vacuum tubes are outside of the high
" pressure environment, the problem is not ¢! .great.
However, in measuring pressures in free space:it

. may be. quite difficult to provide protection for a
vacuum tube,

 Wo:k with plezo-electric microphones in acous-
ties has revesled another potential source of exror.
Mechanical resonances between the erystal and its
- structural support can lead fo resonance phe-
nomeéna and associated changes in sensitivity,
" phase, ete., that cannot be predicted from the
resonarice characteristics of the crystal itself.
T'his difficulty may be largely avoided by care-
ful design and by careful dynamic calibration of
the device. :

The condenser microphone may also be adapted
to measure shock wave pressures. Usually these
mierophones are more sensitive than piezo-electric
gauges and cannot he used for such hizh pres-
sures, The same probiems with associated vacuum
tubes ars encountered as with plezu-electric
gauges, The response of the microphone to transi-

so that it is more sensitive -

ent phenomena can be very good. By sealing the
chamber behind the diaphragm and by using the
eapucily chenges ir the microphone to modulate
& carrier frequency, the condenser microphone can
be used to measure pressure changes as slow as
0.1 cycles per second. Except for measurement
of the highest pressures, and possibly even there,
the rondenser mierophone princlple appears to
have the best ovarall potentialities.

Sound of Finite Amplitude

‘The instfufﬁenfa most’ useful. fdr measuring -

sound of finite amplitude are the condenser micro-
phoneand the plezo-electric microphone. The state-

ments made above with regard to the uge of these .-

instruments to mcasure shock wave pressurey - -
-also apply here. Tn recent years, intereat in such -

~ sound as that produced near-the jet engine’ has
- encouraged” the development of designs suitable:
for this pressure range. Although very usefil,

these particular instruments-cannot be used prop-

- erly without 8 clear understandmg of their hasic

limitations and ‘the possibi]ities that. remain for
erroneous or spurioua respomws

Sound of Tnfinitesimal Dimensions’

The instruments used for measuring sound of
infinitesimal magnitude are quite well standard-

ized, Pitfalls in calibration, use, and interprcta-
tion remain but are relatively well ktiown. Ber.
anek* has recently covered this area quite -com-
pletely.

In summary, methods do not exist that are
adequate to describe completely and in general
terms all the physical phenomena assoeciated with
blast and shock waves. 1ach instrument respends
to these phenomena according to its own char-
acteristics. In most instances, however, it should
be possible to choose or to design instruments that
will give meaningful measurements for practical
studies.




IV. The Response of Haman Tissues ta Translent Forces

It has been stated above that the various pres-
sure gauges do not respond instantaneously to the
posk pressures of shock waves, They respond s
varying rates depending on the mausses, elastic
forces, and damping forces inherent in the derign
of the gauge. The same things can be sald for
othor objects in the path of a shock wave. In

‘order for the pressure measurements made with .
any gauge to be useful in relating pressure to

response, it is fivst necessary that the gauge re-
spond to the transient forces or pressures at least

.- a8 fast ag docs the object. If the response of the

gauge s slower, important pressure changes may
go unmeasured, If the response is the same, all
the pressure measured by the gauge, and no other

_ .priessures, will be important to the response of -
theobject. If the response of the gauge is faster
than the response of the object, something less

than the presgure measured by the gauge will
be significant for the response of the objcet under
considemtion. VThe gauge will have recorded more
information than {s- necessary, and it will still be

necessary to extract the information:on pressure
.- significant for the object from the measured pres-

sures. This is possible only if one kiows ulready
the way the object Fesponds to transient forces,

‘This latter information is usually ohtained by a

combination of appropriate formulae and empir-

ical measurements of responses of the- u.aject to

controlled transient forces.

In practice it is usually considered best first
to konow the responses of the object under con-
sideration and then to measute with & gauge
which will more completely deseribe the actual
pressure phenomena. In *his way the meaningful
pressure changes can be extracted from the phy:i-
cal data and at the same time tha experimenter
will be able to detect differences among physical
stimuli before they become important to his ex-
periments,

Only recently have serious studies been under-
taken tn determine the physical characteristies of
human tissues that determine their respense to

vibratory energy.»¢* These same characteristics
Iargely control the response of tissues to transient
energy. The response of the human body to
transient forces has also been considered in Alr
Force studies related to the ejection seat and the
rapid doceleration associated with aireraft
crashes, Unfortunately, most of the important

details have. not been published, Perlman® has.

published some information about the response of
the middle ear -conduction -apparatus to shock
waves produced by a blank cartridge in a pistel.

