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PREFACE

Tais Memorandum is part of a Rand study of the influence of air-
delivered munitions on ground-combat operations. %’$e puipose of E}gs
particular effort has been to deiine in analytic terms those relation-
ships that describe the performance of a well-led and well-disciplined
lnfantr;.company during a fire fight. The relationships presented
herel—among éasualties@ tronp suppression, and combat .pe-formance--
form a set of inputs to Rand's FAST-VAL 11 (forward air-strike evalua-
tion) model. , '

Unlike the primary effects 6f a combat eﬁgagement, i.e., casualtibs
and equipment losses, the secondéry effects described by these reléciona
ships are very subtle and difficult to qﬁantify. Tﬁe values we héQe N
determined, therefore, must be regarded as tentative and, in many'cases,
speculative. lﬁecause of the lack of available data or!relqvant refer-
ence materials, we have reljed heavily on the judgment arf exper;gnce
of Rand's military consultants throughout this study. ;

Although there exist almost no quantitative‘data to support our
findings in detail, the relationships derived here have appeared‘fo
be generally valid in the few cases in which results of simulations
of real-life combaé actions have been compared wi;h the reported re-
sults of those actions. (A compérison of simulation results with
actual combat reports of a fire fight at Khe Sanh, South Vietna@, iA -
1967, wiil be presented in a forthcoming Rand Memorandum in the FAST-

VAL series.)

While it must be emphasized that there is no universal agreement .
as tp the validdity of tﬁé paramefers we have defined, we feel that they
serve as a much-needed ﬁorking starting point. We shall continue to

seek new data and eva{hate the research results of others in order to

either add substafice fo présent judgments or identify needed changes

)

in the functiomnal relationships.
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SUMMARY
\

This Memorandum develops and deseribes a set of functions that are
part of the input to FAST-VAL II'aimulatian to determine ché‘outcome
of small-unit combattactions. The FAST-VAL:(forward aiﬁ-strike eval-
uation) model measures the influence of weapons on ground-combat actions
of regimental size or smaller, by dynamic two-sided simulations of engage-
ments. In order for these simulations to reflect the average performance
of individual combat troops, it is necessary to include as inputs not only
the primary effects of casualties and equipment losses but also the second-
ary effects of these factors, which are far more subtle and 6iff1cu1t to
quantify. . _

. The following basic functioﬁs are used to describe in analytical
terms the secondary effects of . air, artillery, mortar, and small—a;ms

fire on a company's ability to fire dnd maneuver:
LI

1. The break level--the point‘at which a unit (offens;ve or
defensive) can no longer pefform its mission during a fire
fight.

2. The stall level--the point at which an ;tCacking unit ceases
it; advance and .regroups before reinitiating its attack.

3. Comp;ny effectiveness-~the percentage of an infadtry company's

¢ initial riflemen that age committed and effective, expressed
as a function of the goﬁ%any's policy for committing reserves
and its cumulative casualties.
4, Weaponjgrew effectiveness—~-the influence of cumulative casu-
alties within weapon crews on their preplanned rate of fire.

5. Suppression of fire--the degradation of fire by riflemen and
weapon crews that occurs as a result of the noise, confusion,
and high casualty rate caused by incoming ordnance.

6. Movement rate--the mobility of‘units as influenced by cumulative
casualties and, for mounted units, by damage to personnel carriers.

7. Suppression of mobility--the degradation of a company's move-
ment rate that occurs as a result of the noise, confusion, and

high casualty rate caused by incoming ordnance.
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8. Hand~to-hand combat performance--the relationship of an at-
L .
tacking unit's effective fire to that of the defending unit

during hand-to-hand combat.

Each 3é'ihese funcrions represents a complex concept that must be de-
fineqﬁin the context in which it is being used. , This Memorandum, there-
fote,‘diacussi',éhe functions and the relationships among them as they
are applied in a FAST-VAL simulation. A brief descri’%iph is given of
the FAST-VAL model to indicate the overall framework for the discussion.
. The relationships developed in this Memorandum are necessarily
based on ggggggtlons in many instances, because neithe( quantitative '
data nor reference materials are cvailable on which to base calcula-
tions. These asgumptiona reflect the combat experience and judgment
of the military consultants who par;icipated'iﬁ deriving them; 1t is
not to be implied, however, that thére is universal agreement as to
the validity of these assumptions. Each assumption is discussed in
detail, and the resulting values determined for e;ch of the majdr com-
bat functions are ;étfented graphically. L . '
Detailed compurdtions uéeq to derive the percentage of a company's
surviving riflemen that are effective at various stages of a ground er-

gagement are presented in the Appendix to this Memorandum.
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GLOSSARY

.
Attacking infantry unit: Any infantry (or other) unit assigned an in-
fantry mission of deploying forward on an approach march or of attacking.

Break: Loss of a unit's ability to continue to perform its mission dur-
ing a fire fight (in FAST VAL, fire fights are assumed to last less
than 24 hr).

Break level: The level, measured in peroput casualties, at which a
unit can no longer perform its assigned mission.

Casualties: Any persons killed or wbunded in action (an example of
casualty criteria is the "assault, 5 min" standard of Ballistic Re-
‘search Laboratories, as defined in Ref 5)

Company effectiveness: The percentage of a company's initial riflemen
that are committed and effective at a given time.

Defending infantry unit: Any infantry (or other) unit assigned to
hold hasty or prepared defensive positions or to fight a delaying
action.

FAST-VAL: A system of computer models developed at Rand for forward o~
air-strike -evaluation, designed to ascertain the influence of air- AN
celivered weapons on ground combat actions. FAST-VAL can also be
used to examine the damage-producing capabilities of artillery, mor-
tars, and small arms, as well as the interactions of opposing forces
in the presence of combined enemy fires.

FAST-VAL II: A computer program designed to simulate dynamic two-sided
regimental or smaller-size combat engagements. FAST-VAL II supersedes
FAST-VAL I (see Ref. 10). A detailed description of FAST- VAL 11 will
be publishea in a forthcoming Rand Memorandum.

Pinal coordinatton ling: A line close to the enemy position at which
the 11fting and shifting of supporcing fires are coordinated, along
with the final deployment of maneuver elements prior to an assault

Ineffective individual: Any person who is not a casualty but is engaged
in activities othe; than his primary function, or is in some other
‘status that prevents him from accomplishing his missfon (firing his
own weapon, actiﬁg as a weapon créﬁman, or other support function).

/
Percent casualtiesi The ratio (expressed as a pprcentage) of the num-
ber of casualties tc the initial number of pensonnel.

Smali.armg: Rifles and machine guns.

/

Stzll: The cessation of an attacking infantry unjt's advance toward _4//
the enemy for some time interval, during whicﬁ he.unit regroups '
before reinitiating its attack. '

' ‘. |
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\\\\/ Stall level: vrhe level, measured in percent casualties, ﬁt which a N
unit stalls., (The stall lével does not apply in FAS?-VAL simulations
to any unit that crcsses the final coordination line.)

Suppressed individuals: All persons who, due to noise, concussion, orv
other effects of near misses, take cover or move quickly out of an
impact area and consequently momentarily abandon their missions.

- e~
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- I. INTRODUCTION

Providing air supﬁort for gtouuQ forces in combat‘is a2 major re-
sponsibility of the Air Force;_thetefore, there iz a cont}nuing need to
improve the bases for developiffg and evaluating tactics, techniques,
delivery methods, and munitionsuused for this purpose: One of the tools
that has deen developed at Raqd to assisppathe Alr Force in‘planningﬂfor
and executing its tactical support missiﬁ%&&s FAST-VAL, a mathematical
model for forward air-strike evaluation, which measures theiinfluence
,of‘air~de11yé%ed weapons on the outcome of small-unit ground-combat en-
gg;ements. ) <

In a FAST-VAL simulation, two deployed forces may exchange artillery
fire, mottar fire, and air strikes. At the same time, attacking rifle
xcompanies may advance and exch;nge rifle and machine-gun fire with de-
fending rifle éompanies. As simulated time advances, the first, or
priﬁary, effect of the exchange of fire is the production of personnel -
casualties and equipment losses. These casualties and 1933és not only
directly redu é"a unit's strength, they also have secbndéry efects;
i.e., they cgzse survivors to be diverted, leave them without léadegs,‘
and reduce the cohesion of the unit, thus degrading the unit's ability
to advance and to deliver fire.& Ih addition, incoming ordnance can cause

surviving personnel to be suppressed, that is, to seek cover or to’ take

evasive action dnd thereby further reduce their ability to perform their

L} .

mission.

' The FAST-VAL II model is structured to allow the user to express
these secondary effects of fire upon a unit's“performance. Secondary
effeété, however, are far more subtle and difficult to-quéﬁtify"than
are the primary effects (the expected numbers of casualties and equip-
ment losses).* Therefore, we hqye devéloped a set'of relationships

N

. *The FAST-VAL method(l) of computing expected or average target
damage inflicted by single or multiple weapons, considering delivdry
conditions such as ballistfc errors, aiming errors, and weapon pa?tern,
and target characteristics such as distribution, gize, and shape,*has
become one of the basic techniques used- by the Tri-Service Joint Muni-
tions Effectiveness Manual,{JMEM) Group. '
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among casualties, suppredsion. and unit performance, which are used as
fnputs in FAST>VAL Il and which permit the secondary effects to be ex-
pressed in\;n;lytical terms.

'Becausé there are no commonly accepted data on which to base these‘
relationships,.we have hadsto wake numerous assumptions. These assump-
tions reflect tﬁe experience and judgment of Rand's military consultants,
and the values we have calculateé using the assumptions appear reason-
able. However, it must be emphasized that these assumptions and rela-
tionships are subjecﬁive and will undoubtedly undergo nodificgtidn as
empirical data become available. .

Section II desc;ibes the ‘ground-combat engagement'as'ic 1s simu-
lated by FAST-VAL 11, showing how the relationships presented here are
erployed in the model. Section III describes ihe'relauionships between
a company's rate of' fire and its break level, stall 1¢§el, connitmént'
of reserves, cumulative casualties, and suppression during periods when
1ncoming ordnance causes noise, confusion, and a high casualty rate.
Section IV presents.the relationships between a unit's ground wobility
during the battle and its cumulative casualties, auppressibp,,aqd 18ss
of personnel carriers. Section V describes' the relationship of an at-
tacking unit's fire to that of the defender during hand-to-hand combat.
The Appendix gives the computations used to der’ve the percentage of
surviving riflemen that are committed and effective at various stages

of ground combat.
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II. FAST-VAL SIMULATIOMN OF A GRQUND ENGAGEMENT: THE EFFECTS
OF CASUALTIES AND SUPPRESSION ON PERFORMANCE

. : : " .
GENERAL OPERATIONAL FuUNCTIONS 3 ,

During an attack against a defending rifle company, the production
of small-arms (rifle and machinefgun) fire by the attacker dibendglon
both command Qction-and the number of riflemen that are effective-~that
is,ﬂneither incapacitatéd nor diverted from their jobs--at any gi?en

N point in the engagement. Prior to reaching the point at which the op-

‘ posing forces are fully engaged, commonly called cthe "final coordina-

’ : tion line," an advancing company may be hit with any combination of
air, artillery, mortar, and small-arms fire. If it sustains sufficient
damage, measured. as the percentage of troops who become casualties, the
aftacking company may stop to reorganize before proceeding with the at-
tack. The level of casualties at ;hich such a halt occurs we shall

’ call the '"stall level." | ) ' ‘ ‘ ]

If the fraction casualties exceeds some critical level, the compahy

may be forged or ordered to abandon the attack; at this point, the com-

3
4 pany is said to '"break.” _Should the attacking company pass the final
/ coordination line without gtalling or breaking, it staits its final .
. charge into the enemy pf fon and continues to fight until either the \\\
1 \\\\ position is taken or the actack loses its momentum and the attacker is i
H \\\forced to withdraw. In/the latter ¢ase, the attacking company breaks:

§-a cohesive unit, and the troops withdraw, in
ncoordinathd groups. ' v

A defending rifle company's small-arms fire productibﬁ is influenced
by.casualties and suppression‘in a manner similar to that of the attack-
§ - ing company. The defending company is subject to attack by air, artil-
lery, mortars, and small arms, and accrues casualties and equipment
losses. Since the defender is not/in.motion, there is no stall point,

but if hit hard enough {again measured in fraction casualties), the de-

fending company will break, being forced to make an uncoordinated with-

dr;wal.
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In a8 PAST-VAL oinulntion, the cngagemcﬁt is allowed to continue
‘unti1 aither the Qttac&er stalls or bresks or the defender breaks;

thus the ultimate victor is d#termincd.

