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FOREWORD 

It is generally conceded that small arms fire in actual combat 

situations is largely unaimed.   Machine gun fire especially, is gen- 

erally "sprayed"  into a target area.   The concept of a lethal area per 

round is therefore useful in assessing casualties caused by small 

arms.   Utilizing formulas developed by Arthur D. Groves of Ballistic 

Research Laboratory, Aberdeen, Maryland, lethal areas per round 

have been computed for various tactical situations.    The lethal areas 

and associated single-shot kill probabilities as functions of target 

size, troop posture and density, height of aiming point, dispersion of 

impact point, and range to target are tabulated. 

111 



TABLE OF CONTENTS 

Page 

1. General 

2. Gaming Assumptions 

3. Generalized Assessment Model 

4. Calculation of Lethal Area and Kill Probability 

5. Sample Calculations 

6. Approximations to Curves 

7. Casualty Assessment 

8. Kill Assessment Using Lethal Area 

1 

1 

1 

3 

5 

6 

6 

9 

LIST OF FIGURES AND TABLES 

Figure 1      Lethal Areas and Approximation -- 
Attack or Defense Deployed Formation 

Figure 2      Lethal Area and Approximation -- 
Column Formation,  Flanking Fire 

7 

8 

Table 1        Lethal Areas and Kill Probabilities for 
Attack Formation 

Table 2        Lethal Areas and Kill Probabilities for 
Defense Formation 

Table 3        Lethal Areas and Kill Probabilities for 
Flanking Fire on Column 

11 

12 

13 

HOOIMIO AUS KUK-NOT HliS 
''•',J£'S'**to*suBlKim*K*a-.s***v^m:,^ „„^ 



ASSESSMENT OF CASUALTIES 
FROM SMALL ARMS FIRE 

1. General.     Small arms fire may be either a^imed or un- 

aimed.   One naturally prefers to think of rifle fire as aimed fire in 

combat, but it is generally conceded that machine gun and automatic 

rifle fire is more or less "sprayed" into an area in which a target is 

presumably located.   Over a large number of combat situations, 

however, it is quite likely that even rifle fire is generally not pre- 

cisely aimed.     For this reason, the consensus of combat officers is 

that small arms fire is essentially unaimed fire over a specific small 

target area. 

2. Gaming Assumptions.    In assessing small arms fire in 

gaming operations, it is generally agreed that at some small unit of 

resolution, for example a platoon, the distribution of men may be 

considered uniform.   Using this assumption and the one above, that 

small arms fire is unaimed over the platoon area, a mathematical 

model of assessment of small arms fire can be developed. 

3. Generalized Assessment Model.     One round of fire pass- 

ing through a vertical target area, A , will have probability, ?„„, 
p HK. 

of causing a casualty.   The concept of a horizontal lethal area, AT , 



will be employed, however, where A    is a function of the following 

parameters: 

6 = Angle of fall at mean range R 

D = Depth of target in direction of fire 

Y = Height of aiming point 

a = Standard deviation of Y 

A = Vertical area of individual target 

Ptrv - Probability of casualty,  given a hit thru A . 
liK. p 

It will be assumed that all rounds land within or pass over the target 

area of width,  W, and depth,D.   Therefore, the probability that a 

single round causes a casualty is: 

P    = A   /WD 
k L 

To account for duplications of kill, i. e., overlapping of individual 

lethal arms, an exponential model is used to obtain the expected 

fraction kill in the target area: 

-NP 
F(K) =   1-e        k 

where 

N = number of rounds fired into target area 

Obviously, if NP   is small, the first two terms in the series ex- 

pansion of the exponential yields, 

Approx, F(K) = NPk 

This can be very inaccurate, however, in cases of heavy fire. .1 



4.      Calculation of Lethal Area and Kill Probability.     A 

mathematical model     has been developed for computing the lethal 

area, A. , and the associated single shot kill probability, P., when 

the density of men per unit area, 6. is specified. 

a.     Parameters used in Computation 

Let 

a    = min {H, D tan e ] 

b    = max {H,D tan   e] 

a   = a/a 

9    = b/o 

y   = Y/a 

M   = a A    cot e/H 
P 

For any X, 

MX) 
1 

e         dt 

<0(X) 
-Xa/2 

/jjrr 

*   U. S. Army,     BRL   Memo Rpt. No.  1452, "Effectiveness of 

Unaimed Small Arms Fire, " Arthur D. Groves,    3 January 1963. 

