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PHYSIOLOGICAL BASIS OF FLOATING IN WATÍR 

OBJECT» 

To specify the volume of air required to float nude men with their 
heads out of .water and, from this, to indicate the further volume re¬ 
quired when loaded with clothing and equipment. 

STHIIA&T» 

Suppose that the füll vital capacity is needed to ventilate the 
lungs during ths exertion of pressing a deep body of vater. This leaves 
two components of «ross body composition which will "float” and two 
which 'will, "sink”. The two which float are the residual lung volume and 
the body fat} the two which sink are bone mineral and body protein, 
Among men of diverso body weights*, the above components occur in pro¬ 
portions such that it can be shown that the lean 90 kg man needs more 
air for bouyanoy tb&f heavier or lighter men. In order to float with at 
least his head out of water, he needs almost 11.6 liters of air when 
nu^S. In what follows, the human body dimensions pertinent to the 
problem are treated so as to make it easy to consider the mass» volume 
relationships of clothing and equipment, with the view in mind of in¬ 
suring that a man loaded with equipment is enabled to float. 

APPROVED« 

marión E. McDowell 
Lt. Colonel, MC 
Commanding Officer 
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IHrTRODUCTIQN 

Often it is asKed how best to float a man. To answer this requires, 
first of all, a consideration of relationships involving mass and volume 
of tho human body. These dimensions can be measured with a balance and 
a volumeter (l). The following example illustrates the problem. An 
82.6 kg man with fully inflated lungs had a volume of 84.4 liters. In 
this "full" respiratory position his density was 0.979 kg/liter. After 
he had forcefully emptied his lungs, his body vólume decreased to 78«8 
liters. While in this "empty” respiratory position, his density was 
I.O49 kg/liter, the difference between 84.4 and 78.8 liters being called 
the vital capacity of the lungs (2). Even after blowing out his vital 
capacity, his lungs contained a residual volume of air which amounted to 
1.4 liters. Thus, the volume of the total hard and soft tissues, pro¬ 
vided gas absent in the bowels, was 77.4 liters. The quantity of 
body fat (F) can be computed (3) from the body weight (M) and the total 
tissue volume (V) in accordance with F » 4.83^ V - 4.5$$ N. This man, 
therefore, had close to 11.8 kg of fat, giving him a fat-to-body-weight 
proportion, F/M, of O.i< > kg/kg which is typical of that in young men 
(l). individual variations in the above lung volumes, together with the 
various proportions of body fat in a group of 107 presumably healthy men 
from 17 to 67 years of ag*>, account for the wide range in fat and density 
shown in Figure 1. One ma, Lad such a small fat burden that even with 
totally filled lungs, his density was greater than unity. Accordingly, 
he would sink in fresh water of density 1.000, but float in sea water of 
density greater than 1.007. If this group of men were to blow out their 
vital capacities, there would remain only six men who would float in 
fresh water, and these men would have fat proportions in excess of 
O.37 kg/kg. Even in sea water with a high density (4) of 1.04, twenty- 
two men would sink if bouyed only by their residual lung volumes, re¬ 
presenting a casualty rate of 44 per cent among the men of less than 
30 years of age in the group of 10? men (Appendix l). 

It is obvious that individuals engaged in stream crossings can 
suffer exceedingly high casualty rates. Vhat can be done to make it 
safe and easy to cross & deep body of water immediately upon arrival? 
Supposedly, the only way to do this is to supply air in a bladder with 
a volume sufficient to overcome the excess of mass to volume of the 
human body, its clothing and necessary equipment. In order to discuss 
the complete problem, it is necessary to show to what extent the volume 
should exceed the mass in order to float the leanest nude men with 
their heads out of water who, to provide ventilation, have completely 
emptied their lungs of the vital capacity. It is easy then to measure 
items of clothing and equipment and to equate tfcsao in terms of bouyancy 
required to counteract various combinations of loads. This requires 
precise definitions, handled mathematically and based on actual measure¬ 
ments of mass and volume in large numbers of men. 



