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SECTION I: FOREWORD

On 24 and 25 July 1979 a Fire Suppression Symposium hosted by the
Directorate of Combat Developments (USAFAS) was held at Fort Sill., The
purpose of the gymposium was to arrive at a unified approach for studying
the suppressive effects of fires on the modern battlefield.—A total of
50 individuals participated in the five work groups with approximately

40 members from the civilian and military analytical communicy outside )
of Fort SLL1, e s s

'.\n— e
‘,,u-'—-u-—""'

C)Thc symposium was divided into three sessions.with the first session
being devoted to presentations by six participants.) (The sixth presenta-
tion wae made during the evening of the first day.) 3At the conclusion of
the firat session the participants arrived at a consensus definition of
"suppression." It wae '"Supprassion is the process of temporarily degrading
unit or individual combat performance through psychological and physical
means." The symposium membere also decided that within the framework of
the definition the focus of the work groups would be on the diract fire
and indirect fire aspects of suppression. Electronic warfare, psychologi-
cal operations, and obscuration were considered, but it was decided that

because of the limited amount of time allotted, the discussion of them
would be deferred.

In the second session participants worked in t JQEir five work groups
centering attention on their specific subject aread as shown in the table P,
of contents (Section V). The second session terminated group activities /

for the firet day of the symposium. Reports on the proceedings of eachfi
group were collected and reproduced,

e et v— -
hal PO - -

<Qnt the beginning of the chitd session the participants received a re-
pr.duced copy of the precceedings of each group's effort up to that point.
In vhis manner "cross-fertilization' between groups was effected. \Again
the participante met in their respective groups, finalized their work, ™

~
and adjourned to the Combined Arms Room where each work group leader t>
presented a aummary of hia group’ a affort. y

e o e o ——— a e -

2 In addition, there were other mate:ials submitted, but not presented
at the eymposium. <These materials are included in Section VI of this

T.'eport.&
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SECTION 1I: FIRE SUPPRESSION SYMPOSIUM

SCHEDULE
R C Fort Siil, Oklahoma
24 July L
[ 0800-0830 Inprocessing )
|4
e 0840-0850 Opening Remarks MG Jack N. Merritt P
i E CAR, Room 115, Smow Hall .
1 1 H ';
NE e 0900-0930 "Methodology for Quantifying Mr. Landry, SPC :
iR Suppressive Effects of .
q ¥ Artillery" :
o 0930-1000 "Suppression in the TRADOC" Mr. Roger Willis, .
; TRASANA 1
1000~1030 Coffee Break o
1030-1100 "Supprassion Testing" Dr. Marion Bryson, CDEC i ]
a 1100-1130 "Suppression Modeling Mr. Paul Kunselman, AMSAA i
£ w/Data from Yom Kippur War' '
3 1130~1200 "SEAD" LIC Redding, USAF
f H
b - 1200-1330 Lunch
. 1330-1630 Working Groups
: 1900~2100 Dinner
% "Human Behavior in Combat" COL Trevor Dupuy
H
* 25 July
s 0800-1000 Working Groups
]
' 1000~1030 Coffee Break :
. 1030-1200 Summary of Work Groups Combined Arms Room, j;
{ Room 115, Snow Hall '
. S
] 4
1I-1 i
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SECTION III: FIRST SESSION~PRESENTATIONS

In order to stimulate the thoughts of ‘the participants, six of them were
asked to present the results of their study of suppression. For the
first four speeches only the paper copies of the transparencies used were
provided by the speakera; however, transcripts of the last two speeches
were made available. The titles of the speeches along with the names of
the speakers appaar below in the order in which they were presented,

"Methodology for Quantifying Suppressive Fffects of Artillery" -
Mr. Clifford J. Landry, Director, Land Systems Divisi:a, Systems Planning
Corporation.

"Suppression in the TRADOC" - Mr., Roger Willis, Operatlons Research Analyst,
Chief Phenomenology and Model Processes Branch (TRASANA).

"Suppression Testing" - Dr. Marion Bryson, Scientific Advisor, HQ, USACDEC.

"Suppression Modeling w/Data from Yom Kippur War" - Mr. Paul Kunselman,
Physicist with Tactical Operations Office, AMSAA,

"Suppreasion of Enemy Air Defense (SEAD)" - LTC Kenneth Redding, United
States Alr Force Representative at Fort 5111, Oklahoma.

"I'uman Behavior in Combat" - COL (Ret) Trevor N, Dupuy, Noted Author,
President, 1.N. Dupuy Associates.
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RESULTS OF SOVIET ARTILLERY FIRE
(AVERAGE NUMBER OF EFFECTIVE WEAPONS DURING ATTACK PHASE)

Main Attack Holding Attack

31 N
30

27

Tow DRAGON TOW DRAGON
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MODEL
o E = B3 B o g E
« (77} < [=] =<
55 | % | 5lgBsc %|E| 2| E|E |3
g < | 8 E 5 [=] [=] (=] [=] »l
NO. OF
SUPPRESSED STATES 2 6 2 2 3? 2 2 2 2
ACTIVITIES SUPPRESSED NOT
FIRE YES YES YES YES YES DIRECT YES YES YES
MOVE NO YES NO NO YES YES NO NO NO
OBSERVE NO YES YES YES YES NO YES NO NO
COMMUNICATE NO NO NO 7 NO FDC NO NO
COUNTERPRODUCTIVE ? ? NO? NO? |[YES NO NO NO NO
EFFECTS
DURATION OF EXP, STOCH {STOCH TRIX MATRIX [MATRIX EXP,?
SUPPRESSION STOCH?, INPUT | ? INPUT |INPUT | ?
CONDITIONS
TYPE OF ROUND 3 3 X 3 47 NO
NO. OF ROUNDS X X X NO
TARGET TYPE X X 4 ] 57 41
TYPE OF ENGMT X
ATKR OR DEFNDR 2
FORCE RATIO X
MISS DISTANCE ? - GROSS NO ? NO
TARGET COVER 3 3
NON-LETHAL HITS X X
KILL PROB. X X X
HUMAN FACTORS X X
ELEMENTS NOT

SUPPRESSED

ARTY

ARTY

ARTY ,

ARTY
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e
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WEAPON

8 INCH
155 MM
81 MM
105 MM (TANK)

50 CAL. MG
(5 rds)

NORMALIZED: 35,300 M°

SUPPRESSION DATA

CARMONETTE
INPUTS
(NEUTRALIZATION
WT. PER RD)

14
13
11
11

4

= 1 FOR 155

111-B=5

CDEC

(50% PROBABILITY

SUPPRESSION AREA*
PER ROUND)

0.70
0.80
0.06
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C. '"Suppression Testing'" - Dr. Marion Bryson,
‘ Advisor, 1Q, USACDEC ]
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SUPEX I1I

INDIRECT FIRE ONLY

- FQUIVALENT CHARGE DEIONATIONS
-~ ASPECT TO SUPPRESSEE

SINGLE ROUND AND VOLLEY

SLIDE #10

MATHEMATICAL EQUATION

RMD = Ac BP(S)

WHERE
RMD = RADIAL MISS DISTANCE

A,B = FITTED PARAMETERS

P(5) = PROBABILITY OF SUPPRESSION

e = 2,718
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MRS L LR SR

WEAPON

M-3
M-16A1
M-2
M139
MK19

WEAPON

60MM

81MM

105 HOW
105 HEP-T

2, 75"
155MM

8 IN,

DAR
35
72

118
93
84

144

392

SLIDE #11

PROXIMITY REQUIRED FOR SUPPRESSION

(DIRECT FIRE) 1
P(S) = .5 P(S) » .9 ;
DAR SUPEX DAR SUPEX Y
3 1 0 0
3 1 0 0 ]
2 26 5 g };
30 39 7 14 !
59 70 9 20
SLIDE #12 ?
PROXIMITY REQUIRED FOR SUPPRESSION |
(INDIRECT FIRE) 1
P(S) = .5 P(S) = .9 ? |
SUPEX SUPEX TIT DAR SUPEX SUPEX 111 : ; i
48 46 21 24 16 | }
87 58 34 41 15 ' i
91 51 55 %6 21 3
93 43 49
83 43 4l
106 104 77 72
257 169 126
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~ CDEC SUPPRESSION EXPERIMENTATION
BY MarioN R. BRYSON
ABSTRACT

During the years 1975 - 1978, the US Army Combat Developments
Experimentation Command conducted a series of experiments to
study the phenomenon of suppression. This paper describes
briefly the experiments, the reports generated, and the
availability of these reports,

1. INTROQDUCTION:

Starting in 1975, USACDEC, Fort Ord, California, began
a study of the effects of direct and indirect fire suppression.
The purpose of this series of experiments was to evaluate
what was called ''reasoned suppression'. Reasoned suppression
was defined as that suppression resulting from a conscious
decision by the suppressee to take cover because of perceived
physical danger. This is as opposed to physical suppression
(injury, 4eath, obscuration) and unreasoned suppression
(panic, fear, etc.). These experiments culminated in a
series of reports, These reports are summarized in the
following paragraphs. Following that is a brief comparison
of the results of each of the report,

2. SUMMARY OF REPORTS:

a. Degradation Under Control Stimuli (DUCS), April 1975

(1) Purpose: This experiment was conducted to determine
capability and methodology to conduct suppressive-type ex-

periments and to compare the relative suppressive effects
of the .50 cal and 7.62mm machineguns,

(2) Objective:

(a) To determine CDEC's current capabilities to induce
suppressive effects during field experimentation.

(b) To identify current shortcomings in instrumentation,
equipment, and methodology.

11laCay
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' (c) To identify feasible approaches for correcting
existing shortcomings.

T

]
.

—t

(d) To obtain subjective opinions of the suppressive
effects of selected small arms,

——

(e) To examine the suppressivé effects of the .50 cal.
machinegun simulated experimentally.

(f) To examine the suppressive effects of the 7.62mm
machinegun simulated experimentally,

TR TN T [T T AT

ﬁ ‘ (g) To evaluate the relative suppressive effects of
; the 7.62mm machinegun simulated experimentally,

(3) Description:

(a) DUCS was a simulated live-fire experiment designed
to evaluate the relative non-lethal suppressive effects
- of machinegun fire on an ATM gunner. A total of 48 record
1 and 12 baseline trials were conducted.

(b) In each trial, two Klayers in the roles of ATM
gunners, were evaluated on their ability to observe and

simulate firing at attacking threat vehicles while being
engaged by simulated fire.

(¢) The threat consisted of two armored reconnaissance
vehicles which advanced on the players' position utilizing
the bounding overwatch technique. The sequence in which the
threat vehicles moved and fired was developed based on the

bounding overwatch technique and maximum use of the terrain
for cover and concealment, '

@ (d) Players were carefully selected to insure proper

mot:vation, intelligence, experience and aural and visual
acuity.

. . - L ) s i sl e e T i a
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’ (4) Major Findings: The major findings in this ex-
periment were provided in terms of answers to questions
designed to satisfy experimental objectives as follows:

(a) To what degree do the effects of .50 cal. machine-
gun fire degrade the performance of an enemy antitank gunner? }
When subjected to simulated .50 cal. machinegun fire, the :
mean tracking (productive) time of player personnel was !
degraded approximately 57 percent. )

III-C-10
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. CDEC Suppression Experimentation

(b) To what degree do the effects of 7.62mm machinegun o
fire degrade the performance of an enemy antitank gunner? ]

(1) When subjected to simulated 7.62mm machinegun fire, - .
the mean tracking time of player personnel was degraded .
approximately 61 percent, T

(2) When subjected to the fire of a 7.62mm machinegun )
firing blanks, the mean tracking time of player personnel !
was degraded approximately 44 percent.

(¢) Which machinegun is the more suppressive weapon
under controlled conditions? Using the same volume and
technique of fire, it was not possible to detect a statisti-
cally significant difference between the suppressive effects
of the two weapons examined.

(5) Report Availability: This was an internal CDEC
methodology study. 1he final report is available for exami-
nation at Fort Ord.

b. Dispersion Against Concealed Targets (DACTS), July 1975

(1) Purpose: DACTS was conducted to provide data to the 4
US Army Infantry School (USAIS) for analysis to determine the . ‘
impact of various dispersion levels on the effectiveness of

tht future rifle system. |

g -

(2) Objectives: f

TR

(4) To provide data to evaluate the impact of variations '
of the man/rifle system's effective threce-round burst dis-
persion on the effectiveness of the individual rifleman ;'
against various types of threats, : i

(b) To provide data on the phenomenon of suppression
inducted by the effect of small arms fire.

(3) Description: DACTS was -designed to provide data to ! 3
evaluate semi-automatic fire and six burst dispersions )
obtained with modified M16 rifles (4.32mm) and standard '

M16A1 rifles. The experiment was conducted on three live-

fire ranges. Types of targets engaged were concealed y
stationary, visible stationary and visible moving. Addi- ;
tionally, the experiment provided data on the suppressive

11l-C-11
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effects of the weapons employed and, through side tests,
provided data on the distribution of personnel in an
attacking squad (TERTEST), straining implications related

. to engaging moving targets (Moving Target Range Side Test),
o and the ability of personnel to discern the proximity of

| b rifle fire (Round Locating Side Test).

; °
] (4) Major Findings:

(a) Data and informatior collected in DACTS were keyed
| to the following questions:

i: 1 What level of dispersion maximizes the effective-
¥ ness of the individual rifleman engaging visible targets?

2 What level of dispersion maximizes the effective-
ness of the individual rifleman engaging concealed targets?

3 What level of dispersion maximizes the effective- |
ness of the fire team engaging visible targets?

4 What level of dispersion maximizes the effective-
ness of the fire team engaging concealed targets?

(b) A preliminary data analysis indicated trends in
the effects of burst dispersion on the performance of both
the individual rifleman and the infantry fire team. However,
a full data analysis was conducted by USAIS which provided
conclusions and inferences on the specific effects of the 1
variations in burst dispersions, ‘

(5) Report Availability: A copy of the report may be
obtained From DDC. (ID:BUUE?OI)

c. Supgression Experimentation Data Analysis (DAR)
Report, April 1976, .

(1) Purpose: The DAR provides the results of a data
analysis on the suppresgive effects of direct and indirect
fire on soldiers under simulated combat conditions.

T e AT W e T T ey

,ﬁ (2) Objectives:

(a) To determine the proximity of fire, in meters, re-
quired to supgress an antitank grided missile (ATGM) gunner
with probability of 0.5 and prob: -ility of > 0.9,

I11l-C=12
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&i (b) To determine the volume of firec required to obtain j
E SO0 percent and 90 percent suppression of ATCM gunners. oo
é' (3) Description: S

{ (a) The analytical results in this report addressed
}] several types of suppression: b

: 1 Physical Suppression. Degradation of performance
; of an individual or unit due to physical incapacitation such
g &s death, injury, obscuration, or other physical constraints.

i e e e £ 2 Bt S

] 2 Unreasoned Suppression. Degradation of performance ;
} of an individual or unit due to immediately uncontrolluble

psychological or physiological factors such as panic, fear, ;
fatigue, etc. :

3 Reasoned Suppression. Temporary degradation in the
quality of performance of a soldier or unit due to avoidance
of a perceived threat from enemy weapon systems,

- e S T

(b) Data used in the analysis contained in this report
came from several suppression experiments conducted by
CDEC. The experiments included are the Small Arms Suppression
Experiment, Phase II (SASE II); Suppression Experiment, Phase I
l (SUPEX 1) ;Suppression Experiment, Phase II (SUPEX IIl); and

R

frtillery CDEC Experiment, Suppression (ACES).

- | (4) Major Findings: The data analysis revealed that:

(a) The probability of suppression is influenced by the
proximity of fire in an ordered and predictable manner.

(b) The proximity of fire or radial miss distance in
meters can be modeled by an experimental equation.

. . . . {

~ (S) Report Availability: A copy of this report may be :
| obtained from Al E]US;QL). ]
{ d. Suppression, July 1976 j
% (1) Purpose: This bulletin is designed to provide i
: commanders and troops in the field with an understanding and [/
! 4
:

appreciation for the importance of suppression,

P

)
'
<

I}
E.
]

(2) Objectives:

(a) To provide information on the techniques of employing
weapons in suppression roles and the relative suppressive ca-

11ji-C13
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. pabilities of various weapons and countermcasures availabl=z
to reduce the suppressive effects of enemy fire.