FAST-VAL SIMULATION ‘

In a FAST-VAL simulation, a deployed unit is defined by gridding,
the battlefield into squares 100 ft on a side. Then, employing a rec-

thgular coordinate system, the numbers of riflemen, support personnel
and pieces of equipment contained in each occupied square are associated
with the coordinates of the center of the squave. The name of a rifle
company or battery to which the men and equipment in the square belong

O el e 3 e R T e G5 A et

is also specified.
Two distinct postures or vulnerability levels may be defined for ) §

the riflemen and two for the support persomnel. The first posture is ';
the upper, more exposed stance; the second, lower‘posture represents " ‘
the effect of suppression. The model user assocliates a fractional ef-
fictiency with each of tﬁc postures. Examples of postures typically.
used in simulations are the prone posit:ion, standing 1% foxholes, I
_trouching in foxholes, or in log bunkers.

Simulated time is advanced in steps of a user-defined time inter-
vnl.** During each interval, the model computes the casualty rate (frac-
tion casualties per minute) that the riflemen and auﬁpo;t personnel in
each square would have sustained had they been in their first posture.
This casualty rate is a function of the air-delivered weapons, artillery,

and mortars but not of rifle and machine-gun fire. If Juring 2 time

££tervll. ché casualty rate within a square exceeds some user-defined
rate, the men in the square will seek their second (suppressed) poscyég' ' C
and remain there during the succeeding time interval. Should the casualty

N e mon A e

* ——-

A simulation may contain several distinct engagements, each of
which may contain several attacking companies and several defending com- i
panies. An engagement continues until all the defending companies break .

or until all the attacking companies break or stall. ;
P T . g
A time interval of 4 min has generally been specified by Rand ;

users.




rate drop below that specified rate during the succeeding time interval,
the men in the square will return to their first posture. The effective-
ness of suppressed troops is equal to whatever fractional effectiveness
the user has associated with the second posture. TFor each time interval,
the model also records the fraction of the men in each rifle company cur-
rently in their second posture.

To incorporate the effect of cumulative casualties on the efficiency
of artillery, mortar, and machine-gun crews, the cumulative casualty frac-
tion of the support personnel in the square containing a particular weapon °
is assumed to tepreéent that of the entire crew. The model alsc continu-
ally records the expected percent of casualties suffered by each rifle
company. In addition, if an attacking company is spécified to advance
initially in personnel carriers, the model records the expected percent

]
of carrier losses for each company.

d Suppression and cumulative casualties are assumed to disrupt the
battle plans of the two opposing units.independently. These e¢ffects are
measured at and appiied to individual artillery and mertar tubes rather
than to the battery as a unit. The battle plans tor these weapons con-
sist of (1) a preplanned rate-of-fire table defining rates as a function
~of time and (2) a preplanned taré;ting table defiq;ngﬂarea targets and
the time intervals during which to fire upon the targets. During a sim-
ul:tion time interval, the actual rate of fire that.a wespon will achieve
agai(éiea target is the product of (i) the preplanned rate, (2) tha frac-
tional™effectiveness associated with the chrrent posture of the weapon-
crev members colocated with the weapbn, and (3) an input function ex-
pressing crew efficlency as a ﬁunétion of the fraction casualties suf-
fered by the support persoqﬁél colocated with the weapon.

For rifle companie?{ Lattle plans consist of assigning attacking
rifle companies tp quéct1ves——sets of defending rifle companies--defining
the time each atgzciing company is to begin to advance, setting rates of
fire for riflgs/aﬂd machine guns as functions of the distance separatidg
the opposiug/companies, and defining‘besic advan:ce rates.

Attééking companiékﬁbass through three distinct phases as they ad-
vaq;éﬁfoward their objectives, and a distinct basic rate, of advance ?F

e -
defined for each phafe. In the first phase, the opposing companies are
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said tov Lo 'mengaged; thaey neither deliver nor receive rifie and machine-
gun fire, However, both forces are subject to artillery and mortar fire
and air strikes. The model user may specify that attacking companies ad-
vance in personnel carriers during this phase.

The second phase begine when and if the aétackiug rifle company

reaches the "line of departure," an imaginary line located at a user-
defined distance from the defending companies. buring the second phase
the opposing companies are said to be semiengaged and may deliver and
receive rifle and machine-gun fire as well as artillery and mortar fire
and air strikes. The region within which companies are semiengaged is
normelly too deep for & single definition of rifle and machine-gun rates
of fire, so it may be divided into as many as four smaller regions.

The third phase begins when and if the attacking companies reach
the Einnl cocrdination line, again an imaginary line located at a user-
defined distance from the defending companies. _During the third phase
the forces are said to be fully engaged. The defender's machine guns
may continue to fire'during this phase, but those of the attacker may mot.
" (If a aachine gun 18 carried forward of the final coordinmation line and
fired from the "hip" or other rifle-like position, it 1s treated like a
rifle for this phase-of the.firo fight.) Both forces continﬁe to deliver
rifle fire. Normally, air strikeé, artillery, and mortar fire will have
shifted to alternate targets when the forces enter this phase.

When and i{f attacking coumpa.ies reach the objective, they are said
to be in the hand~to-hand phase. In this phase only the rifles are pre-
sumed to fire. No attempt 1s made to simulate ail the complexities of-
hand-to~haud combat. The input parameters for the rifles (rates of fiie
and expected casualties per bufst) are employed to approximate the re—
sulte of this phase. ' ,

As stated earlier, the battle plans of the rifle companies may be
disrupted by the effects of both suppression and cumulative casualties.
First, the user defines for each company the fraction casualties at which
the company will break. In a simulation, a company that reaches its break
level will cease to advance and will neither deliver nor receive rifle and
machine~gun fire. However, it may continue to suffer casualties from ar-
tillery, mortars, and air s&gikes. The break level defined for defending

companies is normally higher than that for attacking companies.
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§ Prior to the time that an attacking rifle company reaches its break
| level, its advance rate may dlso be degraded by suppression and cumula-

§ tive casualties. 7The actual rate of edvadce achieved by an attacking

3 company during a time interval is the product of the preplanned basic

g advance rate for the current phase of the attack and two input functions.
i The first function expressesqthe fraction of the basic advance rate the
M company may maintain, as a function of the fraction of the men in the u
company currently suppressed, i.e., in their second posture. The second
function expresses the fraction of the basic advance rate the company
may maintain, as a function of the fraction casualties suffered by the
company. During the fully engaged phase of an attack, the preplanned
advance iate is not degraded. TIf the user specifies that* the company

is tc advance in personnel carriers during its unengaged phase, he must

also define a basic rate of advance for the carrier and a function ex-
pressing the fraction 'of this advance rate that the company can maintain,
as & function of the fraction carrier losses. When the company advances
in personnel carriersg, its men are assumed to be only as vulnerable as
the carrier itself, and the suppressive effect of\éncoﬁing ordnance is
i ignored. . ‘ '
Should the input function expressing mobility as a function of cum-
ulative casualties drop to zero at‘some fraction casualties less than
the break level for an attacking company, the company stalls, ceasing
to deliver or receive rifle and machine-gun fi;g: The may define
the time interval required by the cohpany to reorganize prior to re-
; suming its attack. When the company rejumes its forward movement, its
abiliﬁy to move igs degraded as a funct1:;>oﬁ the casualties it has suf-
: fered since the time it stalled. o
The exchange of rifle and machine-gun fi;e is also 1nf1ﬁenced by
suppression and cumulative casualties. 'The actual rate of fire achieved
by the machiné guns of both sides during a time intervuil is the product
of (1) the preplanned rate for the current phase of the attack, (2) the

fractional effectiveness associated with the current posture of the

M A e PO e perae
2

weapon crews colocated with the weapon, and (3) the input function
expressing crew efficiency as a function of the fractional casualties

suffered by the support personnel colocated with the weapon. The latter

L >
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function is the same as that applied to the artillery and mortar crews

and is assumed to be identical for the attacker and the defendar.

The actual rate of fire achievad by riflemcn’during'a tine in-
terval is the product of (1) the preplanned rate for the current phase
of the Attack, (2) the fractional effectiveness associated vith the
current posture of the rifleman, and (3) an input function expressing .
the fraction of the surviving riflemen currently effective as a function
of the fraction casualties suffered by the company. The latter function,
which may be different for the attacker than for‘;he defender, implicitly

reflects .the uaer s assumpcions about the commitment of reserve riflemen

during an attack. During the fully engaged and hand~to-hand phases of
an attack, all surviving riflemen are’ assuned to have been committed,
and the disruptive effect of cumulative casualties is ignored.

Engagemﬁnta of regimental (brigade) and battalion size usually re-
solve into several smaller, independent but cofrellted fire fights, each
of which may have different objectives. In a regimental battle, for ex-
.ample, fire fights may be initiated on one flank and at the center to
hold the enemy in positiun while an end run is made at the other flank.
Or, at the other/eéxtreme, the enemz/position may be attacked by only one
coupany of a baéi;lion. ' ' ?

In a FAST-VAL engagement, the fire fights are simulated esimultane-

ously but independently. As mentioned before, a FAST-VAL engagement ends
oq}y when all the units committed on one side either break or stall. ("

‘Since fire -fights are of short duration (usually less than 24 hr), it
is assumed that all the survivors of a company that breaks are inef-
fective for the. reaainder of the fire fight. -

The cnpability of FAST-VAL to examine regimental, battalion, company,
and, on occasion, platoon-size fights has spotlighted the need for de
veloping criteria appropriate to the smallest operational unit to be \\\
considered. From the character of the fights that have been examined
with FAST-VAL to date, it appears that the company should be considered
as the basic operational unit. Much of the war-gaming and analysis ef-
fort of other studies has used the division, regiment, or battalion as
the base unit. These earlier efforts can now be used‘as a-point of

departure for estimates at the company level.
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II1. SECONDARY EFFECTS OF CASUALTIES AND SUPPRESSION ON . g
- !

RATES OF FIRE

Under coﬁbat conditions, surviving troops--i.e., those that have
not become casualties--are often diverted from kheir primary misgions,
or they become separated from their leaders and cannot contribute ef-
fectively to fheir unit's mission. For example, 1f a plg;oon leader's
radio operator becomes a casualty, the cohesion.of that platoon may be
seriously disrupted and not be restored until a new operator takes over
and regains contact with squads and supporting weapons. No clear guide
exists as to the degree of ineffectiveness among survivors that occurs -
at different casualty levels prior tu the time that a unit accomplishes
its objective, breaks, or stalls. As indicated in Section II, the pre-
planned rate of fire of riflemen and weapon crews must be adjusted to
provide for the fact that only a fraction of the surviving riflemen and
weapon crews fire duringca fire fight. Therefore, in this section we
shall examine the relationships Qmong company survivors and the fac-
tors that influence their rate of fire in' terms of the umit's break
level, stall level, cumulative casualties, commitwunt policy, and sup-
pression caused by incoming ordnance.