Otherwise, little ia relisbly known about the re-
sponses of the human body or its tissuea to transl-

ent forces. The situation is further complicated
by tho fact that tissues, frym what we now know,

- do not usually espond to largs forces in a lindar

manner; that is, the responise Iy not proporfionul
to the forces applied. Much nore information of

o this nature is necessary ‘before reasnnable correla- o

sponses can be made.

S .
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Be‘cﬁus'e of all these difficulties, reliable c'orréla- o
tions between the physical stimuli and response -

or injury havo not been made even for experi-

mental animals, (Only under the.most fortuitous.
circumstances could one have expected mesasuring ‘

instruments to be operating at the right time and
place either in battle or for an 4ccidental ex-
plosion.) The collaboration of Miller,*® and
Hooker* during World War I yielded some in-
formation concerning pressures and injury. Mil-
ler used the baroscope and the phonodeik for his
mensurements. It was clear to these workers at
the time, however, that the pressures as measured
did not correlate with degree of injury when dif-
ferent sources of blast were compared.

Clemedson'! more recently has experienced
similar difficulty. Although he obtained, as a
first approximation, a good correlation between
lung injury in the rabbit and peak pressure of the
explosion, he was not able to improve the correla-
tion hy inciuding the duration of the pressure in

O Y
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his calenlations. He stated that it is practically
" eanior to correlate injury with the physical stimu-
lus by defining the stimulus in terms of the
weight of the explosive charge and the distance
from the oxplosion. In fact, much of the work
reported by Zuckerman,® Benzinger,!* and
Desaga*® ig reported only in terms of weight of
explosive charge and distance from the explosion,
Desaga also reports one series in which, as the
weight of the charge was increased from 25 kilo-

_ grams to 2000 kilograms, the lethal limit for dogs

increased from 4.25 meters to 25 meters, the
peak pressure measured at the location of the dog

“decreased from 14.7 atmospheres to 5.2 atmos:

pheres, and the duraiion of the poaitive pressure
phase at the dog increased from 1.6 milliseconds
to 11.8 milliseconds. In general, this is the kind

of r'elation bietween pressure and duration of pres- -

sure one. wo\lld expect to find for some injures.
The peak pressures requirved: for serious or lethal
'm]ui'ies, given elsewhere in the literature range

‘from about 4 to 20 a.tmuspneres “Thus there is

general agreement as to order of magnitude, but

there are disturbing discrepancies in detdil. In -

order to resolve these differences, it will be’ neces-
sary to know' more accuratej_ly the transient re-
sponse characteristics of body tissues and organs,

Little is said in the open literature about the
pressures Lo which man may be exposed without
immadiate injury aside from temporary (and pos-
sibly permanent) hearing loss. Pressures, as
measured by various instruments, to which men
have been exposed without such injury range up
to 1.8 atmospherss, Ta general it would appear
that men prefer not to be axposed to peak pres-
sures much above 8.8 to 7.0 pounds per square

inch, or one-quarter to one-half an atmosphere.

«
Al
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It should be noted that tho pressures cited aliove
for man and anima.\s do not include any eat!matos
as to the proportiona of blast pressure, shock wave
pressure, and presaure doubling that are measur-
ed by the various gauges, In practlce this is

- necessary because the gauges do-not make such

distinctions, It i8 not known whether, this lump~

- ing of all pressures conceals any. important physl-
~eal variables An analysis 0f the pressure tield,
‘such as the ingenious one employeiby Miller::
‘when he measured thc; propagatxon .of the sqund
- wave from the muzzle: ‘of a large gun, might well~

lead to useful appmximations of. the components
of the pressure messured at any particuiar place
in the pressure field. .