{(b) To discuss training implications.

(3) Description:

(a) The information contained in this bulletin is based
upon the results of a number of live fire field experiments
conducted by the US Army Combat Developments Experimentation
Command in 1975 and 1976.

-(b) The bulletin presents various combat situations
and then suggests different options the commander may exer-
" "cise to provide suppressive fires and reduce enemy effective-
S ness.

! (4) Major Findings: The findings in this bulletin are
. presented in terms of the results obtained after exercising
various options in a given combat situation,

(§) Repourt Availability: A copy of this report may be
obtained Trom the USACDET E;brary.

f e. Small Arms Suppression Evaluation Phase II (SASE II), 1
! August. 1976
X \ N
(1) Purpose: The SASE II experiment was conducted to
provide data on the suppressive effects of the M16Al (5.56mm) %
E rifle, the M60 (7.62mm) machinegun and the M2(.50 cal) machine- ]

L]

(a) To obtain and quantify the level, duration and thres- i
hold of the suppressive effects that selected direct fire
weapons have on defending infantry,

v ﬁ (2) Objectives:
{
}
{

T Sl s i R

N (b) To identify and quantify the effects that selected
variables have on the suppressive effects of selected direct.
fire weapons employed against defending infantry.

k . (3) Description: For this experiment, suppression is

o defined as: The temporary degradation in the quality of ;
; performance of an individual due to avoidance of a perceived T

threat, Empirical data were collected on the ability of ‘

soldiers to perform combat-related tasks while receiving
fire. The conditions under which the fire was delivered

2& I1I-Cutl
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were controlled and varied by the experiment design. There-
fore, data collected on variations of performance are mea-
sures of suppression, The experiment was conducted in

eight parts with each part designed to contribute selected
data in support of the overall purpose and objectives of

the experiment. During each part, the suppressive effects
of fire delivered against infantrymen concealed in defensive
positions were evaluated. Two supplemental data analysis
reports were also prepared for the SASE II Experiment:

(a) SASE II Analysis Report (Vol II) July 1976
(b) BDMSC SASE II Analysis Report August 1976
(4) Major Findings:

(a) The M2 maqhineﬁun was shown to be significantly
more suppressive than the M60 machinegua, which in turn,
was significantly more suppressive than the M16Al rifle.

(b) The number of rounds (e.g., 3 vs. 6) of ball ammuni-
tion per burst of automatic fire has little or no effect on
the suppressiveness of the fire. However, the time interval
(e.g., 4 sec vs. 12 sec) between bursts has a significant

effect.

(¢) Suppresive fire delivered in small bursts with
shurt time intervals between bursts appears to be most
efficient for delivering suppressive fires.

(d) The degree that a soldier is suprressed by incoming
fire can be approximated by a mathematic: |l model which in-
Eludes the natural logarithm of his distance to the incoming

ire.

(e) Classes (or techniques) of fire affect the suppressive-
ness of the fire. Classes of fire which result in a random
distribution of fire throughout the target area are more
suppressive than classes which result in fire being distri-
buted in a systematic pattern.

(f) Soldiers who have received indoctrination stressing
the lethality and dangerousness of weapon systems are more
suppressed (40%) by the systems than soldiers who have not
been indoctrinated.

(g) Soldiers operating independently were found to be
more suppressed (43% to 115%) under similar conditions than
collocated soldiers operating in groups.

IIT.C-15
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CDEC Suppression Experimentation

(h) Soldiers defending from frontal parapet foxholes
were significantly less suppressed (62%) than soldiers de-
fending from standard foxholes.

(i) Suppression is affected both by the overall situa-
tion under which fires are delivered and by the individual
bursts of fire,

(5) Report Availability: (AD B013211)

The availability of these reports are as follows:
(a) SASE Il Experimental Report - DDC (AD B0132102)
{ - (b) SASE il Analysis Report (Vol II) - USACDEC Library
(¢) BDMSC SASE Il Analysis Report - USACDEC Library

NP S et

™ i

f. Suppression Experiment (SUPEX), February 1977

(1) Purpose: The SUPEX experiment was conducted to pro-
vide comparative evaluations of the sugpressive effects of :
selected weapon systems ranging from the M16A2 rifle to the 3
8-inch Howitzer,

(2) Objectives:

y (a) To determine the proximity of fire required to
suppress a threat antitank missile gunner with a single
round or burst with probabilities of .5 and .9, )

e T

b4

(b) To determine the volume of fire required by each
weapon' system to sustain 50% and 90V suppression of a threat 3
element employing antitank guided missiles along 100m and 3
500m fronts.

H

b e a— et .

. (3) Description: SUPEX was conducted in two phases,

During Phase I, the M16Al rifle, M3 submachinegun, .50 cal.

machinegun (MG), 20mm cannon, and 40mm High Velocity Gre-
: nade Launcher (HVGL) were evaluated. The latter three
| » weapons were tested with the players located in individual
: protective bunkers and by firing at targets immediately to
their front. A silhouette target, which represented the ,
player and over which he had control, was placed directly
in front of the bunker and electrically wired in such a C
) manner that when the player raised his periscope, the y

' silhouette went up and when the player lowered his periscope,

1II-C-16 1
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the silhouette went down. The players' mission was to

acquire target tanks and simulate firing an antitank ;
missile at these targets located at ranges of approximately :
1400 meters. The players were instructed to respond to in- i
coming rounds by lowering or raising their periscopes as i
they believed they would if they were the silhouette
immediately to the front nf their foxhole. The raising
and lowering of the periscopes was automatically recorded ;
and an analysis performed on the percent of the players :
that suppressed as a function of the distance that a round -
impacted from the player's silhouette.

(4) Major Findings: The findings were presented in the
form of probability curves and data tables, These findings
revealed the proximity within which single rounds and five-
round bursts of various weapon systems must impact to
achieve a .5 and .9 probability of suppression,

(5) Report Availability: A copy of this report may be
obtained Trom DDC (BOI7116).

g. Suppression Experimentation Supplemental Data
Analysis (SESDA), May 1977

(1) Purpose: The SESDA report was prepared to provide
suj pression gata results from selected trials of the Small
Arms Suppression Experiment (SASE II) conducted by CDEC.

(2) Objectives:

(a) To determine the proximity of fire, in meters, re-
quired to suppress an individual infantryman with probability
of 0.5 and probability of 0.9 under cach of the experimenta-
tion conditions,

(b) To determine the effects on the suppression of
infantrymen due to:

1 Rate of fire
2  Selected patterns of weapon fire
3 Type of ammunition at night.

I1I.C-17
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(3) Description: Empirical data were collected on the
ability ol soldiers to perform combat related tasks while
receiving fire. The conditions under which the fire was
delivered were controlled and varied by the experiment
design., Data collected on performance variations provide
measures of the effects of the experiment treatments on
suppression. The experiment was conducted in parts with
each part designed to contribute selected data in support
of the overall purpose and objectives of the experiment.

(4) Major Findings:

(a) In general, a six-round burst of fire from the M2
machinegun has a higher probability of suppressing players
than a six-round burst from the M60 machinegun under all
conditions examined,

(b) The probability that a six-round burst would
suppress players generally decreased for both the M2 and
M60 machinegun as the radial miss distance of the impacting
fire increased.

(c) Generally, bursts of fire using the traversing
patterns had a higher probability of suppressing players
at a given miss distance than bursts of fire using the
pseudorandom techniques of fire.

(d) In general, bursts of fire directed overhead by
the M60 machinegun at a player's position had relatively
the same probability of suppressing the player as did
bursts of fire directed into the berm forward of the
player. :

(5) Report Availability: A copy of this report may
be obtained from the CDEC E¥5rary.

h. Suppression Experiment IIIA (SUPEX IIIA), June 1978

(1) Purpose: The SUPEX IIIA Experiment was conducted
to determIne the methodology which would provide the most
credible field environment to gather suppression data
while insuring adequate player safety.

(2) Objectives:

(a) To compare the probabilities of suppressing an ATGM
guriner (with simulated rounds) when using an "open' versus
a ''closed" foxhole.

III.C-18
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(b) To compare the probabilities of suppressing an
Antitank Guided Missile (ATGM) gunner in a covered foxhole
when high explosive projectiles were detonated and when
simulated rounds were detonated.

(3) Description: SUPEX IIIA was a methodology
experiment designed to compare individual responses to
suppression effects induced by selected live, indirect fire .
munitions (8l1mm and 155mm) and their simulated rounds,
and to evaluate two foxhole types. Also, to select the
best techniques and procedures to be used in future
suppression experiments while insuring the absolute safety
of the players.

(4) Major Findings:

(a) ‘There is no statistically significant difference
between live round, c¢losed foxhole conditions, and the
simulated round, closed foxhole condition with a Blmm round.

(b) There is no statistically significant difference
between the open and the closed foxhole using a simulated
8lmm round.

(c) There is no significant difference between live
rounds closed foxhole and simulated rounds closed hole.

(d) The simulated/closed condition is significantly !
less suppressive than the simulated/open condition for 3
the 155mm round,

(5) Report Availability: A copy of this report may
be obtained from the CDEC Library.

i. Suppression Experiment IIIB (SUPEX IIIB), November
1978

(1) Purpose: The SUPEX IIIB was conducted to gencrate
data and measure the reasoned suppression produced by
statically detonated surface bursts of 60mm mortar, 8lmnm
mortar, 105mm Howitzer, and 155mm Howitzer rounds,

(2) Objectives:

(a) To determine the probability of suppressing an
Antitank Guided Missile (ATGM) gunner with single rounds
as a function of detonation distance and aspect angle from
the gunner,

I11.C=19
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| . (b) To gain insights into the probability of suppressing
. an ATGM gunner with volley fires from 105mm and 155mm
L Howitzers (surface burst).

il e Y e o et o

l (c) To gain insights into the effect of obscuration on
: the probability of suppressing an ATGM gunner with the
various type detonations. This objective was added to the
test after the project analysis was published,

(3) Description: The experiment was designed to
. examine the players' responses induced by the explodin§ si-
S mulated munitions, It was a one-sided live fire experiment
oot e employing statically detonated 60mm, 80mm, 105mm, and 155mm
: simulated rounds. These simulated rounds were ﬁeionafea as

ground’bursts. Player personnel were placed in open foxholes

1o n close proximity to the detonating munitions. Using an
| instrumented prototype sight, players were required to detect
; and simulate engagement of a moving target vehicle while sta-

« : tically detonated munitions were exploded on the ground at

i sgecified distances and aspect angles from his position,

? Limited volley fire trials were executed to gain insights into
] the effects of volley fire (105mm and 155mm simulated rounds)
(I compared to single round fire on the reaction of an individual
soldier, It was assumed that 6 tubes of artillery would fire :
a volley at a given point with no adjustments being made on | ﬁ
the impacting rounds. ' '

O A O U T R
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(4) Major Findings:

(a) For any given range and round size, the most g
, suppressive detonations observed were directly in front of
. the player (0 degrees). The observed least suppressive
: detonation varied for each round size, but always behind the
player. (The least suppressive aspect angle for 60mm, 8lmm,
105mm and 155mm was 180, 150, 180 and 210 degrees, respectively).

A A s e e ——iE L ——

(b) The most suppressive detonations during the volley
_ fire were located to the player's front (0 degrees) and the
. éeast suppressive detonations were generally at 90 or 180
egrees, :

e e e e i e

(c) For single round detonations, when obscuration of
a the target vehicle was reported, the angle between the
target vehicle and the detonation measured from the player's
vantage point was generally between *+ 45 degrees,

- R
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(d) Human factors questionnaire results and individual
interviews showed the players regarded the experiment as
a Ieiy realistic training, particularly during the volley
trials.,

(S) Report Availability: A copy of this report may be
obtained trom .

3. RESULTS SUMMARY: Table I shows the weapons which are
treated in each of the reports described in the preceding
paragraphs. Tables II and III compare the results of these
experiments. DAR is the Data Analysis Report based on
several sources of suppression data.

111.C.21
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PROXIMITY OF FIRE REQUIRED FOR GIVEN
PROBABILITY OF SUPPREGSION

WEAPON P(S)=.50 ' P(S)=.90
’ DAR  SUPEX  SUPEX LII DAR  SUPEX  SUPEX III
M-3 3 1 0 0 0 0
¥ M-16A1 3 1 0 0 0 0
M-2 24 26 0 5
M139 30 39 0 7 14
MK19 59 70 0 9 20 0
60mm 35 48 46 21 24 16
" 81mm 72 87 58 .34 41 15
105 How 118 91 51 55 16 21
105 HEP-T 93 93 0 43 49 0
2.75" 84 83 0 43 44 0
155mm 144 106 104 77 72 63
8" 392 257 0 169 126 0
.
{7
TABLE 11
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- VOLUME OF FIRE NECESSARY TO CAUSE GIVEN PERCENT
* OF SUPPRESSION OVER A 100 (or 500) METER FRONT

(RDS per minute)

504 90%
WEAPON FRONT DAR SUPEX DAR SUPEX
M-3 100 103 135 342 450
L M- 1641 100 88 128 293 413
M-2 100 23 25 75 100
‘ M139 100 19 25 63 75
; MK19 100 16 25 45 50
! ; 60mm 500 17 15 47 50
| 81mm 500 8 10 24 25
105 How 500 5 10 15 25
105 HEP-T 500 6 10 19 25
2.75" 500 7 10 20 30
| 155mm 500 4 10 12 25
% 8" ' 500 2 5 5 10

For larger caliber indirect fire weapons, the two integrating
techniques differ markedly, The repetition of the 10 and the ,
25 in the SUPEX is a peculiarity of the scenario used, not an 1

- ey TPe——rEo

J P indication that those weapons are equally effective,
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) SLIDE #4
E SUPPRESSION BY FIRE
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DIRECT FIRE --——-=> DIRECT FLRE i
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1 o FRACTION OF DIRECT FIRE WEAPONS TN SUPPRESSED STATE (1) '%
Y = 1 - - CF (X)
C>0, SUPPRESSION CONST.
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ﬁ _ o DEFENDER NOT "HARDENED" BUT IN HASTY PREPARED DEFENSIVE SITE | f q
' o THE ATTACKING CDR WILL MAXIMIZE THE NUMBER OF ATTACKERS ! ‘i
: | REACHING THE DEFENDER'S POSITION BY ALLOCATING 1/3 OF .
S ATTACKING FORCE TO RESERVE & OVERWATCH AND 2/3 OF ATTACKING -
£ FORCE T0 ASSAULT. .. . o
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SLIDE #7

DIRECT FIRE SUPPRESSION CONSTANT

o = ,036 DEFILADE TANKS KILi ED/MIN/TANK WIN

Pd = ,74 MOVING EXPOSED TANKS KILLED/MIN/TANK WPN

T = 5 MIN
SUPPRESSION 7 DEFENDER ASSAULT PFORCE
_.ConsT SUPPRESSED o REMATNING
c A LoXm
11 3% - 16N
55 arm 49N

(25% LOST)

SLIDE #8
DIRECT FIRE «w———> DIRFECT FIRE

APPLICATION IN DIVLEV

KILLL RATE ON TARGET (T)}]

A(T) = 1 = UXP E;SS.ﬁ ) ( TARGET STRENGTH (T)
v
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‘ TANK_LOSSES _
i ACTUAL
3 FORCE STRENGTH LOSSES DIVLEV DURATION
§ CASE 1 BLUE 20 2 4.9 = 17,4 20-57  (60)
| RED 30 7 1,3 = 6,9
i CASE 2 BLUE 8 3 7.5 6 (45)
| RED 20 11 9.8
§
Lo CASE 3 BLUE 14 0 0 10 (53) |
; RED 20 6 20 1
| ]
* |
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g SLIDE #10 |
TANK LOSSES .
|3
f ¢ STAKTING  ACTUAL  DIVLEV ACTUAL  DIVLEV -
GAME FORCE STRENGTH  LOSSES  LOSSES  DURATION DURATION 1
CASE 1 BLUE 20 2 1.4 60 MIN 60 MIN
: RED 30 7 7.3
" SASE 2 BLUE 8 3 2.4 45 MIN 45 MIN
4 RED 20 11 10.8
1 CASE 3 BLUE 14 0 0 53 MIN 53 MIN
j RED 20 6 6.6 j
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’ NAB = #ARTY BTRYS TARGETED ON UNLT } ‘
TFCP = #300 METER SEGMENTS (N FRONT OF o
UNIT |
| Smo(t) = 1 - 693 (NAB (£)/TFCP (b)) : 5
i i !
| = .5 (NAB = TFCP) | 1
i i .
i
S8 (8) = 1 - 1.386 (NAB(t)/TFCP (t)) :
R Loy
L - .75 (NAB = TFCP) . ;
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SLIDE /12

ARTILLERY SUPPRESSION OF ARTILLERY UNITS

1 BTRY vs 1 BTRY q

o FIRST ATTACK: TOTAL SUPPRESSION DURING PERIOD OF

ATTACK AND SUBSEQUENT 15 MIN (SMALL b

DISPLACEMENT) j

|

o SUBSEQUENT (WITHIN 5 HRS): TOTAL SUPPRESSION p
ATTACKS ¢ DURING PERIOD OF ATTACK AND SUB~- i
SEQUENT 30 MIN (LARGER DISPLACEMENT) ,

ROUNDS MUST FUNCTION WITHIN 150 METERS OF BTRY CENTER

ARMORED ARTY, MISSIONS BEING PERFORMED ARE COMPLETED :
BEFORE SUPPRESSION TAKES EFFECT. %

SLIDE #13

SUPPRESSION BY FIRE

FEAR - PRUDENCE - OBSCURATION

OTHER SUPPRESSION MEANS

o SMOKE DELIVERED BY ARTILLERY
o DEAD TIME - DIRECT FIRE KILL RATES

o EW
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o FIGHTING EFFICIENCY
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SEAD - Lt Col Redding

General Dinges, Ladies and Gentlemen, this afternoon I offer a departure
from this morning's speakers. That is, I will present no models, no specific
dates, nor will I get deep into roles and misgsions. Instead, I will give a
report on USAF efforts in the area of Suppression of Enemy Ailr Defense (SEAD)

and will conclude with an idea for your consideration as we go into our estudy

groups.

