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Accident Report 

On April 4, 1975 a Lockheed C-5A aft ramp together with 

the attached pressure door failed at approximately 23,000 ft. 

The structural failure resulted in a sudden decompression of the 

aircraft, and partial loss of control by the cutting of the number 

1 and 2 hydraulic lines, the control cables to the tail, and the al-

ternate electric trim and rudder yaw, Even though number three hy-

draulic system was not damaged, primary pitch and yaw control were 

lost due to damage to the control cables to the tail. Using the 

remaining controls available to them, right aileron, spoilers, 

and engine thrust; the pilots were able to maintain control of the 

aircraft by a combination of banking aircraft and thrusting the 

engines in order to keep a quasi-level descent for an emergency 
. 

landing. A quasi-level descent being a series of dives and pull-ups 

until the aircraft was at landing altitide. The aircraft approached 

its first touch down point on the east side of the Saigon River. 

' 
Just before touch down the engines were at full throttle to reduce 

the descent tate and the aircraft was at a slight roll angle. As 
I 

the aircraft was touching down the engines were retarded to idle. 

The velocity of the aircraft as recorded by the MADAR DATA was 

approximately 270 knots (456 ft./sec.) approximately 3-4 seconds. 

The average wind velocity recorded at Saigon Airport at the time of 

the crash was 15 knots. The direction of the wind was approximately 
~ 

to the west, therefore the ground airspeed of the C-5A was about 283 

knots (478 ft./sec.). The velocity is abo~-1i2 'tim~the air­

craft's normal landing velocity. It will be demonstrated later that 

the C-SA cam~ to a complete stop in a shorter distan~l900 ~ 
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than it does when it lands at its normal landing velocity (r-2300 ft.). 

Therefore the aircraft impacted a 283 knots and stopped in ap-

landing would be at approximately 

(190 ft./s~c.) and would stop in about 2300 ft. 
, 

Impacts on the East Side of the Saigon River 

As the C-SA approached its first impact point it had a 
I 

velocity of 283 knots and the pilots had limited control of the 

aircraft. There was no record of the descent speed. The ini-, 

tial impact occurred when the aft landing gear struck a dike. 

The aircraft still lofting above the ground struck another dike 

this time mo~e severely than the first. The landing gear dug 

into the soil for a short distance. The aircraft bounced up 

again and then settled back down hitting a third dike. The 

landing gear 'again dug into the soil. It is probable that two 

complete set~ of landing gear were lost during or shortly after 

this impact. , Photographs show wheels and pieces of the landing 

gear spread tµlroughout this area. The C-SA bounced up again 

and made several small ruts with its engines or wing tips. The 

aircraft then hit another dike. Finally the C-SA became air­

borne again ~licing several treetops off with its starboard 

wing. 
I 

From the films it appears that there were at least 

eight or more distinct impact points east of the Saigon River. 

These multiple impacts all occurred in a distance of about 350 

yards. The impacts were of sufficient magnitude (snapped off 

several pieces of landing gear) to have weakened part or all of 
i 

the C-SA structure. • 



Impacts on the West Side of the Saigon River 

The C-5A crossed the Saigon River at a probable velocity 

of 283 knots.. This velocity may not be precisely relied upon and is 

believed to somewhat less because of the series of impacts en-
, 

countered on 'the east side. The angle of attack of the aircraft 

(nose up or down) also cannot be estimated because of the lack 

of in-flight data. It is to be emphasized that the pilots had 

no control of the C-SA during any of the impacts. 

The aircraft impacted on the west side of the Saigon River 

breaking the remainder of its landing gear off. The C-5A went 

into a sliding skid for about 175 yards. After this point the 

skid marks disappeared indicating that the aircraft may have 

lifted off the ground. The C-5A traveled about 150 yards and 

broke into four separate sections: the T-tail, the aft troop 

compartment, : the flight deck and the complete wing structure. 

At this point of impact, large amounts of debris were found and 
I • 

a large sect~on of the cargo floor was located. This is also 

the area where almost all of the dead were located. North-
' 

west and about 100 yards away from the last impact point, the 
' 

T-tail was found. The T-tail had a clean fracture indicating 

a sudden separation from the fuselage. It appears the tail was 

thrown over to its location as a result of the impact. The 

flight deck moved in a south-west direction and traveled ap-

proximately 400 yards from the impact. It appears that the 

flight deck traveled about 150 yards in the air and skidded to 

a stop in the remaining 250 yards. The wing structure also 

detached during the impact and through a combination of inertial • 

(96, 000 lbs. ·fuel) and lift forces was propelled approximately 



525 yards from the point of last impact. The aft troop com-

partrnent became detached from between the wing section and the 

T-tail, and was propelled from the impact primarily by iner-

tial forces and possibly some lift force. The troop com-

partment began digging into the ground approximately 175•yds. 

from the point of last impact. The aft troop compartment then 

came to a sudden stop after hitting an elevation. The total 

distance the troop compartment dug into the ground was ap-

proximately 2 lengths of the structure or.about 40 yards. 

The velocity of the four major sections were equal at the 

point of break-up. The velocity at this point has been es-

timated (see Appendix I) as 200 knots, (338 ft./sec.). The es-

timated "G" forces for the aft troop compartment, flight deck 

and the T-tail are surmnarized below (see Appendix I.for details): 

1. T-tail: After close examination of the photographs, 

it was concluded that the T-tail had been 

"G" force range required to break 

,, 
(, wek ',_ ,, 

sheared off during the last impact. 

from Lock-

heed reports i 

2. Flight Deck: Given the initial velocity as 200 knots, 

and the measured slide path of the flight deck,~ 

an average "G" force range of 6-8 has been es-

tirnated. 



3. Aft Troop Compartment: The aft troop compartment 

\~•&.I~"" ,,'{ ~~ 
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had an initial height at the point of break­

up. The height combined with a velocity of 

200 knots turned the aft troop compartment into 
# 

a projectile. The troop compartment was air-

borne as indicated by the photographs for ap-

proximately 175 yards, and smashed down onto the 

ground at the end of its trajectory. The 

average vertical "G" force range was estimated 

to be 10
6
-30

6
. The aft troop compartment then 

started digging into the groW1d and came to a 

sudden stop by hitting a small hill. The 

average estimated horizontal "G" force range 

during the deceleration was 7-13. At the point 

of impact with the hill, the estimated hori-

zontal "G" force range was 220 to 480. It is 

obvious from the engineering analysis that the 

"G" force environment in the aft troop compart-

ment was extremely complex and severe. 

Swnmary 

In conclusion the C-SA had an approach speed of 2-1/2 

times its normal landing speed. The pilot only had limited 
~ 

control of the aircraft before the crash and no control during 

the crash landing. The C-SA structure experienced a series of 

8-12 impacts, some sufficiently severe to break off landing 
I 

gear, on the east side of the Saigon River. Approaching the • 

west side of the river the aircraft had a velocity of approximate-



bounced into the air again and impacted again about 400 feet away, 

breaking up ~nto four major sections, each moving at a velocity of 

approximately 200 knots. The aft troop compartment experienced 

' ' 

a severe and extremely complex "G" force environment. The 

engineering analysis of Appendix I demonstrates the complexity 

involved in attempting to calculate the "G" force environment. 

The assumption of constant deceleration over the complete crash 

site cannot be used. The average "G" force ranges in Appendix I 

are all based on conservative assumptions. Peak "G" forces, 
I 

greater than what is calculated, undoubtly exist; but cannot be 

calculated. 



Appendix I 

Estimation of Deceleration Levels 

In order for some of the passengers and crew to survive 

the crash, the airframe and groW1d had to absorb the energy 
, 

of the airframe/passengers/crew in a manner that made their 

survival possible while removing the danger of a post landing 

fire. This energy absorbtion was accomplished over several de-

finable periods of time/distances. One method of characterizing 

the events that occurred during the time from aircraft touch-

down to points where the various parts came to rest would be to 

develop the deceleration time history. As indicated by the 

location of the major parts in the photographs of the crash 

site, the aircraft was subjected to complex set aerodynamic, 

inertia, and frictional forces. These complex forces thus 

would yield an equally complex deceleration time history. Since 

only the final position and an estimation of the initial condi-

tions are known, it is not possible to evaluate but the ?implest 

assumptions (constant deceleration) without some additional data. 
I 

Even though ~ot valid, the assumption of a constant deceleration 

' 
for both the flight deck and aft troop compartment may be made 

after the aircraft breaks up. This assumption will yield a lower 

bound on the 1estimated maximum "G" load. Since only the initial con-

ditions are known, additional data {structural failure) is needed 

to determine the intermediate conditions. Use of structural 

failures will only yield a lower bound on the applied loads/maximum 

"G's" since the rate of failure is not known. 



The first step is to determine the form of the deceleration 

while the aircraft is intact, thus developing lift. The de-

celeration force is given by: 

F = A (W-L) + D - T - DP 

Where: A= Coefficient friction 

w = Weight 
2 

L = Lift = l/rv c;.s 
D = Drag = l/1'v2cds 

T = Thrust 

DP = Drag of landing gear post 

;° = Density of air 

v = Velocity 

CL = Coefficient of lift 

Cd = Coefficient of drag 

s = Wing area. 

The deceleration is given by: 

a = l/m{:! = l/m (A(W-L) + D - T - DP~ 

where m = mass of aircraft 

I 

The deceleration can be written as: 

or 

dv = a 
dt 

m . dv = dt 
..U. (W-L) + D - T - DP 



since L, D and DP will be a function of velocity. The aircraft 

may be pitchin~ therefore both CL and Ca may be a function of 

time, but they are assumed to change much slower than the velo-

city. Intergrating ·the above will allow an estimation of the 
, 

form of deceleration versus time. A cubic variation of decele-

ration with time would be a good approximation for the above 

equation using the stated assumptions: 

dv 
dt = a = ct3 

where c = constant 

yielding: 

Vp - V = ct4 
I 4 

where Vp = final velocity 
v1 = Initial 

and, 

SF - SI = ct
5 

+ Vlt. 
20 

where Sp = final position 
, s 1 = Initial position 

Next, the equations can be developed for the region in which a 

constant deceleration is to be assumed, as with the structural 

failure which is to be used with the above equation, this as-

sumption will yield a lower bound on the maximum "G" estimate. 

For this assumption: 

dv = a 
dt .. 

yielding: 

VF - v = at 
I 

and, 
• 



For the above formulations the distances are obtained from the 

referenced reports, velocities from referenced reports and cal-

culations. The calculation of an intermediate velocity is made 

by assuming a minimum deceleration to fail parts of the structur-e . 

• 
This must he done since there is one more unknown than equations 

available. The tail failure was selected because the normal 

flight loads on the tail are seen as bending movements/axial 
I 

loads on the.fuselage. The deceleration loads are also seen as 

bending movements/axial loads on the fuselage, thus, the loads 

needed to fail the fuselage are known (Figure I and Lockheed 

Reports). Since the axial force is now higher, several calculations 

on the magnitude of the failure load were made. The calculated 

"G's" for the failure load is 13 plus or minus 2. For the estimate 

"G" an intermediate velocity of 360 ft./sec. plus or minus 20 

ft./sec. is obtained (Figure II). The aft troop compartment will 

require about one and a half seconds to travel from the break up 

point to its:final touch down point, about the same time to travel 

from its bre~k up height to the ground. At the point of final impact 

the aft troop compartment will experience 10-30 vertical maximum "G's". 

The horizontal maximum "G's" will depend on the method used. If it 

is assumed that the aft troop compartment would have gone as far as 

the forward flight deck if the hill had not been present, then the 

average "G's" would have been about 7 (Figure III) with a much higher .. 
"G" level when the hill is impacted, (Figure IV) • If the average "G" 

is calculated then the "G" is about 13. Since some of the seats con-

taining children failed, it is possible to estimate a level of 

horizontal "G" loading in the aft troop compartment. Depending on 

the weight of the children, the horizontal loading would range from 



Summary 

Within the assumptions made, the following maximum "G" loa¢l.ings 
, 

have been calculated, these would be mimimum values since the time 

rate of failure is not known. 

Horizontal 

11 - 15 before break-up (use of structural failure) 

7 - 13 after break-up (integration) 

60 - 80 after break-up (use of structural failure) 

Within the assumptions made, the following "G" loadings has been 

estimated for various impacts. 

Horizontal 

' 
60 - 80 after break-up (use of structural failure) 

220 - 480 after break-up (integration) 
I 

Vertical 

10 - 30'after break-up (integration) 



W.L. = 330 ° 

Item Weight x 

~ullet 769.4 2895.6 

H.S. I 3275.4 "2921.3 

v. s. 6151. 0 2786.6 

® 
I 

I 

I 

I 
I 

I 
I 

I 
I 
I 

I 

I 

y 

0.0 

140.1 

-o .1 

z 

786.6 

787.5 

633.1 

F = m(a) = [ 23.9 + 203.4 + 196) a= 428.3(a) 15. 

Mass 

23.9 

101. 7 

191.02 

M = 23.9 (456.6) a+ (2) (101.7) (457.5) a+ (191.02) (303.l)a 

M = 1.619 x 105 (a) 

• 

Figure I - Sample Calculation 



Deceleration given by 

a = ct 3 

where a =-13 "G's" = -416 ft./sec 2 

VF - VI = ct4 = -416t = -104t 
-4- -4-

v = ~I + ct4 
F -4-

-20.8t2 + V
1

t - (SF - s 1 ) = 0 

t= -v~ ::~ (Vrl 2 - (4) (20. 8) (SF - SI) 

(-20. 8) (2) 

41. 6 

tz 1. 2 sec. VF-::: 360 ft./sec. 

, where s1 = O 

SF Z 500 ft. 

v1 ~463 ft./sec, 



Seat is designed to transfer: 

2500 lb horizontal 

1250 lb vertical 

375 lb lateral 

to the floor beam without failing. For seat to fail in the 

horizontal direction with children, the "G" would be given by 

G = 2500 
(N) We 

N = number of children 

Wc = Weight per child. 

G = 60 - 85, 

actual value would depend on the weight of the children. Note: 

the moment, arm has not been adjusted for the children so the above 

estimates would be less than the actual values. 