■3- 



I 
b.      Algorithms for Computations r 

(1) When the angle of fall is larger than 0. 001, i. e. . 

when tan 0 > 0. 001 the lethal area and single shot kill 

probability are computed by: 

AL = PHKM I v("y) -<P(a-y)-*<0-y) +^(a + «» -r) 

-y * (-y) - (a - r) ^ (a - y) - (e - y) * (B - y) 

+ {tx + * -y) $(a + B -y) J 

Pk * PHK [*{ci + *-y) - $("y) 

-{$(a-y+6M).-« (-y+ SM)} exp ( 6M (— -y)] 

-U(e-y)-$(a-y)} exp {-6 Ma] 

-{*(a + B-y-^M)-*(e-y-fiM)}exp{-ftM(a+^-y-ftM/2)]] 

(2) When the fire is nearly horizontal, 9~0 and cot e-»oo 

therefore, the above forms cannot be used.    In practice 

if e<0. 001,  special alogrithms are used: 

Pk=PHK[1-eXP(-8DApH['<^X,",("Y/<,)] 

(3) In the following computation, *(X) is approximated by 

the analytic function:   *(X) = 1 /(I-e"1 • 7X). 

1 
i 
I 
I 
I 
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5.      Sample Calculations.    The STAG 7090 computer was used 

to calculate A    and P    for three tactical configurations,  four per- 

sonnel postures, and firing ranges up to 1500 meters.   The angle of 

fall was taken from Firing Tables for 0. 50 caliber. War Dept. 

FT 0. 50AA-T-1,  1 Feb.   1946. 

a.      Tactical Configurations Assumed 

Formation      W(m.) D(m.) 

Attack 
Defense 
Column 

750 
1500 
1200 

100 
100 

20* 

6(men/m2.) 

.0018 

.0009 

.0077 

b.      Postures Assumed.     The individual soldier was 

assumed to present a vertical target two feet wide.    The 

height of the individual target, H, is given in feet and meters 

and the assumed single shot conditional kill probability, P 

is indicated. 
HK 

Posture H Y( m) VmS) p 
HK 

feet m. 

Standing 5'9M 1.75 1 .0 1.07 .75 
Crouching 3' .915 .5 . 56 .85 
Prone 15" .41 .5 .25 .80 

Protected 4" .1 .3 .06 .30 

In all cases a was assumed to be 0. 5 m.   The computed lethal 

areas and kill probabilities are shown in Tables 1-3. 

This assumes fire   from the flank. 

I 1 1. 

* -5- 



6. Approximations to Curves.   The computed lethal areas 

plotted as curves of area versus mean range. R, are shown in 

Figures 1 and 2.   In actual gaming practice linear approximations 

to these curves shown as dashed lines will be used in assessing the 

casualties from small arms.   Analytic formulas for the various 

approximations are shown. 

7. Casualty Assessment.   For any given set of tactical 

mission, phase, and formation,    a distribution of personnel among 

the various postures is assumed.   The lethal area used against any 

particular target is then a weighted mean based on this distribution. 