V. Reported Effects of Blast Phenomena -

Information on the eifects on the hody of blast
phenomena cau be classified according to:
1, Timo injury appears
2. after one exposure

b, cumulative effects of many exposures

2. Causal relationship

a. direct result of physical event
b. secondary to other bedily changaes

3. Portion or system of the body injured, e.g.
a. ear

b. lung

¢. heart

d. abdominal viscera
e, skeleton

£, brain

4. The medium transmitting energy to the body
a, air
b. water

¢ solid structures

Nearly all tho literature desling directly with

blast is concerned with immediate or only slightly
delaved injury ineurred after a single exposure to

— 10—
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one or ancther of the forms of energy associated
with blasts. Loss of hearing through repeated
exposures to lesser quantities of peak encrgy is
the exception. However, it appears useful to
study thia literature both for the limiting condi-
tions for the present area of interest and for clues
to profitable arcas of study to determine any
cumulative affects of blast phenomena of smaller
magnitudes.

Immediate Injury

The Ear. Injury to the ear is the most commonly
reported injury from blast energy transmitted to
the body through air. Ea: {ajuvies are not men-

~~ tioned in connection with solid-borne blast energy :

and those who have reported inj uries from undezl-
water hlast note that the ear is rarely injured be-
cause the-head is usually out of the water., Since

- the car is the portion.of_ the bod,v most sensitive

to vibratory energy in air, it is not surprising

_ that it ghould be the part most viilnerable to biast
" and shock wave pressures in- air.. Two kinds of
injury are notad: injury to the tympanic mem-

brane and conduction apparatus, and injury to
the sensitive cells of the inner ear. These injuries
may occur singly or together. In many papers
the statement is made that rupture of the tym-
panic membrane dissipates the energy and pro-
tects the inner ear, This statement has been ques-
tioned on the basis that the patients seeking
medical attention sustained either rupturc of the
tympanic membrane or evident hearing loss. Clini-
cal aexperience thus includes essentially all cases
of rupture of the tympanic membrane, many of
whom have no measurable residual hearing loss,
and all cases without rupture in which large hear-
ing losses occurred. There is no way of knowing
how many ears escaped rupture and suffered
either minor hearing loss or no measurable hear-
ing loss after exposure to equivalent blast phe-
nomena.

Satisfactory relationships betwean hearing loss
and the physical dimensions of ¢ hiast phe-
nomena have not heen established. To a first ap-

proximation Murray and Reide.:f found that tem-
pora:y hearing luss correlated best with peak
pressures of the shoek waves from artillery, With-
in the limits of the range of the pressure-time
integrationa ef tuc shock waves from a variety of
artillery weapons they found no significant de-
pendence on duration of ths shock pressures. They
note that if such a correlation exists, it is masked
by differences in susceptibility to temporary hear-

ing loss among their subjects. There was a mgre - -

consistent hearing loss pattern for a given ear
with all weapons than for & given weapon with
all ears.

Ruedi and Furrer18:90: have reported a varie-
ty of animal experiments and observations on
humans that are’ well worth-réading. In general -
their, nxml'imantal work has been of high quality

but many of the theoretical conclusions they have f ]

drawn.are open to, question. e

+“No. protectiun against shock waves is provided
by the intra-aural muscles sines, ‘the duration of
the shock wave is less than the, delay from stimu-

lus to contraction of the muscles. So far as is

now known, little, if any, protection ia afforded

"by ear plugs made of dry cotton wool. Nearly

complete protection is provided by ear protectors
that make an airtight seal at the entrance to the
ear canal. A systematic long term study of the

latter statement is warranted but should not delay

the use of such protection.

The Lungs. Hemorrhage in the fine structure
of the lungs is the next most frequent injury
from blast phenomena in air. In experimental
animals sacrificed soon after exposure, rib mark-
ings appear as altermate strips of hemorrhagic
and normal lung surface. Clemedson® relates the
hemorrhagic areas to the interspaces between
tha ribs.