In February 1979, General Creech, Commander of Tactical Air Command (TAC),
directed the Commander of Creen Flag to begin work on a SEAD concept. Let me
explain that Flag organizations in TAC are tasked with conducting exercises
which evaluate units, equipment and concepts. For example, the Red Flag involves
combat exercises, Blue Flag deals witiu command and control, Gray Flag tests
maintenance, and now, Green Flag will be responsible for SEAD. In April 1979,
Green Flag queried various USAF units attached to Army installations for inputs
into the directed study. Today, this week, there is a Green Flag conference at
Eglin AFB, Florida which is attempting to define terms and quantify data in much
the same matter as we are doing in this symposium. After Green Flag develops a
cormand approved concept, the plan is to test it in a Red Flag/Blue Flag environ-

ment. Now I would like to move from current efforts to future requirements.

Name one factor that colors the entire USAT Offensive Air Support (OAS)
picture and you would have to pick the Soviet mobile SAM concept with its redundant
target coverage. It has forced us to change our tactics from those used in
Southeast Aeia to those presently used, 1.e,, low level, in order to increase

aircraft survivability and, in the long term, OAS effectiveness.
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Closely linked to survivability ie effective suppression which leads me to
my main point: TACAIR must have suppression, specifically SFAD (SAM and AAA)
in order to ba effective in the hostile environment previously mentioned. Now

there are, generally speaking, two ways we can obtain this suppression:

PP

1. We (USAF) can provide SEAD ourselves by forming a Strike/Support aircraft

package, This fighter group would be coumposed of a given number of strike |

aircraft led Dy a pathfinder or eacort fighter aircreft. Accompanying the strike
element would be support aircraft with specialized roles, i.e., chaff dispensing, ?
Mig Cap, and electronic counter measures. These aircrafts would be preceded by
reconnaissance aircraft which would provide the main force with target informationm,

Most of us can remember the large aircraft raids into North Viet Nam. Tor

1llustration purposes let's say the raid force was 100 aircraft. That looked
impressive, 100 aircraft going up North at one time, but on closer examination you

would find maybe 50 of the aircraft carrying iron bombs; the rest were support

alrcraft. Now with the force just described, you could expect an acceptable degree

of suppression but loock at the cost. Since we deal with a finite number of

T —
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aircraft wve must get the support aircraft from somewhere. So, we rob Peter to pay
Paul. 2. Better that we try to maximize the number of strike aircraft available

for OAS. We can do this by utilizing the other means of suppreasion - joint

- e Su SRR B

SEAD, By using Army assets, such ae artillery, Vulcans, armed helicopter, mortars
or the long range Nike, together with USAF capabilities you have the best of the

two suppression systems., I conclude by restating the USAF believes in SEAD, we
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.eed it to survive tomorrow's battle.
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HUMAN BEHAVIOR IN COMBAT:

WITH A FOCUS ON SUPPRESSION

By
Colonel T. N, Dupuy
3 I have been asked to provide some insights gleaned from military history about .
: human behavior in combat, as it may he rolevant to our conference topic of
| "Suppression".
ﬁ Before I address myself to the specifics of this, I want to make sure that you !
all recoynize that there are two kinds of military history:

ideas, and there is analytical military hietory based upon objective and
comprehensive (aa opposed to selective) assessment of all available and relevant
facta. Obviously, no one would plead guilty to serving up distorted military
Nistory. To use a non-military historical analogy, all bootleggers of the
1920's and 30's assured their customers that they were selling stuff right off
the boat; none would admit that he was really peddling home-grown and colored,
raw corn whiskey.

g
E There is military history cited (often erroneously) to support preconceived

So, you are warned. Be skeptical about all military historical facts cited to
you -=- including mine. But just because you are skeptical, don't discoumt it
merely make sure that you are not being sold a bill of goods,

Let re give you some examples of distorted military history ~- relevant to my
topic of human behavior in combat -- from recent articles in military journals.

—_—

It is popular these days to try to encourage the troops by aspuring them that it
18 perfectly reasonable to expect that we can and should be uble to fight out-
numbered and win. My examples are of this genre of encouragement via "military
history" in military journale.

P e

In one recent article the author gave several insetances of "fighting outnumbered
and winning.'" Three particularly interested me:

. 1. The Spartan defense of Themopylae.

; 2, Wellington's victory over Napoleon at Waterloo.

3., The American recovery and victory over the German onslaught at the
! Battle of the Bulge, in 1944,

There is just one problem about all of these examples. The victorious side
outnumbered the losing side by margins of two-to-one or greater. In all three
instances the losing side had higher combat effectiveness than the winners,
but they were overwhelmed by superior numbers,

1llap~2

. R e T x v oo el
. A 'Pi' e’.’,'-w\" SN
e e e e e L ‘ v T RO
. P -

.. R e Y WOV Y. 7 o
! T EATTINS SR U T e

P

RTINSy

Seichisce G

&

aia o e i e PP PP

CRPE)




i
3.

P it T g

In another article, the author tried to demonatrate that relative numerical
strength is unimportant to combat outcomes by reminding the reader that in
moat of Creasy's Fifteen Decisive Battles of the World the numerically inferior
force won. If this statement were true it would be a very powerful argument,

It'e too bad that in eleven of those fifteen battles the numerically superior
force won.

In other words, these historical examples really domonstrated just the opposite

of what the authors were trying to pruve., Tnis sort of thing can give military
history a bad nawme!!!

On this matter of relevance of numbers, let me quote from Clausewitz - "If we...
strip the engagement of all the variables arising from its purpose and circum-
stances, and disregard (or atrip out) the fighting value of the troops involved
(vhich is a given quantity), we are left with the bare concept of the engage-

ment,...in which the only distinguishing factor is the number ef troops on
either side."

"These numbers, therefore, will determine victory...superiority of numbers in
a given engagement 18 only one of the factors that determines victory (but) is
the most important factor in the outcome of an engagement, so long as it is
great enough to counterbalance all other contributing circumstances."

“This...would hold true for Greeke and Fersians, for Fnglishmen and Mahrattas,
for Frenchmen and Germans.'*

*Karl von Clausewitcz, On War

Book 3, Chapter 8

Over the past several years I have been devoting & substantial proportion of my
time to consideration of the combat '"variables' mentioned by Clausewitz considering
not only those that are physical, tangible, and measurable, but those relating

to what he called "the fighting value of the troops" -~ in 'other words, the
offects of behavioral considerations on military performance and on battle out-
comas. By physical variables I mean such things as the measurable effacts of
weapons, of weather, of terrain, of armored protection, of vehicle capabilities,
and the like. By behavioral considerations I mean such things as the effects of
surprise, leadership, training, logistics capabilities, morale, and disruption.

My colleagues and I have estimated that there are 77 types of elements or
variables which interact to produce combat outcomes and of these 18 are behavioral.
If we ever find a way to calculate such things -~ and some day I btelieve we will --
we will probably find the 18 behavioral far nrs are potentially at least twice as
important as the 59 physical elemente or e' :cts.

Although I have not yet found a way tov measure consistently the effects of the
variable factors that I call the "qualitative intangibles" -~ those that related

to what Clausewitz called the "fighting value (or quality) of the troops", and

to their leadership and control systems -- I am satisfied that it is possible to
determine an overall, consolidated qualitativce intangibles in any historical
battle, and that this consolidated value can be termed Relative Combat Effective-
ness, or CEV, For instance, analyses of more than 100 World War 11 engagements
have demonstrated some very clear patterns of relative combat effectiveness of

the major participante. On the average, the Garmans had a relative CEV of 1.2
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vith respect to the Western Allies -~ the British and Americans. In other words,
100 Germans in ground military formations were roughly equivalent in combat
capability to 120 Americans or Britishers. The average Geman CFV with respect

to the Soviets was a whopping 2.5; or 100 Germans were the combat equivalent of
about 250 Russian soldiers in combat units. Similarly, in analyses of about 50
engagements of the 1967 and 1973 Middle East Wars, it 1s evident that the Taraells
had a relative Combat Effectiveness Value of about 2.0 with reapect to their

Arab opponents; or, 100 Israelis in ground combat units were the equivalent of
about 200 Arabs.

Incidentally, it is this qualitative factor of Relative Combat Effectiveness -
what Clausewitz called the fighting value of the troops ~ that provides the
explanation for most cases in which a numerically inferior force =-- without the
benefit of defensive posture -~ defeated a larger force.

This might be & good time for me to mention one of the reasons why T bhelieve
military history 1is relevant to modern warfare, despite 1ts more sophisticated
technology and greater lethality of weapons.

For all of the changes that have taken place in weapone over the course of
recorded history, ome important element has remained constant: Man, and human
behavior in the lethal environment of combat, Becauae of that constant element
of war, some aspects of cowbat have not changed, and are as true today as they
were in the time of Alexander the Creat.

Thus, 1€ we wish to forecast the effects of new t¢chnology and untested weapons
on future crmbat, we must relate the known effects of thie technology and these
new weapons to those things that have nct changed -~ the timeless verities of
combat, I call thom,

I hav: listed some Thirteen Timeless Verities of Combat which I believe provide
a base for forecasting., But tonight I only want to mention six, which T believe
are of particular importance to our purposes. These are:

1. The side which obtains the initiutive (either because of greater
etrength, or greater skill) can apply greater combat power at a given time and
place than can its opponent.

2. Other things being equal, victory goes to the eide with the combat
power preponderance; i.e., 1f opponents are comparable in skill and wcaponry, and
allowvance 18 made for defensive posture, superior nuwbers always wip.

3. The combat power of a force which achleves surprise 16 substantially
enhanced, and can be doubled or tripled.

4, Yire kills; fire disrupts; filre suppresses; fire causea dispersion.

5, In combat all military activites are slower, less productive, and less
efficient than anticipated in peacetime tests, plans, and training exercises.

6. Combat is too complex to be described in a single, simple aphoriem,
Let me smplify just a bit about some of the behavioral factors that contribute
t¢ these timeless verities. Of course, not all of the behavioral factors are
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Always operative. Take, for insteance, surprise. My colleagues and I have
learned {rom experience in enalyzing & number of engagements, those in which
surprise influenced the outcome, it 18 possible to discern clear-cut effects :
on both the mobility and vulnerability of the opposite forces. So, like ’
terrain, posture, weather effects, we can assign especific (and we hope relatively
precise) multiplier valuee to the effects of surprise on mobility and vulner-
ability, Thus, I do not consider surprise to be an intangible, like leadership,
or training, or experience,

Therefore, I call these behavioral variables -~ which may or wmay not be opera-
tive in an engagement -~ "emphemeral, reactive factors." These are emphemeral,
and they are reactive, and of course (like the qualitative intangibles) they
are essentially behavioral,

For the moment I am assuming that disruption caused by a combat procese other
than surprise will include the effects of suppression. Further research may
reveal that suppressicn is a very distinct form of disruption, that can be
reasured or estimated quite independently of disruption cuused by any other
phenomenon -- such as & communications breakdown, which certainly would be de-
grading and probably disruptive.

This leads me to mention again something you may have already heard me say a
couple of ctimes: There 18 a need for rigor in the use of such overlapping -- but
not synonomous -- terms as disruption, degradation and suppressjon.

Someon2 in Working Group III said we should not let ourselves get bogged down in
the details of definitions. My response is: Let's be sure not only that we know
vhat we are tslking about, but that we can comaunicate with each other.

In the light of the discussions we have had, it might be useful if I gave you my
definition of suppression. It is similar to the one Colonel Pokorny put on

; the scrasn, but there is a difference that might be significant:

[ "Suppression is the degradation of hoastile operational capabilities through the
' suployment of military action which has psychological or physical effacts
impairing the combat performance of enemy forces and individuals who have not
themselves been rendered casualties."
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Note I facus 1ot on the means of suppression, but on the effects. Once we
fully undevstand tae effect, the means will take care of themselves.

Tt 48 not appropriate in thie presentation for me to make a pitch for any
varticular methodology for trying to come to grips with this pl.enomenon of

a suppreasion. I huve some firm ideas about this, which I have put in the form ,
of proposals and n 'think pilece" which was recently published in a professionsl |-
jJournal.

But - at the risk of boring thrnse who are in Working Group II - I do think
it 1s apprvopriate for me to indicate how I think the expaerience of military
i history can help us in our efforts to come to grips with the elusive topic.
I First, let me remind you that, by analysis of historical battle outcomes, it ;
: has been possible to arrive at consistent values for the effects of surprise b
B and of suporior combat effectiveness on the battlefield. Without military
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history 1t would have been ucterly impossible tc arrive at such quautituative
values for these essentially qualitative, behavicural phenomena. hu one was
able to offer more than wild guesses about these combat processes effects until
ny colleagues and I showed that they could be distilled from the materfals
available in the laboratory of the soldler: mflltary history.

I car see no possibility of arriving at values for suppression by any process
that 1s not equally dependent upon the resources available in this laboratory
of the soldier. No test, no experiment, can possibly reproduce the¢ conditions
which are the essence of suppression: human fear in a lethal environment.

Let me demonstrate why I believe something can be done about this matter -~ and
at the same time demonstrate why 1t is important that it be done. 1I'll deal
with this latter point first.

It is important that we be able to deal with the phenomenvn of suppression
because it undoubtedly affects battle outcomes, and 1f we cannot find some way
of representing 1t in our models, then we cannot expect our models to gfve us
results in which we can have confidence. T hope that this is self-evident. I
hope that ne -ve here thinks thut if we cannot measure it, or reliably represent
it, that it can, therefore, be ignored, or only be considered every four years,
#s suggested by Roger Willis.

Yet in effect, desplite what Roger said we're lafgely ignoring the effects of
suppresgion, particularly in our more aggregated models,

Take CEM, for instance. And I mention CEM only because 1t provides me¢ with an
opportunity to make a very specific and very importsnt point, nct because it is
any less reliable than other models in this or any other respect.

In CE' the effect of artillery five 1s represented in ammunition tonnages. In
some uses of CEM, thie artillery %onnage is copverted to "155MM cquivalents."