For example, an infantry unit in the attack from line of departure to 

assault might have a composite posture such as: 

45% standing, (i.e., walking) 
40% crouching 

5% prone 
10% protected (i. e. in trucks) 

Suppose the' the range =750 meters.   The weighted lethal area is 

computed as follows: 

0.45   x   37.89 B 17.05 m3 

0.40  x   25.22 S 10.10 ma 

0.05   x   13.60 = .28 ma 

0.10  x     1.23 = .12 ma 

Mean AT 27.55 ma 

This value would be the value used in the casualty assessment 

formula of paragraph 3. to get the expected fraction of casualties: 

F(K) = 1 - exp(-NAL/WD) 

-6- 
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1. 
I 

8.      Kill Assessment Using Lethal Area.     The formulas for 

A.   and P.    as computed from algorithms in paragraph 4   presume 

these values remain constant for the duration of engagement.   Since 

the geometric extent of a tactical formation will remain fairly con- 

stant throughout the assessment period, the use of a lethal area is 

considered preferable to a constant kill probability which is based 

on a constant density.   Obviously, if area remains constant, density 

decreases as casualties occur.    In computing actual number of kills, 

therefore the fraction of kills is computed by formula in paragraph 

7 above and multiplied by current strength to obtain expected number 

of casualties, K.     K = S* F(K)    where S is current strength in num- 

ber of men. 

In the tactical situation above assuming two platoons forward 

in a depth of 100 meters,  current strength,  132 men.   The casualties 

for 500 rounds of enemy small arms fire would be computed as follows: 

W = 750 meters 
D = 100 meters 
S =  132 men 

A.   =    27.55 square meters/round 

N = 500 rounds 

K =   132 [1 -exp (-500- 27. 55/75, 000)] 
K =   132 [0.168] 
K =  22.2 

The assessed casualties would be 22 men. 