In order to tear tissues and structures there
must be either relative displacements among the
tissues in exceas of their elustic limit or the elastic

e




- Hmits of tho tissues must be nltered in soine way,
such a3 by the heat produced in damping vibra-
tery energy, to the point where usual stresses or
strains will produce displacements that will tear.
In the immedisale injuries with which this section
is concerned, displacements in excess of the nor-
mal elastic limit probably econaiitute the mechan-
iam of injury. Such displacements may occur if
adjacent tissues or structures respond to a com-
mon impulse with different amplitudes. They

may also occur if adjacent tissues or structures -

respond with identical amplitudes but at different
times with respect to the common impulse. Dis-
_continuities in the medium in which a shock wave

is traveling are encountered at the boundaries
of the body, of tissues of ‘various densities

(muscle, #+t, bone, et2.) and of air enclosed in
body cavities.. Energy is partially reflected and
partially. transmitted “at such - boundar!es. The
transient. response chttracteristics of the - strue-

_ tures or media at thesa boundaries determi‘ggj;he .

_fate of the encrgy and Whether there will bé rela-
_tive displaceménts among the structures for either
" of the reasons men't'ifm_ed ab_q\_re. o

In general the more dissimilar the media at

a bounaary, the greater the relative displacements.
In the fine structure of the lungs, many bound-
aries exist between air and the liquid-like tissues.
It is'thus not surprising that differential displace-
‘ments sufficient to tear such reiatively delicate
tissues exist. This tearing is a direct result of
the physical event.

Esgontially the same changes in the lunge of
men swimming are observed following under-
water explosions. The mechanisms are the same,
This observation indicates that the destruotiva
energy enters the body directly through the chest
wall rather than through the amalil orifices pre-
sented by the nose, mouth and trachea. Alao, nn
lung injury was observed in dogs for explosions
in air with tho head exposed and the body pro-
tected or for explosions in water with only the
head of the dog immersed. Desaga!® reports sur-
vival without lung injury vchen only the opened
trachea of the dog is exposed to an explosion in

ar that would have produced fatal lung injury in
an unprotected dog.

Thes Heart, Lowering of the blood pressure,
sometimes to the point of shock, slowing of the
pulse and an increase in the respiratory rate
have been frequently observed in experimental
animals exposed v explosions.1%11.13.9 The shock-
like state occurs too rapidly to be associated with
losg of blood in the lung tissue, so explanatwus
have been sought through reflex mechanisms.

Hooker believed that concussion of the brain* was
responsible. Clemedson®-has- demonstrated that ~

these immediate changes in circulation and respi-
ration-do -not occur if the afferent vagud nerves
from the lungs are cut or if only the head is ex-

posed to the shock wave of the explosion. It would
thus appear that the tissue injury-in the lung in-
duces reflexly through the vagus nerve the shock.
like state with a slow heart-best.. The situation

is later complicated by loss of hlood into the lungs

~-and reduced oxygen supply secondary to the re-
- duced capacity of the lung for air. -~ -

Heart failure secondary to failure of the eir.
culation of blood to the heart muscle has also been

noted and sometimes appears to be related to
sudden death in cxperimental animals. Prompt

and caveful post-mortem examinatisn of such ani-

mals has shown obstruction to the circulation by .

small bubbles of air.s Fntrv of these air bubblesg
is presumed to bie through the torn blood vezsels
in the lung tissue rather than through cavitation
effects with releasie as bubbles of the gases dls-
solved in the blood and other tissues.

The nature of the injuries sustained from un-
derwater blasts is the same as for alr, Injury
from shock waves transmitted through solid struc-
tures has uot been reported.

OLoncu-slon or the brain {s a conditlon uhuracterllw by
s0Me % uneanaciouanass and lose of certain reflex
activmn which 18 often obunrved following ths application
of & transient force (& blow) to the head. The term is usg-

ually reserved ror lhose cases where the condition ia not
nccompar!e:! b{ tearing. brulsing, or other reagdily visible

Qif. In experimental anlmals mioroacoplo
r{ to naiva cellr 15 often foun<. Since simple ungom-
P caied cnnnunlon of the brain ia practically rnwver fatal
or nian, it ts not known whethsar such mloraucopic injuries
also occur w nn concussion of the brain in man
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Abdominal Viscera. Hemorrhage iutc air-contain-
Ing abdominal viscera, particularly the gastro-in.
testinal tract, has been reported following both
air and water blast. As for the lungs, the basic
mechanism f{or injury would appcar to be rela-
tive displacements among tissues at boundaries
whers the medinm changes abruptly from [luid
to gaseous, In air, injury to the lungs occurs
mors easily than injury to the abdominal viscera.
The cnergy transfer from air to the air-filled
chost cavity may be expected tv be much more
‘efficient than it i5 to the abdominal viseera which
more nearly resemble a fluid medium. There are
also important differences in the body wall be-
tween the chest and the abdomen. The chest wall
is more rigidiy supported by the ribs with dia-
phragm-like spaces between the ribs, which may
transmit rather than reflect energy from outside