Now, then, let me refer you to a British Uperations Research report of a post-
World Wur II snalysis of several engagements in which suppressive effects of
artillery fire were assessed. DBy careful study of the data: opposin< strengths,
casualties, amount of artillery ammunition oxpended, rates of artiller, fire,
nature of defensive protection, and the like, the British OR analysis were able
to determine a number of critical facts about the suppressive effect of artillery
fire, such as the duration end intensity of fire required to achieve a given
suppressive effect.,

Now, one of the things that e¢merged clearly from thie anaiveis was the following,
and I quota:

"Ihere 18 the question of numbers of shells as opposed to sheer weight -- the
age-old argument in another form of fleld versus medium artillery. There are a
lot of jobs where the heavier shills are essentlal, elther because of their
greater range or greater penetration and explosive powers, But wvhere lighter
stuff can reach, and 1s capable of hurting the enemy, the evidence of these two
reports seems to be that the thing that counts most of all 1s the number of
bangs. Clearly one 100 pounder shell {s betrer than one 25 pounder one. It 1is
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on the other hand very questionable whether it is four times better,'*

*Number 2 Operational Research Section Report to the Army Council,
"Operational research in NW Europe," London, n. 1946, p 185.

(This report, incidentally, is available in the Morris Swett Library here at
Fort S1l1.)

Now, then, let's look at this British finding about suppression from higtorical
combat anelyeis, to see how it 1s relevant to the CEM method of measuring
sctillery affect. Xf CEM were to show 100 tons of artillery ammunition fired

in a target area in a given pertod, that could be some 400 rounds of 8"
ammunition, it could be about 2,000 rounds of 155MM ammunition, or it could be
approximately 4,000 rounds of 105MM ammunition. Ts there anyone in this room
who even without the British report -~ believee that the same suppressive effect
can be achieved with 400 8" rounds in a given period of time as by 4,000 105MM
rounds in the same amount of time?

Dinner talks should not be long. They should be provocative, I lope I have
provoked some of you into exploring how combat historical data can help us
understand, measure, and represent the phenomenon of suppression.
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SECTION IV: WORK GROUP SUBJECTS AND PARTICTPANTS

Work Group 1 - Suppression Variables (Fffects)

Members: Mr. Goldberg - Croup Leader
Dr. Danderet, USA Inst Environ Medicine
Mr. Dowms, BRL
Mr. Giordano, HEL
Mr, Kunselman, AMSAA
Mr. Bauman, Fort Knox
Dr. Plotkin, Mitre Corp
Cnlonel Buel, TRADOC/USAFAS Representative
Dr. Hegge, Walter Rced
Dr. Chambers, ARI

Work Group Il - Suppreasion Variables (Causes)

Members: Mr. Hardison -~ Croup Leader
Colonel Crawford, TSM Smoke
Lieutenant Colonel Stokes, USA Inst Environ Medicine
Dr. Burleson, TRASANA
Mr. Carrett, AMSAA
Mr. Landry, SPC
Mr. Lynch, Boeing Aerospace
Colonel Lamons, TRADOC/USATAS Representative
Mr. C.R. Holt, Mitre Corp

Work Group III - Data Base Requirements

Members: Dr, Bryson, CDEC - Group Leader
. Colonel (Ret) Dupuy, TND
Captain Lawson, DNA
Mr, Cline, SPC
Mrs. Shirley, Infantry School
Mr. Brown, Boeing Acrospace
Colonel Pokorny, TRADOC/USAFAS Represcntative
Dr. Leake, Armor & Eng Bourd
Mr. lLoveless, USAFAS

Work Group IV ~ Suppression Modeling

Members: Dr., Payne -~ Group Leader
Colonel Reed, CAC
Captain (P) Wallace, Fort Knox
Dr. Dubin, AMSAA
Mr. Gividan, ARI
Mr. Weiss, lLitton
Dr. Blum, Vector Research
Colonel Slater, TRADOC/USAFAS Representative
Mr Porreca, R&D Associlates
Mr, Thorp, TRASANA
Mr. Millspaugh, USAFAS
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Work Group V - Suppression/Countersuppression Combat and Training
: Developments.

Members: Mr., Murphy, SAI - Group Leader
Major Graham, Infantry School
Major Money, Fort Rucker
Captain Gunderson, AMSAA
Lieutenant Colonel Bacon, TSM Smoke
Colonel Quinlan, TRADOC/USAFAS Representative
Major Jotmeston, Tort Bliss
Major Kalla, AMSAA
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SECTION V: SECOND AND THIRD SESSION-WORK GROUPS' RESULTS

Group I: Suppression Variables (Effects)
Group II: Suppression Variables (Causes)
Group IlI: Data Base Requirements

Group IV: Suppression Modeling

Group V: Suppression/Countersuppression Combat and Training
Developments
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A. Croup I: Suppression Variables (Effects) ?

N Members: Mr. Goldberg - Group Leader

h Dr. Banderet, USA Inst Environ Medicine
- Mr. Downs, BRL

@ ' Mr. Gilordamo, HEL

i Mr. Kunselman, AMSAA

# ; Mr. Bauman, Fort Knox a
- Dr. Plotkin, Mitre Corp o
1 Colonel Buel, TRADOC/USAFAS Representative
T Dr. Hegge, Walter Reed

ﬁ : Dr. Chambers, ARI
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Tn order to focus ite effort Group I had the following goals and ‘ é
questiona/issues: 1

ey

1, Goals: i

a, Identify significant variables

b. Prioritize their importance

PEoraeaeis

2. Questions/lssues:
- A. What unit/individual functions are suppressed?
b. Vhat is the extent (quantity, time length) of suppresaion?

¢. Vhat are the aggregate effects of suppression on weapon
system/unit?

i' d. How does unit/individual "battle history" affect suppression
L vulnerabilities?
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The Group I Report

Supprassion is something like Mark Twain's view of the Washington
weather “BEveryone talks about it, but nc one does anything about 1it",
: Air conditioning may have helped to alleviate the Washington problem. Al-
& though there are some piecemeal efforts on suppression of dismounted troops,
; the Army has yet to develop an overall view and hence an overall program on
what suppreseion is, what causes it, and what its effects are,

L

i . Firet a brief account of what has been done - ‘

-~ In connection with Army Small Arms Requirements effort and the i
ASARS Battle model developed to support it, datu was gathered from Vietnam ' ‘
veterans about the results of suppression, These were consolidated into
seven catagories of increasing severity, based on the results of suppression !
on an individual's ability to move, shoot and observe, A CDEC experiment wau W
than conducted in which small arms of various calibers were fired overhead and
to the side of individual soldiers - all combat veterans, These jndividuals
related the round and distance toc one of the seven categories. The Infantry ]
School at the same time through a large scale questionnaire and a Delphi eval- e
uation technique, quantified the amount of degradation of individual performance,
It was now poasible to relate quantitatively the performance of a particular
round of small arme ammunition to its suppressive effect. These quantities

have been incorporated into the ASARS Battle model and are presently being
used in the SAW COEA.

Litton Corporation, under contract developed subjectively another model
to quantify the suppression effects of exploding munitions, principally areil-
lery rounds, against dismounted troops. While the model is still being used,
it ha: not baen well accepted. In order to develop better dats, CDEC has
conduc .ed two experiments, SUPEX II AND SUPEX IlI to quantify this suppression
effect, Much progress has been made, but adequate realism does not yet appear
to have been achieved, and the results of these two experiments have not bheen

specifically approved by HQ TRADOC. The techniques which they have developed
may eventually permit the solution of this problem,

- . . . i )
et A it et Aa A Al T

» What 1ie not available.

I -

No completely accepted results on effects of exploding artillery
munitions on dismounted troops.

No suppression data for exploding small arms (BUSHMASTER).

- No data on suppreasive effects of any types of munitions un mounted
tmored forces.

! No data on suppreseion effects of any type of munitions on aircraft.

-~

No data on suppression effects of large caliber direct fire non-
exploding munitions.

1f suppremsion 1s to be properly evaluated in the sssessment of Army

VaA2
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forcees and systems, a comprehensive program leading to development of necessary
data should be established. Redognizing the significance of the gap, the
initial program could well be quite aggregated and subjective, A progressive
refinement of quantitative information would then occur, with those areas deemed
to have the highest priority receiving the earliest attention and greatest

stress. The remaining portion of this discussion outlines how such a prostam
might be established and implemented.

At figure 1 are a set of parameters needed to initiate the program -
in this i1llustration, functions, distance from FEBA, other variables and degrees

of suppression. The parameters may be changed for the final program - theae
are for illustration only.

The remainder of the program is based on developing and then filling
in a sat of matrices which described the suppressive affact on a particular gystem

in each of the varied conditions of interest. Figure 2 shows such a matrix, based
on the parameters identified in figure 1.

~ Figure 3 shows the matrix filled out for one sct of parameters -
in the case for 'the M60A3 tank attacking on a clear day, The effects of all types
of fire ~ direct, indirect and a mix are shown. Since this ie the initial version
of the matrix, the subjective aggregated suppression effects shown in figure 1
are used. Exparimentation and research may be used to broaden ths categories
(recall that there are 7 in ASARS) and to refine the amount of suppression
suffered under sach condition. It apprears that the mcst serious effects from
suppression occur in the close~in battle; therafore of the aresas on this meeting
this is the one which should raceive primary attention with the aim of better
quantifying the effects of auppression, and in addition quantify the amount of
degradation in performance associsted with a particular suppression effect.
As indicated in note 7, in the assault suppression may be difficult to describe
or quantify, while it probably does not exist for the defender.

- Figure 4 expands examination of the MAG60A3 tank to a defenseive
posture., Again the close in battle appears to require the most attention.

- A "library'" of supprassion effects for all systems, units, and
functions of interest in all significant environments should be developed in
similar fashion. Figure 5 gives an illustration of tha "books" in the "library".
Over time this library should be extensive enough to permit consideration of
suppression in all analysis. The library would include the following steps:

Development of each '"book" based on available data plus
subjective evaluation,

Conduct of research and experimentation to better quantify
and refine aach "book'.

Incorporation of the new data into the appropriate "book".

Figure six shows the conclusion of Work Group 1. It indicated the
direction to be taken in development of a suppreasion prograu.

VaA-3
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WORK GROUP 1 - SUPPRESSION VARIABLES (EFFECTS)

= Following shows the units on individual functions which will be
considered:

A. Command and control,

B. Target acquiaition, ‘
C. Movenment.

D. Firepower.

~ Battlefield is divided into three bands based on distance from
FEBA, as followa:

Long Range Battle - 2000 to 3000 + meters,
Close=in Battle ~ 2000 to 500 meters.
Assault - 500m to FEBA.

- Each weapon system/unit/or variable will have its own suppression
factors. Examples of variables:

- type weapon or vehiclen

weather

terrain

formation

langth of suppression

- Degree of suppression is as follows:
X not applicable.
0 no effact.
-1 slight effect,

-2 great effect.

Figure 1. R
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A Long Range
' Battle
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SUPPRESSION EFFECT LEVELS

WEATHER: FOR
CLEAR DAY
M60A3 TANK CO
ATTACKER
Indirect Diract Mix _
1 2
Long Range ~2A4,~1B,-1C, XD ATGM, -¢@A, ¢B, General Degradation
Bittle - (buttoned up) ~1C, XD ~2A,=2B,-2C, XD
3000+ to 2000M Tank X Synergistic aeffect
FASCAM @A, exist but not acct
-18’-2c.m fOl‘
4 5
Close in Battle ~2A,~18,~1C, ATGM-1A,~18B, ~2A,-2B,~2C,-2D
2000M to -1D -1C,~1D Synergietic effect
500M (buttonad up) Tanks @A, 9B, exist but not accounted
————————— =1C,¢D for
FASCAM -1A,
"IB. '-'20. "ID
7 16 6
ASSAULT @A, @B, 0C,¢D #A, 98, fC, #D PA,PB, BC, 9D
500 to
FEBA
NOTES:

1, Minimum kills of attacker axcept for FASCAM,
2. Some casualtias to attacker.
3. A significant number of attackers killed considering range,
4. Increasing casuslties.
5. Many casualties, but unit 1s now willing tv take some risks to accomplish

misnion.

6. Heavy casualties.
7. While an attacking unit in the assault may not be 'suppressed'' as discussed
in other areas an attacking unit which 1s "stopped" or "pinned down" may be

e et e D e et Bt PR 4 AR e ol

d e b UL ent a2

considered to be euppressed. This condition is usually the result of direect fire.

CAPACITY TO BE VOLUNTARILY OR INVOLUNTARILY SUPPRESSED

e LI T L

DISTANCE TO 3000
OBJECTIVE
Figure' 3.
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D.8. HEAVY MAINT

RAIN

M109 BRTY
HEAVY FOG

M60A3 CO

LE
DEF

MEOA3 CO

CLEAR DAY
ATTACK

Figure 5.
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CONCLUSIONS

b 1. A matrix of eystems/units ve. stimuli of significance to combat should be
K| developed,

b 2. Each call in the matrix should be expanded into a library of suppression
effects on system/unit functions,

J, Reseavch, test and axperiments should be stressed as a program to develop
the quantitative inputs needed by each "book" in the library,

- . 4, PEmphasis should be placed on protected systems. Suppression cf these
' systems does not seem tc have been adaquately addressed,

& ' 5, For disemounted elements, increased attention should be placed on rear area
3 combat support and combat service support units,

6. Although suppression is assessed on individuals, the cumulative effect of
¥ suppression of individuals may be a degradation of unit performance which 1s
2 synergistic,

7. Duration of suppression must be determined on a unit/individual basis -
continued suppression may permanently degrade individual, and, therefore,
unit effactiveness.

8., The conditions existing on the assault phasc of combat present diffarent
problems and may make suppression of less significance than other phases.

9, Training, manning, and redundancy are essential to reduca the impact of
supprassion on unit performance,

N , 10, In assessing unit/individual suppression effects, attention must be given
iR ' to differences in physical vulnerabilities of crew members, e.g., M109

] : Chief of Saction inside Howitzer vs, Ammo Handler dismounted. (Relate |
B ; incteraction this factor w/conclusion #6.) ‘

Figure 6.
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B. Group II: Suppression Vuriables (Causes)

Members: Mr. Hardison - Group Leader

Colonel Crawford, TSM Smoke

Lieutenant Colonel Stokes, USA Inst Environ Medicine
Dr., Burleson, TRASANA

Mr. Garrett, AMSAA

Mr. Landry, SPC

Mr. Lynch, Boeing Aecrospace

Colonel Lamons, TRADOC/USAFAS Representative

Mr. C. R. Holt, Migre Corxp

In order to focus its effort Group II had the following goals and
questions/issues:

1. Goals:

a, Identify significant variables

b, Prioritize their importance

2, Que=tions/Issues:

8. What are the critical parameters/signatures? (Rate of
fire/volume of fire/wveight of ovdnance/blast/spacial variables)

b. What 18 the suppressive effect of smoke/dust?

¢. What are psychological factors?
d. What are physical factors?

e, What are the critical thresholds to trigger suppression?
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THE GROUP I1 REPORT

SLIDE {1

SUMMARY

OUR THINKING FU22Y

BUT WE ARE THINKING

WITHIN & BEYOND CHARTER

SLIDE #2

WORKING GROUP 2 CONVENTION

PROBABLY REDUNDANT TO OTHERS IN PART
WE'RE NOT CONVINCED THAT NOTHING CAN BE DONE
OUR PARTIALLY FORMED IDEAS ARE SHAREABLE.

CASUALTIES

AN

Tuls NoT THIS
ATTRITION SUPPRESSION SUPPRE

T
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SLIDE #3

s et A o B el i el

DOMAINS WHICH WE SUSPECT TO BE IMPORTANT

< =
1
AR e R Gt S -

SPACIAL - PROXIMITY OF EFFECT TO SUPPRESSEE

L K

R TEMPORAL - NR. OF EFFECTS PER UNIT, TIME DURATION '

o

; i MAGNITUDE - SIZE OF THE STIMULI

EXPERIENCE - HISTORY OF THE SUPPRESSEE

BEHAVIOR OPTIONS - SHORT TERM RISKS & LONGER TERM RISKS

PERCEPTION OF WELL-BEINGC, AND IT'S DIRECTION OF CHANGE
RATE. (8.5.8.)