-* .^■■U>#'miW«tU»«*Uv«.'U*^ 



TABLE 1.    LETHAL AREAS AND KILL PROBABILITIES FOR ATTACK FORMATION 

«TUCK FOftHATION 

OECIH   •         100.0000 
STANDING l>0STU«6 

HCICHT   • I. HOC * •       1. oooc A      •              1 
p 

0700 p      ■ 
m 

0.7500 

ft TtN B A ft 
l K 

I00.000J 
2OO.O0C0 

0.0006 
0.0013 

41.0549 
40.0863 

0.0700 
0.0712 

300.0000 
400.0000 

0.0021 
0.0033 

40.1007 
39.9969 

0.0719 
0.0718 

«00.0000 
750.0000 

0.0040 
0.0010 

39.S702 
17.6940 

0.0714 
0.06S1 

I COO. 0000 
1250.0000 

Ul30 
0.0212 

31.4607 
21.4616 

0.0549 
0.0376 

ISOO.OOOO 0.0330 13.6901 0.0243 

«OUCHING POSTUftE 

HEIGHT   • 0.9l!.U y •        o. 5000 A     •             0 5600 P 0.8500 
* HK 

ft T<N e A 
I 

ft 
K 

100.0000 0.0006 33.7860 0.0576 

300.0000 
o.öoii 
0.0021 

ilAoli 
31.8631 

0.0488 
0.0487 

400.0000 
SOO.0000 

0.0033 
0.0040 

31.1382 
30.5188 

0.0484 
0.0480 

750.0000 
1000.0000 

o.ooso 
0.0130 

25.2225 
18.9398 

0.0438 
0.0335 

IHbMlb 
ISOO.OOOO 

i.lili 
0.0330 

ll.«44* 
7.6294 

6.oM4 
0.0135 

MONE   POSTU« 

HEIGHT   • 0.4100 Y  •             0. 5000 A     •             0 2500 P 0.8000 
ft HK 

It Tita S A 
I K 

lOO.OOOC 0.0006 13.1525 0.0224 
JöO.OOCi. 
300.0000 

o.oen 
0.0021 

1S.S2J5 
14.3415 

6.0JJ7 
0.0223 

403,0005 
SOO.0000 

6.60« 
0.0040 

is.ins 
IS.3884 

0.0210 
0.0206 

7H.BBB0 
1000.0000 

fl.6810 
0.0130 

M.Wi 
10.5385 

6.0568 
0.0178 

Uifl.oeoj 
ISOO.OOOO 

0.8212 
0.0330 

6.8836 
4.3725 

6.oili 
0.0073 

PMTECTEO POSTUHE 

HEIGHT  • 0.1000 V .         0. }000 A     -           0. 
ft 

0400 
HK 

6.1000 

I) TAN   8 A p 
L K 

186.6904 
200.0000 

O.OÖöi 
0.0013 

1.2122 
1.3460 

iMil 
0.0029 

iOO.AOOb 
400.0000 

0.0021 
0.0033 

1.42i) 
1.4903 0.0019 

Mfc.OOOo 
7S0.000C 

O.ÖOid 
0.0080 

l.4*2i 
1.2267 

b.iol» 
0.0019 

im.noi 
1250.OOOS 

O.Oliö 
0.0212 0.6029 

6.mi 
0.0010 

1500.OOCO Ö.OJJO t.Uii 0.0006 

11- 
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TABLE 2.    LETHAL AREAS AND KILL PROBABILITIES FOR DEFENSE FORMATION 

OffENSf fURMATION 

CEPfH   .        10Ü.ÜOOO DtLI*   .              0.000« SIGMA   • D.iOOC l 
SUNOIN& POSTURE 

MflGMt    ■ 1.7*0t 1 •       I. 0000 *   •        1 
p 

.0700 P        • 
MK 

0.7500 

II TAN e A r 
I K 

100.300J 
200.0000 

0.0006 
0.001) 

*1.0>49 
*0.0I63 

0.0360 
0.0370 

300.0000 
*00.000ü 

0.0021 
0.0011 

*0.1007 
l*.99i9 

O.C172 
0.0171 

«00.0000 
750.000C 

0.00*0 19.8702 
37.1940 

0.0368 
0.0314 

1000.0000 
12S0.00OO 

0.0110 
0.0212 

11.5(07 
21.4616 

0.0281 
0.0191 

1500.0000 0.01)0 11.6901 0.0123 

CBOUCMING POSTUÄf 

MEIGMt   ■ 0.9150 Y   •             0.5000 A     •             0, .5600 P 0.8500 
p HK 

R TAN g A 
I 

P 
K 

100.0000 0.0006 11.7860 0.0296 
200.0000 
300.0000      ' 

0.0011 
0.0021 

12.1082 
11.8631 

0.0250 
0.0250 

«oo.oooo 
500.0000 

0.0013 
0.0040 

11.1182 
30.5188 

0.0248 
0.0246 

750.0000 
looo.ooc: 

o.ooao 
0.0110 

29.2225 
18.9)98 

0.0223 
0.0170 

125C.0000 
1500.oooc 

0.0212 
0.0130 

11.9948 
7.6294 

0.0106 
0.0068 

PHflNt   POSTUHE 

HflGHT   • 0.4100 V   •            0. 5000 A     -             0, .2500 P 0.8000 
P HK 

R T»N  6 I P 
K 

100.0000 0.0006 13.1525 0.0115 
JJc.flöJi 
300.0000 

0.001) 
0.0021 

li.iiii 
14.1415 

0.0U4 
0.0109 

«OC.OOOo 
50Ü.00CÖ 0.00*0 

1S.ITS5 
15.1884 

i.itoj 
0.0102 

75J.fll5öi 
1000.0000 

e.ooifl 
0.0130 

1S.S4U 
10.5185 

6.6m 
0.0090 

1500.0000 
Ö.Ö21! 
0.0110 

6.(*i6 
4.1725 0.00)6 

PRUTfCTEn POSTURE 

HtlM   • 0.14Ä6 V .        4.: ibii k   •        A. 
p 

Ö64Ö 
HK 

0.1000 

R TIN  B A P 
L K 

200.0000 
6.066i 
0.0011 

1.2122 
1.3460 0.0012 

JM.ÖM4 
«00.0000 

0.0021 
0.0011 

1.4J6J 
1.490) 