e ‘

THE ATTACKING RIFLE*GOMPANY

It has been suggested in earlier studies that most attacking bat-
talicas (more than 90 parcent) will break before the battalion sustains
20 percent casualtiea.(z) This 1s illustrated in Fig. 1 (the battalion
cuive is taken directly from Ref. 2). We heve derived the cdmpany curve
by analyzing the battalion components--rifle coxmpanies and battalion
headquarters and headquarters company--and allocating the fraction of
the casualties that each component might reasonably be expected to re-
ceive. Each of the three rifle companies was allocated an equal number
of casualties. Then at selected break-level points, the portion of

casualties allocated to ore rifle compiny was divided by the initial

- il a-ununnunnhun-in-nﬂIhiﬁIiIIHillﬁIIlI-;IIE----n-unn-u
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strength of the company to determine the percent oiicasualties corres-

ponding to cach selected point.* \\\

We have agsumed the following commitment policy: t the outset of
a battle, two of an attacking rifle company's platoons are\in contact
with the enemy, while the third platoon is in reserve. Thus\ about

one~third of the company would be excluded from the fight in the 1nitia1

kphase and would be, by definition, ineffective. We assume that chree
squads of two fire teams each initially make up tho reserve plato
As casualties mount along the line of contact, reserves are committed

to maintain the momentum of the attack until all resg;g7s have been

b k%
comaitted. The dashed curve in Fig. 2 reflects this dommitment policy\
i.e., that reserves ars committed in a manner that would produce the \

same expeotea or average effective company strength throughout the fire \

fight as would be accomplished by committing oﬂ’h one~forlone team basis \\

whenever a team equivelent is lost due to casualties or to troops becom-—
ing ineffective. Thus, at 18. S percent cumulative/gasualties for ex-
ample, all reservea are committed and the percentage of survivprs from

that poinp(tn is the same as would be experienced {f the entire attack-

ing company\were ccmmitted initially.
The percentage of surviving riflemen thgt are comm ‘tted® and effec-
tive, 1i.e., firing thhir weapons, expressed as a function oi cumulative
casualties is a required input to FAST-VAL simulations. The dashed line
of Fig. 2 represents the complement of this input cugrently being useo

in FAST-VAL simulations. *

It is assumed in a FAST-VAL simulation that from the instant an
attacking company reaches the final coordination line until the conclu-
sion of the fire fight, all survivors of both the attacking and defend-
ing unit are effective. That 1§T~once the attack reaches the final
coordination line, (1) all committed surviving troops not engaged in

- )

There is no universal aggreement on the break-level points. For
example, the Research Analysis Corporation has used levels of 40 per-
cent and 60 percent casualties for attacking and defending (infantry .

and armor) units, respectively. ——
N Kk ' '
A derivation of this curve is given in the Appendix. Thq actual
%nerefote,

relationship used is an inpzi:specified by the FAST-VAL user.
the user may compute a relatlonship that is based on whatever commitment
policy applies most appropriately to the battle situation being simulated.

o/
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‘their primary duty are assumed to return to that duty, and (2) all un-
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o

committed reserves are assumed to be committed to combat at this time.

We have assumed that company-sized infantry units will break when'
they suffer 30 percent casualties. Also, secondary effects tend to be
multiplicative as they accumulate; the overall combat effectiveness of
the unit tends to deteriorate slowly at first, and then at some crossover
point it deteriorates more rapidly than the proportionate increase in
the number killed and incapacitated. fhe s80lid curve in Fig. 2 was
developed on a judgmental basis, incorporating the concept of an ever-
increasing rate of ineffective survivors until the cumulative company
cagsualties reach the 30 perceﬁt level, at which time 100 percent of the’
survivors become ineffective and all of the company's small arms and
machine guns cease firing. \

Although the break level of 30 percent casualties applies to the
entite infantry company, the relatiopship in Fig. 2 is applied only to
the’ riflemgn,in %}EQET—VAL simulation. This.relationship estlmates the
loss of the cagacity of the company's rifleqeh ‘to deliver fire due to
the secondary e cts of cumulative casualtLes.~ As an example, suppose
that 20 percemf? ‘the 1ﬁantry company, including riflemen and machine-
gun crewmen, are casualties. Then 80 percent of the original company
are/qurvivors, and, from Fig. 2, 74 percent of the survivors are actu-
ally effective. Thus only 59.2 percent of the original company strength
is effective; that is, no more than 59.2 percent of the riflee with whi&h
the attﬁeying company started will be'employed vhen the cumulative com-
pany casuslties equal 20 percent of the compan®'s {nitial strength.

Machine-gun crews are tredted separately ftom*}ﬁflemen in this anal-
ysis. The degradation of machine-gun-crew-effectiveness and its re-

l1ationship to cumulative company casualties are discussed on'p. 18.
, - .

THE DEFENDING RIFLE COMPANY

>

The relat nnhip between cumulative casualties and the probability?

of breaking is sh for a defending i ntry bat:alion and company in‘x
“in Pig 1. the battalign curve is taken from Ref. 2; the

ig. 3.
EEmpany curve "has been derived in the same manner as was the artacking-

pompgny curve of Fig. 1. From Fig. 3, the break level for a defending
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company (which is assumed to be well led, well trained, and possessing.
a tolerance for the stress of battle*) will be 50 percent casualties.
That is, when the cumulative company canu31;}§§ have recached 50 percent,
the compady loses its ability to hold Hasty o?zprepared defensive posi-
tions or to fight a delaying action. As 1n.the case of an attacking
infantry company, the effects of casualties become multiplicative as .
casualties accumulate. '

The relationship between csghlative casualties and the ineffec-
tiveness of surviving riflemen is shown for a defending company in
Fig. 4. The curves in this figure were also derived intuitively, be-
caugse of the unavailability of relevant data.

The solid curve in Fig. &4 represeniy the case in which the entire
defending company:is committed to battle initially. This curve shows

a monotonically increaéing percentage of ineffective survivors with

increasing casualties, the rate of increase becoming greater and greater,

as indicated by the upward slope. In actual combat, however, a company's
platoons usually become engaged at different times, rather than sil at
oncé. Therefore, ;n a FAST-VAL simulation, company combat actions aré
usually assumed 1nltially to involve only two of a company's three
platoons. The reserve troops are then committed to replace casualties
along the line of contact, thereby stabilizing the company's defensive
po-ture. This commi tment policy produces the relationship between ‘
cumulative casuaalties and ineffectiveness shown by the dashed curve in
rig. 4.** :

All reserves are committed when the defending company suffers 24.8
peréent cumulative casualties; beyond that level, the solid and dashed
curves are the same., At the 50 percent level, the company breaks and
100 percent of the surviving riflemen are ineffective, The degradation
of effectiveness of machine-gun crews is discussed later, on p. 18.

At this point we would Iike to make some comments about the general
nature of the curves of Figs. 11through 4 and the natural phenomena that
they represent. If the ordinate of these curves is interpreted as a

probability rather than a percentage, each curve is an approximarion

*
This assumptior is implicit for both attacking and defending in-
fantry companies in the selection of their‘break levels.

*k :
The derivation of this curve is discussed in the Appendix.
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of a statistical cumulative distribution. The percentage of casualiies
cannot be less than O or greater than 100. Since it is theoretically
pousible that a company could fight to the last man before breaking,
the solid curves in the figures should extend from 0 tc 100 percent

cumulative casualties, with the probability increasing from 0 to 1.

The curves would then tend to be S-shaped, with the same general shape,
but having tails at esach end--one close to 0 probabillity at the onset

of battle, and one close to a probability of 1 as company casualties
approach 100 percent. But because unjits are rarely permnitted to suf-
fer casualties close to 100 percent, the S curve is truncated long
before it approaches 100 percent. The curves in Figs. 1 through 4
reflect this behavior and form the basis for the relationships presented

R (4
here.

STALLED INFANTRY COMPANIES

We have defined the stall level for an attacking infantry company
qhaé has not reached the final coordination iine as 23 percent cumula~
" tive casualties. At this point, the company's reserves have all been
allocated, and less than 50 percent oflfhe company's initial number of
riflemen are effective. Ip a FAST-VAL simulation, if an attacking com-
pany reaches the stall level, it ceases its small-arms fire,* stops its
forward movement, regroups, and prepares for a later reinitiation of the
attack. While stalled, the company does not receive enemy small-arms
fire but 1s subject to artillery, mortars, apg air stg}kes. In most
simulations, a stalled company makes no further contributions to the
fire fight; however, if the battle lasts long enough, it is péssible
to reactivate a stalled company as though it were a new but smaller
company, starting from ‘the position at which it origimally stalled.
We have assumed that once a company rea:hes the stall level, it no longer
makes any effective cdntribution to the battle for at least séme mini~
mum timg interval.** At the conclusion of the 60-min period, if the

company 1is reactivated, its new strength is considered equal to the

* .

In this study, small arms include machine guns and rifles.
*k 3
The time interval required by the company to reorganize i3 an
input specified by the FAST-VAL user. 1un FAST-VAL simulations at Rand,

a time interval of 60 min has been used.




originai strength less the casualties suffered from the ouset of the
battle thirough the regrouping period. The dashed curve of Fig. 2 can
be used for the 'new'" company thereafter, as though the company casu-

alties were set. tc zero at che‘time the attack is reinitiated.

ARTILLERY, MORTAR, AND MACHINE-GUN UNITS

1

'Iq FAST~VAL, supporting’artillery batteries and mortar sections
are considered as separate entities, independent of a supported infantry
campaﬁy'a state of effectiveness. An artiligry battery or supporting
mortay section may be effective and continue to fire against the enemy
evan. though one or more of the companies it is supporting are no longer
effecfive. Conversely, an infantry company may be active, either attaék—
ing or defending, while its artillery and mortar sections may sufferﬁ
heavy casualties or equiphent damage and become ineffective. ,

In FAST-VAL, each machine gun assigned or attached to a designated
infantry company is treated somewhat~indepehdent1y. As long as the in-
fantry company to which it belongs is active, the machine-gun unit may
or may not be active. One machine gun attached to an infantry company
may become ineffective due to casualties or eguipment damage, while the
remainder of the company, the riflemen, and the other machine-gun units
assigned to it are stiil effective.
' FAST-VAL computes the degradation of artillery, mortar, and machipe—
gun units due to équipment damage. This degradation is a primary effect;
the technique for making this computation is described in an earlier
FAST-V‘! Memo:andum.(l)
performance of the crews of the artillery pieces, mortars, and machine

The secondary effects--the degradation of the

guns withiu each 100-ft square-—are presented in Fig. 5.* There are
two major differences between Fig. 5 and the earlier figures. First,
eifectiveness 1ls plotted as the ordinate. Second, the calculation is
a step function.

FAST~VAL considers primary and secondary effects independently.
For example, if elements of an artillery battery within a 100-ft square

suffer 25 percent crew casualties and have expected equipment damage of

*
This curve is described in Ref. 2.
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50 percent, then the artillery pileces within the square fire at 40
percent* of the rate specified in their battle plan. A similar com-
‘putation is made for machine guns and mortar pieces in each 100-ft
square. Further degradation can result from suppression of weapon
crews due to incoming explosive ordnance, as explained below.

.

SUPPRESSION DUE TO EXPLOSIVE ORDNANCE

Another significant secondary effect, in additidn to performance
degradation resulting from casualties and equipment losses, is the
éuppression of troop actibiﬁy caused by noise and concussion. That 1is,
a near missaor the exp1051on of several rounds very close at hand is

likely to roops to take cover or move quickly out of the impact

) area, mo abandonlng their missions.

Th position that riflemen and weapon crewmen occupy in
'actual combat--e.g., lylng prone, standing in open foxholes, crouching
in open foxholes, f}ghting from covered foxholes of ganérs——undoubtedly
influences their reactions. to incoming rounds or air strikes. Troops-

in the open might instantly seek cover from fise that would not be re-

3

garded as threatening by men in foxholes or gun pits. S
In FAST-VAL simulations, the user decides which postures would be

most appropriate to»ﬁﬂé action being simulated and may then'assién'tWO

postures for riflemen and two for support personnel and weapon crews.

The two sets of postures need not be the same.

- .
From Fig. 5, 25 percent cumulative battery casualties corresponds

to B0 percent effectiveness. Fifty percent of the artillery pieces are.
undamaged, and therefore 0.80 x 0.50 = 40 percent of the artillery pieces
are effective. Two-fifths of the artillery pieces firing at battle-plan
rate produce the same rate of fire as do all pileces firing at two~fifths
the battle-plan rate. The careful reader will detect a subtlety over-
looked by this FAST~VAL procedure. Battalion rates of fire are almost
always limited by "available supply rates” of ammunition, which are gen-
erally lower than the theoretical sustained rates of fire. Therefore,
it might be feasible for a unit to sustain casualties and at the same
time to maintain a battle-plan rateée of fire without degradation until
the casualties lower the theoretical rate below the battle-plan rate.
After this crossover point, the degraded theoretical rate would apply.
A change i{\f?e FAST-VAL II model to modify this procedure is being
considered. 1

\
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The decision of whether to seek cover or continue the assigned
migsion is based on involuntary and 163tantaneoua evaluation of the
probability of survival. We have concluded, cn thesbasis of the ex-
perience and judgment of military consultants, thaf weapon fire ade-
quate to inflict approximately 1 percenﬁ* casualties per min on troops
in their upper posture will cause those troops to adopt their lower,
less vulnerable posture. The casualty rate that causes troops to take
their lower posture 'is an input variable, and values other than l>per~
cent may be used in FAST-VAL simulaiions.