• 
Figure V - Sample Calculations 



"G" = (V ) 2 
I 

64.4(.b.X) 

A X ; penetration into hill 

Ax = 2, 3, 4 ft. 

then "G " = 460 + 20 2 -

"G II = 320 + 20 3 -

"G " = 240 + 20 
4 -

t2 = VI 
= 

(32.2) "G II 

2 

t3 = VI 
= 

(32.2) "G II 
3 

t4 = VI 
= 

(32.2) "G " 4 

Figure IV - Sample Calculations 



~F - VI = at where VF = 0 , 

VI = 360 
SF - Sr = at 2 + V

1
t 

-2-
SF~ 750 ft. 

SF s = a Vr 
2 

VI 
2 

SI 0 = I 2 
, 

a2 a 

a = - (Vr) 2 
(2) (SF - Sr) 

Deceleration would be 7.0+ .5 

t = V _:\. /(V ) 2 + 2a(S - S) 
I ~ \j I F I 

a 

t~ 0.5 

Velocity at Impact v = V + at 
F I 

V = 250 ft./sec. + 10 ft./sec. 
F 

Figure III - Sample Calculations 
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Dear Sirs: 
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ALAN J. SCHWARTZ. M.D 
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I have reviewed the material which you forwarded to me regarding 
the extraordinary decompression accident involving a C-5A transport on 
April 4, 1975 near Saigon, South Vietnam. From our conversations and 
the data at hand, it appears that an unspecified number of Vietnamese 
refugee children were subjected to effects of sudden decompression from 
a cabin altitude of 5,000 ft. to the aircraft altitude of 23,400 ft. 

It is my understanding that the plaintiffs allege that subsequent 
and present neurologic and mental handicaps resulted from the hypoxia 
and other effects of this acute ·decompression. In this regard, I see 
two key issues: 1) to estimate the degree of arterial hypoxemia and its 
duration from the time of the decompression until the aircraft had 
descended to a safe altitude; and, 2) to assess whether the cardiores­
piratory reflex responses to hypoxia in infants and children between 9 
months and 2 years (the ages involved) are comparable to, better than, 
or less effective than in adults. 

In order to address issue #1 certain assumptions must be made and 
the evidence presented to me makes these seem reasonable. 

1. No serious intrinsic cardiopulmonary disease prior to the 
decompression. 

2. No serious disease of the brain stem or neuromuscular system 

3. 

4. 

prior to the decompression. 

A hemoglobin concentration 
for age (approximately 75 capacity for 
o2 of 1.34 ml/gm. ~ 

Normal arterial pressure<fi'0-60 rnrnHi)) and cardiac index 
(3.0 - 3.5 L/rni&/M2) 

DEFT.EX. 
DATE:~~-----~""---'-'~~_....,~"-­
REPORTER: 



Given these assumptions, one can presume tftat the infants had a 
normal alveolar and arterial Po2 and PCO at sea level prior to the 
flight, and reduction in alveolar P02 ana alveolar PC02 reflected the ~ti> 
decrease in ba?ometric pressure to approximately 632 mifiHg at a cabin ./'"f' 
altitude of 5,000 ft.; one expects a 2 nunHg reduction in PAco2 assoc-
iated with the mild hyperventilation due to the drop in the P o2 (See 
Table). -Assuming an alveolar-arterial tension difference (Aaeo2) for 
o2 of 10 mmHg at cabin altitude, one would anticipate an arterial oxygen 
tension (Pa02) of 74 mmHg (oxygen saturation, Sao2 94%) and a negligible 
alveo -arterial carbon dioxide tension difference resulting in a Paco2 o_i 33 mmHg When the decompression occured, within fifteen seconds· two J.t 

i .---events can be expected to occur: 1) a fall in P o2 from 84 to 31 nunHg ' ~ 
~~ associated with a fall in PaO to approximately 15 mmHg (AaD02 would be Ow~ 
~ &~~ decreased because of hyperventilation in response to the hypoxia), and 
, 1;r 2) the PA co2 and the Paco2 would decrease from 33-28 nunHg because of the 
f "T chemoreceptor stimulus to increase ventilation secondary to the drop in 
L,.¥1 ~1 Pao2 . At a Pao2 of 25 mmHg and Paco2 of 28 mmHg, the Sao2 would be 51%. 
r- "< "'" .,,. 
r' sf.• 
al. 

This degree of hypoxemia was endured for less than 1.75 minutes as 
the aircraft descended to 20,000 ft., and the PA02 could be expected to 
rise to 38 mmHg~ PAco2 falls because of sustained hyperventilation to 
25 mmHg with an increase in Pao2 to approximately 30 mmHg (Sa02 53%). 
At these two levels of P02, the oxygen content of arterial blood would 
be 5.6 ml/dl at 23,400 ft., and 6.8 ml/dl at 20,000 ft.; in both instances 
oxygen extraction from the blood down to a P02 of lB mmHg (Sa02 30%), 
g1v1ng an arterio-venous oxygen content difference of 2.8 ml/dI and 
3.5 ml/dl respectively, should occur. With the expected 50 to 100% 
increase in cerebral blood flow that occurs in adults, and the higher 
flows observed at normoxia in children (see below), sufficient oxygen 
delivery to maintain cell integrity of the brain for periods of 3 to 5 
minutes at rest can be expected. 

Data from the literature on cerebral blood flow in children 
(Kennedy C, and Sokoloff L: J Clin Invest 36:1130, 1957, and Kety SS: 
J Chron Dis 3:478, 1956) indicates that cerebral vascular resistance in 
children is approximately half and cerebral blood flow nearly double 
that of adults under comparable resting conditions in normal individuals. 
The basal cerebral metabolic rate for oxygen (CMR02) is increased by 
approximately 25% in children when compared with healthy young adults 
(same references). Thus, it can be said that children have the luxury 
of greater cerebral blood flow in relation to o2 aernarrlthan observed in 
adults, probably to meet the child's long term needs for sustained 
growth and development of the brain. However, in the acute hypoxic 
event, the infant and child would appear to be protected against brain 
anoxia when compared to the adult. In addition, I would expect the 
respiratory and cardiovascular responses to hypoxia to be intact in 
infants and children who do not have severe preexisting central nervous 
system or cardiopulmonary disease. In such an instance, the cerebral 
vascular resistance might well decrease with a sudden hypoxic stimulus 
such as developed in the acute decompression in this case; although the 
children would also respond with hyperventilation resulting in a decrease 
in Paco2, with consequent stimulus for cerebral vasoconstriction, it 
would seem probable that the hypoxic stimulus would dominate as it does 
in the healthy young adult. 



I have been in the practice of pediatric anesthesia and critical 
care since 1963. During ~hat time I have observed many episodes of 
acute hypoxemia in previously non-hypoxemic infants and children. In 
certain instances the magnitude of hypoxemia was similar to that which 
may have occured in the infants and children involved in this case, but 
of much longer duration. The cardiorespiratory and central nervous 
system responses of these infants and children which I observed and 
cared for were qualitatively, and insofar as we could determine quanti­
tatively, similar to that reported in adults suffering a comparabl~ 
degree of hypoxia. Thus, based on the facts which you have provided, 
the literature, my personal experience, and some assumptions about the 
cardiopulmonary status of the infants and children in question, I can 
state with reasonable medical certainty that the hypoxic event which 
occured in these infants and children would not account for prolonged 
significant central nervous system damage. 

I have appended a table of my calculations of alveolar gas tensions 
and the appropriate reference citations. I hope this information is of 
assistance. 

JJD:cp 

~~J:er 
I ' 

/~ 
1 ,John Downes, M.D. 

AneM~sioll ist-in-Chief and Director, 
DEPARTMENT of ANESTHESIA and CRITICAL CARE 
The Children's Hospital of Philadelphia 

Professor of Anesthesia and Pediatrics 
University of Pennsylvania School of Medicine 



- - ------------------------------------------------------------
TABLE: AVERAGE ALVEOLAR GAS TENSIONS J 

IN ACUTE DECOMPRESSION AT ALTITUDE~1~ ~ 

~~ y~ 
ADULT(l) INFANT /CHILD (2 

ALTITUDE (ft.) PB PI02 PA02 PA PA02 PAC02 Time (min.) 

23,400 303 54 26 28 26 28 0.25 

20,000 349 64 33 30 38 25 1. 75 

15,000 429 80 46 33 51 28 4.75 

10,000 523 100 61 36 66 31 TOTAL - 7.88 

5,000 632 122 79 38 84 33 

Sea Level 760 149 103 40 108 35 

Cabin altitude before decompression: 5,000 ft. 

Calculations based on: 1) Alveolar air equation: 

in which F1o2 is 0.2094, R is 0.79 

2) Arterial oxygen content (Ca02) in ml/dl: 

Cao2 = Hb (gm/dl) x 1.34 (ml/gm) x Sa02 + Pao2 (mmHg) x 0.3 (rnl/dl). 

(l)Luft UC: Altitude Sickness (Ch. 9) in Armstrong HG (ed): Aerospace Medicine. 
Williams and Wilkins, Baltimore, 1961, pp 120-142, as cited in Randel HW (ed): 
ibid, 2nd edition, 1971, p. 62. 

(2)Data from: 1) Albert MS, Winter RW: Pediatrics 37:728, 1966 

2) Levison H, Featherby EA, Weng TR: Arn Rev Resp Dis 101:274, 1970 

3) Roughton FJW: Transport of oxygen and carbon dioxide. 
Ch. 31 in Fenn WD, Rahn H (eds): Handbook of Respiration, 
Vol. I, Arner Physiol Soc, Washington, D.C., 1964 

4) Severinghaus J: Blood o2 Dissociation Line Charts: Man. 
Handbook of Respiration, National Academy of Sciences, 
W.B. Saunders, Philadelphia, 1958, p. 73. 



.. 

. ___ LS) CJ c: () '!) 7 J·D '(~: d3 
~·J 

r' 2.? fdS: 01 -·- ......... 

_)o_I U 1," r; 
(-;1 ) /oo i; 3 (~ ~~'· l& 31 7,_B:_f_ 

v . -
\...· _) 

s-- c {) c 6-12 /~;;{_ 71 32 J''( 33 ·----

~l • ( I -., • ' 

/; j ~~;," ' 'J l : I ,'f I' f ~ f 

r ' • 

Ji • ,, 
{"} (I·' .i' 

- /1LC I ( +-(i) 

ff o,_ . J~w fAc,{:;__ 

S'"/ . p. ·~ . ·;zg 

61 

-----
()'I ·1 FI · /-J £{it ·tf. ~L{r )__ __ ->s .J 

_ _23 / 4 riO ____ 3() l · 
_31/1 ____ ;?-..Ci) c r' (-., 

Tvfuf-/C[1:[£0J .'~_: '_ 
p~ Ji~ /~ccJ2 _if ~fr 
~b ;i. e,. D, 2.S" 

38 ), 7S 
·--- ;- ----

-- I -

~ £.~ 100 !if lu- :;; ID< 
' _, 

rl./ f1 
( I ( I 1 : ~' /)_( 

I"· , , . b ' . ( ·"{_~-------------

~ 

.-r=:.' ,,... 

C 
r ; ' 
' " • ~ \ I~ l 

I'' • r ( ' . " .. , '..-' 

. ' ·(. I 
,.' '\ - '""-

.· ·11') i I r..,) · . ~ · '\ \ 
1.) .- ; /. '._ : I , ) - " 

. /. ". 
'-

',_:. , -.• 1-
1 :- .,., ..L 

I/',~,...(_,. ,', ,_. • ) °'\ I 
•- - I -.a. ,: ... ~ 

I - r: t~-1 -- -
;c-, -J ----

;;. s(.-; r + _L?I__) 
- '71 

. .' t .' 

• 

1 f • ') t·' iv . - : : . ' 

,-

/, f .· Jc_,( t ,., ' . I ( , 
..c.~ u t· ,_- '. ~-

. · I 
'I) __ ... -/tl_; (() -

I I r,-/\ ' J ) 
, I //I,,_~"'---/ // .... 

!·~, l' '< ). !l,r '~ t). <'. !),·(': .!.,. r .~)~) ~ ,/: /~ •: . ~ ')7 I 7 )? . 
• L. ( .. _I ) ./'-. '• ... '-"" I • ~ ' • .. , . , I('. ... . I ..; ~ , _,... - , 

• \ ' ' I' ./ -- I ... . 1"'"" ·' I ' " :: 
• ' 1 -~ . 1 • • •. - - . ' - • • .•• · • ...-- ;. ;,.; , , 7 r' ; (· . i'-:. ... · . _ .. 

r ;.. ' ' I ' - I ,I/ ' r 

1:.~) 

·. ,11·; • ,..,-n.t 
• • I ·' I ,I-/ • I 

' ~ ... -~-



' OJ 

i ' 

' ~ \~ 

) .,, 
j -
., . 

r.'~ ~ 

J . j 

/ f:·'--! , 'P"' /.1 l 'j - \.. 

\. ( 

... 

r)L/ I 
() I . 

/ l ... ' 

/. ~ )_ '-' 

.. '· 
I 

Ir '( ~ 

// <{ -, . 

' i 

l 
I 
' ' 

I 30 . 

//If ~ ID11>'1 /,, ./. 
I ) I ' ~ 

A! , ' ( / !. /::' . ~, .., . I 
I'(./ L(f fr (,'' ~ I· •' t.( ~JI ,.-,, ,. I i ...... ....... i • r ,, 

- I r .'<) 
J ' 

~ 

.J 

. 
I 

0 .- '."" 
\ ' . . ') ,,. 
\ _, 

·I I 

I 
I 
1 
I 

I 
I 
I 
l . 
i 

10.1~ ~.2 i 
! 

I /.1 

--- ., -~ --

L _ -- --

so 

/ 

Co~ .. ; I·~- . 17-J-2)· . 

I 
. ' r / 

•/ •. 1 ~-··. ·" ,·/. _,_/ 6·1 ) '- I I ._,• ~ • ...,,.... , .• 

.J -· - .1_. .· . -:/ 

~ 

/ .: , / 
I 



.JAMES G. GAUME, M..P. 

CONSULTANT IN HUMAN f"ACTORS 

1517 E:SPIN:::JSA CIRCLE 

PALOS VERDE5 ESTATES, CALIF"ORNIA 9027-4 

{213> 375-6607 

Carroll E. Dubuc, Edq. 
r ... ~--=~P~, G.~::-~:J~~~~~, F,J,~·~ & ru.~\lE!\~s 

FeCe~2l Ear Be~lG1ng 
1219 E Street, N.~. 