6.4Ö16 
0.0009 

750.00C0 
ä.«ä*o 
0.0010 

1.4424 
1.2267 

o.5oo<! 
0.0010 

I'SBBtOTflo 
125C.OOOC 

0.81» 
0.0212 0.6029 

t.im 
0.0005 

Hio.öiöo Ö.AU6 A.St» 6.0065 
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TABUE 3. LETHAL AREAS AND KILL PROBABILITIES FOR COLUMN FORMATION 
(FLANKING FIRE) 

COLUMN FORMATION 

BtPTh ■ 2C.000U DELIA •          Ü.QOTT ilfiHA •           D. 50DQ 

STANDING POSTURE 

HEIGHT   • 1.T500 V   .            1.0000 A     •              1.0700 
p 

P       • 
MR 

0.7500 

R TAN e A P 
I K 

100.0000 
20(1.0000 

O.OOOh 
0.001) 

8.2110 
7.9939 

0.0603 
0.0595 

J00.000C 
♦OD.OOOO 

0.0021 
0.0011 

7.9989 
8.00(5 

0.0595 
0.0603 

500.0000 0.00*0 
0.0080 

8.0088 
8.0199 

0.C607 
0.C618 

1000.ooco 
1250.0000      ~ 

0.0130 
0.0212 

8.0153 
7.9628 

0.1621 
0.061* 

1500.0000 0.0330 7.7752 0.C585 

CROUCHING POSTURE 
■ 

HflCHT   • 0.-J150 Y   .            0.5000 A     •             0.560C P 0.8500 
p m 

R TAN e A 
I 

p 
 K_               

0.0*97 loo.oooo 0.0006 6.7572 
200.0000 
300.0000 

0.0013 
0.0021 

6.«301 
6.*32a 

0.0*97 
0.0*5* 
0.6*29 
0.0*2* 

*00.000t 
500.0000 

0.0033 
0.00*0 

6.*3*2 
6.*33* 

750.0000 
1000.ooco 

o.ooao 
0.0130 

6.*076 
6.3227 

0.0*20 
0.0*19 

1250.6000 
1500.0000 

o.oJii 
0.0330 

6.0550 
5.**96 

0.0*13 
0.C39* 

PRONF   POSTURE 

HEIGHT   • O.MOt Y   •             0.5000 A     •             0.2500 P o.aooo 
P HK 

R TAN  0 A 
L 

P 
K 

100.0000 0.000» 2.6305 0.0193 
200.0000 
jot.onoc 0.0021 

}.*592 
2.*990 

0.0209 
0.0222 

• *oo.ooco 
500.0000 

0.0033 
0.00*0 

2.*559 
2.5893 

0.0215 
0.0211 

7M.flflflt 
lOOC.OOOC 

S.M8S 
0.0130 

Mi4l 
2.9511 

0.C196 
0.018* 

li«t.0B6t 
1500.0000 

cons 
n.0330 2.9166 

0.0175 
O.C176 

-Hmwr.- '  ■ 5.lfl6i   ■ ■ ■ -V ."       S.Wfl ■*■ "•      '      ö.fiifit 
P 

P       . 
HK 

C.3000 

R TAN 8 A P 
L K 

-IBd.OBflTi- ■ 
200.0CCO 

■ ■ ■ '  ■».BUSi ' 
0.0013 

0.256* 
0.2*29 

A.fiöl4 
0.0023 

*00.000U 
6.6MI 
0.0033 

0.4*71 
0.253* 

O.OÖJi 
0.0031 

4Ö0.60ÖÜ 
750.0000 

0.00*0 
0.0080 

0.2570 
0.2756 

0.0030 
0.0021 

1250.0000 
A.AliA 
0.0212 

t.HU 
•0.2975 

M6H 
0.0915 

1500.9CC0 0.0)30 0.2680 0.0016 
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