Obviously, considernbly more firepower is required to suppress
troops in covered foxholes than for troops thé? are prone and in the
open. We have asgumed-that 2 suppressed rifleman fires his weapon at
30 percent of his normal fate; a suppressed artillery, mortar, or
machine-gun crew firés at 10 percent of .its normal tate.** However, the
degradation of the weapcen firing rate due to auppreésion is an input
parametef, and values other than 30 percent for riflemen or 10 percent
for support personnel may be used in FAST-VAL simulations.

In FAST~VAL, since riflemen and support crews are treated separately,
it {s possible for one type of troop to be suppressed while the other is

still fully effective; of course, both may be in the same state.

- .

That is, 1 casualty per min per 100 men within a 100-ft square.
Casualties due to small-arms fire are not considered in FAST-VAL simu-
lations to determine whether troops are suppressed.

**In the example given earlier, an artillery-battery crew that
has sustained 25 percent casualties and has an expected equipment- |
damage level of 50 percent would fire its weapons at 40 percent of its
normal rate if it were not suppressed. If suppressed, the crew would
fire at only 4 percent of its battle-plan rate (4Ovpercent multiplied by

10 percent).
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IV, SECONDARY EFFECTS OF CASUALTIES AND SUPPRESSION
ON GROUND-UNIT MOBILITY

MOVEMENT RATES

The rate of movement of a ground unit not in contact with an
enemy is determined primarily by the unit's physical and gmctical
environment. Physical environment is described, for the most part,
by thc class of terrain and roads to be traveled and by visibility.
The tactical environment is characterized by the estimated distance
from enemy forces, i.é., contact is remote, probable, or imminent.
1

The influence of the tactical” eavironment on unit disposition is

described in Ref. 3 as follows:
The formation adopted by the company is based on the
imminence of the enemy. When enemy contact is remote,

troops are disposed in the column to facilitate ease of

control, raplidity of movement, and administrative consid-

erations, Adequate dispersion is maintained to provide

protection from air attack and long range artillery fires.

As enemy ground contact becomes more probable, elements

are grouped tactically in the column to facilitate prompt

adoption of combat formation. The tactical grouping is

based on the probable future employment of the company.

When contact is imminent, troops are depldyed in antici-

pation of enemy ground action.

At ranges of 5000 yd and more, contact between opposing forces is
sufficiently remote that the physical rather than the tactical environ-
ment tends to be considered dominant by an advancing unit. With little
fear of enemy contact, the company would assume a disposition designed
for ease of control and rapid movement. Contact becomes probable when
forces are separated by less than 5000 yd. Then an advancing unit would
be induced to trade some speed of advance for additional security.
Quite probably, it would alter its formation to provide suitable secur-
ity forces in the front and flanks. The chance of contact changes from
probable to imminent when armored and mechanized forces come within ef-
fective range of enemy antitank weapons, about 1C00 yd. The.probability
of contact changes from probable to imminent for infantrymen when they
reach the effective range of enemy rifle fire--that is, 500 yd or less.

In tropical zones, derse ground covuf«may conceal suitable targets from
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riflemen who are more than 100 yd distant. Target detection is easier
in temperate zones, where rifles may be fired effectively at 500 yd.

To cope with threats posed by imminent eremy contact, an advanc-
ing unit divides into small groups and seeks fbutes concealed to the
enemy. These actions decrease its speed; we assume here that an ad-
vancing unit's speed is decreased by 40 percent when enemy contact
becomes imminent.

Movement rates of combat units under various conditions are given
in Tables 1, 2, and 3. These rates are based on data from Refs. 3 and

4, adjusted to fit the situations specified.

Table 1

MOVEMENT RATES OF ARMOR AND MECHANIZED UNITS
IN THE TEMEFRATE ZONE2
(Daylight‘vis;bility)

< Condition of Rate of Movement

Road or Terrain - mph yd/min | ft/min
Range from Enemy = 1000 - 5000 yd
Good road .20 600 1800
Fair road 15 450- 1350
Poor road 10 300 900
Open terrain 12 350 . 1050
Medium terrain 10 | 300 900 -
Poor terrain 5 7 150 450
Range from Enemy = < 1000 yd ,

Open terrain 7 200 600
Medium terrain 6 - 180 540
Poor terrain 3 90 270

aCorresponding data for other climatic zones
were not available to the authors at the time of
publication.
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Table 2

MOVEMENT RATES OF \DISMOUNTED TROOPS

IN THE

ERATE ZONE

(Davlight visiblility)

/

« Condition’ of
Road.- or Terrain

Rate of

venent

mpk | yd/miyy |

ft/min

Range from Enemy = 1000 - 5066 yd'

Good road
Open terrain

. Medium terrain
Poor terrain.

2.5 75 230 o
2.0 60 180
1.5 45 135
1.0 30 90

S

~ Table 3

MOVEMENT RATES OF DISMOUNTED TROOPS
THROUGH TROPICAL GROUND COVER
" (Davlight visibility)

W

NI

&

Range from Epemy = < 1000 yd
s Open terrain 1.2 35 .105
Medium terrain 0.9 26 { 78 - _
Poor terrain 0.6 18 ) 54 R
-. N‘_”.‘-’

Condition of
Road or Terrain

Rate of Movement

mph . Ajﬁyd/nin I ft/min

{

Range from Enemy = 1000 - 5000 yd

Open terrain 0.34 10 30
Medium terrain 0.24 7 21
Poor terrain 0.14 4 12
Range from Enemy = < 1000 yd '
Open terrain 0.20 6 18
Medium terrain 0.14 4 12
Poor terrain 0.17-0.10 | 2-3 6-9
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THE EFFECT OF CASUALTIES ON UNIT MOBILITY . , e N

Conceptually, moungi&g casualties will cause a progressive erosion
of an attacking unit's speed of advance. The rate of movement wanes
and the unit's advance slows until cumulative'casualties reach the stall
or break level (presuming that the unit presses its attack and that its
advance 1is not altered by contravening orders).

As discussed in-S{ction I11, we have assumed that the stall level "3
of an attacking infantry company occurs at 23 percent cumulative casu-
alties. At the starF“of an attack, the attacking unit's movement would
proceed at battle;pian rateland would subsequently be degraded, we sug- e
gest, as shown Ih Fig. 6. The shape of the curve, determined judgment- N
‘ally, teflects the concept that the movement.xate”ﬂecfeaaes more rapidly
as cumulative company tasualties‘iﬁbrease until the stall level is IE;
reached, at which_tige»tﬁezadvance stops completely.

A further’ﬁisumption in FAST-YAL~stmulations is that casualties

. e
— e

.o ot degrade an attaabpr 8 speed ‘once the unit reaches the final .
‘Ecoordina?iou¢lipg, which is generally about 100 yd from the objective

in temquate zones and much closer incareas with tropical ground cover.
""" v Figure 6, used in conjunction with appropriate movement rates from
Tables 2 and 3, gives the expected speed of an attacking infantry company .

with allowance for cumulative casualties.

THE EFFIZCT OF SUPPRESSION Oy UNIT MOBILITY . v
In the absencg‘of relevant combat data, our tentative premise is
that. casualties degradé movement at fWI"E‘TTT“r& e that suppre531on

does. In additionm, FAST ~-VAL simulations have .assum

that explovae -~

L
ordnance is not delivered and thaH suppression does ndt occur after h\
\\ -t

1 : A
N1

o | . ) e TR » [\
fSome researchers and tactitians feel that onée'the'advanc1ng N ;
infantry comes within range of small-arms fire, ‘only the accuracy and ' '
‘inténsity of that fire will have an effect ofi the attacker's speed of g r
advanc That is, a Jefender may halt or slow dn attacker with a suf-
) U fic{enb margin of fire superiority even though he is not-inflicting -
‘ a large number of casualties. » %, / S

the attacking force has crofsed the final coordination line.
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For example, consider an attacking company in & temperate zone
in open terrain, 1000 yd from its objective and not yet at the final
coordination line. The company has sustained 20 percent cumulative
casualties, and 40 percent of its riflemen and machine-gun crews are
suppressed (i.e., if in the upper posture, 40 percent of the men would
have a casualty rate greater than | per 100 men per min, during the

specified time interval). Then the company's rate of movement is

60 x 0.51 » 0,51 «+15.6° vd/min,

P

where the initial movement rate of 60 yd/min is taken from Table 2;

~0.51 is the percent reduction in movement rate due to casualties at

20 percent q'sualtieé,‘from Fig. 6; and 0.5i is.the percent reduction
in movement rate due to suppression, also from Fig. 6 (40 percent x

0.5 = 20 percent).

THE EFFECT OF LOSS OF COMBAT‘VEHICLES ON UNIT MOBILITY

w

The distance of a company from its objective is, in a fAST—VAL
simulation, the distence from the~attacking company's center of mass
to the objeézive's center of mass. Prior to reaching the line of de-
parture, the company may be mounted on armored personnel‘carriers (APCs)
onfdgﬁer vehicles. A mounted attacking company will be assumed to move
at the APCs' maximum rate of advgnce during the unengaged phase. As
combat vehicles are lost, prior to the company's reaching the line of
departure, the rate at which the company advances decreases. Our es-
timate of the relationsnip between vehicle losses and unit movement
rates is shown in Fig. 7, which is based on the discussion in Ref. 2.

All troops are assumed to dismount when‘the attacking company's

center of iass crosses the line of departure. (The basic movement

‘'rates for dismounted troops are given in Tables 2 and 3.)

£}
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V. FAST-VAL GUIDELINES FOR EVALUATING HAND-TO-HAND COMBAY

When two forces intermingle in~hand-to-hand combat, the side that
can bring the most effecti{ve manpower to g\£~fyould win. Here, ef-
fective manpower may be itegarded as the number of troops mulriplied by
their relative efficiency. In the assault of A defense poeition, 'an
attacker capsble of reaching his cbjactive is believed to have a psy-
chologicul advantage thet might enhance the strength of a scldier by
about 25 percent. JThat is, the nttac‘e:'s efficlency, on a man-to~man
basis, relative to the defender would be 1,325,

It is presumed that the attacker would bz half as effectivelin hand-
to-hard fighting, where weapons fire would be replaced largely by bayvonets
and rifie butts, as he would be in the fully engaged phas2. Thus we
proposa, for 4ST-VAL purposes, that each att}ckiug fifleman be assumed
to have tho capability to fire his weapon in hund-tg-hand fighting at
one~half the rate he had in the fully engaged phase, but with the same
"lethality.”" As noted above, the rate of fire of an attacking rifleman
is taken to be 125 percent of that of a defending rifleman. The fires
of both sides are presumed to have 2qual "lethality.'

It 18 asaussed that :ﬁere i8 no suppression cf either side during
this terminal phase. If the attacker does not break before the defénder
does, he will vi‘ otherwise, the attacker loses.

. | e
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Appendix

COMPUTATION OF THE PER@BNTAGE OF A COMPANY'S SURVIVING
RIFLEMEN THAT ARE GOMMITTED AND EFFECTIVE

~,
~

. .

INTRODUCTION N

For FAST-VAL input we require the fr;::;;E\qi\gc?Viv;gg riflemen.

that are committed and effective, expressed as a fuﬁzf' of\tﬁexcggj
pany's casualties. The two fundamental considerations leading the\
desired input are (1) the fraction of the surviving riflemen that are
ineffective, as a function of»company casualties, and (2) the policy
or manner in which troops are committed to battle. .

*
Let

S = 1 = normalized number of initial riflemen in the company
B = fraction of fhitial riflemen that are reserves at

. the start of a fire fight

F(3) = fraction of .initial company personne%igpat are cas-_

ualties at the jth casualty level, j - 0,1, 2, ...,

N, with F(0) = 0

c(T,J) = fractibn of initial riflemen that are casualties at
‘the jth casualty level,** with ¢(T,0) = 0

m(T,j) = fraction of initial riflemen that are committed and
firing their rifles, i.e., effective riflemen, at

the jth casualty level, with m(T,0) =1 - B

s(T,]) = fraction of initial riflemen that are surviving,
i.e., not casualties, at the jth casualty level,

with s(T,0) = 1

*In this appendix we are using the symbol Z to mean "equals, by
definition" and notation that has been constructed for use with the
Rand JOSS time-shared computer. Notatlon of variable names is limited
to one letter of the alphabet, upper or lower case, with subscripts
permitted within accompanying parentheses.