Y T—— il il

SLIDE #4

e~

SOME FIRE~INDUCED CAUSES OF SUPPRESSION

LOUD NOISES/DBRIGHT FLASHES - INVOLUNTARY REFLEX :

BLAST OVERPRFSSURE/SFISMIC SHOCKS > HODY DISPLACEMENTS

! - SMOKE/DUST D RFDUCE VISION
~ THERMAL ENERGY/SHELL FRAC - CONCERN FOR LIFE
: - DEBRIS, EJECTA S MINOR WOUNDS
¥
{ CHANGE THINGS, PEOPLE, ENVIRONMENT, ACTIONS

E }
}
: i Vabe3
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SLIDE #5

THE CHAIN :

[

‘ 'y

1 ' FINAL [

P 7 EFFECTS -

Hz l INTERMEDIATE |

(K I dly EFFECTS j |4

L ' ROOT joo

; l CAUSES o

‘ Lo

P, PHYSICAL CHANGED PERFORMANCE Lo

- INVOLUNTARY REFLEX OF |

PHYSICAL ]Zzb "LOCALLY RATIONED" sz MAN/MACHINE 4

DYSFUNCTIONAL SYSTEM .

BEHAVIOR c

uumnons 1

!q |

Nt !
) l

\ ' SLIDE #6

OUR_FAITH IS THAT

i
- SEVERAL OF THE PRINCIPLE ROOT CAUSES OF SUPPRESSION:
. ARE OF A PHYSICAL NATURE

— CAN BE IDENTIFIED AND MEASURED

__ PRODUCE PREDICTABLE/REPRODUCIBLE EFFECTS WHICH
ALTER WHAT ELEMENTS OF FORCES - CAN DO

- DO DO

i sy e L

= A GOOD UNDERSTANDING OF THE ABOVE, EVEN IF NOT ALL

e St

INCLUSIVE, WOULD BE A STEP IN THE RIGHT DIRECTION.

Vaidal
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SLIDE #7 ‘j
CAN SUPPORT BE SUPPRESSED? 4

- MOVE & DISTRIBUTE SUPPLIES YES )
- MODIFY BATILE ENVIRONMENT YES g
(BRIDGES, BARRIERS, ETC.) _.'g
]
3

>
|
i
: SLIDE #8 =
v X
(\’.L' i \'
F CAN CONTROL,_BE SUPPRESSED? .
Lo
v ) :
! i - ACQ INFO RE TERRAIN WY, EN ORRAT, YES ;
ENSIT, FRIENDSIT }
- COMMAND YES u
- CoMMO YES o
; - ORGANIZATION NO b
’5 o
- - DOCTRINE NO — i -
- - TRAINING NO b
o . ;
3 ) .




SLIDE #9
k|
CAN MANEUVER BE SUPPRESSED? ‘
~ CAUSE UNWANTED MOVES YES H 3
(SEEK COVER) ‘¥
14
- DISSUADE WANTED MOVES YES 13
}
Lo - CHANGE ROUTES & RATES YES
; ] 4
‘ L
i
{
r
SLIDE #10 f
[ CAN FIRE BE SUPPRESSED? ;
e
.
- - DIRECT & INDIRECT YES
.
i
; - POINT & AREA YES
\ - S=A & S-S YES
4
- UNARMORED & YES
: |
: ARMORED LESS YES f
} - HOWITZERS
f \Z (NEEDS THOUGHT)
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SLIDE #11 }
K]
; |
! {
| 50 Wy NoT? !
v 3
i i
| %
! SINCE THE OPNL CONCEPT REQUIRES USE INDIRECT FIRES ]
! |
; - CONTROL - TO SUPPRESS CONTROL 1
‘4‘
: - FIRE - TO SUPPRESS FIRE j
, - MOVE - TO SUPPRESS MOVEMENT .
’
; - SPT - TO SUPPRESS SPT i
g |
| i
; NOTION: USE FIRES TO COUNTER ENEMIES ABILITIES TO ACCOMPLISH THE SEVERAL ]
| i
FUNCTIONS, NOT JUST VS MAN UNITS & FS EIMTS. ;
; Lo
o ‘
.o /
! |
# . SLIDE #12
s
. -
v A_THOUGHT FRAMEWORK .
-
. = ————y o
- CONTROL N
l : e :
Co FIRE l MOVE | :
o
1 H , 3
|
t:- — 5
1 SUPPORT
?
k.‘ i
I3 ) ]
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SLIDE #13

ks E i . |

A COMMON PERCEPTION

' :
-‘
| 1
: MANEUVER ;
’ [ — SUPPRESS f
), F ;
v R ’
¥ E ';
DISPLACEMENT  \~=mme=e= — E
CASUALTI?# //ﬁ FIRE N B
\ ]

AN / »

N O T=IN

P \_v SPTS SPTS i
. e /\ MAN g L

SLIDE #14

WE INTUIT THAT

= WERE OTHER THINGS ABOUT EQUAL, WE WOULD USUALLY PREFER ATTRITION TO

TR

MERE SUPPRESSION, BECAUSE ATTRITION IS MORE LASTING

-~ HOWEVER IT SOMETIMES MAY BE FAR MORE POSSIBLE AND LESS EXPENSIVE TO
SUPPRESS THAN TO KILL
- MOREOVER, THOUGH LESS FINAL THAN ATTRITION, SUPPRESSION WILL OCCUR
AND IT STILL MAY CONTRIBUTE GREATLY TO OUTCOMES OF
COMBINED ARMS & SPT OPNS - 50 A GOOD BARGAIN AT THE
PRICE (CONSIDERING ALTERNATIVES)

= CONCLUSION: WE NEED TO UNDERSTAND SUPPRESSION
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SLIDE #15

IN OUR VIEWS

~ SUPPRESSION

- CAUSES )

- DISSUADE ) .

- DISRUPTS ) ENEMY ACTIONS ?

-~ DEGRADES ) f
- PRECLUDES ) P;

- SUPPRESSION EFFECTS TEND TO DECAY OVER TIME BUT ARE

RENEWABLE

SLIDE {16

INDIRECT FIRES PRODUCE

= ATTRITION -~ CHANGES IN THE NUMBER OF ELEMENTS WHICH

CONTINU+~ TO EXIST IN A FORCE

~=AND~~ _ ]

- SUPPRESSION - CHANGES WHAT THE ELEMENTS OF A FORCE:

- CAN DO .
- DO 1

o I TR T <

- (IMPORTANT TO KEEP GOOD BOOK ON BOTH) j

(MAXIMIZE BENEFIT OF FIRES, CONSIDERING BOTH)
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SLIDE #17

A RANDOM THOUGHT

FACT: ARMY SYSTEMS ARE EMBEDDED ~ e.g. SUB-ITEMS IN ITEMS IN

UNITS IN ORGANIZATIONS IN FORCES.

RESULTS: SUPPRESSION OF A SYSTEM OCCURS WHEN A NEXT LOWER
SYSTEM IS A CASUALTY; CASUALTY OF A SYSTEM PRODUCES
SUPPRFE.SSION OF THE NEXT HIGHER SYSTEM

SLIDE #18

FINALLY

~ IT'S ALL MERELY "TERMINAL BALLISTICS"

=~ WHEN THERE WAS AN ORDNANCE CORP, THERE WERE PEOPLE WHO
KNEW OR WERE LEARNING. THESE THINGS
- BUT NOW AR REER)

AD HOC WON'T HACK IT -

V-B=-10
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c. Group III: Data Base Requirements

Members: Dr, Bryson, CDEC - Group Leader
Colonel (Ret) Dupuy, TND i
Captain Lawson, DNA k

Mr, Cline, SPC
. Mrs, Shirley, Infantry School )
; Mr. Brown, Boeing Aerospace é
i Colone). Pokorny, TRADOC/USAFAS Representative ’ ;
s Dr., Leake, Armor & Eng Board 4
j Mr. Loveless, USAFAS

h In order to focus its effort Group III had the following goals and
t : questions/issues:

o e

1. Goals:

>

a. Data source list

b. Prilority of required testing

¢. Recommended experimental approach

8, Questions/Iasues:

e S i o 3 il i £reld.

a. What data is available?
b. Whut are other likely sources?

¢. What data gaps remain?

> e C
» o b < -

N d. What experimentation/testing is needed?

[ P YRS U Or i U

e. How should the experiments Le desigred?
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THE WORK GROUP III REPORT

1. What asources of data are available?

There are two prime sources of data available. They are : 1) historical;
and 2) experimental.

1) A prime source of historical data is British or Operations Research
in Northwest Europe. A team with the 21st Artillery Group accumulated much

data on bombarding German troops in NW Furope. SLA Marshall held post-
combat interviews with soldiers in order to get a handle on suppresaion.

2) For axperimental data CDEC has data from the following tests on
suppression: DUCS, DACTS, SAGE, SUPEX and SUPEX III. The USAARENBD has data
from the Tank Company Night Fight Team and TTS OT 1II. It will also provide
additional data from the Crewman's Vehicle Reference Header Test which will
occur in the November 1979 timeframe. HEL also has data on the sffect of noise
on the ability of a gunner to track a target. Dollord & Miller's, Fersonality
Theory, McCGraw-Hill gives a psychological undarstanding of fear in terms of the
gradient of avoidance and provides other referencea.

The results of the sxperimental data provide 1n|1¢hto into the ability of
the suppressee to shoot, move, communicate and acquire targets.

What neseds to be done is to connect the experimental data to the historical
data which is a much greatar and ample source.

2, What are other likely sources?
There is a wealth of historical data that needs to be sorted and organized.

There is alao a possibility of additional experiments being conducted to

establish the relevance of this dsta as well as to £fill any gaps that presently
exist,

Some of the sources or other likely sources are:

1) Questionnairesa; 2) interviews; 3) police reports; &4) FAA pilot reaction
in time and 5) psychological studies of animals under extreme strese.

3. In considering factore affecting suppression (see attached list), it seemed
that three nearly independent, somewhat exhaustive factors were!

1) Type/mission of supprassed unit
2) Immediate relationship of suppressed unit to enemy sismente

3) Perceived lethality of suppressive fire

VaCa2
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Taken in reverse order, data gaps and experimentation needs are as follows:

PERCEIVED LETHALITY:
- most data currently available
~ need duration of suppression data

IMMEDIATE THREAT

- need data on behavior of suppressee under constant stimulus as a
function of immediate threat of his targets

TYPE UNIT
- need data on differential behavior as a function of whether unit is
==-indirect fire unit
-=armor unit
-~-dismounted infantry
--mounted infantry

~~other unit

4. Given that a unit is suppressed P(X), what is the degradation of itse
ability to (a8 a function of time)?

- The most important activity to complete the sentence is 'shoot"

- Excapt for the interdiction mission, the activities of move,
communicata, and acquire targets are gecondary

~ Experiments are needed to answer this question
NOTE: 1t proved useful to the group to think in terms of the following
deairad results for degrading the enemy force:

1) Damasge or disrupt systems

2) Impact on Human Factors

1) Change the Euvironment

Fire suppression addresses the second item,

‘\



FACTORS AFFECTING SUPPRESSION

WEAPONS FIRE CHARACTERISTICS:

Volume of Fire Per Unit Time

Cyclic Rate Per Burst

Duration of Fire

Acoustic Signature

Acouastic Tone

Accuracy of Fire

Perceived Lethality of Projectiles

Distance of Pasaing or Impacting Projectiles from the Soldier
Manner of Distribution'of Fire

Coordination of Fire with Suppressive Fire from Other Types of Weapons
Weapon's Basic Load

Visual Cues

Uniquenass of Sound (e.g., ability of enemy to consistently identify
the sound with a particular weapon)

Actual Lethality of Projectiles

Signature Cues at the Weapon (e.g., muzzle blast)

In Flight Vieibility of Projectiles (e.g., tracer)

Impact Signature (e.g., debris or dust thrown up by impacting rounds)
Time to Reload

Reliability

Fuging

L
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Primary Determinants:

Proximity of Incoming Rounds to the Individual
Loudness of the Projectile Signature

Volume of Incoming Rounds to the Individual

Type of Weapons Systems Employed Against the Individual
Unique Projectile or Weapons System Signature

Visual and Auditory Signature Associated with Impact of the Projectile

TII. OTHER FACTORS
Experience Under Fire
Leadership of the Unit
Fatigue/Stress
Environmental Factors (climate, weather, terrain, night OPS)
Hunger
Training
Doctrine
Posture
Task Loading
Unit Moralae
Level of Unit Casualties
Availability of Cover and Concealment
Distance from Enemy
Group Dynamics (e.g., social stimuli of other soldiers, NCOs, officers)
Religious values
Miesion type
Proximity to Other Unit Members, Commander, Automatic Weapons

Awareness of Enemy Fires
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SLIDE #1 i
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; QUESTION {
"'.‘ "
3 WHAT IS IT THAT I DO NOT KNOW, THAT I WOULD LIKE §
A i

{
{
!
I TO KNOW, THAT I CAN FIND OUT FROM: %
b b
! - ANALYSIS? | 4
B |
] i - - HISTORICAL SOURCES? .
X . 'x .:.
bl | - EXPERIMENTATION? iy
| :
| :
| ,
; |
{ |
| 1
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! SLIDE #2 Do
I TO DEGRADE THE EFFECTIVENESS OF AN ENEMY FORCE,
3
{} ONE CAN: q
: ~ DAMAGE OR DISRUPT SYSTEMS i
i . ’ i
§§ ~ CHANGE ENVIRONMENT '
f
o - OTHERWISE ALTER HUMAN BEHAVIOR
(‘. &




a
' _ SLIDE #3 ;
,
i
i FACTORS AFFECTING SUPPRESSION
‘{ 1. TYPE OF UNIT/MISSION OF UNIT Lo
E’ 2. PROXIMITY OF ENEMY
3. PERCEIVED LETHALITY .
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SLIDE #5

GIVEN THAT A UNIT IS SUPPRESSED PX, WHAT 1S THE
b DEGRADATION OF THAT UNIT'S ABILITY TO:
i - SHOOT
COMMUNICATE

-~ MOVE
-~ ACQUIRE TARGETS

; A8 A FUNCTION OF TIME?

SLIDE #6

—-

SPECIFIC QUESTIONS WHICH MAY BE ANSWERED BY
HISTORICAL OR EXPERIMENTAL DATA

P

- WHAT IS THE NATURE OF SUPPRESSIVE FIRE REQUIRED TO FORCE:

A TANX CREW TO BUTTON-UP?
AN ARTILLERY BATTERY TO CEASE FIRE?
AN AD UNIT TO CEASE FIRE?
‘ AN INFANTRY UNIT TO CEASE FIRE?
t AN INTERRUPTION OF TARGET ACQUISITION?
AN INTERRUPTION OF COMMUNICATION?

AN INTERRUPTION OF LOGISTICS ACTIVITIES?
V-C-8
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5 SLIDE #7
L SUMMARY OF ADDITIONAL DATA NEEDED 3
i i N
J Dy
: - DURATION OF SUPPRESSION UNDER VARIOUS CONDITIONS Ly
| 3
g - FOR FIXED PERCEIVED LETHALITY, PROBABILITY AND "
; DURATION OF SUPPRESSION AS A FUNCTION OF: g
: ———— TYPE UNIT
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D. Group IV: Suppression Modeling

A e

- Members: Dr. Payne ~ Group Leader ]
Colonel Reed, CAC
Captain (P) Wallace, Fort Knox ,
4 Dr. Dubin, AMSAA #
5 ‘ Mr. Gividan, ARI

A Mr. Weiss, Litton

Dr. Blum, Vector Research
Colonel Slater, TRADOC/USAFAS Representative
Mr. Porreca, R&D Associates
Mr. Thorp, TRASANA

' Mr. Millspaugh, USAFAS

_ In order to focus its effort Group IV had the following goals and
1 questions/issues:

1. Goals:
a. Agreement/consensus on the current modaling

i b. Agresment on approaches for improvement

2. Questions/Issues:
a. Review current/past methodologies.

b. Review what development 1s on=-going.

i ¢. What are the gaps?

4. What approaches are the best now and in the future? ]

PR

3., Becauss of the diversity of the manner in which the work of 1

. Group IV was recorded, and in order not to inadvertently edit out significant
information, the report of Group IV will be presented in four parts: .

a. First day summary |

y b. Dialogue on the second day

¢. Summary presented to Symposium participants

d. Chairman's Post - Symposium Summary
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The Work Group IV Report: Part a

Introduction by Dr. Payne concluded that if we had reports from Croups
I and 11, modeling would then be a simple process.

Our current models have sufficicut mathematical flexibility to represent
the small body of data available to us now.

Discussion on definitions resulted in essentially the same dafinition
that was presented in the opening meeting.

