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ABSTRACT 

For evaluation of weapons used against personnel, 

the average presented area of a typical Chinese infantryman 

prone on the ground is given as a function of the angle of 

arrival of fragment or bullet. World war I dimensions of 

the average United States infantryman were scaled by a 

relative stature factor to represent those of the average 

Chinese infantryman. Some applications of the results are 

suggested. 
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PRESENTED AREAS OF AN AVERAGE 

PR0N3 CHINESE INFANTRYMAN 

INTRODUCTION 

Studies of the effectiveness of weapons for attack 

of ground troops require knowledge of the target presented 

area. The presented area of the infantryman is a function of 

his dimensions,  his position on the ground, and the angle of 

arrival of the fragment or bullet.  The purpose of this report 

is to determine for a prone posture the average presented area 

of a typical Chinese infantryman as a function of the angle of 

arrival. Previously, an estimated value of the vulnerable 

area has been used. 

METHOD OF SOLUTION 

Determination of Chinese Infantryman Dim.:..2ions 

The physical characteristics of a typical Chinese 

infantryman were not available.  However, physical dimensions 

of the mean United States infantryman of World War I (Ref. 1) 
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and the f:iean Japanese infantryman stature of the same period 

v/ere located (Ref. 2). The assumption was made that the 

typical Japanese and Chinese prone infantrymen are dimensionally 

identical.  In studies made of the physical characteristics, of 

man, particular emphasis has been placed on stature. There- 

fore, the average U.S. infantryman measurements v/ere scaled 

(App.: Fig. 2) by a factor .(0.9200) representing the ratio of 

mean statures of the Japanese and U.S. infantrymen. 

Definition of Angle of Elevation and Azimuth 

The angle of elevation E, ;i.e. the angle of arrival 

of the fragment or bullet, is defined as the angle £0P made by 

the line of approach PO of the fragment or bullet and the XY 

plane. Azimuth A is the angle XOJJ between the projection £0 

of the path of the bullet on the XY plane and the longi- 

tudinal axis of the target.  Directions are defined below. 

-2- 
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-xperi.Tiontal Techniques and remits 

To determine the presented areas of the Chinese 

infantryman, photographs were taken of a model and the results 

planimetered. The model was constructed of wood to the scale 

one to ten. It represents the target in a prone position 

with legs fairly straight and arms wound about the head for 

protection. Lines were drawn on the modil to indicate head, 

torso, limbs, and abdomen. This marking will facilitate the 

computation of vulnerable areas when kill probabilities for 

these portions of the body are available. 

The presented- area of the target' Is ■ a function f 

of the azimuth ah* the angle of elevation. With respect to 

presented area the target is symmetrical about its longi- 

tudinal axis, that is 

f(A,E) = f(A+l80°, - E). 

Furthermore, the presented area is taken to be symmetrical 

about a vertical plane passing through this longitudinal axis, 

that is 

f(A,S) = f(360° - A, a). 

Photographs of the model were taken for selects.! 

values of azimuth and elevation at a fixed distance of four 

feet from the model centroid. Because of the symmetry 

mentioned above, these selections were made in the region 

04Ai 180°>  0 * a * 90°  covering in effect the entire 

_ ■)_ 



-rf-r- 

:;ü,-IV.C. OL' U<e :phore.  The silhouettes (App.: j'i,-. _.; 

planimoterad and the areas obtained were multiplied 

(App.: I-1 i 3. 5) by appropriate factors to give the presented 

area (sq ft) of the Chinese infantryman. 

For each fixed angle of elevation the presented 

area of the Chinese infantryman was plotted (App.: Fig. 6) 

as a continuous function of azimuth and an average area was 

computed.  A graph (App.: Fig. 7) of average presented area 

as a function of angle of elevation was then constructed. 

APPLICATIONS 

The material presented here can be adapted for 

several applications, of which the following are examples: 

A.  If the height of the characteristic member of 

another racial group is known, then the presented area 

of this individual in a prone position for a particular 

aspect can be found by multiplying the corresponding 

result in the text ty the square of the relative stature 

factor. 

E.  To determine the effect of shielding by terrain 

or equipment, the exposed area may be altered on the 

photographs and the unshielded areas planimetered. 