**The subscrint T denotes total riflemen. Later in this appendix
the subscript E will denote riflemen originally committed, ahd the
subscript b will denote riflemen originally in reserve. Thus it will
follow that C(T,j) = C(E,j) + C(b,j), and so forth, for other similar
variables.




fraction of survivine 1f{flemen that are ineffective

g(4)

at the jth casualty luvel

As indicated by the solid curves of Figs. 2 and 4 (pp. 12 and l6" for
attacking and defending infantry companies, ¥(j) and g(j) are function-
ally related. We assume that the company's casualties are uniformly

distributed among all personnel, including reserves. Therefore,

C(T,§) = F(3),
and
F(J) + s(T,1) = 1.

The required input tec FAST-VAL, the fraction of surviving riflemen
that are committed and effective as a funntion of company casualties,

is given by

m(T,J) - m(T,4) .
s(T,) "1 =-F @

To compute m(T,j), the fraction of initial riflemen that are committed
and effective at the jth casualty level, we will consider that the
company rifiemen are composed of two groups: (1) those oviginally
committed and (?) those originally in reserve. «- .
e riflemen originally committed will be in one of three states
at the jth casualty level, and the fraction of initial riflemen in
each state {s given by

1. m(E,j) : comnitted and effective, with m(E,0) = 1 - B
2. C(E,j) = casualties, with C(E,O)‘- 0
3. 41(E,j) = ineffective, with 1(E,0) = 0

The riflemen that were originally in reserve will be in one of
four states at the jth casualty level, and the fraction of initial

riflemen in each state is given by

1. m(b,}) = committed and effective
2. W(b,j) = uncommitted (i.e., still in reserve but not inef-~

fective ox. casualties), with W(b,0) = B

i
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: ineffective, with 1(b,0) = 0
casualties, with C(b,0) = 0

3. 1(b,3})
4. C(b,§)

The above seven states are mutually exclusive and exhaustive with re-
gard to the initial riflemen in the company. Thus, for every casualty

level

m(E,j) + C(E,J) + k(E,}) = 1 ~ B,

m(b,4) + C(b,3) + 1(b,§) + W(b,}) = B,

and the sum of the fractional parts of initial riflemen in all seven

states equals 1, the normalized numbar of initcial company riflemen.

The fractional parts of initial riflemen in each of the seven states
k]

are 1llustrated below. The area of the outer square = 1 = normalized

number of initial riflcmen in an infantry company.

-

-
l1-B
: C(E,3) m(E,3) i(b,1)
(z:;iizziég {casualties) (effective) (i:;ii;c—
B m(brj)

' C(b,3) (effective) i(b,3)
(originally (casualties) (ineffec-
reserves) tive)
W(b,j)
(uncommitted)




At any casualty level j,
' 4

m(ij) - m(on) + m(b’j)l (2)
with

m(T,0) = (1 - B),

where m(E,j), the fraction of initial riflemen that are committed and

effective among those originally committed, 1s given by

m(E,3) = (1 - B] + [1 ~-F(@)] - {1 -gP]
= [not originally reserves].° [not casualties]
[not ineffective], (3)
with 3

m(E,0Q) = (1 - B);

and m(b,j), the fraction of initial riflemen that are committed and

effective among those originally reserves, is given by

m(b,j) = w(b,j-1) + I(10,3) - I(1,3) ~ I(3,1)

= [effective riflemen at (j-1) that originally

«

were reserves|

+ [reserves committed at or before j but after
(3-1)] |

* ) . . ¥ '
- {committed reserves that have become casualties ,

at or bef&re j' but after (j-1)]

- [committed reserves that have become ineffective

at or before j but after (j-1)], (4)

with

m(b,0) = 0,

S N ot A
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The remainder of this appendix provides details of computing
1(10,3), 1(1,3), and I(3,3) and eXpIgads how their computation is
affected by (1) the fraccion of surviving riflemen that are ineffec-

tive, g(3), and (2} the policy or manner in which troops are committed.

~

R
COMMITTED RESERVES

The commitment policy d;termineu how and when: riflemen originally
in reserve are to be &ommitted to combat; aq a function of company
casualtiés. We shall éive several examples.of commitment policies
later, inclvding commitment of reserves by platoon, by fire team, etc.,
that may be used by an infantry company to actomplish its mission.

Let Y(b,j) = the cumulative commitment of riflemen, consistent

with the commitment policy, beginning with the

start of the fire fight, that is required to re-

place committed riflemen that have becomz casualties

or ineffectives up tg and including tﬁe jth casualty

lavel, wich '

Y(b,0) = O. ‘ /f/>
‘ ST s

Thus Y(b,4) 1s a function of the commitment policy and of the jth}
casualty level. Since cumulatiw commitments cagnot exceed the origz-

inal number of riflemen reserves,

0< Y(b,j) < B.

Later, we shall ghow how Y(b,j) 1s determined for each of the examples
of commitment policies. L

In Eq. (4), the number of reserves committed at qgibefore‘the jth
" casualty level but after the (jil)St casualty level, I(iO,j), 1s given
by

I(10,§) < Y(b,3) - Y(v,5-1), NG

, ot '
with e ‘
1(10,0) = 0.




it s ol B

. ot / » ..36-

There will be a critical casualty level, k, at which the requirement h e
for committed riflemen, Y(b,k) - Y(b,k~1), will become greater than
or equal to the number of available uncommitted reserve riflemen. At

the critical casualtv level, k, the number of rifleuen committed is
equal to the number of available uncommitted ritlemen. Subsequent to
the critical casualty level, k, all reaerve riflemen will have been

committed. Therefore,
“  I{10,)) = 0  for § » k. P S

Thus In Eq. (5) strict equality holds for j < k but not thereafter.

Committed Reserves That Have Becomc Cagualties \"
\
The fraction of the Initial company that are casualties at the

jth casualty level, F(j), is the key factor in determining riflemen v !
that ave casualties. Based on the assumption that. casualties are ‘ ¢
uniformly distributad 3mong all riflemen including reserves, we have '
seen that the fraction of initial riflemen-that are casualties at the

jth casualty lgbel, c(T,j), is given bﬁy

.
A 1 3

C(Tnj) - F(j)-

It also follows from this assumption thgt

ki ar
C(E,3) "= [1 - B} - F(3)
= tnot in reserves] ¢ [company casualties])

: riflemen that were originally committed that

are casualties at the ji:-h casualty level,

>

and

(B} - F(j)

C(b,3’
= [reserves] - . :ompany’casualties]

: riflemen that were originally reserves that .

are casualties at the 3 th casualty level.
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The fraction of initial riflemen that are priginaily reserveg
and btecome casualties between casualty level (j-1) and j, I1(8,3j), is

computed by "

1(8).1) bt C(b-j) = C(bnj'l))

with
"1(8,0) = 0. .

S

These caaualtiés, 1(3,31), are proportionéd among two subgroups:

! m(b,j~1), effective riflemen, i.e., riflemen that originaily

were resetves and had been committed and were firing their
rifles at casualty level (j-1)

2. W(b,j-1), uncommitted riflemen at casualty level (j-1) (see
P. 39 for a further discussion of W(b,j-1))

Correspondingly, the ratios or factors of proﬁértionality for each

group are given by

r(3,§) = m(b,§-1)/(m(b,3~1) + W(b,i-1}),

u
i

with
< 23,0 = 0,
and ‘ . ILTQ
r(4,1) = W(b,1-1)/(m(b,j-1) + W(b,i-1)),
with | ‘

r(4,0) = 1.

Then the number of casualties among the committed reserves that become
casualties between casualty level (j-1) and i, I(1,j) is compyted by
Il

i

I(1,3) = r(3,3) - 1(8,))

|
= {m(b,§~1)/(m(b,j-1) + W(b,3j-1))]-[C(b,]) - C(b.j-l)].

i
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Committei Reserves That Have Become Ineffective

The ineffective viflemer are also considered in two groups: (1)
those originally committed and (2) those originally in reserve.

Ler

1(T,3) : surviving riflemen that are ineffective
at casualty level §

i(E,3) surviving ineffective riflemen among
those originally commdtted, (1 - B)

1(b,3) = surviviné {neffective riflemen among

those originally in reserve, B
Then ‘ ' »
1(T,9) = 8(3) * A = FG) | .

= [fraction of surviving riflemen that are

inefiective] '“[sﬁrviving riflemen]

= 1(E,J) +{(b,1).

We assume that the ineffectives are proportioned in terms cof the ratios

7
of riflemen that were originalk eserves, so that

1(E,1) = (1 - B) * {(T,3)
= (1 -B) - [g(3) - (1 -F(@i3j
and
i(b,3) = B - 1(T,3)

=B -+ [g(3) - (1 - FUNI.

Among the riflemen that vere originally in reserve, the ineffectives

are proportioned between committed and uncommitted survivors, as were

the casualties. Between casualty level (j~1) and j, the increase in
ineffectives among riflemen that were ofiginally in reserve, 1(9,3), L~\

is computed by

1(9,3) = 1(b,3) - 1(b,3§-1),




-39

with

1(,0) = 0,

and thie ineffectives among the comnitted reserves in the casualty

interval (j-i) to 3§, I(3,3), is given by

I1(3,1) = I(9,3) * r(3,1),
1(3,3) = [1(b,j) = 1(b,3-2)] * [m(b,j-1)/(m(b,j-1)
+ W(b,3-1))], , (6)
with
1(3,0) = 0.

. £ [P
AY I‘J
.

UNCOMMITTED R:SERVES ; |

AN , ' . :
Finally, a computation must be made of those riflemen that were

1H

originally in feserve that have not become casualties or ineffective
and have not been committed by the jth casualty level, W(b,j). These
riflemen comﬁose the remaining stfength‘among the riflemen that orig-
inally were in reserve,

Thus

W(b,3) = uncommitted riflemen at casualty level j

W(b,j—l) ",I(ij) - I(zvj) - I(lorj) ’

[uncommitted riflemen at (j-1)]

- [casualties among uncommitted riflemen between

(3-1) and ]

- [ineffectives among uncommﬁ%ted riflemen between
ok

{§~1) and j] _ \

) {
- [reserves commitced between (j~1) and j],

with

W ,0) = B.

PO T




The computation of 1(10,3j) has been discussed earlier (see p. 35).

Therefore, we will explain only the computation of 1(4,3j) and 1(2,3)).
Iti a manner similar to that used to compute casualties among

committed reserves (see p. 37), I1{8,j), the casualties among reserves

between casualty level (j-1) and j are proportioned to uncommitted

T e o0 ST AR S AR S Akl s e

reserves as follows:

I1(4,3) = r(4,)) T(8,1)
» [W(b,3-1)/(m(b,j~1)-+ W(b,j~1))} - [C(b,3) - C(b,j-1)]},

'1(4,0) : 0. S—

Similiarly, for ineffectives (see p. 39), I(9,}), the increase between
casualty level (§-1) and j of tneffectives among riflemen that orig-

inally were 1in reserve is proportioned to uncommitted riflemen as

1(2,3, = r{4,5) - 1(9,3)
= (W(b,3-1)/(m(b,i-1) + W(b,3~1))] - [1(b.J) - 1(b,3~1)].

1(2,0) = 0.

KEY FORMULAS TO BE EVALUATED AT THE jth CASUALTY LEVEL

Table A~1 presents a summary of the key formulas to be evaluated

at the jth casualty level that have been discussed thus far.