2CC06 
REPORTER: 

l-.ugust 31, 1981 

ALBERT J, GASDOR 

RE: 'l:"''T'""""" r ... : :-~ \.._.. 

Yo-:..:r 
v. Lockheed Aircraft Corporation 
File l'Jo. 20~1-1278-2S 

Ir: accor~~nce wit~ your original request, I have revie~e6 
t :---. e t e ~ t :_ ~. ·:J :-. ~: ~ i ~VT e r. ~ y Dr- .. I? u s b ~y i n t r. e S c 1-; ~ e i C e:- r t r i 2 1 , i r: \·; :-J i c :-: 
he sta~e~ ttat, as the ejitcr of selected p~blis~e6 papers i~ ~he 

Froceedir:ss of tte X\'I=I International Congress o~ hviat_cn and 
S;ace N26~cine, it did not Gean necessarily that he agreed K~th 
t~e concept of the ''Ti~e of Safe Cnconsciousncss follo~1ng Dcco~­
r- ~- e s s i c r: , " v: :-: i ch I prop o s ca i n tr. a t pa per i,.; h i ch w 2 s put 1 i s "he d i :-1 

1~2.s 11 P:cc:ec·C:i:-.-~S .. 11 O~:-.c-r }::--.:-:· . .,'lcC::_;ec:L.1le c.c:-osf;2CC :~·.c::Giccl ezr,c·:-ts, .. .;.,'>"&l 
t-n· ·-\'er r'ic' c:-.~:ee ''l. "-t- ti.,..., '*'e 1 corc-~t ac lL \·- -· crec:;-r+-e~ '"' ..,.. ~ ........ ·. c , - _ '- ~ ,., L... • , 1 ; t...: ..:.. .._ . ......, • ~ ~ 0 .._, L... "\' a ::;. 

3 
_ t::..'. ..... L ...... ..L J. ... 

1969. ~cca~2~~Iv, at a late::- date, wten he was at the Civil 
.,.~...,....,---.r--r~i~~i ,..,.....,.-~--- it- ' ,,_.i-~ ......--=:i c..;·,._, _),,c.:b\r -··· f..:+-r-. ·~: • ~ . . c.: ~ _ c c.:. ..c -' ••• o ~ i t u ~ e i r, O . , .i. "" no .. 1 c. _ t :: , O;..: • D :::- . E '-' - .! s c. v. _ ~ t o 
cor:sclt ~e by telepho~c rega::-ding tte experi~ental des1g~ of alti­
tccc cha:-~er experiGents, which he was plar:~ing, on the ability of 
fenale ~light ~ttendants to perfo::-~ physical worklca6 at caL~n 
altitude and during a dcco~pression and the acco~panying hypoxia. 
ii1s results ~ere later publis~ed in Aeros~ace ~ed1cir:o. 

At 2 late::- date, you requested that I perfo::-~ ny own ca:c~la­
~icns with regard to three factors involved in the C5A s~:6S- 218 
c~2sh in Saigo~ on April 4, 1975: 

1) The injury potential to the orph2ns involved in the crash 
landing and deceleration of the CSA airc~aft; 

2) Th~ significance of the total pressure c~2noc and rate of 
c'.12r.c;e during the decompr"":..:sicr. frc..::: 5, CGC: ft. to 23, 500 fc..; 

3) The import of the hypoxia resulting fron the deco~pression 
on tJ;c p2s.:cc,r.c:;crs ir. the troop co:;:partrr.ent. 

Also, you requested that I review other testirrony, docu~ents, 

calcul2tions and st2tistics which you supplied to rre. I have 
r~searched th~3e d2ta, performed the anGlyses and calc~lations, and 
here~y sub~it :~y report ir. three sections. For Section A on decelera­
tions, I as~cd the assistance of !1r. Roy Jablonsky, P.E., a rec0qnized 

.. DEFH!OANT'S 
l EXH!BiT 
! '"l'\ I... ,, 

;,.~ ~ 1, . ~o ;__ I 
• 



FFAC v. Lockheed Aircraft Corporation 
You:- File ~Jo. 2'.)--il-1278-'.2? 

expert on acci~er.t analysis and recor.struction, to calculate the 
G-forces involved. I also asked him to calculate the G-forces of 
selected amusement park rides which impose G-forces in the sa~e 
direction on the rider as those imposed in the decelerations for 
the occupants of the troop co~partment. His calculations are very 
close to those of John Edwaras'. I have exa~ined both calculations 
and I adopt ttcse of Ed~ards and Jablonsky and base my opinion on 
those calculations. 

Section A of my reports deals with the decelerations experienced 
by t~e occupar.~s of the troop compart~ent. ~r. Jablons~y's calcu-
lat~ons fer t~e G-forces i~posed during the a~.use~ent pa~~ rides are 
also ir:: J..tt2cr.:-:e:-:t .:..-1. :-..s you car. see, t]·.c G-forc0s fo.::- tr:e rices, 
experien~ed b}' literally thousands of a~use~er.t park patrons every 
year, are far in exce~s of those felt by the occLp2nts of the troop 
co~part~ent. In my opinion. the G-forces i~posed in the Gz (vertical) 
or the Gx (horizontal - transverse to the long axis of the bo~y) were 
r.ct i:-ijurioc.:s to a::;y of c.'.".e orp'.".2ns in the troop co:::part:-~er.t, seated 
in rear-facing seats an~ fully scpporte~ by the seat-bac~ and restraine~ 

cerc.air-.ty. 

Section 3 of ~y report co::-:siders the total pressure change. anc 
tne rate of change, experienced by the orphans and acults in th~ 

by ~r~strcng, a recon~1?ed expert in that fielc, states t~at the 
prPssure c~a::;g,~ is not responsible for the physio:ogical cf~ects of 
deco~presslon, but to oxygen deprivation (see Section C-~ypoxia 
Effects). In ~y opinion, the total pressure chan~e. the rate of change, 
and the duratio:-i of change, did not produce any harsful, lasting 
p~ysiological effects, to a reasonable r,cdlcal certainty, o~ anyone 
in the troop compartrent. 

Section C 0£ ry report analyzes the p~ysiological effects of 
the hy~oxia i~.posed by this decompression, and details the reasons 
wty no sigr.i~icant effects were endLred by those subjected to the 
event. Eecause of the co~pensatory, protective mechanis~s inherent 
in the hu~2n body, in infants as well as in adults, the increased 
bloca supply to the train prevented any brain da~age, to a rcaso:-i3bl·~ 

~edical certainty. Attachments C-1, -2. -3 and -4. provide ample 
SLppcrt £or this opinion. 

I appreciate the opportunity to be of service in this matter. 
Should aaditionol assistance be required, please feel free to call, 
or. IT.e • 

G. Gau:.:e, ~L D. 
Hu~an Factors Consultant 
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AITA cH M£/JT 

R D JABLC'~':JKY, IN c 
C Q N 5 V L' ' ~- 0 ( ~, C. I N ( L_ ~ 

AL'T'ADENA, CAL>._ HNJA. 91001 

798·6100. 681·8444 

August 31, 1981 

Dr. J. G. Ga 1::-:-.e 
1517 =s~inoza Circl~ 
Palcis Verdes, California 90274 

Re: Ceceleration Analysis 
C-SA Serial No. 68-218 
hpril 4 I 1975 

Dear 2r. G2c:_--:-e: 

A- I 

In .1ccor22nce with your request, an analysis has been re.de 

of t~e data ;~~ich you furnished which described the descent 

profile, flic~t infor~ation and crash scene infor~ation concerning 

tJ-:e crash la:~:::;ing of the C-SA, Se::::-ial No. 68-218 which occurred 

7he purpose of the analysis was to dete::::-~ine 

the p::::-cbable level cf the accelerations experienced by persons 

seated in the troop cargo compartment. The analysis considered 

the descent :rom an altitude of approximately 23,400 feet to the 

point of f £st contact with the ground as one part and as a second 

part the trajectory from first point of contact with the ground 

to the point of rest of the troop compartment. The information 

which you furnished and upon which my analysis was made is herew~th 

attached as Appendix A. 

According to the altitude time history supplied in graphical 

forn the aircraft cescended from an altitude of approximately 

23,40J feet to a2proxirnately 600 feet in approximately 15 rni~utes. 



.. 
Duri~g this interval of time there were fluctuations in the descent 

rate. To determine the vertical accelerations experienced as a 

result of the recorded fluctuations in descent rate the incremental 

variations in vertical velocity, vertical acceleration a~a vertical 

ra~e of onset were calculated. From a stu~y of the altitude ti~e 

history curve a ti~e interval of 7~ seconds was selecte~ as a basis 

for calculating the velocity, acceleration and rate o: onset fro~ 

the av2ilablc data. Using a shorter ti~2 interval as a basis for 

calc~lations wou:a not have yielded 

t r. e g r c.. ;:- :-. i c a 2- ca ta available. 'Ihe resul~s of tr.is 2~c..lys:s 

sho~ca t~at t~c ~ax1~u~ verticall~· up acceleration ex~er1e~cec was 

il?prcxi:-:'.u.tel~· 8,900 feet altit...Jde a:JG the i:-:a:-:1::-. 1
..:.:., dov::--.· .. ;arc 2ccelerc.:tio:1 

exocrienced ~as 14.22 feet per second/~er 

at 2??roxira~cly 7,SGJ feet. 

was nc greater than O.lg's/seccnd. The resGlts of t:-.ese cc.lcul~tic:-:s 

are here~~th i~clucc~ in Attachme~t 1. 7h1s attac~~ent se~s forth 

the nu~er1cai results as provided ty the al~itu~e ti~e hist~r~· curve 

at 7!.-;;. seco::c . .._ in 1.-erva _s. In addition to the ve:::-tical veloci-c/, 

acceleration and r, te of onset the tabuL1tion also provic:ies t'.Je 

total atrospheric pr~ssure and the partial pressure due to cxygen. 

These pressures are given in millimeters of mercury. 'I'.:e al ti tudc: 

pressure relationship ~as based upon stand~rd atnosp~eric conditions. 

The rc.rtial pressure due to oxygen is based upon an oxygen percentage 

of 20.95. 

3etween the first and second points of contact with the ground 

the aircraft traveled a ~otal distance of 2,700 feet. Reporte~ly, 
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,there was no significant change in air speed (310 mph - 455 ft/sec) 

between the first and .second points of contact with the ground. 

At the reported speed this distance was traveled in approximately 

G seco:-ids. It is my understanding that the engines could not be 

effective within this interval of time. Thus, between and including 

the first anc second points of ground contact to be consistent with 

the constant air speed no significant decelerations were expe~ienced. 