Discussion on types of models.
a. Models for process control.
Should we create model for this and do we naed to determine tactics
or weapons deaign? Consensus was that we do not want a process
control model.
Discussion concerning characteristics of current models which evolved
into discussion of various tactics. OGroup concluded that suppression
effecty are scenarin dependent.
Discussion of perceived threat/danger versus perceived bensfit of action
e.g. volume of fire makes a big difference and casualties in vicinity
spur individual to move. Models that account for effects are efficlent
because we are not apt to obtain additional data.
Example: We can daescride
Flinching
Interfering
Inhibiting
Neutralizing .
Due to equipment choiéea
poaition cholces
time choices
target choices
reorganization cholces

and in anticipation of subsequent action

Physical posturc of elements in target area affect detection, degrade P

and PIc and inhibit ability to shoot or move, H
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Also - suppressing 100% of unit for 50X of the time is entirely
different from suppressing 50 of the unit for 1002 of the time., Models
do not always make the distinction.

8. The discussions of the foregoing topics ranged widely and msny diverse
opinions were voiced. However, the group generally agreed on the following:

a. Suppression is certainly important enough to be modaled.
b. Suppressive effects may be as important as lethal effacta.

c. Suppreasion is caused by a wide diversity of variables and is difficult
to model explicitly.

d. Generally that which hos a greater potential to kill has greater
potential to supprass, with two notable historical exceptions, white phosphorus
and the "Headlight' round for WWII bombers.

e. Artillery bombardment almost completsly eliminates return fire by
infantry from the beatan zone.

f. Artillery will probably cause tanke to button up and move out.

VaDa}
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The Work Group IV Report: Part b

dialogue:
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On the morning of the second day (third session) a portion of the
discussion was recorded in writing; and, simultaneously, the namea of the
primary participants were given. Their names appear below followed by the

GEN (Ret) William Depuy
Dr. Robevt Blum
Dr. Henry Dubin
Dr, Wilbur Payne
COL Robert Reed
Mr. Keitb Thorp
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Depuy:

Payne!

Depuy!:

Payne!

Depuy!

Dialogue

Hitorical perspective on suppression, US failure to grapple with the
real problem - that is getting fire on the target when the ground
attack begins. When the suppression 18 needed most - all fire ceases.
This is one thing modeling does not address sufficiently. At Monte
Casino the Germans had 3 - 5 min after British prap ended to get imto

[
position.

Models have the capability. The problem exists with the tactical
approach taken by the players/prograums,.
Parhaps we need to deal with activities and consequences of activi-

tiss dealing with exploitation of suppression,

The GCermans prepped with small amounte of artillery, then heavy weapon
direct fire, and finally with small arms -~ suppression., US approach
was heavy artillery - lull - then attack (large groups of targets).
Israelies will not attack with their tanks until they have destroyed
all vieual enemy tanks or suppressed or driven them off, Can models
reflect that?

Yes —~ it depends on the scenario presented by armor types. One of
the problems is modeling the time after suppression, The Russians’
model intiisl go to ground time then all the rast is reorganization
tina.

Difference exists between prepared position and hasty position

reaction to suppreasion,

i 2 + cimnin
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Depuy:

Payme:

Depuy!
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Hietorical perspective on suppression, US failure to grapple with the

rsal problem - that ia getting fire on the target when the ground
attack begins. When the suppression is needed mogt - all fire ceases,

This is one thing modeling does not address sufficiently. At Monte

Casino the Germans had 3 - 5 min after British prep ended to ger into

position.

Models have the capability, The problem exists with the tactical

approach taken by the players/programs.
Perhape we need to deal with activities and consequences of activi-

ties dealing with exploitation of suppression.

The Garmans prepped with small amounte of artillery, then heavy weapon

direct fire, and finally with small arus - suppression, US approach

vas heavy artillery - lull - then attack (large groups of targets).
Israelies will not attack with their tanks until they have destroyed

all visual enemy tanks or suppressed or driven them off. Can models

reflect that?
Yes -~ it depends on the scenario presented by armor types. (me of

thea problems is modeling the time after suppression. The Ruesians'

model intiial go to ground time then all the rest is reorganization

time.

Difference exists between prapared position and hasty position

reaction to suppression,

VaD=6
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Payne!

Dubin:

Payne:

Depuy:

Payne:

Dubin:

Reed!

Thorp:

Payne:

Thorp:

Paynae:

Reed:

Payne!

Models do handle this although perhaps incorrectly., Going beyond
this may cause users to look too closely at details. The correla-
tion exists between lethality and suppressiveness. It may lead

to problems to compensate for the variations to that rule.

What General Depuy may be telling us is that we do not address

the tactice of suppression.

Again this is a function of the tacticlans using the modela,

Models should also handle performance of crews.

People are not comfortable with projections of less than outstanding

psrformance. Any model is capable of doing this.

The biggest criticism in our last games is that there is too much

attrition for rounds axpended.

Models need to better address how much degradation results.

Modals need to address continued auppression. Times/Amount Ammo,

Some models do that (ASSARS, etec.)

Is allowing .hat capability worthwhile?

Transition states are infrequent.

General Dupuy may be looking for a process control model to explore

tactics.

Every means of enhancing suppressive effects, degrades lethal

VaDa?
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Payna:

Raed:

Dubin:

Reed;

Payna:

Dubin:

Payna:

Blum:

Payne:

Blum:

effacts. Suggest two level board to review proposals - one to
review effects, one to decide if it is cost aeffective. Mndels can't

answer that question.

Almost any round will produce flinch. Bigger rounds produce longer
effects. Modals don't represent neutralization (from long duration,

saturstion exploaives).

What about Nukes®. Delays casuslties, unit dissolution, suppression

on grand scale.
Chemical weapons also?
Peycho/Physic effects ~ heat injury?

We have difficulty isnlating suppression. Different results from
proving ground and combat involve many factors. May be double-

dipping in trying to solve this problem.

Great deal of bureaucratic pressure to reduce rate of attrition,

and spesd. Suppression is a straw we are grasping for.

-
'

Will use suppression to label effects which we cannot effectively
factor. Our models are throughput models - if you put it in at one

end, thay come out at the other,
Models do not include conditioning variables.

I feel it is batter with the current system. Player inputs behavior.

Agres.

VD8
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Use as a surrogate to conditioning variables (state variables).

The inputs of the players.

l Conditioning Variables for Suppression:

i 1. Backgrounds %
‘ a. Audio ;
f | b. Visual G
R ‘ ¢. Duration 3

2., Command and Control Function

— i AT

3. Conditioning variables for aggregated models,. i

Payne: We have not answerad the question raised by Dr. Dubin with regard

L T SEIEITIETITS
2

to model pace VS battle pace.

y 2

SUMMARY - This session was spent discussing the need for supprassion

A

modeling, problems involved and capabilities of existing models to in-

corporate buth differing tactics and suppreasive effects.

- e e —

The military needs for suppression were provided in large part

by Ceneral (Ret) Depuy through discussion of WWII experience and Israeli

use of suppressive and lethal fire prior to armored attacks. His questions

S S

to the group were primarily of the model's capabilities to examine these

tactics and effects.

n o eead Em Lidewmeseed

Answers to his queations were given primarily by Dr. Payne who

stated that Depuy's desires could be met with existing models by proper use

of tactical decisions and selection of scenarics to be playad.

]
1
*
]
4
4
i

Most of the problems surfaced during this seseion dealt with

?

i

difficulty in obtaining data and the degree of detail that should be in-

corporated into the models.

VuDa9

AL BB T IR IA b 4 e oM B e e rm M @ B e et s 4 e




A driving problem from AMSAA's viewpoint is the need to provide

affects internsl to the mwodels that reduce rate of attrition and speced of 1
i the battle. It is their experience that almost all games progress at
|

speeds and attrition rates much higher than real life based on hiatory,

3 Questions were posed regarding the inclusion of auppression in .
% models of nuclear games such as DIVWAG at Sandia Labs. No conclusions
regarding this were reiched. -

The group adjournad at 1000 hours arriving et the same con-

clusions reached the previous afternoon. -
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The Work Group IV Report: Part ¢

Slide #1

QUESTIONS AND ISSUES
Reviev current/past methodologles.
Raviev vhat development 1s ongoing.
What are the gaps?

What approaches are the best now and in the future?
Slide #2

MODEL TYPES
Modals that account for effects.
Models for process control:

&, Tactica ™

b. Waapon design

MODELING APPROACHES

Hypothesize a particular action in response to risk, predict effect on

perfomrance.

2.

Predict effect on performance with no specification of action.
Slide #3

CURRENT/PAST METHODOLOGIES

~ Almost all are attempts to account for effects, predict performance

without specifying action,

R

~ Can build and occasionally use model approach 2,

V.D=11
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The Work Group IV Report: Part d

SUPPRESSION MODELING

Summary of Discussion in Working Group 1V ]

1, The initial discussion centered on fundamentally different types of

A PR

i LOriaaralea - Lt e cal oo v ke e ST

models. That is wodals that differ in purposs or in the type of problem !
to ba investigated. In the terms used by the working group these wers H

described as Models for Process Control and Models for Representing

R e T e, L W e o DR e s I~
St SRS i} e

Supprassive Effacta.

a, Models for Process Control.

L. " gl

(1) This term was used to describe models that might be usad either
for waapon system design trade-off purposes or perhaps for qualitative re- 1?

quiraments purposas.

ANty MaT A -

(2) Por sxample, it is possible that spacific design features of
wveapons or munitions could enhance their suppressive effact, If thare wers

reason to believe this and if such features could be added with neither

s

panalty in the lethal effects or added cost, there would, of course, be no

need for either model or analysis. However, the parversity of nature makes

it almost certain that, even if we knew how to design weapons with assurance

that their suppressive effect would be enhanced, we would face tradeoffs of
lethal effects or increases in cost.
(3) There is some svidence in or on the fringes of history

| that suggest that suppressiva effects may not be directly and tightly

VoD-13
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2 coupled with lethal effect. Further, there are some suggestions that ;

weapons with a high suppressive potential might yield greater benefit

A in some uses than more lethal weapons with lower suppression potential. ]

: (a) Cases of this that were cited as probable evidence from
; history included the steady increase in the use of White Phosphorous

f’ in final ;rotective fire during WW I1, This has generally been ex- ﬂ
' plained in terms of the suppresive benefits of the smoke and of an
apparentl; deep seated fear of burning. The Headlight round (a .50
caliber round used in B-17's that was modified so the tracer was highly

visible to the target) was also discussed. It was noted that some

people attribute the universal trend toward automatic rifles as an '

example. There is some reason to believe that automatic rifles will

PRS- "

in fact and predictably produce fewer casualties than aimed fire from

semiautomatic rifles. But there is also some evidence that units

armed with semiautomatic rifles are less 1ikely to engage when faced
, with automatic fire.

; {(b) It is clear in the literature that some people believe
that mixes of bomblets and mines or of instant and delayed fuzed
bomblets would have more total effect than would rounds that contain
only instant fuzes even though current models show these would have lower

expected lethal effect than the same weight of instant fuzed bomblets. :

(4) In the end, perhaps because the composition of the group /

: did not include weapon design engineers, there was an apparent con-

! sensus that there was 1ittle interest in models of process control.
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Even those members who tiought such models would be useful if available
did not see a clear path to their development. That is, neither further
review of history nor feasible peacetiuie experiments are likely to

produce a semiquantitative basis for relating particular design features

to specific enhancements of suppressive effect.

(5) 1If these views are correct then a model that purported to
be a process control model would, in the end, rest un assumptions that
connect cause and effect, and would not be different from models de-

signed solely to represent effects.

(6) If there {s management interes. in this class of problems,
they could be approached, in the absence of process control models, in
a more direct if judgmental manner. For example, a board could b2
created to review specific weapon design pronosals., If this board
judged the specific proposal would p:oduce some ephanced suppressive
effect a second board couid explore and render Ju&gment on whether the
benefit achieved from this would outweigh the penalty in lethal effects
or costs. I[f either board could hypothesize the éuppression =nhance-
ment in specific terms this could, of course, be %nvestigat&d in models
designed to represent effects. As CG TRADOC,GEN DePuy initiated the most
recent round of renewed interest in suppression through the SUPEX experiments.

His discussion with the group indicated his interest was to make sure that

the effects of suppression were not ignored.

VaD-15
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b. Models for Representing Effects.

(1) The group generally agreed that in addition to their
potential to kil) and damage, weapons do indeed have less direct effects
embodied in the working definition of suppression. Further, these effects
are generally too large to ignore and in many cases may be as,or more
important in combat than the damage producing effects. Because of this
and in spite of our limited historical or empirical knowledge, there was
general agreement that the effects should not be ignored in models of

combat.

(2) It was clear parcly from the briefings in the general
session and partly from the knowledge of members of Working Group IV
that the most detailed of the current family of combat models have an
elaborate and flexible representation of suppressive effects. Even
the analytical and rather abstract models can represent assumptions
aboLt suppressive effects. At the least, rates of target detection and of
fire are explicit or implicit inputs to most models and these can be
Judiciously chosen to represent whatever the user believes about

suppression.

(3) The present models seem able to represent the suppressive
effects of fire as these are described in both historical and empirical
sources. They do not, however, usually represent all of the potential

effects in thelir day-to-day use in various studies.

PR A
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(a) Generally speaking, the current Monte Carlo models 3

accumulate information over time about the number and type of rounds 3

_i, landing in the vicinity of combat elements. If the element is not
killed by the fire the models then associate a change in posture and/
or of activity of the element as the suppressive effect. In particular

; i R an eloment may disappear as a direct fire target and may simultaneously !

B LR I e - I

? : have reduced capability both as a detector of targets and in firing
; i . on them.
11
{ (b) In most such models the different types of arriving

| ' rounds have different weights or suppression indices. Similarly, to :

§ one degree or another, 1t is generally true that the suppressive effect

of close misses is greater than more distant ones.

(4) These are not the only "suppressive" effects that are or

' can be represented in current models.

(a) The working definition of suppression proposed in the

RO CARC JUL = SO T

i general session would include the effects of smoke and dust in so far

as they affect vision or coordination as “suppressive" effects. There i
is a large experimental program covering at least the vision related :
effects of smoke and dust. The present models are rapidly changing J

to exploit the results of this investigation.

T - e o o

(b) The group hypothesized and named several different

effects that might represent a subdivision of the broad phenomenon

into sub classes. These were classified into two different categories.

VD17
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1 Actions taken as a result of receiving fire.

a Flinching. A term used to describe a largely involuntary,
instantaneous reaction to the noise or flash of a round. Generally
believed to be of short duration this can nevertheless interfere with
immediate on going tasks such as aiming or controliing weapons. This

1s not usually represented as a separate phenomenon in combat models.

b Inhibiting. A term used to describe 4 more or less con-
scious and controlled action to reduce exposure to a risk from fire.
This term was used for actions such as taking cover or changing the

state of movement. To varying degrees present models represent this.

€ Neutralizing. This term was used to represent what
appears as a very long term psychological effect of fire. The prin-
cipal historical source for this 1s the final report of Operational
Resnarch Section 2. But there are other historical examples that
indicate it 1s a real phenomenon. It is not represented in current, small
unit combat models. The volume-duration dimensions of fire that occurs in
such models seldom, if ever, reaches the range in which this phenomenon

seems to occur.,

d Interfering. This term was used to represent effects where,
independent of psychological state, the effects of the fire would make it
impossible to continue or perform some task. This subset would then in-
clude effects of smoke or dust. Current models do not usually incorporate

these effects in that part of the model called the "suppression" submodel.

V-D-18
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Actions taken in anticipation of fire.

a It seemed worthwhile to note that even though these are
not usually described as "suppressive" effects there are some influences
from the threat of fire that are at least implicitly represented in
current models. For example, the threat of fire influences the choice
of positions for elements in the scenario. It also influences the
timing of certain events in the sense that a unit may be instructed
not to occupy some position until after the preparatory fire phase.
On a larger scale it can result in limits on resupply or support
operations, for example, through a doctrine that permits supply operations
only at night. It is, at least partly, anticipation of fire that leads to
some equipment choices such as the APC and SP artillery.

b These effects are represented both in the input and output
to present models. For example, to the extent certain otherwise desir-
able fighting positions are not occupied, both casualty production and

casualty acceptance are affected in current models.