-

ATTACKI&G—COMPANY COMMITMENG POLICIES

A wide variety of commitment policies have been used in actual

fire fights, ranging from committing an entire company initially to
Since the tech-

committing one platoon and holding two in reserve.
nique of initially committing two platoons and holding one in reserve

ie frequently used, several variations of this technique are {llus-

trated: rec~rves committed by fire team, reserves committed to main-

taln cons' oii effective firing strength, reserves committed by platoon




41a

Table A-1

KEY FORMULAS TO BE EVALUATED AT THE jth CASUALTY LEVEL®

. Personnel (tnlllnl cogux;;:n-) ] 121
Casualtias
Originally rveserves ¢(b,0) = O C(b,3) = B+ F()) -
Originally committed C(E,0) = O C(E,J; = (1-0) - F(}))
Totsl riflemen c(T,0) = 0 C(T,j§) = F())
Survivers
Ineffactives ;
Originally reserves 1(b,0) « 0 1(b,3) = B - g®3) - (1-F{3)) _
Originslly commsitted 1(E,0) = 0 1{E,3) = (i-B) - g(3) - (1-F())) .
Total t{flemen 1(1,0) » 0 1(T,]) = g(3) + (1-F()))
Uncomaittead, originally reserves W(d,0) = 3 W(b,3) = W(b,3-1) -~ I(4,3) - :(2,)) - 1(10,})
Eftactives J
Originally resarves a(b,0) = 0 ad,)) = m(b,§-1) - [(3,3) - 1(1,]) + 1(10,3)
Originally committasd a(E,0) = ()-B) a(E,)) = (1-B) - (1-P(3)) - (1-g(3))
Total riflemen w(T,0) = (1-B} n(T,§) = m(b,}) + o(E,1)
lncunntllb casualties, originally reservce
From committed (effectives) 1(1,0) = 0 I€(1,) = [m(b,3~1)/¢m(b,3-1) + Wib,3-1))] - 1(8%,
Froa uncommitted 1(2,0) = 0 1€2,3) = [W(b,5=1)/(m(b,j-1) + W(b,3-1))] - I(é.J)
Total 1(8,0) = 0 1(8,1) = C(b,§) - C(b,J~1) ‘ !
chr-n.ntalb insffectives, originally reservas
From committed (effectives) 1¢(3,G) = 0 1(3,9) = [n(b,)-1)/(m,3~1) + W(b,j-1))] - 1(9,})
From uncowmitted 1(6,0) = 0 I(4,3) = (W(b,§-1)/(m(b,1-1) + W(b,3-1))]) - 1(9,5)
Total 1(5,0) = 0 1(9,1) = 1(b,j) ~ 1(b,3-1}
Comuitments 1(10,0) = 0 1¢10,4) = Y(b,§) - Y(b,§-1)
Fraction of survivors thst are
Ineffective 1(T,0)/(1-F(M)) = O 1(1,3)/(1~-F(}))
Uncomaitted JW(T,0)/(1-F(0)) = B W(T,1)/(1-F(37)
Effcctive u(T,0)/(1-F(0)) = 1 - Blw(T,8)/(1-F(§)) 1

%F(J) = fraction of the initial compsny thst are casualttes.
g(J) = fraction of surviving riflemen that are ineffective.
¥Y(b,j) = total cumulative commitment requirement since the start cf tht fire fight as determined by F(J) and the

commftwent policy.
B = fraction of initial riflemen that originslly were reserves.

bxn the casuslty interval at or before ] but after (j-1).

T




Bl

=

as a unit, -and }eservps committed arbitrarily.l The illustrations
considered below are for attacking-infantry commitment policies.

Defending-infantry commitment poligies will be discugsed later.

)

No Reserves Committoed }

First, in an examination of reserves, the number of riflemen that
are effective at the jCh casualty level, m(T,j), must be determined.

We set

B = fraction originally reserves = 0

Y(b,3J) € eunulative commitment requirement = 0 for j 2 0

For this té/gggration we conasider that no reserves are committed. The
values of #(j), 1in percentages, are given in Table A-2, first column,
with F(O{ = 0, The other inputs required to compute m(T,j) are the
values of g(4), the fraction of surviving riflemen that are ineffec~-
tive, which may be read from the curve of Fig. A-l. Using these in-
puts and the formulas, we obtain the results shown in Table A-2. The
percent of initial riflemen that are committed and effective ig given
in the fourth column, 100 : m(T,j}), and the percentage of survivin-
riflemen that are committed and effective, 100 * m(T,§)/(1 - F(j)),t
is given in the seventh column for each casualty level j2 1. The

values 1in other columns are self-explanatory.

‘Reserves Committed by Fire Team ‘ s

Next, Qe considé% that reserves of an attacking infantry company
are cormitted by fire team. It is assumed that a company consists of
three platoons, two of which are committed initially, and one held in
reserve. Each platoon is assumed to consist of three squads having
two fire teams each. The first fire team includes three riflemen,
while the second fire team includes five riflemen. With nine squads
rer company, the first team has 3/72 (3/8 : 1.9) and the second has
5/72 of the company's riflemen.

The commitment policy 1ie

1. Cormmit no reserves until the company has received 5 percent

casualties

in: tn Svoaiheian Shesa ddadi . Lo . N "

A e ol e 0
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Table A-2

PERCENTAGE OF SURVIVORS OF AN ATTACKING INFANTRY COMPANY
THAT ARE COMMITTED AND EFFECTIVE: ALL TROOPS
INITIALLY COMMITTED

PERCENTAGE OF INITIAL COMPANY PLRCENTAGE OF SURVIVORS
Casual~ Inef- Effective Inef- Effective 3
ties fective Uncom- Commite fective Uncom- Commit-

mitted ted mitted ted

4,99 .79 .00 94,22 .83 .00 99,17 1
5.00 .79 .00 9y,21 .83 .00 99,17 2

5,36 .84 .00 93,80 .89 .00 99,11 3

5.39 .85 .00 93,76 .20 .00 99,10 m

8.00 3.31 .00 88,69 3.60 .00 96,40 5
10.50 5,41 .00 84,09 6.05 .00 93,95 6
10.52 S.44 ~ ,00 84,04 6.08 .00 93,92 7
12.00 7.04 .00 80,96 8.00 .00 92,00 8
12,96 8.18 .00 78,86 9,40 .00 980,60 9
12,98 8.4k .00 78,58 9,70 .00 90,30 10
14,060 9,46 .00 76,54 11,00 .00 89,00 11
16.25 12,86 .00 79.89 15.36 .00 8u,64 12
16427 13,13 .00 70,60 15,68 .00 84,32 13
17,77 15.98 .00 66,25 19,43 .00 80,57 1u
17,80 16,03 ,00. 66,17 19,50 .00 B80.50 15
18,45 17,46 , «00 64,09 - 21.41 .00 78.59 16
20,00 20,89 .00 59,20 26,00 .00 74,00 17
22,00 26,13 . .00 51.87 33,50 .00 66,50 18
22,90 29,30 .00 47,80 38,00 .00 62,00 19
24,00 32,83 " .00 43,17 43,20 . .00 56,80 20
26,00 44,88 - .00 32,12 56,60 L,00 43,40 21
27,00 47,45 .00 25,55 65.00 .00 35,00 2
28,00 54,00 .00 18,00 75,00 .00 25,00 23
29,00 60,00 .00 11,01 84,50 .00 15,50 2u
30,00 70,00 .00 . 00 100,00 .00 .00 25
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2. Replace by fire team the effective riflemen that have become

casualtlies or ineffectives

Thus the cumulative cormitment requirement, Y{(b,j), is

0 if F(J) < ¢ or u(j) < 3/72
3/72 if F(§) 2 ¢ and  3/72 S u(y) < 8/72
8/72 1f F{(j) 2 ¢ and 8/72 S u(j) < 11/72
Y(b,3) = < 11/72 if F(3) 2 ¢ and 11/72 S u(j) < 16/72
16/72 1f F(}) 2 c and 16/72 £ u(j) < 19/72
19/72 1f F(§) ¢ ¢ and 19/72 £ u(j) < 24/72
\ 24/72 1£ F(§) 2 c and 24/72 S u({)
where
c = 0.05
B=1/3
u(i) = effective riflemen that have becowe casualties or
ineffective b; casualty level j,
Now

u(§) = u(y-1) + [C(T,§) - C(T,3-1) - I(2,))]
+ [i(Tsj) - i(Tsj—l) - I(“’j)]

» [effective riflemen that become casualties or
ineffectives by (j-1)]
+ [effective riflemen that become casualtics
in period (j-1) to j]
+ [effective riflemen that become ineffectives
in period (§-1) to j].

Table A-3 shows the results of the computation using the input
F(§) shown in the first column, with F(0) = 0; g(j) taken from Fig.
A-1; and the formulas deveioped earlier. The casualty levels, F(j),
have been selected to be representative of all casualty levels and to
represent the casualty level just before and just after a team commit-

ment is made. It is noted that within this commitment policy only four

-
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Table A-3

i)

PERCENTAGE OF SURVIVORS OF AN ATTACKING INFANTRY COMPANY
THAT ARE COMMITTED AND EFFECTIVE: RESERVES COMMITTED

BY FIRE TEAM
.
PERCENTAGE OF INITIAL COMPANY PERCENTAGE OF SURVIVORS
Casual~ Inef- Effective ‘ Inef- Effective i
ties  fective Uncom- Commit- - fective Uncom= Commit-
mitted ted mitted ted
4,99 .79 31.09 63.13 .83 32,73 66.u44 1
5.00 .79 31.09 63.12 .83 . 32,73  66.u4 2
5.36 .84 30.95° 62,84 .89 32,71 66,40 .. 3
5,39 .85 26,77 66.99 .90 28,30 - 70,80 .4
8.00 3.31 25,33 63.36 3.60 27.53  68.87 5
10,50 5,41 24,01 60.07 6.05 26.83 67.12 6
’ 10,52 5.4 17.05 66.99 , 6.08 19,06 74,86 7.
12,00 7.04 16,43 64,53 8,00 18,67 73,33 8
12,96 8.18 16,00  62.86 7 9,40 18,39 72.21 9 - o
12,98 8, 44 11,78 65,80 9,70 13,54 76,76 10
14,00 9,46 11,47 65.07 . 11,00 13.34  75.66 .11
o 1€.,26 ~ 12,86 10,63 60,26 '+ 15,36, 12,69 71,95 12
16,27 13,313 3.64  66.96 15,68 . 4,35 79,97 13
17,77 15,98 3.u1 62,84 ©. 19,43 7 k1S 76,42 1
17,80 - 16,03 .00 66,17 ..  .° 19,50 . .00 80,50 15
18,45 17.46 .00 64,09 ! 21,41 .00 78,59 16
20,00 20,80 < - ,00 59,20 : 26,00 .00 74,00 17
22,00 26,13 ' .00 51.87 - 33,50 .00 66,50 18
22,90 29,30 .00 . 47,80 .+ 38,00 400 62,00 19
24,00 32,83 © 00 43,17 - 43,20 - .00 56,80 20
26,00 41,88 .00 32.12 - 56,60 L00  u3.u40 21
27,00 47.45 . .00 25,55 | : 65.00 ° .00 35,00 22
28,00 54,00 00 18.00 - . 75,00 .00 25,00 23
29,00 60,00 .00  .11,01 - 84,50 .00 15,50 24
30,00 70.00 ,00 .00 100,00 .00 .00 25
7
*
{ ¥
TN
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wuntil casualty level c (i.e., 5 percent) is're

-47- : o
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full teams are committed plus aEfinal partial .team Ehat is committed
when the company casualty level reaches 17,8 percentj\ At higher’ cas-
ualty levels, the numbers of committed and. effective riflemen Jdecrease B k\:

in the same manner as though the entire company were committed initially. P

The percentage of initial riflemen that are commigted and effective, . /.
i.e., ;he company effectiveness, that results for this j:}ﬁcy is shown //,ﬁég
as the golid curve in Fig. A-2 and is plotted from the v, lues in the -,
fourth column of Table A-3. A similar curve (the daghed line) is plo:ted
for the case where the entire company 1is commicced/lijtially (no re- ¢
serves); this curve ir plotted from the values,iﬁ/ihe fourth column of *

Table A-2 The third curve in Fig, A-2 i8 discussed velow.

’

i
, v
toe

Regserves Commltted Continuously - '

The average effective strergth when the coumitment is by fire
team is-0.64 (see Fig. A-2) To simplify the inpuq to FAST-VAL, a

continuous replacement of riflemen was 1nvestigate§£:%>an approxima—
AN
tion to the fire-team commitment. The assumptions e ,

L . AN

1. Reserves comstitute one platoon” (B =1/3) ';“‘\

ems el -
2. No reserves are congaitted until the company has rg;eIC;d . m//
N -f"

5 percent casualties (c =- 0. 05)
3. Effective riflemen casualnies and ineffectivee will be rev_, -

¢

o ~ placed to maintain effective piflemen at B, 64 i '
Thus ' ’ e ‘
< (0 Af F(D < c,

. o
-

Y(b,) = {1(E,§) + C(E,}) - 0.03 if F(j; E c,jof

- The fivst condition on Y(b,]) permits)no
hed.' A '
‘The second condition on Y(b,j) permits reserves to be committed
at casualty level ¢ (i.e., 5 percent) and to bying the effective rifle-

s/
men to..0<64 at that time.
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At ¥(j) = c,

where
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LB}

Commitment requirement = [commitited riflemen that
have become ineffective-]t
+ [committed riflemen thqt
have become casualtiesﬂ
- 0.03,

|
i

0.03 = [initial fraction effective (0.67)]
- [desigéd fractlon effective (0.64)].