':'he wre::::~:c;.ge diagram depicts the section of cargo floor coming 

\~, J, to rest at a point approxi:cately 1, 4 0 0 feet froci the second ire.pact 

~ ~~~:J::::ation. Reportedly, at l,200 feet frc~ the second impact location 

\~ ~fl~ec.:'..-up of the aircrc.ft occur2'."ed. Thc:s, the troop co~part:..'"'.'ent 
~~~ . 
~~ anc t!-:e cargo floor deceler2 ted at the same rate fro:":': the second 

~{' i~pact position to the poi~t of break-up (1,200 feet). Ji. .. s :: re \ 1 i c i...;. s l ... } . -
~O ~ -o~ 0 d ~~ 0 ca~~o floor moved an additional 400 feet. The troop 

~~ ~o~~ar~;:nt ~:ved an additimal 812 feet (2012-1200 = 8121. F::::-crr. 

~ ~ this infor~.a ti on Gecelera ti on re tes from the seconG i:c.pact location 

~,.,.., can be ca lc·"la ted. The analysis shm-:s that Curing the l, 2 0 0 feet 

froG second i~pact location to the point of break-up the average 

rate cf deceleration was 74 fee. per seconO/;;er seco~ 
T!-.e ti;;1e ela;sed to trc.verse tY . .is distance at the d rate of 

deceleratic~ was approximately 5.69 seconds. of this 

ti~e when b~eak-up occurred the velocity had feet 

per second (117 mph). From the point of 

compartment traveled o its point of rest., 

The constant rate of acceleration traverse this 
_,-----..------ -c::-..:;:_ ____ ~--------------------------T--------------------~~~ 

distance fron the was approximately 

18 feet per second/pRr secon for the troc? 



C 0"" '.::;.LI~ "T "':, E. t... G l ~. i. l >. 

comp3rt.Dent to traverse the final 812 feet based upon the average 

deceleration rate of 18 feet per second/per second was approximately 

9.44 seconds. The calculations yielding the above-mentioned figures 

are included in Att3chment 2. 

The vertical accelera~ion rates experienced during the flight 

descent and ~he horizontal deceleration rates experienced after 

gro~nd contact were co~pared to accelerations and decelerations 

in t!"-iese cir -:::tions by thrill ride apparatus co;-:~.only fou;id in 

amuse:-:-:en t p3:::-!:s. Several different types of rides were considered. 

In the typical roller co3ster at the bottom cf the dips between 

2.5 and 3g's vertical acceleration is experienced. At the top 

of t~e curve the negative acceleration is usJally approxi~ately 

lg. Due to ~he vertical radius of curvature of the tr~ck and the 

spee~ tr2ve:2d t~e rates of onset are usuall~· in excess of 3g's 

per secor:C.. 

An amuse~ent ride consisting of a 14 foot diameter cylinder 

which turns on its vertically positioned axis at a speed of 35 

revolutio~s per minute the floor can be lowered after the speed 

has been reached. ~he centrifugal force cau~es the occupants 

to be forcec against the inside y,·all of th:: cylir.der. The force 

is sufficient such that the frictional resistance will prevent 

the occupants from sliding vertically downward. Thus, the floor 

can be lowered and the occupants are held against the wall of th~ 

cylinder as a res~lt of the centrifugal force. T!ie centri:'.:ugal 

acceleration developed results in 2.89g's. The duration o: the 

force is usually more than 60 seconds. 



------~---------
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.. 

In a roller coaster-type ride the track makes a co~plete 

vertical circle the car is approximately 4.2g's 

reaching a speed of between 50 and 60 miles per hour within a distance 

cf ap2roximately 160 feet. This section of the track is horizontal. 

Thus, the acceleration is in the direction of travel. In traveling 

through t~e •:ertical curve the centrifugal acceleration attained is 

6. Sg Is. 

In a ride in which the occupants sit in a car located at the 

end of a 20 fact radius arm the arm makes 15 revolutions per minute. 

There are se~eral different varieties of this type of ride. In 

some instances the car will oscillate in a vertical plane and 

in others the oscillation of the car will be in the ~orizontal 

plane as it rotates. Th'J.S, the occ'-'pa:Jts will experience the 

cnctrifugal force t~roush an infinite nunber of horizontal bodj 

pcs:._ t1c:-:s. ~ypically the centrifugal acceleration for rides of this 

type is l~.g' s. 

Calculations based upon several rides found in amuse~ent p3rks 

in the Southern California area are included in Attach~ent 3. 

C 0 N C L U S I 0 N 

The dy~a~ic forces experienced by the occupa~ts in the cargo 

compartment during the flight descent phase were probably less 

than those riecessary to be sensed by the occupa~ts. During the 

crash-landinq and the deceleration of the aircraft to the points of 

rest t~e rates of onset and the deceleration levels reached by 
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the tro_op cor,1µart.rnent v.·ere significantly less tf:an those exr::ierie:r.ced 

in thrill rides cor.~only found in amusement parks. 

Respectfully submitted, 

~ 

~-ctf})K~.~ 
Regis~ered Professio~al E~g1~2er 

California License No. 3775 



REPORT ;.._ 

.JAP'-1ES G. GAUME, M,.D. 
CONSULTANT IN HUMAN !'"ACTORS 

1517 !:SPINOSA CIRCLE. 

PALOS VERDES ESTATES, CALIJ'"ORNIA 90:27"4 

1213) 375-6607 

OF c::.::. c:: '-: 

Suring the very rapid decompression anc t~e descent tc 

_='·.t f:_r.st 

the rear r.c.lr. land1r.g gear wheels 

three feet ir.tc the soft grour.a c.nd were wiped of~. ~~t the 

t~.~ :li~:--. 4_ CC2r:. 

the dike end ~ere wiped cff. 

noticeable by these in t~ose sc.~c co~part~er.ts. 

then settled into the ground, slid for sc~e d:stancc. c.t wr.1cr. 

point the troop corpartGent separated :ro~ the fusclc.ge, the 

plc.ne bro~e into four main segments, each going in slightly 

- . ~ ~ - . t. c1::ercnt cirec ions. The troop comoartnent traveled a total of 

20:~ ft.before cominq to rest, right side up. The average G-forcc 

experier.ced by the people in the: troop cor;;p2rt:-r,ent \-;c.s8 

transverse to t11e: bodies of those ir. the corrp2rtnc;-;t. This is 

about twice the G-force felt by p2sser.gers in 2 jct airliner as • 
it 2ccelerates do~~ the run~ay for a nornal tc:keoff. ar.ci is in 

the sa~c d1rect10~ on the bod~· as the G-force experienced by those 

1 
- l.-



;.naJ vsi s of J..cceleratic:-'~ 
C 5 ;., S : : 6 ~ - 2 l 8 , 4 !, ~ r 11 l 9 7 S 

Ja~e~ G. Gaume, ~.D. 

in the troop compartment, from front to back, or +Gx. 

These G-forces are considerably lower than those 

?or exa~~:e, a ride called the ROTOR is a vertical, l~ ft. 

d12~eter cylinder containing a floor on which people stan~. 

(cage) is spun up to a ~axi~u~ of jS rp~. 2:-:c 

fleer is Cc·\·.~!: 3 to 4 ft. Tr.e cer;trifugal fc:-ce 

flattens the rider's back against the outer wall of the cace 

c.r.c is t'.-.e G-:orce 

c2lcula-:eC to 

of - .., r 
c ...:. - ar~ ~h1ch rotates ~round the center hu~, 

t '.-.e 

un 2nc co~r as it rotates at a mixi~u~ of 15 rp~. producing a 

force c~ the passenger of l.53G's. hnothor ride wh:ch puts the 

car throu~~ a loop the loop, starts the ride with a catapult 

t~rust producing (.5 G's on the passenger. these 

rides apply the G's in the sa~e direction on the body as the 

1.6 G's experienced oy tr.c orphc:ns ar.J adults in t11c troop 

cc~part~ent in t~is case. The beg1nn1ng of t~e loop in t~e las~ 

ride rner.tioned produces a vertical G-force of 6.2G's, and the 

avera~e vcrtic2l G at the bottom of ra~y cf the newer roller 

coaster dips is i...;ell over 3G 's. (See ..:.ttacr.:T1ent J, 1 ) 

The catapult on an aircraft carrier which launches a 

jet fighter applies 5.57 G's to the pilot, which is 3.45 ti2es 



A~alvsis of Accelerations 
cs.:-... 5'.<02-22.8, 4 .:..nril 1975 

J2:-',e-s G. Gau::.e, t·:.D. 

the average 1.6 G's felt by the occupants of the troop co~part-
mer.it. 





JAMES G. GAUME, M.D. 
C.ONSULTANT IN HUMAN f"ACTOR9 

1517 C:SPI~ S!:JA CIRCLE: 

l"AL.06 YC:l<DC:B [9TAT<.S, C:ALlf"ORNIA 90:27'4 

1213) 375·6607 

RE?ORT B 

AN.!\LYSIS OF T>-'T'.' PHYSIOLOGIC.\L EFFECT O? THE CH.:'..~:::;::: OF 

PRES.5CR ::=: DCR I ~;c THE ;:JECO!·iPRESSI o~; EVDJT OF c 5.Z.. s::6 8- 218 

4 .i-,.pp I:'._. l 9 7 5 

The difference in the tiGe of decor:pression between 

the car;o and the troop co~partGents was minimal a r:.a t ter of 

milliseccnds -- because of the size of the openings. Gade up by 

the ladder well and the grille, total approxi~ately 18 sq. ft. 

in area. v:r;e;. tne pressure of 302.8 rnL-;-. Eg (5.85 ps:'..e:) in less 

t~ar:. o~e second (e:pproxi~ately 0.6 second or 600 ~:lliseccr:.ds). 

T j-, e t o t c. l p ;:- e s s t.: r c c r. 2 :: g e v-· a s 3 2 9 . 8 :-:-~. P. c; ( S ·. 3 9 p s i c.. ) Ir-: t!-.e 

0.5 second, the cargo compart:-:-ent was at the ambient pressure. 

Ho~ever, as soon as the pressure be;an reducing in the cargo 

co~partme~t. the pressure in the troop compart~ent began to 

r-edt:::e 21.;o. statec above, the troop comFartmer:.t lagged 

behind the cargo compartment approximately O.C3 secono (30 milli-

seco:-x:s) . The total pressure reduction during this 30 ~illiseccr:.Ss 

was a ppr O/: ir:-1a t e 1 y 2 S JT'_-n Hg. Both the time difference a~d the 

pressure difference in this period are ir:.sig::ificant wit~ regard 

to the physiological effects, because the response time of the 

bc3y to the pressure change is much slower than the pressure 

difference in that period of time. Attachement :;;1 .pac;:;e 147, ; 

from Armstrong's book, Aerospace Medicine. states that "the 

physiological effects of loss of pressurization of jet transports 



i\ r,_ 2 l v s i s o f Ph vs ~Q} o a i ca 1 E f f E: ct s 
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Jcr..es G. GaUI'.1e, M.D. 

will not be caused by explosive decompression, but to the effect 

of acute oxygen deprivation." In this case, however, the period 

of oxygen depriv2tion was too brief and too mild to ~ave any 

12s~in~, serious ccnseqLence. 

The "ber.ds" 'l':ould have beer: .the ea.cliest syr._;:;to:-:i to 

de~elcp on deco~pression, but ttese do not usLally appe2r ur.til 

10-15 rnir.Ltes after the decompression 

/ r.2ve ti:-:-.e to develop. Eer.ds would be 

/ .1l 0 c, [-,u,,:ever. 

and therefore did not 

unlikely at 23,400 ft., 

?/ 
• 

~-~C~!'~ 
HL~2n Factcrs Ccr.sLltant 
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~~I .;t 23, li 00 ft. the alveolar P:?2 (oxygen pres sere) is 

aprcoxica~:rz 22 '"·~Y On a sud~eco~.pccssion f:com 5, CCO ft, 

to 23.~CO ft. in less than 0.6 second, hypoxia could be evident 

to the otserver in a few (2-3) rinutes. The subject would feel 

hy;oxic in l.5-2.0 rinutes, but the feeling (of air hunger) 

passes wi~~in one rinute after or.set, and breathing is re:atively 

ea s y a g 2 i r. u;; t i 1 S - 6 tot 2 l !.\ i r. c: t e s ha·: e pa s s -e c . Tr.e re2so:-.s for 

tJ-:i s et:: ect c.re: (1) hn incre2se in pulron2ry vent1lat1on takes 

place autc~atically and the su~Ject takes in a gre~:cr volu~e of 

air per breath anc per rinute. The blood pG2 has alrec.dy been 

that as the greater Volc~.e of a' r is breat:--.ec, '.'.Orel~' 
. . f \- . . ' . . . . . - ftft!A ,~ 
is extractec ro;t: t1ie ir.splrec 2lr, ra1s1:-.g tr.e ~ .1', 

arterial po 2 by(f"err.:a~ 20~~; and (2) Eypoxia is a potent cere':Jrall~~ 

vasoc .le.tor v.·hich increases the volu:rie o~;,o;,~.JlO'.·:ing t'r.rough ~~ 

tf:e brain, thereby again increasing the o
2 

available to the brain ~.,.J 
al~~· Jp I btvh.,e2s rr.ucl: as 355~ at 23, 400 ft., which would raise tr.e po 2 of ~ 
,..- ~ ~..........t~~'\'A°'--'l>~o... ~ 

cereb.::-al blood to more than 40 rnm Hg. Triis wo·ulc be equiva-

.. 
,..,){ ;_en t to the art er i a 1 po 

0 
expect ea at l es s tr, an 1 8 , O 0 O ft . At ..... 

'P~~~ 18,000 ft. f 

fl.JI' a TUC of 30 ~inutes. 

it is expected that the average person would have 

However, by the time that this 

'PC7- Ot' -1-
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po
2 

equiv2lent was attained (due to the combined spontaneous 

increase in pul~orary ventilation and the hypcx1a effect), 

the aircr~ft had already descerded to an altitude of appr6xi~ately 

16.DCO ft., according to the descent profile indicated by the 

This is an easily survivcible altitude without any 

phys1olog~cal da~agc. (See Attach~er:.ts Cl,2,3) 

These nor~al, physiological, co~persatory, protective 

rechar:.is~s which ca~e ir:.to play, activated by the extre~ely 

rarid deco~pression, constituted the factors ~hich prevented 

t~e occup2nts of the troop co~partnent of the CSA fro~ tecc~ir:.; 

ur:.cor.sc1m:s, ar:.c t:-:ereforc. fro:-: sustair.ing ~ b.::-ai:: car:-.c.ge as 