2. A purist might note that the difference between the two types of
model is superficial. The principal sources of quantitative data for
either class of models are the Final Report of ORS-2, a source that
under’ ies early US and present UK models, some work by Litton using
sources and data from Vietnam and the Series of SUPEX experiments at
COEC. As a general observation all of these indicate (or at least

do not conflict with the hypothesis) that, in the main, the suppressive
effect of a given round at a given distance 1s closely correlated with

1ts lethal potential., That is, considering the individual effects of

VD19
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single rounds, a round with greater potential for casualty production

also has greater suppressive potential. This may not be universally

true and, as noted, there are some examples of probable exceptions. This
relation between lethal and suppressive effect might be perfectly adequate
as in present models to capture most of the effect of suppression. But so
long as the exceptions remain unexplored and unexplained, it would be wrong
to use the results of these for detailed weapon design purposes. It coula

be equally wrong, without intervening judgment, to use the results of these

models for choice of tactics.

3. Generally speaking, the working group had no specific suggestions

for modifying the basic structure of the best of the current combat
models.

a. In every area where there is 4 modicum of data the models can

and do use it.

b. In areas where there is nearly complete absence of data the
models can accept Judgmental inputs. Among such areas, it can be noted
that wide differences exist in the 1iterature and in present models or 1n
their application about the rate of recovery from the flinching and
1nh1b1t1n§ subclasses of suppression. Nor is it clear that present models
distinguish between “flinching" and "inhibiting" effects if, indeed, there
is a difference. It can also be noted that wide differences exist about
suppression effects on the crews of armored vehicles and artiilery units.

None of the three basic sources of data deal very directly with armored and

VD=20

S

e Rl ST Dot kit e w2 ik

e AR i Tt al L sthaiel T2 £




artillery units. It can be shown that the computed results from the present ﬂ
X . models depend as much on assumptions about the duration of suppression as

they do on the probability that it occurs.

c. It might be possible to narrow these differences either by
bureaucratic fiat or by emerging consensus. But, in the main, it is
i very clear that most differences in the modeling of suppression rest on
| a quite real difference of opinion about the effects. Since that
difference exists 1t is probably more useful to insist that the particular

; treatment of suppression be a mandatory part of study reports than {1t would

be to impose a single standard approach to this problem.
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E. Group V:

Membars:

Suppresaion/Countersuppression Combat and Training Developments

Mr. Murphy, SAl - Croup Leador

Major Graham, Infantry School

Major Money, Fort Rucker

Captain Cunderson, AMSAA

Lieutenant Colonel Bacon, TSM Smoke

Colonel Quinlan, TRADOC/USAFAS Representative
Major Johnston, Fort Bliss

Major Kalla, AMSAA

In order to focus its effort Group V had the following goals and

questions/iswues:
1. Goals!
a. Pzioritize on-going developments

2.

b.

Recommend high pay-off areas

Questions/Issues:

B
b,
Co

dl

What combat activities are most easily suppressed?
What combat activities offer best pay-off for suppression?
How do we become less suppressible? (tacties, material, trainimg)

How do we become better suppressors? (tactics, techniques,
nunitions, weapona)
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DISCUSSION: !'

examining what it means to 'suppress.' Suppression is one of the things we
do to defeat the enamy. In order of incresasing severity we do tha following: ]
disrupt, suppiess, neutralize, destroy. i

harder

chemical warfare/emoke environment,

QUESTIONS/ISSUES:

What combat activities are most easily suppressed?

What combat activities offer best pay-off for suppreassion?

How do

The Group V Report 1

The definition of suppression may be adequate but the group is still

Exsphueis should be placed on the training of our troops to make them
to supprass and to make them better suppressors, particularly in a

exposed personnel

soft equipment

Lo e

vulnerable equipment + lack of training = sasily suppressed target

focus on front line unita/activities

tineliness

armor, observation, C&C, fire support, ADA

we become less suppressible?

L e e T TRk il B o e R

position/equipment hardening

shoot and scoot

training/an understanding of deception

laser considerations :

vwe become bettar suppreasors?

-SSR LY

better, more realistic training
timaliness
sxanine munition mixes, e.g., FASCAM + ICM

traiaing (combinad arms, in degraded enviromment)

e Imd SR G T

SBEAD: integrate efforts of USAF and Arny air and ground assets
Valia2 ;
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GOALS:
Prioritize ongoing developments:

- CERS - FASCAM*
BUSHMASTER - IFV/CRV
IMPROVED SMOKE* - DAD-C>

FIREFINDER

*

=~ Priority

Recommended high pay~off areas

- naneuver

-c3

~ Fire Support

i
H
]
- RPV - HELFIRE ’
~ TACFIRE/BCS - ARTY PIP'S*
- ARP - SINCGARS . .

COPPERKHEAD -OTHERS?
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SUMMARY

"Suppression’ requires definition and clarification through

measurement. The time dimension is important.

Training offers leverage in improving our capability to suppress

and to become less suppressable.

Appropriate munitions mixes have not been determined, nor are the
implications of swoke and other forms of observation available for consider-

ation by combat developers.

The dimension of suppression should be considered along with
lethality in prioritizing hardware under combat development. Whila the
priority may not change, the mix, doctrine, and tactice of systems will be
influenced when this is placed into perspective. BEmphasis should be on

product improvements for the current time frame.
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SECTION VI - ADDITIONAL MATERIAL

The articles in this section were submitted for consideration at the Firo
Suppression Symposium, but only one article was submitted in a sufficlent
quantity to allow each participant to receive a copy; therefore, the

seven articles are inclosed here for future consideration in studying the
supprassive effects of fires on the battlefield, The titles of the articles
and the names of their authors appear below.

Appendix A

Appendix B
Appendix C

Appendix D
Appendix E

Appendix F

Appendix G

A Further Look at the Prediction of Weapons Effectiveness
in Suppressive Fire by Albert L. Kubala and William
L. Warnick (ARI)

Executive Summary of SUPEX TI1T1B Final Report (USACDEC)
Indirect Fire Suppression Model by Phillip M, Allen (AM3AA)

Review and Evaluation of Current Suppression Models With
Proposal for Interim Model by Phillip M. Allen (AMSAA)

Suppresasive Effects of Artillery Fire by F,W. Niedenfuhr
(MITRE Corporation for DARCOM)

Toward a Theory of Suppression by HERO Staff (Historical
Evaluation and Research Organization, a subsidiary of
T.N. Dupuy Assoclates)

Weapons Effectiveness and Suppressive Fire by George
M. Gividen (ARI)
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FOREWORD

The Fort Hood Field Unit of the Army Research Institute for the
Behavioral and Social Sciences (ARI) provides support to Headquarters,
TCATA (TRADOC Combined Arms Test Activity; formerly called MASSTER-~
Modern Army Selected Systems Test Fvaluation and Review). This support

is provided by assessing human performance aspects in field evaluations
of man/weapons systems.

A var using modern weapons systems is likely to be both intense and
short. US man/weapons systems must be effective enough, immediately, to
offset greater numbers of an enemy. Cost-effective procurement of
improved or new combat systems requires testing that includes evaluation
of the systems in operational settings similar to those in which the
systems are intended to be used, with troopas representative of those who
would be using the aystems in combat. Thae doctrine, tactics, and train-
ing packages associated with the systems being evaluated must themselves
alac be tested and refined as necessary.

This report presents the results of an investigation originally

.deaigned to determine what aspects of the auditory signatures of passing

projectiles are perceived as making the projectiles dangerous, resulting
in suppressed behaviors. The report presents a review of the relsvant

literature, and examines kinetic energy as the primary physical property
of projectiles that affect behavior.

ARI research in this area is conducted as an in-house effort, and
as joint efforts with organizations possessing unique capabilitiea for
human factors research. The research described in this report was done
by personnel of the Human Resources Research Organization (HumRRO),
under contract DAHC19-75-C-0025, monitored by personnal from the ARI
Fort Hood Field Unit, This research is responsive to the special re-
quirements of TCATA and the objectives of RDTE Project 2Q763743A775,
"Human Performance in Field Assessment," FY 1978 Work Program.
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! A FURTHER LOOK AT THE PREDICTION OF WEAPONS EFFECTIVENESS IN SUPPRESSIVE
") FIRE

E BRIEF

T

Requirement:

a2

The work carried out in this study is that referred to in paragraph
2,2,23 of the Statement of Work dated 16 May 1977 under the title of
"Suppression Research.'" The objectives of this effort were:

fire suppression by small arms.

'To determine from information available what aspects of the
acoustic signatures of projectiles contribute to their beling
percelved as dangarous and result in suppressed behaviors.

E
|
To provide a review of the literature published since 1970 on t
|
!
\

vy, P iSSP M
®

Procedura: i

PP P

A field study conducted in the early 1970s produced a paychological
rating of "perceived dangerousness" of a series of small arms fire
events. A behaviorally anchored Suppression Index (SI) was also derived .
from a similar eet of small arms fire aevents. It was concluded that the 1
paychological scales were based almost solely on the subjecte's reac-
tions to the noisas of the passing projectiles. However, no data on the S
acoustic signatures of the projectiles were obtained at that time. This
effort was initiated as a literature review to determine whether data un
acoustic signatures of the weapons employed were avuailable, and if so, I
wiether any asepect(s) of these signatures could be employed to "predict' .
K the psychological scales, A review of the general literature on sup- !
. pression was also conducted. '

_

Principal Findings: i

® Data on the acoustic signatures of projectiles down range

from the weapon are extremely limited, and are not complete . : |
enough to be of any value in determining the relationship i :
between signatures and the psychologlically-derived Suppression i
Index and perceived dangerousness ratings. .
. Kinetic energy, which is believed to be closely related to the ;
: perceived loudness of passing projectiles, appears to account

for nearly 1002 of the variance between weapons on both tha
Suppression Index and the percelved dangerousness ratings.
Further research is needed to validate the findings relative
to kinetic energy, and to better establish the mathematical b
relationship between miss distance, rate of flre, and paycho-
logical scales such as the Suppression Index.
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Utilization of Findings:
Operations research analysts in attempting to play suppression in ,
combat modals have had to rely om intuition and fragmentary descriptions F
of behavior under fire to develop their models. As a result, the han~

The results of the

dling of suppression has been highly variable.
snalysis in this ressarch should provide them with another tool to help

refine computer models involving suppression play.
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Chapter 1
BACKGROUND

It has long been believed that most weapons, in addition to theilr
casualty-producing capabilities, also have incapacitating psychological
effects which may inaccurately reflect t?e ag:gaé threat. Earlier works
dealing with these paychological effects 22,8,4:% ynvoked the concept of
fear. Essentially, all of these efforts were directed toward finding
out which weapons were most feared by the respondents., Subjects queried
included American, British, German, North Korean, and Communist Chinese
soldiers. While these works did demonstrate that fear of a weapon and
its casualty-producing capability were not perfectly corrslated, only
winimal information was obtained 03 the reasons for the observed dis-
crepancies. Furthermore, as Terry” pointed out, the data obtained were
strictly ordinal in nature with the scales typically ranging from most
feared to least feared. In addition, the affects on the actual behavior
of the individuals queried wera not determined. In other words, it
could not be determined whether these statead fears had any effect on the
conduct or the outcome of a battle. Therefore, these sarlier data are
useful only as an aid in the formulation of hypotheses,

One of the behavioral results expected from fear of enemy weapons
is tha phenomenon called "suppreasion."” The term suppression has long
been a part of the Army's vocabulary. However, attempts to arrive at a
precise definition have proven elusive.’ Virtually all definitions of

1J. Dollard. Fear in Battle, The Institute of Human Relations,
Yale University, New Haven, Connecticut, 1943,

aH. Goldhamer, A. L. Gaorge, and E, W, Schnitzer. Studies of
Prigoner-of-War Opinions on Weapons Effectiveness (Korea) (U), RM~733,
Rand Corporation, Santa Monica, California, December 1931.

5. A. Kahn. 4 Preliminary Investigation of Chinese and North
Korean Soldier Reaotions to UN Weapone in the Korean War, ORO-T-14
(FEC), Johns Hopkine University, 1952,

L. A, Kahn, 4 Study of Ineffeotive Soldier Performance Umder
Fire in Korea, ORO-T-62 (AFFE), Johns Hopkine University, 1954,

5s. A, Stouffer, et al. The American Soldier: Combat and Its
Aftermath, Vol II, Princeton, New Jersey: Irinceton, University
Press, 1949.

%R. . Terry, Toward a Peychological Index of Weapone Effeotive-
nege., Part I: Fiald Studies, Technical Report 1419-5, University of
Oklahoma Research Institute, Norman, December 1964,

7L. A. Huggine, Jr. "A Simplified Model for the Suppressive Effacte

of Small Arms Fire," Masters Thesis, Naval Postgraduate School, Montercy,
CallTornla, September 1971,
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suppression attempt to relate the volume of fire of one force to a
d.gradatiog of performance of the opposing force. Tor example, Winter
and Clovis® define suppreusion as "..,.the causing of human reactions
that reduce individual (unit) efficiency to fire, observe, and move,"
A Combat Developments Experimentation Command (CDEC) report9 states that
the TRADOC definition 1s "the degradation of specified combat activity
for a particular period of time." According to Kinney,!? "suppression
is a short-term transient degradation in the combat performance of
infantrymen. It is produzed by their behavioral response to the le~
thality potential (risk) of impacting weapons that do not incapacitate
them." The Ad Hoc Group on Fire Suppression!! gtates that suppression

Ty

++.8 process which causes temporary changes in
performance capabilities of the suppressee from
those expected when functioning in an environment
which he knows to be passive., These changes are
caused by signals from delivered fire or the threat
of delivered fire, and they result from behaviors
that are intended to lessen risk to the suppressee.

Numerous other definitions have been given in the literature, but all of
those located were very similar to the preceding examples. All of the
definitions imply that suppression 1s temporary, i.e., it is not a
result of physical incapacitation due to injury or death. They also
imply that some aspect of performance must be adversely affected before
a force or an individual can be said to be suppressed. The performances
most {requently mentioned are those of observation, returning fire, and
maneuvering. - However, a broader view was taken by the Ad Hoe Group.

8R. P. Winter and E. R. Clovis. Relationghip of Supporting Weapon
Syeteme Performance Charactrovictics to Suppreseion of Imdividuale and
Small Unita, TR 73/002, Defense Sciences lLaboratories, Mellonics Systems
Development Division, Litton Systems, Iuc., Sunnyvale, California,
January 1973,

9Project Team II, US Army Combat Developments Experimentation Com-
mand, and Braddock, Dunn, and McDonald Scientific Support Laboratory,
Fort Oxd, California. Dispersion Against Concealed Targets (DACTS),
USACDEC Fxperiment FC 023, Final Report, July 1975.

1o D. G. Kiuney. Suppression Analysis Technique (U), unclassified
veraion of paper presented to 33 MORS, Weapons Planning Group, Naval
Weapons Center, China Lake, California, undated.

IIUS Department of the Army, Office of the Deputy Chief of Staff

For Research, Development, and Acquisition, Washington, D.C. Heport
of the Army Scientific Advigory Panel Ad Hoc (roup on Fire Suppreseion,
ODCSRDA Form 11, 7 July 1975,
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For example, they spoke of the guppression of command and control acti-
vities through electronic warfare. Obvicualy, loss of communications 1is
likely to degrade performance in other areas, especially maneuvering.
However, most other writers appear to take a narrower view and consider
the degraded performance to be a direct result of behaviors resulting
from fear of incapacitation.