gSFINITIOffS 

^max * maïinruin volume of the body achieved by fully inflating 

the ... ¿UterJ 

7min * minimum volume of the body achieved by blowing out 
the vital capacity, V0, ./"liter 7 

Vr = residual lung volume... /"liter^/ 

V - total volume of body tissues, provided gas is absent 
m the hovels ./"literj 

« total volume of ether extractable human body fat 
which has a density, Jdf -0.901 (ref 5)J ./"literJZ 

^1- * ^otal volume of the lean bodinsisting of the sum 
of the volumes of water, 7yJ bone mineral, Vm, and 
material rich in protein. V, tor vh^Lch cL - O.997, 
dm ■ 2*8> d3 * 1.40 (ref. ./"liter^/ 

^ * a constant derived from the proportionality occurring 
among Vw, 7m, and V3 (see ref l) .J.904 liter/kgj 

Vh " the total volume of the head and neck to the levé! of 
the first thoracic vertebrum... 

Vb * tk® additional volume of air required to float with 
' íhe head and neck out of water in a medium of known 

4ensity.....,.r Ht«/ 

M « body weight, measured to nearest 0.1 kg. 

F - quantity of ether soluble fat estimated from 
F = 4.834 V - 4.366 X.£kgj 

for m«im^i0en/S>Tiîg !b0Ve.a qUantity or volun>® symbol « A stands 
or maximum, and Vstands for minimum values in a large number of men. 

TBRIVATION 0? 75¾ FROBtSM 

The minimum volume which can be achieved by an individual ia 

^min * ^r + 

?Ue t0.the f*iTl* uniform proportionality occurring amon* bodv 
water, bone mineral, and body “protein**, can be written ^ 

Vmin = vr + ( ~t™ - C4 ) ^ p X 
af 

2 



Fro/: B * k/V relationships the maximum density of an individual with his 
fees v.j -.tick out of water to the level of the first thoracic vertebrum 
is DmaT = M/|Vniin - Vh) where Vh is the volume of the head and neck. In 

order to float, must be lowered to the density of the medium. The 
volume of air required for this is 

M 
T“ ♦ 
v medium vmin 

Although this equation applies to individual meq, it is desired to state 
7¾ so as to float all men including those who are extremely lean, of 
large body weight, with minimum residual lung volume, and with 
head volume. 

In 519 recently measured men (1,6,7-12), including 25 exceptional 
athletes (13), the minimum quantity of fat increases with body weight and 
can be described by a hyperbola. The center occurs at 90 kg, 0 kgj the 
asymptotes have slopes tof zero and unity. The hyperbola (Pig 2) states 
that ' ' ' 

P - [0.25 (M - 9C/ 4 T?.}]* + 0.5 (M - 90) .(1) 

V 
thus giving P as a function of M for the 519 men. 

In a previous study ( it was reported that 

Vr » pM + qx - rA + s 

A V V v' 
Taking A * 45 years of age and 7; * P/k (M - P) as 
it also is possible to state the minimum residual 
function of M, thus 

V 
Vr = 0.0093 M + I.69 ï 

TT 0.21 

V 
parameters of Vr 
lung volume as a 

y 

The maximum head volume, measured in a body 
related to the body weight of 30 men (Appendix l) 

A 
Vh = 3.50 + 0.023 M 

volumeter (l), can be 
according to 

The final composite statement of the additional volume of air 
required for flotation in fresh water becomes 

= 0.110 M - 0.206 y - 1.69 —V + B.?! ...(2) 
M-F 

where, as in equation 1, Khaa been derived ae a function of K. Equation 
2, when plotted (Pig 3), has a peak value of V>_ when M *> 90 kg. There¬ 
fore, it can be concluded that under these physiological conditions 
11.6 liters of additional air are required to float ail man under 45 yeari 
of age, including the leanest. 