a result cf hy.;:;czia. The hypox1a was too ~iJd ar:.d too transient 

to be of ~ny serious of this is illustrc.ted 

by the incident described by Charles LinCSerg~, 

hi~.self, 2s detailed in tr.e Fore~~Tord of the Ec.~Cboo~: o~ Respi~2tor\,. 

PI-:vsiolc:::v (Attacf:;.ients C4, p. vi). hs indicated by t~is exa~ple, 

had anyone in tt• C5A become unconscious f.::-om lack of o
2

, they 

wo~ld hc.ve recc· ered consciousness within 2-3 minutes more, 

beca'_:se agair:., accordi;;g to the t'J,DAR cata, they were cm.;n to 

16,000 ft. in 3.0 minutes from the moment of deco~pression. 

Accorcing to the v~rious testimonies pcrv1ously gi\ 1 en, no one 

becaIT.e unconscious. 

Another cecompression event, involving a National Air 

Lines DC 10 over Alb~qucrque, N'·' .. , took place at 39 noo ft. The 
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cabin altitude reached 31,600 ft. 

16,000 ft. for 5.5 to 6.0 minutes. Three or four passengers 

and flight attendants became unconscious from lack of oxygen, 

as a matter of record, but all regained consciousness at 

ap:;-rcxi.:--.2 tely l S, GOO ft. wi tr.out any harm. ~fr~ 

Totally unacclimatized people are transpcrted to the 

tcFs cf~:. Evans and Pike's Peak in Colorado, both of which 

have alt::udes of more than 14,000 ft., and stay there for 

o
2 

for as rruch as thirty minutes, without i:l effect except for 

r.ec.c=acr.e .. 

of a DC 8 as it took off from Havana to Spain, was without 

29,0~8 ft. for more than 7 hours, and survived with no 

His case was thoroughly documented by Spanish 

pr.~·sicians wher. he reached Spair.. Houdir.i cot.:ld stay u :-; a er \-,'a t er 

for ~ minutes without breathing either air or oxygen. There is 

a case on record wherein a man diving has remained u:-:Ce:- v.:ute:-

• without breathing apparatus, merely by holding his breath, for 

any air except that which he had in his 1 ur:g s 

when he submerged, and he had repeated this feat a number of 

times. 

Therefore, because the human body has a num~er of 

protective mechanis~s, all of which were activated a~o ca~e into 
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play at the time of the decompression, the 

cc~partnent of the CSA in question survive without har~. to 

a reasona~le medical certainty. The calc lations nor~ally used 

which car.sider or.ly the reduction of available, by virtue 

o~ subtrac~ing the partial pressure va ues for carbon dioxide 

and water vapor ir. the lungs, do not tell the whole stcry. They 

co not ccr.sider the dilatation of the cerebral arteries and the/~ 
rcsd ter.t incceese in blood flew ar.d 0 2 to U,c brao n, ar.d tha /d~ 
ccnsequen~ re~uction in altitu6e equivaler.t caused by this 

r.or~al co~pensa~ory mectanisr. Ir.creased pul~onary ver.tilation 

has beer. considered, but little or nothir.g fas been said about 

the i~cre~se in heart rate which also acco~rar.ies hypcxia, and 

helps to ~rovide an increase in blood flo~ and c
2 

to the brain. 

Attach~ent CS from the book, Hvncxia, ty Van Liere anc 

S':icr:r.ey, pp 284,285, "Ability of Young J..r.i~als to ~·.'ithstand 

Eypoxia," quotes the v:ork of several investigators 

w~o all say that newborn human infants are able to withstand 
,..... I': z..l { 
~ 

~or.siderable periods of hypoxia ( :? ~ • 71. 10~). This appear:; to ~ 

be true of t~e ir.fants of most mar:c:-,als, most likely ar.ctf-.er 

co~pe:-:satory, 

species. 

protective mechanism to assure survival of the 

Jc:::::.~"~~)~£:. 
Human Factors Consultant 
30 August 1981 
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FOREWORD 

TRAL\'I~G FOR THE RECOG~ITIO~ OF OXYGE~ E)!ERGE.!'\CIES 
I~ HIGH-ALTITl'.DE FLYI~G 

Charles A. Lindbergh 

Just as prirr.ary training in stick-rudder-throttle techr.ique is essential 
to a pilot of the most ad\'anced types of airplanes, primary training in 
oxygen technique is essential to the high-altitude crew. Modern, scien­
tific safegu:.:.rds do not remove the importance of a thorough understand­
ing of the ABC's in e<.>ch field. 

E:ne:-gencies can result as fatz!ly today, but the value of training in 
oxygen techr.ique was probably more apparent durir.g the years before 
pressure m:.:.sks ar.d pressurized fuselages came ir.to service use. Troubles 
were then encount<:re:d more frequently, and me:!-:ods of combating them 
were less ad\'er.ced. In the early days of altitude flying. a pilot operating 
m..;ch above 30,000 feet was always in a more or less, hypoxic condition. 

The leEsons I learr.ed from high-altitude test flying during World War 
II all point to this primary re~Jirement: Learn to recognize hy';)o:=ia 
quickly. 1he:i, you have time to do s0methir.g atJo:..;t it before you lose 
consciousness. 

This might be cal ltd the B in the ABC's of oxygen t<:chnique. The A. 
relates to h:.:.\'ir.g emergency equipment available ar.d in condition for use. 
T'1e C dem:.:.nds a considered plan for using it. You can spend plenty 
of time arranging A and practicing C; your error is likely to come in the 
B of recognition. I sh'1ll try to emphasize and clarify the problem by ex­
amples from my own experience. 

My first obYious contact with hypoxia came in 1927, while I was flying 
the Spirit of St. Louis at an altitude of about 20,000 feet over the moun­
tains of Colorado. The plane carried no oxygen, and during the J;:-,,tter 
part of the slow climb I grew aware of an increasing vagueness of percep­
tion. The simplest problems of addition and subtraction, in connection 
with my navigation, became difficult. 

My first rough experiments in oxygen technique were carried out 
in a P-3G. in 1939, at altitudes of slit:htly onr 30,000 feet. In this plane, 
an oxygen supply was available through a wooder. tube at the end of a 
rubl>er tose. I studied the dulling and sharper,ing effects on my senses 
when the tube was removed from its norm:d position between my teeth, 
and when it was replaced. Pilots' tales of mysterious hi.gh-altitude effects 
on mind and body cautioned me in these experiments. 

Jn 1942. at Willow Run, I undertook a project in which high-altitude 
breakdown tests were to Le run on the ignition syst.err. of an R-2SOO engine 



in a P-47 fighter. The cockpit was unpressurized, and a pressure mask 
was not available at '.:he time. Flights wi::-(· to be made as far above 40,000 
feet as po~sible. (By stripping the plane ;_,fall removable military equip­
ment, I finally attained a maximum indicated altitude of 43,000 feet.) 

Before sta:-ting this project, I flew to Rochester, Minnesota, for two 
weeks of simulated high~altitude operation in the altitude chamber at Dr. 
Boothby's Aero-~!edical Unit of the Mayo Clinic. Chamber tests soon 
showed that at 40,000 feet I could exJ>(!ct approximately 15 seconds of 
reasonably clear consciousness following a complete oxygen failure -
slightly more or slightly less, depending on the abruptness of the failure 
and my physical condition at the moment. Fifteen seconds gave little 
more t::an enough time to transfer from the plane's oxygen system to a 
jur:.p-b0tth oxygen system. And 15 seconds would be available only 
if I discoi;ered an oxygen failure immediately upon ~ts occurrence. 

The general opinion prevailing among flying personnel, in 1942, was 
to the eii'ect that you could not train your senses to become aware of a 
hypoxic condition in time to take conscious action to overcome it. 
My own experi.ence led me to doubt the validity of this opir.ion. Working 
with Dr. Boothby and his staff, I arranged a system whereby the oxygen 
supply to my mask, in the altitude chamber, could be cut off without my 
know:ecge. Another mask, with a full supply of oxygen, was laid at my 
side. It was my job to learn to detect hypoxia quickly E!:ough to change 
the masKs without assistance. Seve::-al tria!s tat.:ght me to make the 
change with a number of the originally available seconds of conscious­
ness still ir. reserve. 

This t ·:iining mar well have saved my life in the test flights with the 
P-47 which followed. On one of these flights, my oxygen gage read 50 
pounds high and I ran short of oxygen without warning, at 36,000 feet 
during a d<:·scent from higher altitude. I noticed the effects of hypoxia in 
plenty of time, but I made an error in wl1at I call here the C of oxygen 
technique. Instead of changing immediately to the jump-bottle system, 
I nosed my fighter down into a dive toward denser air. Of course, in a 
dive from 36,000 feet, I had more than 15 seconds of consciousness avail­
able; but it was not enough. The dials in front of me faded. My mind 
became too dull to think of the jump-bottle system. From some,vhere 
above 30,000 feet to somewhere below 20,000 feet, I remember only a 
great shriek outside my cockpit and my determination to increase the angle 
of dive n:gardless of consequences. The P-47 almost certainly went 
through a compressibility condition, but it was fully controllable again 
when the u.strument-board dials began to clarify, at about 17,000 feet, and 
as my senses regained their normalcy with the incre~sing density of air. 

That P-47 flight produced excellent examples of proper recognition of 
an oxygen emergency and improper action following the recognition. It 
pointed up the va~ue of adequate altitude-chamLer training. Good B 
technique compensated for bad C technique. The flight took place ten 
years prior to the writing of this chapter; but regardless of the improve­
ment in emergency equipment and procedure, the ability to recognize 
hypoxia quickly still remains essential to the safety of the hif;h-altitude 
crew. You should be able to recognize the symptoms of anoxia even when 
your mind is concentrating on the duties of your mission. The procedure 



to be followed .thereaft€r depen.1:-: 0n such variable factors as the cause of 
oxygen failure, the type of your aircraft, and the mission you have been 
assigned to . . 

Altitude-cha.mber training for the recognition of hypoxia is simple. 
It is applic ... ::ile to group instruction. It saves lives. 
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EFFECT OF HYPOXIA ON THE 
NERVOUS SYSTEM 

CHAPTER XVIII 

Of all the tissues in the body, nervous tissue is the k1st capable of 
withstanding oxygen want. Whereas ca rt i bge tissue, for exam pie, 
may withstand total depri\'atilln of oxygen for sever.ti hums with­
.out suffering any apparent deleterious efft:cts, 11crvous tissue can 
withstand deprivation uf oxygen for only a· few minutes. Since nerv­
ous tissue is so sensitive to oxygen want, it is obvious that the effect 
of hypoxia on the central nervous system of the intact organism is of 
paramount importance. 

BLOOD SUPPLY TO THE BRAIN 

The literature on ccrchr:tl circulation was reviewed hy \Vollf 
(10~) in 1!)3(). In 19·13 Sd1midt (Hti) pulilished a monog1aph on 

ccrelnal circulation. The dkn of hypoxia on cerebral circulation 
\v;1s reviewed by Opill. (7tl) in l~J:,o, Ly Kcty (G2) in l!..1!18, and by 
l .a\~cn (f>5) in I %9. Tl1c reader is referred to these reviews for de­
tails of this important subject. 

Schmidt (85) :rnd Schmidt and Pierson (87) showed that oxygen 
clcf1cicncy produces vasodilat:uiun a11tl an increased volume of blood 
!low to the medulla oLlongata and hypoth.tlamus. :\ 1111111her of i11-
vcscig:1wrs in the early 19'.JO's ('.W, ti?, i 10) also de111011:ilr;\lc,l that 
hypoxia produces dilatation of the pi:tl vessels. Tht'~e fimli11gs have 
bl't'll rn11fm11t'd by later worker5 (li.'i). 

\\'ol!T (109j' 5tated ll1at inhalation of carbon dioxide produces a 
more 111;nked vasoclilatation of the vessels which supply the br;1in 
th:111 docs oxygen want. lf this \vcrc nue, there would Le a greater 
c\ilatation of the cerebral ves~ds durinf!; asphyxia th:1n during ;rnoxic 

··.hypoxia. On th .. c other hand, Dumke and Schmidt (31) in l!M'.J ob­
servcll that Loth hypoxia and hyp1.:rcap11ia i11nease1l ccreliral blood 
11.,w Lut th:tt the elfcct of hypoxia was more striking than that pro-
ductd by carbon dioxide. · 

" 

. -

r 
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Tl1e rn11se11sus is that slight variatiuns uf oxygen ~mions do 1111t 
affl'n ct'rd1ral blood tlow; however, a 1110<lerate denease in ox yg•·n 
te11siu11 111:1y produce a sig11ifica11t incrca~. Courtic~ (~:1_) in l\HI. 
wot kinf!; with chlo1alosl'd cats, found 1h:1L there was no 111crc.1st• 111 