A

The third condition peéﬁits the cumulative requirement Y(b,j) to

increase to its maximum, B but ‘does not permit Y(b,j) to exceed the

number of riflemen that were 1nitially reserves, B. ?

Table A-4 show‘fghg results of this commitment pelicy using the

same values of F(j) and 3(j) as in the earlier examples. The company

effectiveness that results from this commitment policy is shown by the

dotted curve of Fig A—Z, plotted from the valueSvin the fourtb col-
umn of Table A-4.
The sum of fractional parts of initlal rifiemen in all possible

\J

states equals 1. Thus, for the jth casualty level,

and

m(T,§) + W(b,§) + 1(T,§) = 1 - C(T,§) = L - F(}),

m(T, I) 1 - W(b,j) + i(TJJ)
1-F(3) 1-F()

This indicates that the fraction of surviving riflemen that are com-

mitted and effective is'compiementary to the fraction of surviving

riflamen that are uncommitted or ineffective, and that givén one

fractional part, the other 1s readily computed as its complement.

AI‘b, the sum of columns five and six of each of the tables equals.

the percentage of surviving riflemen that are ineffective or uncom-

mitted.

Figure A-3 shows the relationship between the percentage
£
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Table A-4

PERCENTAGE OF 5URVIVORS OF AN ATTACKING INFANTRY COMPANY
THAT ARE COMMITTED AND EFFECTIVE: RESERVES COMMITTED

CONTINUOQUSLY
PERCENTAGE OF INITIAL COMPANY PERCENTAGE CF SURVIVORS
Jasual= Inef- Effective Inef- Effective i
t ties fective Uncom- Commit- fective Uncom- Comnit-
mitted ted mitted ted

4,99 .79 31,09 63.13 .83 32.73 6b.uu4. 1
5,00 .79 30.21 64,00 .83 3i1.80 67.37 i
5.36 .84 29,80 64,00 .89 31,49 67.62 3
5.39 +85 29,76 64,00 90 31,46 67,065 I
8,00 3.31 24,69 64,00 3.60 26.83 69,57 5
10,50 5.41 20,09 64,00 6,05 22.?“ 71.51 6
10,52 5.4l 20,04 64,00 6,08 22.40 71.52 7
12.00 7.04 16.96 64,00 8.00 19,27 72.73 8
12,96 8.18 14,86 64,00 9,40 17.07 73.53 a
12,98 8. 44 14,58 64,00 9,70 16.75 73.55 10
14,00 9,46 12,54 64,00 11,00 14,58 Ty, 42 11
16.25 12.86 6.89 64,00 15.36 8.22 76 .42 12
16,27 13.13 6.60 64.00 15,68 7.88 76 . 44 13
17.77 15.9° 2.25 64,00 19,43 2.74 77.83 14
17.80 16,03 2.17 64,00 19,50 2.64 77.86 15
18,45 17,46 .09 64,00 21,41 .11 78.u48 16
20,00 20,80 .00 59,20 ' 26,00 .00 74,00 17
22,00 26.13 .00 51.87 33.50 .00 66,50 i8
22,90 29,39 «00 47,80 38,00 .00 62.00 139
24,00 32,83 00 43,17 43,20 .00 56,80 20
d 26,00 41,88 00 32.12 56,60 .00 43,40 21
27.00 47,45 .C0 25.55 65,00 .00 35,00 22
28,00 54,00 .00 18.00 75,00 .00 25.00 23
29,00 60,00 .00 11,01 84,50 .00 15.50 24

30,00 70.00 .00 .00 " 100,00 .00 L0025

T
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casuaities and the percentage of surviving riflemen that are ineffoec-

tive or uncommitted for an attacking lnfantry company whose reserves
.;
are committed according to this policy. .

Regerves Committed My Platoon

Now we will consider that two plaéoons are initially committed
and one is held io reserve. This commitment policy, often used, re-
quires the comnander in the field to judge the situation and commit
his reserves, the entire platoon, at the time when he feels his ob-
jective will be accomplished by thiglsudden increase in forces. Ana~
lvtically, the commitment ofAreservés éan occur in one of two ways:
(1) when the unit crosses the final c;brdination line or (2) at a time
before the unit reaches the final coordination line.

The second way, which is 'developed here, requires the user to
make the judgment of when (at what casualty level) the reserves are
to be committed. Let the decision be to commit the platoonAwh@n the
casualties reach c. ‘ |

Analytically the commitment by platoon is given by

E=1/3, 4 .

and

0 if F(§) < ¢

Y(bvj) =
(B 1if F(3) 2 c.

Two cases bound the commitment policy: first, when ¢ = 0 and all
reserves are committed immediately, and second, when ¢ = 1/3 and re-
serves are never committed. Figure A-4 illustrates these two commitc-
ment policies and includes a line indicating the number of surviving
riflemen. These survivors all become effective in a FAST-VAL simu-
lation when the unit crcsses the final coordination line, independent
of the commitment policy.

The effective number of riflemen follows the lower bound (¢ = 1/73)

until the reserves are committed, at which time the number of effectives
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rises to the upper bound (¢ = 0) at the specified guantity of casu-
alties, c¢. Figure A=5 {llustrates the policy when reserves are com=~
mitted at ¢ = 0,05, and Fig. A-6 when reserves are committed at c¢ =
0,229, with Tables A-5 and A-6 shoWing the computed regults for both
policies, respectively, Again, in both cases the same values of F(j)
and g(J) for an attacking infantry company are used in the computation;

only the commitment policv is changed.

Arbitrary Commitment Policy

It is, of course, possible to have commitment policies other than
those already outlined. The following policy was used in early FAST-
VAL simulations. It was assumed that originally iwo platoons were N
committed and one was held in reserve. The fractional part of rifle-
men survivors that are ineffective or uncommitted increases 1ine4;1y /
from 0.33 to 0.38 as company casualties increase from O to 10 percent. ///
Thereafter, the reserves are committed so that the fraction of'survﬁi ,J/,
vors that ove¢ ineffective or uncommitted remalns at 0.38 for an att;éking
infantry company unti{l all rescrveé are committed, The solid curve in
Fig. A-7 illustrates this policy for an att;cking inféntry company; the

dashed curve represents a defending company,

Defending Ccmpany Commitment Policies

The commitment policy of a defeinding infantry company can follow
the same sequence that has been discus;ed for an attacking infantry e
company. However, the casualty levels, F(j), and the percentage of f////
- surviving riflemen that are ineffrctive, g(j), will be different. The /
functional relationship between g(j) and F(j) for a defending infantry *
company is given by the solid curve in Fig. 4 (p. 16). Using these
inputs, the fraction of initial riflemen that are effective (i.e.,
company effectiveness), computed as a function of company casualties,
F(j), is {llustrated for three commitment policies in Fig., A-8. The
dashed curve represents the case where all troops are commftted initi-
. ally and is based on the data in Table A-7; the solid curve represents
the case in which reserves are committed by fire teams, based on the

data in Table A-8; and the dotted curve represents the case where
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Table A-5

PERCENTAGE OF SURVIVORS OF AN ATTACKING INFANTRY COMPANY

THAT ARE COMMITTED AND EFFECTIVE:

RESERVE PLATOON

COMMITTED AT 5 PERCENT CASUALTY LEVEL

PERCENTAGL OF INITIAL COMPANY

Casual- Inef- Effective Inef- Effective
ties . fective Uncom- Commit- fective Uncom- Commit-
mitted ted mitted ted
4,99 .79 31.09 63,13 .83 32,73  66.44
5,00 .79 .00 94,21 .83 .00 99,17
5.36 .84 .00 93,80 .89 .00 99,11
5,39 .85 .00 93,76 .90 .00 99,10
8.00 3.31 .00 88.69 3.60 .00 96,40
.50 5,41 ~00 84,09 6.05 .00 93,65
10352 .+ 5,44 .00 84,04 - 6.08 .00 93,92
12,00 7.04 .00 80.96 . 8.00 .00 92,00
- 12,96 8.18 .00 78,86 9,40 .00 90.60
12,98 8.4k .00 78,58 . 9,70 .00 90,30
14,00 9,u46 .00 76,54 . 11,00 .00 89.00
16,25 12,85 .00 70,89 15,36 .00 B8u,64
16.27 13.13 . 00 70.60 15.68 .00 84,32
17.77 15.98 .00 66,25 19,43 .00 80,57
17.80 16,03 .00 66.17 19.50 .00 80,50
18,45 17,46 .00 64,09 21,41 .00 78,59
O 20,00 20,80 .00 59,20 26,00 .00 74,00
- 22,00 26,13 .00 51,87 33,50 .00 66,50 .
22,90 29.30 - .00 47,80 38.00 .00 62,00
24,00 32,83 .00 43,17 43,20 .00 56,80
27.00 47,45 .00 25.55 65.00 .00 35,00
28,00 54,00  ,00 18,00 75.00 .00 25,00
29,00 60,00 .00 11,01 84,50 .00 15,50
30.00 70.00 .00 « 00 100,00 .00 .00

*

PEFRCENTAGE OF SURVIVORS
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PERCENTAGE OF INITIAL COMPANY
Tasyal-

ties’

4,99

5,00
5,36
5,39
8.00

10,50

10,52

12,00

12.96

12,98

14,00

16,25

16,27

17.77

17,80,

18,45

20,00

22,00

22,90

24,00

" 26,00

27,00
28,00
29,00
30,00

PERCENTAGE OF SURVIVORS OF AN ATTACKING INFANTRY COMPAMN:
THAT ARE COMMITTED AND EFFECTIVE: RESERVE PLATOOXN oo
COMMITTED AT 22.9 PERCENT CASUALTIES

Inef-~

fective

.79
.79
. 84
.85

3,31

S.u1 |

5,44
7.0u4
8,18
8, 44
9,46
12,86
13.13
15.98
16.05

17.u46 .

20,80
26,13
29.30
32,83
41.88
47,45
54,00
60,00
70,00

fable A-6

Effective
Uncom= Commit-
mitted ted

31.09 63,13
31,09 62,12
30.95 62,84
30,94 62,82
23,27 59,42
27.75 56,34
27.73 56.31
20,72 54,24
26,02 52,84
25,93 52,65
25,26 .+ 51,28
23,39 47,499
23,30 47,30
21.86 Ly ,39
21.84 44,33
21.15 42,94
19,54 39,66
17.12 34,75

.00 47,80

.00 43,17

.00 32,12

+00 25,55

.00 18.00

.00 11,01

.00 .00

| !