-1 
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MILITARY CLOTHINO ATO BQÜIPMByT 

Clothing and equipment of a 90 kg soldier were weighed in air and 
then under tap water at 6° C. after having removed trapped air bubbles 
by agitation together with exposure to a reduced pressure equal to the 
vapor pressure of the water. The difference between the above weights 
is the volume and, from this, the density can be calculated. These 
dimensions are set forth in Table 1 for a variety of items. In a medium 
of density * 1, the volume to float an item is equivalent to its weight 
in water. Por example, one pair of boots in item 4 weighed O.515 kg in 
water, and,'therefore* O.515 liter of air would be required to float these 
boots. 

The above items, when worn and carried, can be arranged in various 
combinations as in Table 2. The total cumulative load wmi^fcs 27.5 kg in 
air and has a density of I.70 kg/liter which, together with the 11,6 
liters already taken into account, requires a total of 22.9 liters of air 
to float a leör CO kg soldier with his helmet-covered head out of water. 
Therefore, 23 1; ‘ can be accepted as the maximum value of Vv in soldiers 
of all body weights, when equipped as indicated. Weapons and ammunition 
account for most of he additional air required. 

Obviously, 23 ;iters of air with its low density could be contained 
in a light, collapsible container, provided the container was air-tight. 
Other materials can he compared with such an air container. The den¬ 
sities of some oven-dried woods range from 0.373 for white pine to 0.710 
for white oak (I4). Prom these densities, the approximato weight with a 
bouyancy equivalent to 23 liters of air is obtained by writing the weight 
in air as a function of the object's density, Ma = 23D/(l-D). Thus, a 
rry white oak log would need to weigh 56.5 kg or about I24 lb before it 
’ ould float loaded soldiers. White pine, due to its lower density, need 
veigh only 30 lbs. However, the probable scarcity of such materials 
avors the use of a container such as an air mattress into which six full 

Vreaths should provide the 23 liters of air. 

DISCOSSIC!? 

In the course of measuring body volume and weight for the purpose 
.-f computing individual burdens of fat, it was realized, that a water 
displacement volumeter (l) could also be used to gather information on 
a man's chances of floating in water of known density. Although it 
was found that nearly al] men should fioat when the lungs are fully 
expanded, it became apparent that only a fet, should float, if the lungs 
were emptied with a maximum expiration (Fig i). 'Soreover, these few 
men who should always float even in fresh water have unusually large 
burdens of body fat. 

it is possible to visualize the effect of the respiratory cycle 
as consisting of a period when the lungs are filled, during which time 
at least part of the head emerges from the water. In the next period 
when the lungs tidal volume has been expelled, the head, submergee in 
proportion both to the leanness of the body and the quantity otair 
expelled. Mr. Fred R. Lanoue, »dimming coach in zbe Oeorgft«. Institute 
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•îohnology for ?5 years, has appreciated the cyclic nature of the 
jci contributed to the body by the lungs. He teaches the utility 
or hi3 cycle in his survival method (l5). * 

With the aim in view of stipulating the various extreme condi¬ 
tions which govern flotation among a group of men, we have noted, in 
accoraance with body weight, the occurrence of the least quantity of 
body xa, and the minimum residual lung volume both of which tendier 
flotation. We have also introduced the maximum volume of the head in 
proporuon tp body „ight 1» order to 8t»t. th. vol».Tadr 
required to float with the head above water at all times even when a 
maximum expiration has been made. The volume of air thus required le 
11.6 liters, and this is needed hy lean men of 90 kg nude body weight 
who are of the type apparently facing the most difficulty iríloatingi 
lesser volumes are required for lighter and heavier lean men (Pig 3)? 

:0rJ9ry he9vy la£m men ia aomewhat uncertain duf to 
the .act that oniy 20 out of 519 determinations were on men having body 
weights in excess of 100 kg. If for the exceptional athlete oM¡. 