cc1cL1al ci1culation until the inspired air cont:tim less than 15 (H'I 

ce11t oxygen. Kety and Sd1111idt (63) in l !H8 reported that i1~ suhjecl~ 
lHc<Hlting 10-1:1 per cent oxygen the cerebral l,Jood llow 1ncrt':tsl'cl 
aliuut ~f> per cent. l..a:>.'>eu (65) rcponetl similu li11Ji11~s. The laLLer 
\vo1 kcr has c111phasi1.ed that the pronounced vasodi latory rt'sponse to 
uxyg,cn lack means that a greater degree of.arterial oxygen 11nsatma­
tiun can be tolerated than would be the case if this respon,e did not 
Ulctlf. 

OpilL and Sd111rider (7ti) reported in El:JO th;1t ccrcliral hlocid 
flow increased by anemia aHCl that vasodilatation co1111nences ''hcn 
the JiO~ of the cerebral venous blood falls to about ~8 mm. 11·~· 

Although there is sound evidence that ;111oxic hypoxi.1 and proli<1-
Lly he111ic hypoxia cause an incrc:1scd Lluod supply to the brai11, it 
is likely th:a in spite.: :~~this the diminished oxygen tension Jming 
hypoxia produces a dclic;, ... ;. oxygen supply to the brain. It is g1·11-
crally conceded that during anoxic hypoxia the brain is one of the 
tirst organs to he alkctcJ. 

SURVIVAL Tll\IE OF DIFFERENT NERVE TISSUES 
DEPRIVED OF BLOOD 

It has been known fllr a Ion~ time tl:at ditfncnl puts of the m·rv. 
<Hts systc111 arc nwrc ~cmitivc to dqllivatiuu of bl<iod supply. tlu1 i', 
s1.1g11:111t and he111ic hypoxia, than arc othns. 0AfforJi11~ to I;,.;,_ 
111:1ns' (·19), Stenon (~3) in 1Gti7 and Lcgallois (iiG) mn1e 
cli:111 :1 century and a half later, \Vere the first to investigate thi\ i111· 
ponant problem. 

;,1;111y work.l'rs h.1vc t·xpcri111cntally produced aitL'lllia d the b1 .1i11 
hy orcludi11g the arterial supply; amon~ the early inn:~tig:1101s \\'1·11·: 

C1>opcr ('.22) in l~\:l{j; llill (:ii) in 18% a1lll in 1900 (5:!); C1 tie 
and Dolley (25) in 1908; and Pike, Guthrie, ancl Stew:nt (78) .1ho 
in I ~lOd. Others h:1vc rcponcd studies on the effect of acute a11n11i.1 
on ncrvous centers ('I, lG, 17, 25, 28, 39, ·13, 50, 60, 61, 72, 77, !II, 
95, HU) . 

Cannon ancl Bmkctt (19) in 1913 reviewed the literature of the 
1 C. lk)·mans in l~l~U rcviewe<I the literature conn•rnin!: su1vh,;I a11J rcviv.11 of 

nervous tissues aflc:r arrc~t of circulacion. The reader is rderrcd to thi5 ntcnsl\c re· 
view which lim 246 rdcrcnccs. (C. llcymans, P11yiiul. Jlcv., 50 (1950). '95) 
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effect of anemia on nerve cells of dilfcrem classes. T;dJlc 10, which 
w;is compiled by Drinker (30) from lhe lilcralure cited by Cannon 
and Burkett, shows the surviv;il time of dilfcrenl nerve tissues wlu:n 
co111plcLcly deprived of bloo.d. 

TAUl.E 10 

SURVIVAL T1"e OP 01nunNT N~.Rve T1ssu1c$ 

Cu·u·Lk:llcL\' Llu•1<1Vt:U O.t' llLOOll. 

Sun. lv.&I Time 
(.'-tmulo) 

C'.ercLru~, mull pyramidal ccll.'l. . . . . . . . . . . . . . . . . . . 8 
CcrcLcllurn, Purlinje's ccll.'l. . . . . . . . . . . . . . . . . . . . . . . 13 
Mc<lullary centers ................................ 20 <lO 
Spio.11 cord .... · .................................. 45-60 
Syrnp:11he1ic i:anglia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10 
Mycn1cric plexus.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I tlO 

• •·rom \tJ. p_ Drinker, C.Jrh" .-.1fHHU1J1 .11/'h.1··· (New Yori..: o ... rurJ U1Uvc1111y 
Pru., 19l8), p. Ill. 

Drinker, interestingly enough, lias poi.1Hctl out that Table 10 indi­
cates that individuals who have sulfered from severe hypoxia, s11ch as 

~ may be produced by carbon monoxide poisoning, may be practically 
decerebrated. 

Hcymans i:t al. (50) in 1937 studied the effect of acute anemia on 
the m·n·e centers by perfusion of the isolated head uf the tlog. 'The 
circulalion w:ts interrupted for varying periods of time, and thc abil­
ity of the centers to revive after the circulation had been complctdy 

. interrupted was notcd. 
Table 11 shows that the conical regions are the most sensitive to 

oxygen want. It is o[ interc:sl that lhvies and Bronk (2Ga) , in studies 

TABLE I l 

ABILITY OP CENT~R5 AT VARIOUS I.~.vu.s OP TllP. NE1tvmis SYsn:w 
TO \VITllSTANU Cowru:-r~ INHlllllJl'rlON u~ Ut.ooo Su1•1'LY 0 

-----:=----------·------------:::-.::-_ .. =...:..:-_:..::;__..=.:...:..::.=. ---··..=--:.· . ..:....-_:...::;..;.: :.·--=:~---~ 

lo1cnup11on of Ccmral 
CU',ulAuun up to 

1-S min ........•.••..... 
5-10 .................. . 

Hl-15 ...........•....... 
15. 10 .................. . 

30 ..........••••••••• 

+ 

l'~lpd•ral 
l'up11IA1y 

+ 
+ 

C.u.!1u­
rcKul.•lv1y 

+ 
+ 
+ 
+ 

v ....... 
JUUlU( 

+ 
+ 
+ 
+ 

RC1pir~1ury 

+· 
+ 
+ 
+ 

011 oxygcn tension in the ma nun a I i:111 ln;1 in, rcporte(l that the cortcx 
(al least locally) is on the verge of oxygcn insufficiency c:ven in its 
nonnal stale. Actually the cortcx has but a small reserve of dissolved 
oxygen shq.uld the circulation fail complctdy. Their expcrimt·nts 
suggest, however, that the cortex 011ghL to function normally as long 
as its oxygen tension is well above 5 mm. Hg. 

T/11: Nervuus Syslt:m 

ll is of espccial interest (Table 11) that the r .. espiratory <l'llln, 
which is generally regarded as being ext'T't:mely sensitive tn OX)'hl'll 

w;1nt, 111ay be revived aflcr it lu~ been dcprivcd of its ci1r11btio11 ln1 

a considerable tillle. I ley111a11s el al. (50) poinLed out th;1L thc11 <'x· 
pcri111cnts dcmomtr;ttcd that the respi1aco1y and Lin:ulatory ce111c1s 
possessed grc;n resistance to hypoxia and could he revivl'd after thcv 
circulation h:id been arrested for as long as thiny minutes. They 
stated, however, that certain centers, which probably were siu1;t1l'd 
in the ccn.:brum, were more sensitive to anemia and were irrq>JLtlily 
damaged if the circulation were arrested for more than five minllll'\./ 

Arrr.st u/ cirrnlatio11 i11 .s/Ji11al cord.--r\s early as 1Gii7 Slenon (!>1) 
reportl'd lh;1t anemia of the spinal cord produces paralysis al the c:11d 
of urn.: minute and suppression of se11sitivity aud 11101or furn tio1.,; 
after three minutes. Legallois (sec GG) in 1830 reponctl that lig.11io11 
of the abdomin;.il aorta produced par:ilysis of mowr spi11:il fun< ti1111s 
but that the spinal centers may reco\er their function if the drruL1-
tio11 has not been obstructed too long. 

Since this e:irly work. a number of investigawrs (12. 13, H, 15, 21, 
3G, 69, 8·1, 9:!, 97, 100) h:ive reponed the effects of intcrrup1io11 of 
the circubtion of the spinal cord. Many of these studies were made 
following obstruction of the abdominal aorta. 

HISTOLOGIC STUDIES OF STRUCTURAL Cl l:\NGES 

A r1qxic hypoxia.Thorner and Lewy (fJG) in 1 !MO reported ex· 
pnimcnts performed on guinea pig~ and cats which had hec11 suli· 
jected lO complete hypoxia by bein~ placed in an cnviro1111H·11t of 
pu1e nitrogen fur various pe1 iods of time. These 'wurKl'IS fo1111il that 
exposures to sul>lcth:tl periods of pure hypoxia produ..:c'.d va~t"11l.1r 
and degenerative ._,'··ne;es in the centr:il nervous system. It wa~ em­
phasizc:d th:it some ol · : . .:se changes were irreversible an<l bt·r:i111c 
su111matcd in animals repe;itcdly subjected to hypoxia. 

Full()·,vi11g fa1;d cascs of nitrous oxide-oxygen anl'slhcsia, lnious 
of the Lrain, especially in the cortex and basal ganglia, h:ive licr·n 
obsc1 ved (-11, 70). These changes have been attributed to anoxic 
hypoxia. 

IL h;1s been suggested hy van der Molen (98) th:1l corticil cell 
t.:h:tngcs ocnir at panial pressurc:s of oxygen eq11iv:ile11t to an allitudr· 
of 28,000 feet (8/1'.15 tlll'ters) and, moreover, that some of thnr· 
changes might he irreversible. It will be rcmc:mbcred, huwevcr. th;u 
the average unacclimatized individual cannot live much beronJ au 
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altiLu<lc.: o( 25,000 kc.:t (7,li~O 11wtc.:1s). Only i11divi<luals th111011ghly 
an:li111aLc<l could withstand an altitude of ~ti.OUU li;ct; it is k11ow11, 
ol' course, that several 111c111lic1s of the vario11s f\luunt Evcn:st expedi­
tions were reasona!Jly wdl aulj111;Hnl to this ll,rcat lil'ighl. 

Windle and his co-workers (10!>, JOG, 107, lUH), d111ing the t";1r\y 
l 'J-tU's, carried out extensive rcscarcl1c~ 011 the central nnvous system 
u( full-term guinea pig fetuses whid1 li;~d been sulJjcctct~ Ln seven.: 
·grades of hypoxia (;ind o( asphyxia). (~urnc of thc~e ;1111m;ds '~·crt! 
·rnuscitatcd and tllcr suhjeocd tu lcarnlllg tests.) C.ontrulkd l1~~Lo­
pa tho logic sllldics were m:ide. N c.:11 ltlp;.nhologic d1ai1ges of v:11 Hrns 
degrees of severity were ol..isc.:rved, wl11ch Wl'l'l! not 11cce~sa1 ily 1c.:-
btcd to the duration ol thc hypoxia. A111u11g the changes 1wtell wne •. 
c1pillary hemorrh;1gcs, clouding of Nissl s~1b~t;111u·s, slni11k;1ge of the 
neuron, awl loss of stai1ubility. In SlHHe 111sL11ll"c.:S, there was :1 gcn­
eraliLed necrosis of the brain and spinal cord '''ith cl11on1atolpis and 
edema. Clial proliferation and lo~s ul ne1'·vc cells, espcl·ially in the 
pyramidal layers of Lhe cerebral cortex, wer~ also. fourn~. 

Morrison (7'1) in 1 !Hti made ccrn1prchcm1vc h1st<>l11g1c o!Jsc1va­
tio11s 011 twenty-five dogs and te11 mu11kcys which hail hec11 sul>jcncd 
to v;1rio11s dl'grees of hypoxia. He olisnved Lhat a ~ingh.: cxpmur1~. to 
a simuL1Ll'U ahitudc of '.l~,000 feel (!.l,7!°>5 meters) lor twenty-live 
minutes produced extensi\'C lamina necrosis in the cortex of the 
monkey. 

Rcpc:uc<l exposures of moderate hypoxia (1_2-13 ~·ol11111~s per cent 
of oxygen in the Llood) shuwcd that the first lustolog1c d1a11gcs 
occurred in the cell bodies of the co1 ticd gray 111auer. \\'hen 10 vol­
umes per cent oxyp,cn were used, and the ani111als suhjcct~d. to .re­
pi:ated exposures, the while 111allcr hi:cu11e involved, d~myc.:111111.auun 
appearing in the corpus callus11111 a.11d cc11Lru111 se1111.ovalc. 

It was observed further that dunng severe hypoxia the fro11t;1l 
lobe wa5 most often, and the lc1npor;d lobe least often, involved. The.; 
cerclicllu111 was more often affected than the basal ga11glio11. The 
spinal cord anti mellulla were 110L ;dlectnl IJy hypoxi;1 co111patihlc 
\Vith life. 

In 1 !J.15 l loff, Grencll, a11d Fulton (57), working with guinea pigs, 
reported that

01

hypoxia caused 111a1kccl cha11(!,CS in the cell, whitl1 in­
Vl)lvcd the cytopla\111, nuclei, and Ni\~\ s11h\L111ee. lh111:1ged cells Wt.Tc 

found in various locations of the Lr:iin, hut those in the 111ed11\la and 
cerebellar cortex were especially i11volve1l. 
· t-.lctL (73) )n l~J.tCJ, afler subjecting sevcr:d different species u( 
vendnales (goldfish, frogs, lurtlcs, pigemis, and rats) lO severe gL1des 
·;-,f hypoxia, commented on ~he fact that he did not sec much histo-
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lot;ic nerve d;11nagt. I le emphasitnl the JH~siuility niat the ch:1ngcs 
which 111;1y h;we occurred were not morphologic in ruturc l111L 
1:1thcr wne hiochc111i1 al phc.:nomena at a submicroscopic level. Tl1i-. 
is an interesting ol>servation and suggests further rcsea1c.:hes along 
this line. 

Recclllly I lager et al. ('111) studied clcctron-111icroscopic cha111;es 
in li1:1iu ti\~llc.: of h.1111sters (ullowi11g ar11Lc hypoxia. The studic' 
sungcsted th;H there is a rise of intracclhilar osmotic pressure and 
di~i,ntegration in both the pcrikaryon arul the mitochondria. 

Gerard (:\8), from his studies on hypoxia and neural mctaholim1. 
has Cllllcl udnl that one o( the f unu iom of oxygen is to keep the 1 l'l I 
111eudn:111e p11bri1ed and, further, that proteolytic prncc<,ses arc i11i­
tia tcd by c 0111 pie le hypoxia. It is thought that. the acn111111 \.1L irni or 
lactic acid in severe degrees of hypoxia may Le p:iniall)' responsililc 
for this reaction. 

Gellhorn et al. (37) ha\'e suggested that hypoxia and hypogly­
cemia have a similar physiologic action on the central nervous sy~­
tem and that they act syncrgistically in the production of t:onvuhi\'c 
seirnres. Sugar and Gerard (95) have :ilso Sll!-mestcd that hypogly· 
ce111ia acts much like hypoxia on the f unnion o( lhc brain, sinc.l' it 
leads to interference with oxidation in that organ. 

l/c111ic a111l stag11a11t li)'jJoxia.-l listolo~ic studies of nen•1111s tis'i11e 
ha\'c been made on the diffcrenti:il c.:lfects of hypoxia followi11~ • 
:111l'111i:i. G0111cL and Pike ('t I) in 1!109, '''orki11~ with cats, reportl'1l 
histologic changes in ncr\'e cells Lroughl about hy lot:1l a11c111ia of the 
centr;d nervous system. The order of smccptiuilit)' of the cl'lls ol 1hc 