1 
lie an heights of men from a wide variety of racial groups hav..- 
Leon comniled in f;eference No. 3. 
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C. To obtain the vulnerable area of the prone 

Chinese infantryman, the photographs can be examined to 

find the presented areas of the bodily portions. Then 

the corresponding conditional kill probabilities can be 

applied, and the products summed. 

D. To approximate roughly the average presented 

area of the characteristic Chinese infantryman in an 

upright position as a function of the angle of arrival 

of fragment or bullet, the graph of presented area 

as a function of aspect (App.: Fig. 6) can be used. 

The aspects (a,e) selected for the standing man are 

transformed into the corresponding aspects (A,S) for 

the prone man and the associated presented areas 

averaged. 

■T 't icr'i; 
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IWi'i'lfilThlfr 
Fig. 1 

V2r<TTCAL  DIMENSIONS 

1. Stature 

2. Sternal Notch 

3. Sitting Height 

U. Pubis 

9 
LIMB LENGTHS 

10 
5. Arm (spine to wrist, fore 

arm flexed) 

6. Leg 

7. Knee Height (when seated) 

a. Forearm 

CIRCUMFERENCES 

9. Chest 

10. Waist 

11. Thigh (maximum) 

12. Kneeoap 

13. Neck 

lU. Calf (maximum) 

TRANSVERSE DIAMETERS 

15. Span (Maximum) 

16. Shoulder 

17. Hip 

ln.. Chest 

FORE AND AFT DIAMETER 

19. Chest 

HKTI'HIIITl,» 



Fig.   2 
"ffl^ 

MEAN  DIÜEMflOIJS   OF   INFANTRYMEN 

Dimension Anencan Chinese" Cpecif > .:.■■■. •. Ions 
Nx.iher Infantryman, Infantryman, fOf    •J:;!.iu:i-0 

(See  Fig.   1) World War  I 1915 Inf •-.:?.! rymon 
(in.) (in.) V.'oo:'.jn  Model 

(in.) 

1 67.72 62.30 6.23 
2 55.58      • 51.13 5.11 
3 35.59 32.7^ 3.27 
h 3^.18 31A? 3.1^ 5 30.87 28J<0' 2.8^- 
6 28.22 25.96 2.60 
7 18. 51

H 17.06 1.71 8 10.59 9.7^ 0.97 
9 3^.96 32.16 3.22 

10 30.66 28.21 2.82 
11 20.75 19.09 1.91 12 lif.26 13.12 1.31 
13 m.16 13.03- 1.30 
1*+ 13. te 12.35 1.2lt 
15 69.13 63.60 6.36 
16 I6.ii6 15.11* 1.51 
17 11.59 10.66 1.07 
18 11.1+2 10.51 1.05 
19 8.50 7.82 O.78 

1 
Approximately 100,000 sample size (Ref. 1) 

Computed by application of relative stature factor (0.9200) 

Scale one to ten 

. 11 j.Ti.ini.m 
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SCALING FACTOR 

It was impractical to control the duplication 

processes such that each silhouette (Fig. 3) would have the 

same scale as the model.  Consequently a scaling factor F 

has been introduced to obtain the presented area of the 

model, as follows: 

W = S-F 
o 

where   F = (—^-)'~ 

and   W = presented area of wooden model (1/10 full size) 

S = planimetered area of silhouette/ (From Fig. 3) 

d = 'distance between markers on the reproduction 
(see below) / 

c - constant distance between markers during 
• photographing (8 inches for all aspects). 



PRiLSiSNTID  Ali-iAS 

£       i?    s*F looCG*!'1)  irnfs'F) 

•Elevation Azimuth -Planimetered -Scaling ■ Presented ' Presented Presented 
(deg)    (deg)    Area of Factor Area of Area of  Area of 

Silhouette (Fig. if) Wooden Chinese  Chinese 
(Fig.3) Model Infantry- Infantry- 
(sq in») (sq in.)     man.     man 

0 0 1.0*+ 0.985 1.02 102 0.71 

0 30 2.52 1.032 2.60 260 1.81 

0 60 3.75 1.000 3.75 375 2.60 

0 90 3.90 0.985 3.8if ' 38^ 2.67 

0 120 3.78  . 0.985 3.72 372 2.58 

0 150 2.75 0.985 2.71 271 1.88 

0 180 0.99 1.032 1.02 102 

(Avg.) 