air to lung air. On the other hand, the abdominal

wall;: - consisting of fat and muscle with little

jair

Underwater explosxons of mines near sailors
swimming in water have been noted to produce

more severe injuries to the air-filled abdominal

viseera thin to the lungs. In this case more
energy is reflected from the air.like chest wall
and less is reflected from the fluid-like abdominal
wall, In some instances a second factor may be
important in this - regard. Shoek waves in water
tend to be reflected back away from the surface
80 that most of the enorgy is concentrated in the
shape of a cone with its vertex at the surface of
the water immedlatoly above the point of explo-
sion. A diserete shadow zone appears near the
surface even relatively close to the explosion. Thus
it is possible that quite different shock pressurcs
reach the chest and abdomen of 2 man positioned
vertically in the water. For the same reasons, a
man lying horizonally at the surface of the water
may escape injury.

The Skeleton. Injuries to the bony skeleton from
shock waves reaching man through air or water
have not been reported. On the othar hund, shock

;rigidlty will reflect energy brought to it through_r

waves reaching man through solid supporting
structures have produced severe [ractures and
dislacations of the skeleton.s? In practice the
common situation for such injury consists of the
shock wave energy from an exploding mine being
conducted from the hull of a ship by & principal
structural mewber fo the platform on which a
man is standing or sitting. Wor the standing man,
the most common injuries are severe, often com-
pound, fracturcs of the bones of the foot, ankls or
lower leg. Dislocations of the knee joint occur

with serious consequences. Usually such’ disloca- -

tions interfere with the major blocd vessels to the

lower leg. ‘Gangrene results and amputation fs
- Tequired. -Fractures above the knee ave rare.
Again the prineiple of injury by relative displace-

ment among tissues-is important. The response

of  the body for transient forces applied up-
-ward through the fest appears to be such thata -

relative diuplacement will aither oceur at or belo\w

) the knee, or, if the transient jblt (rate of change
of acceleration) is not too giéat, the body will be
displaced as 4 whole without inrury. o

‘In a similar way shock trhr@ﬂi’entd__;@pp,l»_kd ‘to :
the base of the spine of a seated man tan produce

fracturcs and dislocations of the spin§ with para-
plegia as & consequence. Although injuries to the

lowar extremities while standing and:to the spine

while seated are most common, other postures

with varying degrees of contact with'solid strue«

tures can produce other more bizgrre';injurigs.

The Brain. The mechanism of injury to the brain
from shock waves in air remains somewhat ob-
scure. Both large and small herorrhages 1 the
substance of the brain and in the tissues sur-
rounding the brain have been observed in both
man and experimental animals.®** Such injuries
usually occur after exposure to exireme and near-
ly mutilating blast conditions, There is experi-
mental evidence that under less severe conditions
some of these hemorrhages are secondary to inter-
ference with the circulation to the brain by bub-
bles of air in mueh the same way as described
above for the heart. In experimental animals,
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brain injury is reduced, if not enlirely eliminated,
at pressure levels which are just lethal for ail un-
protected animals by protecting the rest of the
twdy and leaving only the head exposed. In man,
it is not known whether brain injury can appear
independently of lung injury and air emboli. It
appears that explosions in confined spaces or
exposures near walls or embankments which pro-
duce pressure-doubling favor both kinds of injury.
When brain injury is present, medical attention
is often diverted from other injuries, Braln in-
jury may manifest itsolf directly through signs
in the peripheral nervous. system or may be “si-
lent” A diagnosis of concussion may be mads
only to have the patient die a short while later
with a large fresh hemorrhage super-imposed on

" ‘an old area of injury,”** The possibility of cumu-

lative diréct concussive injury to the brain must
-certainly still be entertained sven though on a

one-shot basis the lungs appéar to be more vulner-

able than the brain. This is especially true be-

- cause inj ared lung tissua cells are replaced in the
_ henling process. Nerve cells are: not replaced