n·111r.d 11e1 vous system to oxygen want, as shown hy histnlogic1J 'lt11d­
ics, was as follows: sm:dl pyramidal cdls, P11rki11je cdls, tl'lls or till' 

medulla olilongata, cells of retina, cells of cervical cord, cells in 111111-

bar cord, and symp;11hctic ga11:-;lionic cells. 
Gillka and Cobb (39) in l!l'.lO, studying pathologic eff1:cts of 11·1t·· 

hr:d a11e111ia, observed non~perifir cortical lesions, such as fnral ;q 1·;1<; 

of necrosis :ind swollt·11 and shrunke11 g:rnglion cdk The 111<1'>! p10-

no1111ccd dkct w;1s notl'd in the cells uf lamina 111 and IV o[ the 
cortex. 

In 19'.18 G rcenfichl ('l '.!) re\ icwed previous work on ne111011a I 
d:inuge from stagn;int and anoxic hypoxia. Ile emphasitl'd t11at the1c 
arc considcrahlc.: diffcre11ces in the responses of different nerve c dk 

\Veinhergcr ct al. (101) in l!HO, working with cats, prod11ffd 
tcrnporary anemia hy nccludin~ the p11l111011ary artery. At the end uf 
three minutes and Len s1~conds, pcnn:i11t·nt and severe pathologic 
changes were found in the cerebral cortc~. Longer periods of hemic 
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hypoxia pro<luced lesions in the P11rkinje cells of the cerebellum and 
in nerve cells in the basal ganglion. 

Effect of anemia on cells o( spin~\ cord: A number of investigators 
CM, ·17. HI, 92, 9~1) have mac.le h iswlogic sllldics of cena i11 nerve cclls 
after the circulation of the spinal cord had been partially or totally 
anc\tcd. For the most part, severe anc:111i:1 (isd1cmia) produccd grave 
<l:11na~e co the cells, and in somc insc:111ces necrosis and dc5truclion oc­
nnred. The amount of dam;1ge, of course, clcpencled upon the SC· 

verity and duration of the anemia. Some cells--for example, chose of 
the spinal ganglia-withstood anemia murh heller than ochers. 

These studies on the cells of the spinal cord have imporcalll c\ini..:;i\ 
si~nif1rance. They arc especially pertinent in surgical operations in­
volvinf{ important blood vessels, parcicuLnly the aorta. Rccenlly, 
howe\"er, the use of exLTacorporeal circulation has rcmoved many 
dan~ers in this area. 

As might be expected, arrest of circulation produces grave organic 
changes in the cells of the centr;il nnvous system wichin a reLi­
tively _short cimc. It has been emphasized Ly Sugar and Gerard 
(f15), however, that while the cl:rn1ages which follow sudden anemia 

arc primarily clue to hypoxia, there arc ocha important contributing 
factors. Those which they mention arc hypoglycemia, hypercapnia, 
:lntl the increased extraccllubr pocas.-.ium. 

Car/ion 111011oxide /Jois-011i11g.-Thc c:lfcct of carbon monoxide on 
the nervous system has engaged the aucntion of numerous work­
ers (5'.3. 5·1, 58, 75, 91, !lli, 111). Nt1t only has necrosis of nerve fibers 
in the brain heen obs{'rvccl, hut necrosis in the peripheral nerves, as 
wcli (!iH, 91). 

In t0:H Yant et al. (111) 111:Hlcexte11sivc investigalio11sofhistologic 
d1a11ges produced in the central nervous system of dogs following 
;Hirn in istr;Hion of carbon monox idc; various pronou need ks ions wcre 
found. 

In l 9·Hi i.her111 i ue an cl De A ju riaf~11t•rra (liH) rcporie<I that if 
death rapidly followed carbon monoxide poisonin~. h1·111:1rrh:1ges, 
nccrosis, and ed~rna occurred. These ch:111gcs prim.uily involved the 
lcmicular 1111cl11i; hut the subcortical while matter, the hippoca111pus, 
the substantia nigra, and the cerc:hellum also were affected. If carbon 
monoxide poisoning is continued for long, ch;1nges appear in the 

• vascular network wich infilcratio11 of the walls by neutral lipids and 
other suLstanceJ, such as ferric salts and calcium. 
· These authors sup,gest that a toxic factor in addition to the anoxic 
factor in carbo'n monoxide poisoning affects the neuroglia and the 
vascular network with specific 'involvement of the basilar region and 

'F/1<: ;\' ouuus Systc:m 

che white filll'rs of the: cc:nn11111 ovate. In this coirncnro11, Thurnn 
a11d Lewy ('.J!j) i11 I <J.I() rai.\cd the interesting question \vhecher the 
ccn:hr;d ~hangL"s i11 carlio11 111011oxide poi\011ing ;ire an11ally cypilal 
of liypnx1a or arc Llllsed by oilier factors. 

Dw l.l (3_'.!) in I ~.rJ~. studying the Lrai11 of man, rcpurced th.It 
~ercln;d _lc:s1<ins w~1ich occu1: as r~sid11a of cnhun monoxide pui~o11-
111g u1m1~t essc11c1ally nf dilatal1on of blood ve~sels, edc:111:i; peri­
v~1scuLlr 11c11~o~rh:~ges, degeneration and dL"ath of ganglionic cdh, 
focal dclllyclin1Lat1011, and foci of necrosis. l lc Celt that these: 1c~io11s 
wne ei1 hL"r directly or indirectly caused L)' di111inutio11 ol thc supply 
of oxygl'll. 

Ol1viously. c:11hon monox~<le poisoning is capable of produc·i 11 g 
severe. d.1111:1gc Lo .nc1 '.'011s tissue. Some of the histulogic rhangL"s 
follow111g severe p•)1s011111g arc irrever~iblc, so that permanent d:111i:tgl' 
lus been dune, and as Drinker has puinccd ou-t, individuals may Le 
practically Jecerebrated. -

CllEMISTR Y OF TllE llRAIN 

During the past two dcc:Hlc:s or so, considerable research has been 
done t~11 the cl1c:rnistry of the brai.n during hypoxia. Several investiga­
tors (ti, 7, 44, ·l!:i) have fou11d an mcrease in lactic acid durini:; anuxic 
hypoxia. Gur<lji:1n et 11/. (·1-1, 45) in 19H reported that cerc:hr;i\ 
lanic acid rose when the oxygen content of inspired air fell to 10-1'.\ 
per u·11l. Crisrnolu and Biddulph ('.?G) in 1958, \11orking with tah, 
fo1111d th.it ad1e11alcctorny prevented an increase in lactic ;icid uf tlil' 
ln;1 in du ri 11g- hypoxia. If, howt\'CT, epinepl11 i11e were aclm j 11 i\tl'l l'tl 
the 11s11;d rise: of 1.ictic acid during hypoxi;1 w.1s ohse'r\•ed. The :iuthoi ~ 
kit th;H this f111ding suggested that blood sug;1r is the SUU~tratc fu1 
lactic acid. 

. Thc~c is.~·viLkncc th:1t hypoxia causes a dccrcasc in plHi'iplwue.t 
t111e. (.11_rdJ1.lll et al. (-1-1) reported a decrease of phosohocrt•atiiw 
wlic11 a111111als brcatheJ 7 (ll'T cent oxygL"11. No change, ho\\'e\'er, w;is 
1101n~ in ce~-cbral ad.cnosi11e. Lriphmph;1te. 111 1953 Albaum et al. ('.!), 
wo1~1111~ w11h raLb1ts, sulijc:nnl chcm to progressive st;iges of liy­
pox1a and correlated the che1nir:d di.111gcs in the brain with dn trir:d 
1111·:isureme1~l of funccion. ~loJc:rate decreases of adenosi 11 •: crir!im­
ph:itc, crcat111e phosphate, and glycogen were ohscrvnl. Tlii·.-.e d!'­
uc:ases, however, were 1>ntnoted until the stage of inexcitaliility had 
been reached. 

Welsh (102) subjcctcd ··:m ~-' anoxic hypoxia (200-100 mui. I lg 
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b:1romelric pressure) for one to lwo hours ;111d observed that the 
an:tykhulinc in the brain was decreased l1y ;1pp1uxi111;1tcly u11e-lhird 
lo one-half. Insulin hypoglycemia \vas found lo cause a greater de­
crease i11 acctykholi11e lha11 a11oxic hypoxi;1. It was suggested thal the 
decli11e in free acetylcholine might account for lhe decrease ill ex­
ciLlliilily of lhe corn:x under cuntlilio11s o( hypoxia anJ of hypo· 
glyce111ia. 

Dixon (2~)) ill I ~J.IV studied ch:111gcs in the col1ce1llratiun of potas­
sium in slices of rabbit ccrclnal co1 tex, which \vere bathed ill a 
bicarbonale·Ringcr's solution. In the ali~cnce of glucose a Ins~ 1J[ 

potassium from the tissues was noled. \Villi aclive utilit:11io11 of g\11-
cosc, however, lhcre \vas an inc re:1se in ll1e uplakc of p0Lh:-.iu1n. In 
this respell hr;1i11 lissue n:sc111hlcs oll1er lissues of the body. 

The che111isny of the hr;1i11 d111 ing hypoxic s1a1i:s oliviou~ly needs 
funher investigation. Studic~ which co11c.:l.:11e lhe chemical rhanges 
wilh clccu-ical activity of the luain arc especially 11ecckd. 

l.BILITY OF YOUNG ANl~l:\LS TO \\'lTllSTAND l .-\ ASPll'.'XlA :\ND HYPOXIA l 
It has been known for well over two centuries that young animals 

arc consiuerably less susceptible lo asphyxia than adull~. As early as 
1725 Robert Boyle (10) commented on lhc resistance of kiucns to 
asphyxi;1, and Paul Bert (fi) in 1870 called attenlio11 to the fact that 
newborn anim:ils \~ere capable o( wi1hstandi11~ prolonged asphyxi:1. 
Since that li111c many observers have reported studies 011 asphyxi;1 and 
also on hypoxia in young animals and have conlirmed and extended 
the e:irlicr work. 

Studies have been m:ide on rals (I, 8, 9, 11, 18, '27, %, '18, 5!"1, 8:1, 
8H, 8!l, 90, I O·I) , on dugs (:U, :V1, 10, ri!J. G l, Ii I, HH, !JO, 10 I) , on gu ind 
pigs (18, 3!1, ·10, lO·i), on raLbits (%, 10, HH, VO, lO I), 011 c:its (3'.1, ti-I, 
!lU, 10 I), and on mice (3, 5!), 7!1, HO). A kw ohsnv:1tio11s li:1vc ;ilso 
lieen made 011 chicks and ducklings (H~) and 011 the: opms11111 (li·I). 
Newborn h11-111an infants, too, arc capable of will1st;111ding- consiclcr­
alilc periods of hypoxia; several \vorkcts h;1vc e111phasi1cd this (i·t, 
7 l. 101). 

Sp:1cc docs not pcnnil giving details co11rerni11~ all lhcsc cxpcri-
111ents. Suffice it to s:1y that lhe prol1k111 has hcc:11 ;1pprn;1d1nl in nu­
nH·rn11s ways, "hml various grades a1Hl dilfc1c11t types of hypoxia were 
'.tscd; the: kngth of exposure was also varied. A few typical cxperi­
mcuts may be dtc<l. 

The Nervo11s System 2~Vi 

Ka hat (GO) in l !J 10, stuJyi11g rcsist;111Ct- vi very yoimg puppic~ to 
arrest of ln;.ii11 circ11Lilion, found lhey wen: much more rcsi~la11t to 
acute hypoxi:11li;111 adult ;111i111:1ls. The respiratory center in the new­
born animal cu11ti11ucd to function sevel\lecn times as loll!{ as in lhc 
adult. The 11ewl1orn also ad1icvcd c0111plctc fu11ctio11al rt·cm·c1 )' 
much more quickly th:m did the adult animal. c\c lhc age of f01~ 
111011d1~. the rc~ista11cc was <lit · 1ishec to the ad vd. 

.'aid.as, Alexander, and llimwich (:15) in l!Hl su1died lhc 1ol­
era11tc of the adult a11d infant of vario11.'> species (rat, dog, cat, 
r:1bbit, and guinea pig) to hypoxia. The newborn exhibited a mw h 
greater tolcr;111cc to hypoxia d1an adults. Tolc1ance varil'd in the: 
dilftTl'llt species; for example, wkr:111c c was longt·st i11 lhc pliy-;iologi­
t.:ally i111111:1turc lle\vhorn rats :lllll ~hurtesl in the co111par:1li\'dy 111.1· 
111re g11inc;1 pig. The authors s11g~estcd llut in the nnvllllrn puppy 
:111d r:1t the Lin11r ('l'rlllit1in~ s111\'iv:il was pnikilothcrmi.1, the fall of 
1cn1pnat11rc di111i11ishini:; lhc 111c1:1bolic demands. It ha5 also lw1·11 
dl'1no11s1ratl'd ll1:1t in these two :i11i111als tlicre is a lower cncl11 al 
111ci:d1ulic rate. 

Cl.1:.s, Snyclcr, and \Vchsler ('10) in l 9H, working witli doi-:s. Lili 

uits, and guinea pigs, suLjeued lo pure ninogen, roncl11dctl d1.11 
tolerance lo hypoxia is relaled to the stage of development rather 1h;111 
to eu\'irnn111c11t. lntcrestin~ results were obtained will1 sud..lill'.); L1h­
uits breathin~ pure nilrogt~n. Tiu: survival period at one week w;1s 
tc11 111i111ucs; at two weeks, four minutes; and at llncc \ ... eeks, one a11d • 
a half minutes, the last v;tlue being lhc same as that of the 111at111t'd 
animal. These :i111hors e111ph;1sitcd thal rhe defense of the klll\ ;1~:1i11-,t 

asphyxia is i111pu11;111l hcc111sc of ll1e itHTl':l\t'd haz:11d of 1c~pii;11111y 
f;1ili11e duri11µ; the lcrminal phase of intrauterine lile and 1hc t·aily 
11cun:1tal pc1 iud. 

Selic (8!1) has poi1acd out th;tt tl1e inne:iscd lolcranre of yu1111~: 
:111i111;1h to hypoxi;1 is appa1cntly due lO several fal1u1~: (a) a (.,,,. 
111t·t.il1o!ic Lill' of tht: Cl'll!r;il nervous syslcm, (l•) p11ikil111h·1 ;ni.1, 
a11d (c) ;111 :111;1erohic source of l'nergy. Kabat (liO) a11d _ldi11ck ('1'1) 

;ilso kc! lh:it the 11n·:'"n11 can obL1i11 ;111:1erouic cner~y C.0111 glyn>l>'i~ 
to a greater l'Xll'nt tl1:1r-.. lults. 1l has heen shown by llimwich :i11d 
his assuriatcs {r>'.1) tl1:i: ins.din n·dui:cs, and glucose i11nc:1ws, the 
survival of you11f~ animals pla~'Cd in pure nitrogl'n. J le and Iii~ 1 11. 
workers (!iii), Sl11dyinf-; lhc s11:vival of )'IH1n~ ani111.1ls whit Ii h;.1tl lw1· 11 

-givc:n sodium cy:111ide (which inhibils die t:ytod110111c S)\11'11•), 
dc1111111sl1.1tl'll rk:1rly thaL a1101crnliic energy is av;1ibhlc l•l }'01111;~ ;111i­
mals. 

De Haan ;ind Field (27) in 1959, worki~1g with rats, felt l11at you 11g 



animals can withstand hypoxia better than adults because of high 
glymgen !eve. and the infant's ability to metabolize lactic and 
pyruvic acids to lipids. 
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CEREBROSl'INAL FLUID 

P1u:ssuRE 

In l ~lliO S111all d 111. ('.!0) rcponc<I the dTcrt on ancsthctiLed d11~~' 