0.71 

■-2.0M- 

10 0 1.81 0.969 1.75 ■ 175 1.22 

10 30 3.06 1.000 3.06 306 2.12 

10 60 h.2k 0.969 if.11 »+11 2.85 

10 90 h.k7 0.969 M3 ^33 3.01 

10 120 if.15 0.969 if. 02 1*02 2.79 

10 150 2.91 0.969 2.82 282 1.96 

10 180 1.67 0.969 1.62 162 

(Avg.) 

1.12 

2.32 

müiJTidiM) 



Fig.   5 
(Cont'd) 

rn O « T? lUO(S--F) lon(s-[p) 
li+if 

ülevation 
.   (dog) 

Azimuth 
. (clus) 

Planirnetered 
Area of 

Silhouette 
(Fie.   3) 
(sq  in.) 

Sealins 
factor 

(Fig.   M 

Presented 
Area of 
Wooden 
Model 
(sq  in.) 

Presented 
Area of 
Chinese 

Infantry- 
man 

(sei   in.) 

Presented 
Area of 
Chinese 

Infantry- 
man 

(sq  ft) 

20 0 3.00 0.969 2.91 291 2.02 

20 30 3.73 0.969 3.61 361 2.51 

20 60 IK 60 0.969 k.k6 IflfO 3.10 

20 90 5.10 0.955 k.87 . kS? 3.3s 

20 120 k.63 0.969 k.k9 1,1,9 3. IP 

20 150 3.70 0.955 3.53 353 2. l| 5 

20 180 2.76 ■0.969 2.67 267 1.85 

(Avg.)   2.75 

30 0 3.91 0.969 3.79 379 2.63 

30 30 W.36 0.969 ^.22 1+22 2.93 

30 60 5.1!+ 0.969 ^.98 ^98 3.H6 

30 90 5.52 O.969 5.35 535 3.72 

30 120 5.20 0.955 '+.97 h97 3.^-5 

30 150 ^.10 1.016 *i-.l7 kl? O     QO 

30 180 3.7^     ' 0.969 3.62 362 2.51 

(Avg.)   3.17 
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•s      F s-!? ioo(S'i?) looa-?) 

Elevation Azimuth Planimetered . Scaling Presented .Presented Presented 
(deg)    (deg)  ' Area of Factor Area of Area of Area of 

Silhouette (Fig. h)  Wooden Chinese Chinese 
(Fig. 3) Model Infantry- Infantry- 
(sq in.) (sq in.) man man 
 (sq in.) (sq ft) 

ho                0      1+.75 0.985 ^.68 kC8 3.25 ' 
lfO      30      5.23   ' 0.969 5.07 507 3.52 

ho               60      5.67 0.985 5.5S 558 3.87 

^0      90      5.98 0.985 5.89' 589 'I-.09 

ko             120  •   5.5^ 0.985 5..50 550 3.82 

^fO    150     if.96 0.969 h.Pl k8l 3.3k 

kO                180       If. 39 0.969 *+.25 h25 2.95 

(Avg .) 3.62 

££ s ; 0 5.82 0.969 5.61+ 56 If 3.92 

55 h5 5.6>+ 1.000 5.6J+ 561+ 3.92 

55 90 6.38 0.985 6 28 628 if. 36 

55 135 6.01 0.985 5.92 5q2 V.ll 

55 180 5.62 0.985 5.9- ;;r:i, 

(Avg. ) 

3.85 

t+„06 

r»:,iTr*'fT*'*'y" 



TJVr^ 
(Cont'd) 

ICP(C^) 

Slevation Azimuth Planimetered Scaling Presented Presented 
(deg) (deg)    Area of Factor  Area of A.roa of 

Silhouette (Fig. k)   Wooden Chinese 
(Fig. 3) Model Infantry- Infantry 
(sq in.) (Sq in.)    man      map 

r e v  '■ 'i t o i' 
Area of 
Chines 3 

70 0 6.20 - 1.000 6.20 620 

V. Ö M       LCI 

I+.3I 

70 ^5 6Ao 1.000 6A0 6V0 ^»A 

70 90 6.50 0.985 6Ao 61+0 i+.A 

70 135 6 Al 0.985 6.31 631 1+.38 

70 180 6.30 0.985 6.21 621 K31 
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