16 kg, his value of ^ . 23 kg is introduced into equation 1, then 
k = ac®r3 insteß 9.8 liters (Pig 3). According to the 

present specifications, ba.ed on the 90 kg man, even the very large 
.ean man would be supplied with an adequate volume of air for flotation. 

j• ,. It ehould te noted th&t in the present selection of extreme con¬ 

ven tila tion^f thTÎ t0 T ml th" entir* Vital caPacity ’«9 in 
foï fîoîaïïn S Ung8’ l nB °nly the residual diurne of the lunge 
for flotation. Measurements performed on United States Navy diving 
instructors (l6) showed similar residual lung volumes of 1^2 and^.02 

reckrB luí °f Water ^ in water UP 10 the level of the neck. Although the functional residual capacity was 3.34 liters out of 
water, this decreased to 2.65 liters in waíer aíd exoe¿ded the ree^í 

11?0 lit^s by °nly 0‘63 Uter8‘ Theref°re’ Vb could fe0 « low as 

If one considers the effect of immersion in cold water, it is far 
more likely that the upper value of 11.6 liters should be spIoifieJ. 

nine men^f J°“workeJ'8/1^ made a ^borough study of body insulation in 
nine men of diverse body at burdens when immersed nude on a canvas 
s ing in water which was later cooled to as low as 9° C. His lean men 

the nb0Ul 0ne~fí)Urtk as much body insulation as the fat men. Moreover 
the poorly insulated men, as they cooled, increased their rates of 
oxygen utilization and respiratory air flow/ At times, shivering 
occurred. !n'genera!,, it seems that lean, men in cold inter hive in¬ 
creased tidal voxumea even when not forced to swim with a load. 

the safety ^of alternatives, in order to insure 
the safety of all men involved, it seems wise to provide a volume of 

required f If,clotUd» 8ii Citions] I.9 liters is 
required. If clothed apd armed, ar, additional 6.5 liters is needed 

mer^r65868-^^ When loaded “tfe 27.5 kg (6l lb) a volume of 22.9 
liters is required for flotation »her. the entire ’lid -,.CHr, .).,. u.,/. 
is submersed. It i, difficult to atete an up^ ÎLlt ÎÔr'Îb âlnoe 
loads greater „han those indicated 0¾ cer^ niy be carried^ For those 



interested in a particular load problem it should be easy to make 
apurements of the load weight under water and, by aacepting the value 
of 11.6 liters for the lean nude man, to arrive at the volume of air 
required for flotation by following the methods used in Tables 1 and 2 
It should be realized that Vb, as speoiffed, pertains to a volume of air, 
or its equivalent, which is completely submerged. Although Vv can be 
stated using the present approach, it must be admitted that t£e complete 

°t fl0tftíOn in lrater reares further study of shapes upon 
which the human body with its loads can be distributed so as to allow 
for breathing arid desirable orientation of the body. Something like a 
mattress, partly inflated with air, should certainly prove satisfaotory. 
These couid be lashed together for group crossings. A durable plastic, 
air-tight rifle soabbard with cylindrical dimensions of 48 inches in 
length and 6 inches in diameter would provide for 23 liters of Vv. How- 
ZZL a* be au°ther item of personal equipment, readily lost or 
aoandoned. Although it is concluded, therefore, that much room remains 
loLÍr 8tudf te8tin* (18), it is believed that the 
actual physiolr^ical specifications to float the nude body have been 
derived satisfactorily. 

ACCT0¥LBD(BnarT3 

> In the course cf preparing this report, the authors considered 
tne poesibie reception of the present conclusions on the part of those 

yvenga€red in Stream crossin«8 ^ ^ach landings. Having 
inquired for such opinions and experiences, we gratefully acknowledge 
the suggestions and points of view received from 8. M. Baker III, Capt. 