Inef- Effective 3
fective Uncom- Commit-
. mitted ted
.83 32,73 © 66,4u 1
.83 32,73 66,44 2
.89 32.71 66,40 3 .
.90 32,70 66,40 L
3,60 31.81 64,59 5
/ 6.05 31,00 = 62,95 6
4 6,08 30,99 62,93 7
’ 8.00 30.36 61,64 8
- 9.40 ' 29.90 60,70 9
. 9,70 29.80 60.50 10
- 11,00 29,37 59.63 11
;, . 15.36 27,93 56,71 12
. .. 15,68  *27.83 56.49 13
19,43 -~ 26,59 53.98 i
19,50 26,57 53,94 15
Y 21,41 25,93 52,65 16 .
. 26.00 24,42 49,58 17 H
33.50 21,95 44,56 18
39700 - .00 62,00 19
43,20 .00 56,80 20
56,60 .00 43,40 21
65.00 ° .00 35,00 22
75,00 .00 25,00 23
84,50 .00 15,50 2y
100,00 .00 OO0 25 '

PERCENTAGE OF SURVIVORS

*
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Table A-7

)] -

PERCENTAGE OF SURVIVORS OF A DEFENDING INFANTRY COMPANY
THAT ARE COMMITTED AND EFFECTIVE: ALL TROOPS
INITIALLY COMMITTED

PERCENTAGE OF INITIAL COMPANY

Casual~
ties

4.99
5,00
5,94
5,95
8,00
12.00
14,00
15,36
15,38
16,00
18,16
18,18
20,00
21,86
21,88
23,88
23,90
24,77
28,00
32,00
36,00
40,00
44,00
48,00
50,00

Inef-
fective

25
25
27
27
.32
46
«53
<57
57
«59
2,98
3.00
5.12
7.47
7.50
9,82
9,84
11.22
16,49
22,10
28,54
35,28
41,44
47,58
50,00

Effective
Uncom= Commit-
mitted ted

.00 94,76

.00 9y, 75

.00 ‘93,79

.00 93,78

.00 91,68

.00 87,54

.00 85,47

.00 84,07

.00 84,05

.00 83,41

.00 78,86

.00 78,82

.00 74,88

.00 70,67

.00 70.62

.00 66,30

.00 66,26

.00 64,01

.00 55.51

.00 45,90

.00 35,46

.00 24,72

.00 14,56

« 00 4,42

.00 .00

PERCLNTAGL OF SUPVIVORS

Inef- Lffective
" fective Uncom- Commit~
mitted ted
26 .00 99,74
26 .00 99,74
29 .00 99,71
29 .00 99,71
«35 .00 99,65
¢33 .00 99,48
61 .00 99,39
«67 .00 99,33
067 000 99'33
« 70 .00 99,30
3.64 00 96.36
3.67 .00 96,33
6,40 .00 93.60
9,56 «00 90, by
9,60 .00 90,40
12.90 .00 87.10
12,94 .00 87,07
14,92 .00 85.08
22,90 .00 77.10
32.50 .00 67.50
44,60 «00 55,40
58, 80 .00 41,20
74,00 .00 .26,00
91.50 .00 8.50
.00

100,00 .00

CONO U E W
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Table A-8

PERCENTAGE OF 3URVIVORS OF A DEFENDING INFANTRY COMPANY
THAT ARE COMMITTED AND EFFECTIVE: RESERVES COMMITTED

BY FIRE TEAM
PERCENTAGE OF IKITIAL COMPANY PERCENTAGE OF SURVIVORS
Casual~ Inef- Effective ‘ Inef- Effective 3
ties fective Uncom- Commit- fective Uncom=- Commit-
mitted ted mitted ted
4,99 025 31,27 63.49 -26 32,91 66,83 1
5.00 e 25 31,27 63,48 26 32.91 66,82 2
5.94 «27 30.95 62,84 +29 32,90 66,81 3
5.95 27 26,78 67,00 .29 28,47 71.24 4
8,00 32 26.18 65,50 «35 28,46 71.19 5
12,00 » 46 25,00 62.54 ~ «53 28,41 71.07 6
14,00 «53 24,41 61.06 «61 28,38 71.01 7
15,35 57 24,01 60,06 +67 28,37 70.96 8
15.38 « 57 17,06 66,99 67 20,16 79.17 9
16,00 59 16,93 66,48 : «70 20,15 79,15 10; .
18.16 2,98 16.00 62.86 3.64 19,56 76.80 11 -
18,18 3.00 11.83 66,99 3.67 14,46 81.87 12/
20,00 5,12 11,24 63.64 6. 40 14,05 79,55 13
21.86 Te ¥l 10,61 60,06 9,56 13,57 76.86 iu
21,88 7.50 3.65 66,97 ' 9,60 4,68 85,73 1%
23,88 9,82 3,43 62.87 12,90 4,51 82,59 16
23.90 9,84 +00 66,26 12,94 .00 ' 87,07 17
24,77 11,22 «00 64,01 14,92 .00 85,08 18
28,00 16,49 «00 55,51 22,90 » 00 77.10 18
32,00 22,10 00 45.90 32,50 .00 67.50 20
36,00 28,54 .00 35,46 44,60 «00 55,40 21
40,00 35,28 «00 24,72 . 58.80 «00 41,20 22
44,00 b1, 4k «00 14,56 74,00 » 00 26,00 23
48,00 47,58 «00 bouy2 91,50 «00 8.50 24
50,00 50,00 « 00 .00 100,00 « 00 - .00 25

s e i il i il i e sl i PPN SR . "
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reserves are comnitted continucusly to achieve AL percent average £om-

pany effectiveness, based on the data in Table 2-9. The relationship

between the defending companv's percentaye casuilz’es and ite nercent-

age of ineffective or uncommitted survivers s =hawm in Tigl A-7, where
reserves are assumed to he committed rontinoosie. N

The basic FAST-VAL input is tie fra ti-n -7 o rvivlog ritianen
that are committed and effective, which may be fount in the seventh

cofﬁmn of the tables, or its complement, ,the fracticn o survivors

that are ineffective or uncommitted, which is the sum of the fifth

and sixth columns of the tables. Figure A-9 shows the relationship
between percentage casualties and. the percentage of surviving rifle-
men that are ineffective or uncommitted when policv is to cormit re-
serves continuously., This policy will achieve the same average company
effectiveness, 0.64, as would be achieved by cormitting reserves by
fire team, The curve that appears in Fig. A-9 {s also shown as the
dashed curve in Fig. 4, since we are currentlv assuming the policv of
continuous commitment of reserves to obtain the input that determines

the percentage of surviving riflemen that are cormitted and effective,

as a function of a company's percentage casualties.

SUMMARY

For FAST-VAL input we require the fraction of surviving riflemen
that are committed and effective or its complement, the fraction of
surviving riflemen that are ineffective or uncommitted, expressed as
a function of company casualties. The two fundamental considerations
that lead to this input are (1) the fraction of surviving riflemen
that are ineffective, g(j), and (2) the cumulative cormitment recuire-
ment, Y(b,j), that is determined by_the‘commicment policv. We have
developed the general formulas that applv to all commitment policies and
have developed formulas to compute Y(b,j) for several examples of commit-—
ment policies that are used for attacking or defending infantry com- !
panies. The required FAST-VAL input may be computeﬁ for anv of these
policies and used in a simulation as best accomplishes the objective
of the study. We currently are assuming a volicv »f ~nntf{nuous commit~
ment of reserves to ceompute the fraction of surviving rifiemen that are

committed and effective.
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Table A-9

PERCENTAGE OF SURVIVORS OF A DEFENDING INFANTRY CUMPANY
RESERVES COMMITTED

THAT ARE COMMITTED AND EFFECTIVE:

4 CONTINUOUSLY

PERCSENTAGL JF INITIAL COMPANY

.dsuadle-
ties

4,99

5,00

5,94

5.95

8,00
12,00
14,00
15,36
15,38
16,00
18,16
18,18
20,00
21. 86
21,88
23.38
23,90
24,77
24,30
32,00
36,00
40,00
44,00
44,00
50,00

inef=-
fective

25
25
27
027
32

o U6

o5
. 2/-’

e 57
« 59
2,98
3.00
5,12
To k7
7.50
9,82
9,84
11,22
16, 49
22,10
28,54
35,28
4l, Ly
47,58
50,00

Effective
Uncom- Commit-
mitted ted

31.27 63,49
30.75 64,00
29,79 64,00
29,78 64,00
27,68 64,00
23,54 64,00
21,47 64,00
20,07 54,00
20,05 64,00
19,41 64,00
14,86 64,00
14,82 64,00
10.88 64,00
6,67 64,00
6,62 64,00
2.30 64,00
2,26 64,00

.01 64,00

.00 55,51

« 00 45,90

. C0 35,46

.00 24,72

.00 14,56

« 00 b, 42

. 00 .00

PERCENTAGE CF T JRVIVOED

Inef-~

fective

« 26
«26

029

«29
«35
«53
61
67
«67
«70
3.64

3,67

6,40
9,56
9,60
i2,90
12,94
14,92
22.90
32,50
4y,60
58,80
74,00
91.50
100,00

Effective
Uncom- Commite
mitted ted

32.91 66,83
32,37 67.37
31,67 68,05
31.66 68,05
30,08 69,57
26,75 72,73
24,97 T4, 42
23,71 75,61
23,69 75,63
23,11 76,19
18,16 78,20
18,11 78,22
13.60 80,00

8.53 81.90

8,48 81,93
3,02 84,08

2,97 84,10

.01 85,07

.00 77.10

.00 67,50

.00 55,40

.00 41,20

00" 26,00

.00 8,50

.00 .00
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Fig.A-9 — Relarionship between a defending infantry company's percentage
casualties and the percentage of its survivors that are ineffective
or uncommitted (reserves committed continuous'y)




o~

ge:E“ank

precedmg Pa

-67- k

REFERENCES

Harris, K., R. Snow, and J. R. Lind, FAST-VAL: Target Coveraaz
“ndel, The Rand Corporation, RM-4567-PR, March 1966.

Department of the Army, .anewver Control, FM 105-5, April 17,
1964.

Department of the Ammy, Rifle Zompany, Infantry, Airborne ~Infantry
ad Mechant zed Infantry, P 7-11, January 1962.

Department of the Vavy, Office of the Chief of Naval Operations,
The Effectiveness of a ileutralization Fire Against Many Troops.
in Jpen Postitions, Operations Evaluation Group, Study No. 385,
April 27, 1949. ’

.Allen, F., and J. Sperazza, New Lasualty Criteria for Wounding v////
by Fragments (U), Ballistic Research Laboratories, Report No.
996, October 1956 (Confidential) : - .

‘ Clark, Dorothy K., Casualties as a Measure Of the Loss of Combat

Effectiveness of an Infantry Rattalion, Operations Research Of- .
fice, The Johns Hopkins UniveXsity, ORO-T-289, December 1954.

Department.of the Army, Headquarters U.S. Army Contihental Army ;///
Command, War Gaming Handbook (U), September 1961 (Secret),

U.S. Army Infantry School, Infantry Reference Data, June 1966.

Berry, S. B., "Observations of a Brigade Commander," Military Re-
view, Vol. 48, No. 1, January 1968, pp. 3-21.

* Lind, J. R., FAST-VAL: Forward Air Strike Evaluation Model (Phase

I Computer Model), The Rand Corporation, RM-4352-PR, December
- 1964,

-

)

Ly e ..
PR ST O

.
O BRSNS 5 ., Bt s v e s




This Document

DOCUMENT CONTROL DATA

© omer——————

,71. ORIGINATING ACTIVITY

The Rand Corporation

20. REPORT SECURITY CLASSIFICATION
UNCLASSIFIED

2b. GROUP

3. REPORT TITLE

FAST-VAL: RELATIONSHIPS AMONG CASUALTIES, SUPPRESSION, AND THE PERFORMANCE, OF COMPANY-

SIZE UNITS

4. AUTHOR{S] (Last nome, firs? name, inil‘iol)

Spring, S. G. and S. H. Miller

5. REPORT DATE

March 1970

ba. TOTAL NO. OF PAGES

6b. NO. OF REFS.
78 10

R N R Cpeiaies, W W

7. CONTRACT OR GRANT NO.
F44620-67-C~0045 4//

ORIGINATOR'S REPORT NO.
RM-6268-PR

Reproduced From —~
Best Available Copy X

90. AVAILABILITY/LIMITATION NOTICES

DbC ‘I’

9b. SPONSORING AGENCY
United States Air Force
Project Rand

L

" 10. ABSTRACY

Describes the secondary effects, as input
to FAST-VAL simulations, of casualties,
equipment losses, and fire exchange on the
performance of individual combat troops.
These effects~-including diversion of sur-
vivors, suppression, and loss of leadership
and cohesjion--are calculated in terms of
break and stall levels, company effective-
ness, weapon-crew effectiveness, suppres-
sion of fire, movement rate, suppression of
mobility, and hand-to-hand combat perfor-
mance. In a FAST-VAL simulation, the per-
centage of surviving effective riflemen is
- computed as a function of the preplanned
rate of fire, reserve-commitment policy,
cumulative casualties, and suppression.
An attacking company breaks when it has
sustained 30 percent casualties; a defend-
ing company, 50 percent. The artillery,
mortar, and machine-gun rates of fire are
computed separately. An attacking com-
pany's forward movement ceases at 23 per-
cent casualties; an attacking armored unit
stalls with 70 percent vehicle losses.
Discussion includes detailed computations
for deriving the percentage of riflemen
still effective. . : :

11. KEY WORDS

FAST-VAL (Forward Air Strike
Evaluation)

Computer Simulation

Casualties

Attrition

Military Operations

Tactical Warfare

Weapons Effects

Pyt