- While brain injuries serious ancugh.to lead to
death rarely appear in the absence of other equal-
ly severe and muiilating injurles, lesser injuries
are relatively common in battle. Exposure to blast
phenomena often results in a syndrorme (combina-
tion of symptoms and signs) characterized hy
anxiety, fear, strong startle reactions, bizarre

tremors, automatic movements, headuaches, am-

nesia, emotional instability, insomnia, restless.
ness, inability to concentrate, and generally re-
duced efficiency.!*® This syndrome may result
from brain injury, hysteria, or both. Nearly all
possible combinations have been seon and report-
ed in the literature variousiy as ‘shell shock,”
“battle fatigue,” cerebral blast concussion and
hysteric-anxiety state. Similar, if not identical,
svndremes appear in hypsrthyroidism, mild hy-
poglycemia, some allergic conditions, after ex-
tended hypoxia, and in carbon monoxide, bromide,
or lead poisoning.*

In clinical practice differential diagnosis he-
tween hysteric-anxiety state «ad organic changes

associated with ~oncussion ir usually made on
the basis of response to therapeutic trials and on
the basis of the proportional severity ci the sev-
eral complaints comprising the syndrome."st4t
These mathuds do hatter than chance but are far
from infallible and they do not clearly inctude the
possibility that a full-blown hysteric-anxiety state
may wel! oxist in a patient with considerable or-
ganic damage to the brain. Reliable objcctive
tests to make this differential diagnosis do not

exist but much effort is bemg cxpanded to develop )

such Lests, -

Because of the ways In which vnrious patients
- were routed for treatment during Wor]d War 11,

it is Impossible to arrive at an estiinate of the
relative frequencies of the cases of piychologicsi

~ and physiological origin that existed. Some series
of cases indicate that cerebral blast concussion
; syndrome was rarely caused by brain injury. On
_ tha other hand, authors who saw selected cases
. 'which had failed to respond to psychiatrlo treat-
.- ment found evidence of brain damage in every.
. patient About all one can infer is that sooner
“or later nearly all patients received appropriate e
" treatment— —

Other Injuries. Hé'mon'hages in other structures
such as the nassl sinuses sh’d larga muscles have

‘minor compared to the simultaneously Incurred

injuries in other organs.

\.

Camulative Injury

Cumulative injury to hearing from blast, shoek
waves and high-intensity sound is well known. e
Permanent hearing loss may be produced by all
kinds of weapons, from small arms to heavy artil-
lery. Clear cut quantitative relations between
exposure conditions and hearing losses have not
yet been established, However, the presence of
the relationship is so clear that there is no excuse
for failure to use presently avaxlable €ar pro-
toetora.
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Cumulative injury to other parts of the bedy
has not been reported. In many ways the pos-
sibilitles for such injury are similar to those en-
countered at ciose range to the high-intensity
noise of jet engines as suggested in the BENOX
Report.” In any event the problems involved in
detecting and measuring such injury, if it exists,
wili be the same,

The effects of blast phenomena on parformance

and behavior will probably be similuily difficult
to measure. Aguin the methods will be sirailar, if
not identical, to thuse used to measure perform-
ance and behitvior during or after exposure to
high-intensity . noise. Should functional defici-
- encles be delected, their causecs, psychological or
physiological, will be equally difficult to evaluate.

Much of the literature ‘oﬁ blas% injury deals
with then on the receiving end of explosions and

the danger to the individual s uuambiguous.
There has been little real or apparent danger in
the past assaciated with blast from the soldier's
own weapon. The soldier knew how to avoid such
danger as did exist. Il is quite conceivable that
the blast, shuck and noise associated with more
powerful modern wenpons could be assoclated
with apparent danger to himself in the mind of
the soldier. This could lead to psychologically-
induced nlterations in performance and behavior

. even though the real danger haa not changed.

On the other hand, il the blasts associated with

viously encountered, the possibility of physical or
. physiological influences on performance and he-
" havior should be considered. As first sfeps,
measurement; of the blast and associsted ‘phe- -

nomena to which men are exposed and observa-
tion in the field for evidence of limitations on
performance are certainly ‘ndidated. - ‘
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