Stil w! &Br T tV945 t0 the 27th Infantry ^^ion, and from Thomas 
Hospital! ’ C P *’ Inf*’ presently in Patient status at Pitzsimons Oeneral 
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LEGENDS 

Showing that among 107 nude men, when the lunge are completely 
filled, all fcll float in fresh water (Dmedium - l) except for 
one very lean man. However, when the lungs are voluntarily 
emptied, only seven men will float and those men have large 
fat burdens. 

Minimum quantity of fat in 319 men of various body weights is 
defined by the ecuation for p, excluding 9 out of 25 excep¬ 
tional athletes (13) denoted'by circles. Pilled circles denote 
students, teachers, soldiers, sailors and sedentary men in 
Formosa, Sweden, and the United States of America. 

The combined influence of Bjinimal body fat and residual lung 
volume together with maximum head volume requires a maximum 
volume of 11.6 liters of air for flotation (Vv) when nude 
body weight (¾) is 90 kg. 
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TABLE 1. Nass in air (M*) and in v*t«r (H*) together with 
density (D) of various itens of clothing snd equipment. 

Item Number Description 

(¾ 
la 

lb 

2a 

3h 

2c 

2d 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16a 

16b 

1 

1 

1 

1 

1 

1 

fatigue shirt 

fatigue trousers 

undvr (top) - winter 

undwr (bottom) - winter 

undvr (top) - summer 

undwr (bottom) «• summer 

1 pr wool sooks 

1 pr leather boots w/laoes 

1 belt w/buokle 

1 pr leather gloves v/inserts 

1 field jacket 

Ml rifle 

rounds ammo 

grenades 

helmet v/liner 

web belt • 

1 

48 

3 

1 

1 

1 

1 

1 

1 

poncho 

1st aid packet v/cover 

bayonet w/soabbard 

empty canteen w/oup 4 cover 

1 ¡j filled canteen w/cup & cover 
j i. i — 

kg) 

0.589 

0.528 

0.403 

0.398 

0.090 

0.090 

0.081 

1.834 

0.104 

0.202 

1.539 

4.546 

1.234 

2.298 

1.330 

0.247 

1,300 

0.105 

0.720 

0.537 

1.406 
',v 

_D_ 

(Wi) 

1.54 

1.52 

1.45 

1.46 

1.50 

1.50 

1.41 

1.39 

2.75 

1.33 

1.62 

1.96 

4.43 

2.73 

3.79 

2.49 

1.35 

1.50 

7.00 

0.50 

I.32 

h 
M 

0.206 

0.181 

0.126 

O.125 

0.030 

O.O3O 

O.O23 

O.515 

0.066 

O.O5O 

0.577 

2.I72 

0.955 

1.456 

0.979 

0.148 

0.336 

0.035 

O.630 

-O.53O 

0.339 
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VALE !.. (Cont'à) 

Item Number Description 

11 

16 

19 

20 

21 

22 

1 mess kit 

1 pack 

1 blanket 

1 shelter half 

1 shovel & tent pegs 
& tent poles 

1 da;, 0-rations 

0.526 6.97 0.452 

1.000 2.00/ 0/500 

1.722 I.40 O.522 

I.24I 1.67 O.5OO 

I.425 1.62 0.546 

2.499 O.83 -0.524 

TABLE 2. 

Remarks 

Effect of loading with various items (cited in Table l) 
on the air required for flotation (V^). 

cumul. 

Items Ma Ma 
kg kg liter 

cumul. 

Jb_ 
liter 

Nude body 

Clothing (winter) 

Weapon & ammo 

Helmet (on head) 

Web belt accessoriee 

Pack Sc contents 

1-7 7.73 7.7 

8-10 8.08 13.8 

11 I.33 1^.1 

12-16 2.91 19.1 

17-22 8.41 27.5 

11.6 11.6 

1.93 I3.5 

4.58 18.1 

1.43 19.4 

1.49 20.9 

2.00 22.9 
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