It should be noted that the contemporary definitions of suppressicn
attempt to deal with observables, 1i,e., behaviors, while the earlier
works relied on a purely mental concept of fear. Tt should also be
noted that these behavioral definitions objectively permit anchoring the
ends of any suppression scale. 1If no decrement in performance can be
observed (regardless of what individual members of a force may state
about the intensity of their fears), suppression is rated zero. If all
observable behavior is devoted solely to the minimizing of personal
visk, suppression is said to be complete or 100%. In other words, if
the fire intensity is such that an individual devotes his total effort
to seeking greater cover, he is totally suppressed. Increases in fire
power beyond this intensity cannot therefore increase suppression.
Despite these objectively defined end points, the measursment of the
degree of suppression along the scale has proven to be difficult and
controversial, For example, given a known level of fire, is it possible
to relate the degree of suppression of a force with extremely limited
mobility, but with the ability to observe the enemy and return fire, to
that of a force with the ability to observe and maneuver, but with a
limited capability of returning fire? Most likely, in either case the
ability to observe the enemy will be the last functlon suppressed.
However, the absolute or even the relative importatice of each of these
functions is difficult to establish. Furthermore, the degree of sup-
pression is also dependent upon the mission, If he is adequately pro=-
tected and concealed, a socldier observing enemy movement may be hardly
suppressed by enemy machinegun five., Under the same conditions, the
soldier whose mission is to advance on the enemy might well be totally
suppressed. )

It can be plausibly argued that at any given time, suppression is
either total or nonexistent. For example, assume that an infantryman is
in a foxhole observing the enemy and firing as enemy personnel reveal
themselves, Movement at this time i1s not a part of his mission.
Further assume that machinegun fire suddenly begins to rake the area.
The soldier will undoubtedly duck into his foxhole and abandon attempts
to observe, return fire, or move. That is, he will be completely sup-
pressed, However, shortly after the machinegun fire ceases, he will
again observe and fire on the enemy. In this sequence of events, the
soldier will go from being virtually unsupprecssed, to being totally
suppressed, to being virtually unsuppressed again., Although not ax-
plicitly stated as such, this line of thinking probably lad the CDEC
team!2 to view suppression as the percentage of time an individual was

JgProject Team II, op. oit.
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unable to perform a specific assigned duty during a given period of
time. If one 18 willing to assume that suppression is always efther
near 0 or near 100%, the "percent time suppressed” 1s a very reasonable
measure of the degree of suppression, Ae can he seen, attempts to

define, much less measure, the degree of suppression have been fraught
with problems.

In all of the literature located, the authors agreed that suppres-
sion was a "temporary" phenomenon, However, the meanings attached to
temporary were quite variable. Huggins,!® reported on a CDEC study in
which a target was said to be suppressed if two projectiles passed with-
in two meters of the target within an .04 minute time interval. The
duration of suppression was .06 minutes, but could be extended for .01
minute for each projectile that passed within two meters of the target
while it was suppressed. Translating this into seconds, the minimum
suppression time appears to be 3.6 seconds, which is incremented by .6
seconds for each additional round. Kinney§4 states that "suppression is
a short~-term transient degradation...," and defines "short-term" as
being "in the order of tens of seconds." The Ad Hoc Croup!9 points out
that most suppression models use constant durations with suppression
time running from 10 to 60 seconds. They question the use of these
short periods by noting that in the recent Mideast War, a ncon-kiliting
hit on the turret would cause a tank crew to stop activity for as much
as 8 to 10 minutes. Unfortunately, actual comhat data relating type and
intensity of fires, the range of individual behaviors, and the duration
of suppression are practically nonexistent. Therefore, the current
authors view these time estimates as merely '"best guesses." Most attempts
to determine the duration of suppression have been based on retrospective
interviews of combat-experienced personnel. Variatiens in combat situ-
ations such as the types and intensity of fires, the amount and kind of
protaction, the ralative size of the opposing forces, and the experiuvnce
and personalities of the individuals make it extremely difficult tc
systematically compare the recollections of different individvals.
Furthermore, the validity of retrospective data is always suspect,
particularly when any behaviors reported could reflect adversely on the
interviewee. Therefore, it 18 not surprising that the literature reports
great varisbility in the estimated duration of suppression,

To further complicate the issue, Investigators have stated that
suppression can be either "reasoned” or "unreasoned."’! Reasoned sup-
presaion is said to occur when an individual attempts to optimfze the
tradeoffs between his personal protectfon and the accomplishment of the
mission. 'Unreasoned suppression 1s said to ovccur when the risk-reduc-
tion behavior is far out of proportion to the actual threat. Unfortu-
nately, what seems reasoned to one may seem foulhardy to uanother, and

13Huggins. op. ett,
14 .
Kinney, op. cit,

15
US Department of the Army, op. «<it.

16 .
Winter and Clovis, op. erl,
1-4
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vice versa. As the Ad Hoc Group17 pointed out, '"reasoned performance"
in a given situation must be defined. How does the individual weigh his
personal survival against the importance of the mission? How does one
realistically assess personal risk? Can the reasonableness of perfor-
mance at any given time be evaluated in terms of percent casualties
experienced? These and other similar questions must be answered before
criteria for reasonableness can be determined. At first, it might seem
that an individual who performed as if suppressed while not under fire
wvas exhibiting "unreasoned performance." However, this is not neces-
sarily the case. Suggreesion can be divided into two categories--
reactive and threat. Reactive suppression results from being taken
under fire. Threat suppression occurs when there is a high probabili

of heing taken under fire (especially if protection 1s poor). Kinncyz
refers to this latter kind of suppression as “anticipatory" suppression.
He states that anticipatory suppression is based on a future risk, while
reactive suppreasion is based on a current risk.

Naylor20 implies that weapons designers need more information than
is supplied by definitiona of suppression alone. The weapons designer
needs to know the particular characteristics of a weapons system which
are associated with specific behavioral responses. The sarlier data
generally indicate the proportion of respondents who reported fear of
each of a particular set of weapons., Data on why the weapons ware
feared tends to be sparse. Naylor presents data from an earlisr study
indicating that such things as accuracy of fire, lack of warning,
rapldity of fire, noise, and a lack of defense ware typically stated as
reasona for fear of various weapons. Yet, inconsistencies exiated. For
example, noise was a frequently cited reason for fear of dive bombers.
However, noise did not appear to be a major factor in a fear of artil~
lery shelling. Naylor's thesis is that we know virtually nothing about
the separate or combined contributions of weapons charactorigtics in

terms of their effects on human behavior. In his point of view, the
problem is:

+..really one of assessing the effect of a par-~
ticular stimulus, which is occuring under a
particular set of circumstances or within a
particular environment, upon the behavior of an
individual or a group of individuals.

17y Department of the Army, op. cit.
T8 mbid.,

nginney, op. oit.

203, c. Naylor, et al. Proceedings of the Firat Symposium on

the Paychological Effecte of Non-Nuclear Weapons, Volume I, University
of Oklahoma Research Institute, Norman, April 29, 1964.
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Stated somewhat differently, we will be able to effectively assess the
psychological effects of weapons, or, to predict the responses to new
weapons systems only when we are able to quantify both the stimuli
associated with weapons and the responses obtained from use of these
veapons.,

At this juncture, it might be well to examine why it 1s so impor-
tant to predict the behavioral responses to the visual and auditory
signatures of weapuns, One reason, as Naylor pointed out, is that such
information might be useful in designing future weapons systems. How-
ever, it is also critical that we know what responses should be expected
to employment of existing weapons systems. Many decisions conceruning
the makeup and deployment of our armed forces are based on computer
simulations of hypothatical future engagements. The results obtained
are only as good as the input data and assumptions underlying the models
used. Obviously, Lf suppression does in fact exist, then it should be
played as part of the engagcment. However, as was pointed out earlier
in this discussion, attempts to model suppression heretofore have been
based on "beat guesses" of the modelers, The variability in how sup-
presgion is handled in the different models indicates an urgent need for
better data. Inaccurate modeling of suppressive effects can only lead
to less accurate decisions. Therefore, any data which improve the
modeling efforts should be extremely useful. This research was initi-
ated as an attempt to relate stimulus charactevistics of selected amall
armg to psychologicslly scaled values of indexes of suppression and
perceived dangerousness of each of these weapons. Hopefully, the re-
sults can be employed to improve combat models, and, as Naylor has
suggested, provide usaful information to weapons designers,

1-6
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Chapter 2
RESEARCH PROBLEM AND LITERATURE REVIEW

Research Problem

Introduction. Kushnick and Duffyz reported on a series of studies
aimed at relating the characteristics of small arms to their auppression
capability. In an effort to generate hypotheses, *hey completed an ax-
tensive review of the literature and conducted interviews with a large
number of combat veterans, They concluded that miss distance, caliber,
and rate of fire were the primary determinants of suppressive capabil-
ity. Based on their analyses of the literature and interview data, thaey
designed a seriles of experiments to verify their hypotheses. In one of
these studiss, observers were placed in a pit and given a scenario de-
scribing a hypothetical battle situation in which they were to imagine
they were involved., Small arms were then fired sver the pit from a
range of 150 meters. Varying lateral mies distances were employed.

Miss distance was controlled by aiming the weapons at a series of tar-
gets emplacdd on tha opposite side of the pit from the weapons. After
each sequence, observers were asked to select one of seven alternative
atatements which would best describe their behavior under these circum-

stances on an actual battlefield, These alternatives are shown in Table
2'10

These alternatives were later scaled in terms of the amount of
suppression each represents through the use of Delphi techniques. Thase
scaled values are shown in the second column of Table 2-1.

Following this, each respondent's reply to each situation was
asaigned the appropriate scale value, and the values were averaged
across respondents and conditions to develop a suppression index for

aach wveapon, The weapons and their scale Suppression Index (SI) values
are shown in Table 2-2,

In anothexr experimental study, data on perceived dangerousnsss of
live fire events werc obtained in the same physical environmeunt de-
scribed above., However, rather than a behavioral type scale such as was
used in developing the Suppression Index, dangerousnsss was rated on a
simple 7-point scale. The anchor points were "mo personal danger" and
"maximum dangerousness." It was concluded that the major factors
producing a perception of dangerousness are the loudness of passing

Is. A. Kushuick and J. 0. Duffy. The Identification of Objective
Ralationships Between Small Arme Pire Characteristics and Effectivensss
of Suppressive Fire, TR 72/002, Final Report, Mellonics Systems Devalop-
ment, Litton Industries, Suanyvale, California, 3 April 1972, (For a
less technical version, see G, M., Gividen, "Weapons Effectivetess and
Suppressive Fire," in Proceedings, 13th Annual US Army Oparations
Ressarch Symposium AORS XIIT, 29 Oct. ~ 1 Nov., 1974, Fort Lee, Virginia,
Vol Ir, pp 503-513. 2-1
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Table 2-1, Response Alternatives to Fire Events

Rasponse Alternative

Take cover as best I could, but
wouldn't be able to observe or
fire on the enemy at all,

Take cover as best I could and
would be able to observe the
enemy occasionally, but wouldn't
be able to fire at the enemy at
all,

Taka cover as best I could and
would be able to observe the
enenmy continuously but wouldn't
be sble to fire at the enemy at
all,

Take cover as best I could, and
would be able to observe the
erniewty occasionally and fire at
the enemy occasionally,

Take cover as best 1 could, and
would be able to cbsarve the
enemy continually and fire at
the snemy occasionally,

Take cover as best I could, but
would be able to observe the
enemy continually and place
continuous fire on the enemy.

Would continue doing what I had
been doing before the incoming
fire and wouldn't worry about
getting better cover.

Delphi Scale Valus

100

90

80

59

34

17
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rounds, the proximity of passing rounds, and the volume of fireu.2

Since the proximity of passing rounds and the rates of fire w re held
constant, it was concluded t .at the loudness of the passing rounds was
the primary determinant of differences in perceived dangerousness in the
experiment. Loudness was believed to be closely related to the kinetic
energy of the projectiles as they passed near the subjects. However,
the relationship between kinetic energy and perceived dangerousness
proved to be curvilinear, The tabled data, adapted from Kushnick and
Duffy, are shown in Table 2-3. From this result, it can be concluded
that either (a) kinetic energy is not linearly rclated to perceived
loudneas, or (b) other factors in the acoustic signature are at play in
deternining perceived dangerousness. It is interesting that the two
weapons which caused the curvilivnearity are those with the highest
(XM645 flechette) and lowest (.45 caliber) velocities. It is conceiv-
able that the frequency spectrum and duration of the sounds from thess
projectiles at the extremes of velocity may affect their perceived
dangerousness above and beyond the loudness component. However, Kush=-
nick and Duffy made no attempt to relate thase characteristics to per-
celved dangerousness, In fact, no data on projectile signatures were
obtained during the study. However, with interest in suppression still
high, it was felt that it would be useful to determine whether or not
other agpacts of the auditory signatures of the projectiles could be
employed to improve the prediction of perceived dangerousness. Thera-
fore, this effort was initiated to (a) determine what information on the
auditory signatures was available or could be made available, and (b) to
determine whether these data could be employed to improve the prediction
of the psychologically-derived measures by physical measures.

Approach., As originally conceived, this effort wae te be conductad
in two phases. The initial phase was to be an attempt to locate data on
the auditory signatures of the small arms projectiles employed in the
Kushnick and Duffy studies. However, it was also deecmed advisable to
accomplish an update review of the literature to determine if any rele-
vant work had been accomplished since the very complete review resported
by Kushnick and Duffy. A portion of the material reviewed was employsd
in the background discusslon in Chapter 1, Additional discussion of the
licerature will follow in the next major section of this chapter.

The second phase of the effort was to be an attempt to relate the
auditory signature data of the small arms projectiles to the peycho-
logically=-scaled values of suppression and perceived dangerousness. It
was determined that only available data on auditory signatures should be
used at thie time. An attempt to obtain new data was viewed as too
costly. The instrumentation required for obtaining accurate data on

2Another study was conducted to determine the suppressive effect of
the visual signatures of impacting rounds. While these signatures were
related to suppression, they dld not play a part in the experiments in
which the Suppression Index and the Perceived Dangerousness lndex were
derived.

2~




Table Z~2, Suppression Scale Scores

;' . Weapon Mean SI Standard Deviation
. XM19 29,82 23.41
M16 35,10 22.83
i AK47 36.44 24,84
; M60 43,27 23.72 .
f. Caliber .30 MC 60.99 30.77

S U it

Table 2~3, Relationship Between Kinetic Energy (KE)
and Perceived Dangerousness

et b e

Perceived Danger-

Projectile KE x 10~8 ousness Index

! Caliber .50 27.79 47

’ M60 3.63 41
. | AKA7 2,20 39 b
M16 1.33 37 ;
" Caliber .43 .93 . 27 1
F, XM64S .94 23
H P




auditory signatures is highly sophisticated (e.g., @ee Garinther and
Horelands), and simply not available. In addition, duplicating the
conditions under which Kushnick and Duff's subjects perceived the pase-
ing rounds would also be difficult. Therefore, it was felt that the
available data should first be analyzed. If these data showed signifi-
cant promise for predicting the pasychological scales, then a determina-
tion would be made as to the desirability of obtaining new and more
complate data on the auditory signatures,

Unfortunately, all of the data desired could not be located.

Nevertheless, some further analysie of Kushnick and Duffy's data seemed
warranted. The results of this analysis are presented in Chapter 3.

Discussion of the Literature

The primary source of the literature obtained was the Defense Docu-~
mentation Center (DDC). However, personnel at the Human Engineering
Laboratories (HEL), Test and Evaluation Command (TECOM), Picatinny
Arsenal, the Army Enviromnmental Hygiene Agency (AEHA), and the Ballistic
Research Laboratories (BRL) were also contacted in an effort to insure
completeness, The emphasis in the searches was on the more recent
literature; that is, literature published since the review by Kushnick
and Duffy. However, because of their perceived high relevance, a number
of documents referred to by Kushnick and Duffy were also obtained. An
attewpt was also made to limit the documents obtained to those which
dealt with the suppression of infantry units, and/or suppression re-
sulting from the use of small arms. A considerable portion of the
effort vas also invested in the search for auditory signature data of
small arms. The search in DDC was complicated by the inconsistency in
the use of key words, For example, there were over 40 entries for the
M16 rifle and associated equipment. While it was possible through
proper coding of entries to form some groups for the searches, ths
process was still quite tedious, For example, by use of proper input
codes, it was possible to retrieve information on all documente having
key words such as M-16, M-16 rifle, M~16 rifles, M-16 gun, and M-16
guns. However, separate searches had to be made for documents with key
words such as M 16 and M16., Also, in order to retrieve documents
related to suppression, a variety of key words such as suppression, fire
suppression, and weapons systems effectiveness had to be employed. All
in all, approximately 100 combinations of key words were employed in the
DDC searcheas.

The general literature on suppreseion can be divided into thres
broad categories. The older documents were primarily reports of inter~
view and/or questionnaire studies. The newsr documents dealt primarily

IO ey

36, R. Garinther and J. B. Moreland. Transduoenr Teohniques for
Measuring the Effeot of Small-Arma Noise on Hearing, Technical Memorandum
11-65, US Army Human Engineering lLaboratory, Aberdeen Proving Ground,
Maryland, July 1965.
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