o[ the impiratiu11 o[ 8 per <·cnt oxygen in nitrogen mixtures. Cc1d110· 
spin;1l lluid, arterial bloocl, and ct:ntr::l\ venous pressures well'. :ill 
measured si111ultancomly with modern pressure transllucers. 'fhl' 
(ll'ak incrnse in cerebrospi11;1l fluid pn:ssme, occurring at four 111i11 
11tcs on the average, was 108 per rent O\'er the control. ;\It-an :1rtni.d 
blood p1esi;ure increased 3 I per cent and venous pres~urc GI) pi r 1 c111 
at the same time. Vasoclilation in the brain as well as incre.1~l'CI 
Lloocl pressures, both arterial and wnous, were s11µ,~cstc1l as till' 
causes o[ the rise in cercbrospinal fluid pressure. Earlier expc1 i · 
111c111ers ha\'l' rcpnrtccl similar findings in hoth do~s and cats. ~f.,.,t 

haw fou1Hl an early rise in short bouts 0£ severe hypoxia (2, l:>, 17). 
\\'ith longer expo~urcs 1hc 1crmi11:il increase 11uy he less('(l 111.11knl 
or aliscnl (I, 7, 23, 25). Elbaum and Es~ex (:l) £o1111d the 1i~c rn 
c11rri11g for thi1tecn to thirty-1lnec 111inules following the u1T.11hi11:~ 
o[ pure nitrogen gas u11til near collapse. 

According tn present rnnrl'pts ( 10, '.!I), hypoxia can c111~c cc1t l11;il 
vasodiLition and inue;1scd ccrchr.tl blood llow. Since br:iin and 11·11· 
brospinal lluid arc i1H.0111prcs-;ililc, in order for the cr.llli11111 lo :1c 

ro111111oclatc the extra volu111e n[ blood there must be a shifl o[ ll11id 
from the nani:il ca\'ity. 111 the proccs~ ccrchrmpinal fluid p11·\~1n1· 
is app.ncnily ekvatctl, and ccrehro~pinal fluid absorption i11t11 the 
w1wus ou1 llow is probably innc:tscd tcmporarily 1111til a new c1p1ilih· 
ri um is reached. 
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APPEt-;DIX I 

For uniforr: (ccnstant) deceleration the governing equation 

l 

\' 

G = -------
64.4S 

~: 

v Yelocity in ft/sec 

2 7 (; knot!. 456 ft/sec 

s = Deceleration distance = 1950 feet 

T::e co:-:star.t 64.4 is twice the acceleration cue to graYity 

or 2g = 2 X 32.2 = 64.4 ft/sec
1

• 

2 

(456) 
G = ----------- 1.66 

64. 4 (1950) 

• 

is: 

• • 



The 'Wreckage Diagram' for C-5.'. SN 68-218 sho.,.·s a deceleration 
distance for the troop compartment of about 650 yards or 1950 feet as 
scaled frc;;i the Jiagrrun. For an initial speed of 270 knots or 456 
ft/sec th~ average deceleration QVer this distance is 1.66&~ In view 
of the nature of this accident it is the opinion of the author that 
the~ decelerations which occurred are probably not ~ than three 
(3) ·tices this value or about 5g's, The reader should observe 
carefully the fact that such peaks cannot physically be applied for 
any appreciable period of time otherwise the aircraft would have to 
stop in much less then 1950 feet. [The value would be 646 feet at 
5g's co~stant deceleration]. 



Cont11ct ~~ ~ 

This ground contact occurred after the aircraft became airborne 
fo-llowing the initi.al touchdown· and crossed the Saigon River. 
Observation of the forward main gear tire marks relative to a small 
dik~ on the far bank of the river shows (together with the absence of 
nose gear marks) that the aircraft again touched down in level or 
slightly nose up attitude. 1nc extended nose gear and extended main 
gear per~itted the aircraft to pass over this dike, allowing failure 
of all of these remaining gears with little or no contact of th:e 
bottc~ of the fuselage with the dike. The decelerations here wo~ld 
again be no more th3n the values occurring in the first contact. Upon 
passage ever the dike the bottoc of the aircraft began a skidding and 
plowing run through wet and soft rice fields to the final points of 
rest. Observation of the a~cident photos ~nd other evidence shows the 
follo'ldng: 

a) The troop coopartment and the 
essentially intact, maintaining 
occupants. 

crew coopartments reonined 
living space for those 

b) All seats re=:ained attached to the floor and there we:re no 
sea~ belt or harness failures. 

c) Scats in the troop coopartment are 16g seats attached to the 
floor 'tdtl::. a 9g restraint. All were rearward facing. 

d) Skid trucl:s through the v;et/soft marsh-like terrain are 
strongly indicative of long-duration, low-level, coi:stant 
deceleration for the cockpit and troop cotJpartments. 

e) Break-up of the lower fuselage occurred in many relatively 
s~all pieces consistent with cany successive failures, agai~ 

indicativt: of continued and hence low level conti•.uous 
deceleration. 

f) 

g) 

The failure of the sido wulls of the lower (cargo) compartment 
ulti~ctely resulted in the formation of two skids or runners 
for the troop coi::partment which guided that coi=:part:nent in 
almost a straight track, reducing lateral loads to only those 
of vibratory nature and_ allowing the floor to remain intact. 

Adult occupants sented or lneeling on the floor between rows 
of scnq, without any k.ind of restruint other than holding by 
hnncl were able to stny i11 plnco throughout the complete irnpnct 
scq11encc without serious i11jury. Cuts and bruises were 
l'CportcJ. Only those occup11nts in line vdth an isle and 
holding by h:rnd appear to hnvc been unable to retain position. 
}nese occupants would huvc been in a condition similar to a 
' f r e e fa 1 1 ' a t. a so Clew ha t e 1 c v a t c d ' g ' v ll l u o of about 'l. 5 to 
2.0g as they 'fell' longitudinally along the isle to impact at• 
or near the front bulkhead. 1ncir injuries thus occurred in 
this moue. • 



ACCIDENT SYNOPSIS 

-- The crash of th.is aircraft ·consisted of two ground cc::t!icts 
separated by appro:dmately 875 yards of free flight. The ai:dysis of 
the data available shows the following concerning these two contacts: 

Contact No. 1 

This contact has been characterized by several of those aboard the 
aircraft as 'a near normal touch down' or 'no more than a hard lancing 
typical cf military or commercial aircraft.' The sink rate was 
reported to be 500 to 600 feet per minute by one of the cockpit crew 
(Mayor Traynor), a fact in agreecent with: 

a) Extrapolation of the MADAR data. 

b) TI1e aircraft attitude and speed, i.e., nose up at toucl:down. 
(It is noted that the nose gear did not contact the ground at 
this point). 

c) The aircraft would have been in 'ground effect' as it 
app~oachcd the surface with resulting tendency to reduce any 
existing sink rate. 

d) Statements of other crew, for example: Capt. Harp said in the 
Sehr.eider Triul, p!ige 2143, line 4: 'I would say there were 
hardly any G forces on the first landing.' 

l~c p~imury structural failure at this first contact was removal 
of the ~ear sets of landing gears, probably due to the landing on a 
less thar. normally_firc runway and to the above normal touchdo"ll"n speed 
of 27C t..: .. >ts, both of which could be expected to increase the drag 
forces on the gear. 

Since the ultimate design load for each gear docs not exceed 
240,000 lbs, and assumption of full design load being developed on the 
rearrr:ost 3ears, ~ a limit load of 160,000 lbs on each of the 
forwarc :crnin gears, gives a total load of 800,000 lbs. This would 
load the 450,000 lb aircraft to no more than l.78g's along the 
longitudinal axis of the aircraft. The vertical loads would have been 
very consistent ldth those occuring for a landing at nenr or lower 
than normal sink rntc. Vibrntory oscillations would have been induced 
into the structure due to failure of the gear, however these, being of 
high frequency, .would hnvc been r.:ore of an 'audible' nllture to 
pnsscngers of thi troop compartment rather thun of a nature such as to 
producc;a displacement or impnct type rcspon~c of those passengers. 

No hai:ard to the occupnnts of either the cockpit or troop 
compartments can thus be expected from this contact. 
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c;;.;.sH OF' AF''-8-215 C-5,\ c~ ~ AP?.:L ;975 

By: John W. Edwards 

Su?ervisor: :_.:..c ~echn:ca: Tea= 
Se!"'"'Ji.:-.g Ai:--c!"a!t 
Acc1dt:=-:t Boar~ 

A:E 65-:13 de?.lrted :en Son ~h~t Air;iort S!a~on S. '"'iet =-~~ c .:. April 1975 

and cr~ch landed a?proxi:atcly 28 oinutes later in a rice pacey •hile 

At the t!~e of the deco~pression the ai~craft had cl!:be~ co an altit~de o! 

23,2C·J ft.:c: a;:?rox~~tely. T~e aircra:: co:u::!.nue::i its cl:!.~b :o~ 3!"1 aC.::!itior.al 

~ir.e (9) scc~nds to a ~3xi~c~ altitu~e of 23,~2~ feet at ~~ic~ t:!.~e it bega~ ~ 

late':'. At::3ct"-~~e::.:: 5 Ci?icts ::~.e a:ri::uCc ::1::c ~!s ... ory. 

1.0 •Ce 3':03cs en :he occupants at the decccpression were essectjal!y negligib~e 

as su:isunciated by t!-.e follo..,ing infor::ation: 

l.l The Engin~ering analysis exhibit D-2 page 90 fifth paragraoh indica:es 

structural responses rather than airplane ~otions. 

1.2 All cre"1 state~ents described the deconpression in ter.::s of noise only, 

i.e., "Loud Pop" rather than airplane ciotion. Exar::ple: Harriett ~ary ~eill 

court testir.iony page 174 (Ai:::r:ierly case) last ;:iaragraph. "I rc:nc:::ber the first thin11, 

I "'as a1.·are of was that there was a loud pop .:rnd ---". 

DEFT.EX. 
DATE: 

--~~~..:......W'-f-.L..C.~~~~ 

REPORTER: 

DEFENDANT'~ 
EXHIBIT 

]2 12-(18 



2.0 Regardi:1:; tl;c effect:c; of lly?oxia, it shoul<l be noted that the altitude of 

63-213 at 23,~2~ feet was :::ore than a ~il~ lower than ~t. Ev~rest which has 

been cli~bcd by nan many times. 

2.1 Chanute AFB in Illinois i1as a Physiological Training ~nit which publishes 

an .~.::::ospb~ric Pressure T.Jblc which .:idvises th.:it the ti::ie to paracl1ute fro:.1 

20,DDO feet to 10,000 feet is 6 ninutes and 30 seconds whereas the ti::ie of 

useful conscio~scess is over twice that or 15 ~i:1utes for a working crew ~e~ber. 

A person at res: would consu~e less oxygen. At tacr~"::e:1t 5 shm.:s that the time 

from rapid decoc?ressicn until the aircraft descended to lC,000 feet was 7' I ,.. fl ... ) 

,.., 
I 

This table is repeated below for convenience. 

U. S. STANDARD 

ATMOSPHERIC 

PRESSURE 

BY THE 

PHYSIOLOGICAL TRAINING UNIT 

· CHANUTE AFB, ILLINOIS 

DO 

1. Grt :i.:-.=i~I ;t·qs::::~i T'\l!:.1.'1 r,o ~JS o! 
!nr-·~y. (AFP. 10:·1-:C.J 

l. H.2v• La38 iJ.Le ECG Ul rec.or~. (..4,F/1. 

1~-1~1) 

l. G.e-t ;:;hr~ol°'-'-tc41 ~"'":l..Lntrl( r,.frr~rr • 
Ct.aJrse f'T?r'J J jr.1.:"!i. I.A.FR W-~'7) 

4. P....uld car:"T cr.t't!:W ;;.nd ~enul rM"or=.s 
to "rw snuoo. ;.A T'C jl.,."'? l t.'.l AF .\4 
100- ~) 

~- E.t ~~!Jre C?r-=i •• PTtH,n!,.h~'.!C•­
mu.. 

G. P"::v1s !houl.:S not ea.I i.t ~· ~.ic1I.:-y :o 
~VOid !:x.J pJ'1.3IOl'Ung ... 

L r.,. •1'1.Jll" yr:...i :".:..•~a cold or ::i.re !.lt!.o;.;l"'d... 

2. :,..-,~! .. t'. •. ~ '_;_"'l;t1:• l"::'!r;..:~r!!'.1 "'"' ~Q ~iT:::~ 

~-=-r :2 ~;Jo4;-' ,:~t>r ~ .. -nao=n. ~ . .., F1t te·)- .t:} 

3. r.y w~L ... .J"..1[ ~: • ..:;:-.t d1"";1.n..'1Ce {r:o t'..!.;!:.t 

~rgr-(.,~ ;i;l'\MJ r!""'"yic"J~---4' ~o :--.•• ~:..;.~.:.::::i. 

~c:;e •ll! .>...t ':)Ill :~ LA TC $.;? 1 :o 
AF~.f te.~5) 

.fi. F"!r ~er :4 ~:-:s :o:I~-"'"° :..,.,.?;it.r..!.::n c..t ~ 

~ni:lfS n.;~ .lS .l..:".t..:.!".JSO..OJI!"' ;?3Z:, 
~':'L ... .!...-yl, ·stc'. :"-'r::::~.:.s or •!::i:-~1. ~!::. 
~C~t.-.CC . ...,~ r...;.:-.t .•J:-;~) 

5. f"'ly i::l!'r :..."\:t."c~:c;;. lrot::::::rnt :):' .:ir-(3 

t:om Ce~11::n. 

PRE'V"'E"~iT P.i.."?..)l'S: A!W"l.J! •u.r ~OYP"n.ll ud .::!O"Te.S. ~ l'\Ot wnr ~ylon l:.!2.~ro;:ar::u:a or 
!IOCl:a. ·.i.·~"':ir ile~d. .,-id or,·t~a i:n.a.u .u .JJ. t.!.:::es :.!l JCl .a.1!"'cn..!t. 

DOS'T DOC~C'R Tn'"1l~F.LF; Dcn't 11<~ :....=..y .::::t"d!c~"':e ~.,!",' ycor f: . .o;:-:: ~~l!"\)I"\ .l~SC'J 1t. 

:t you .a.:c 3,0.:a, ~n 1""'.ll' r~-.:::it ::.\J:""i~ ·-~a 13 !.."lt•rest~ l.;). y~:- :-:r.,,;.!.i ... 

Q 4'l ~ !.~ 

I.JI l: ~i) 
1 c~ : ; 

~· 
l.!~ :: :i 

l'Jl !o•'!r :s:eo 

I. ~'=-.l'h!.l.rd ~.1:ul•uut t::w::m:e Lut.s ~ -~ ~l:a.:!es. 
2. 71!'rn;:"no:ur-• ... ~7· Fu 4-0.;.~-.<J ft .l.ll..: 1;Dt'l•!!. 

---~--·--- ------- .. 

I • ~aJearor 
?- ?o:i:--:.ole ~t 

~ - E"'"'""<7 "'ll"'} 
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3.0 .. :.e vc:-tic3l !; 1 loads 3[ :::-.c first. i=~3Ct 1 .. :cr~ esser.ti:.illy :i.cgl.!.::;iblt: 

~i~~tc 2s dccu~e~teJ in his court :esti~ony ?age SO (~ar:hetti case) stco~~ 3~s~er. 

c~ru~: ac~~ss t~e t3ble stri~:~~ J ~eavy oojec:. 

3.3 Th~ ~a~ks in t~e soil sho~ed indec~Jtions ci o~ly the aft ~ear ~hicn broke 

and t~~ stu~s of c:.esC! broke:} g~ar t~e:i plu·.·rc! ::ito tr.-:= :-;oi: far.:! :3nd di;;b.:'..:-:; 

up furro~s cco narrow for the encire gear. Reference Photograph JG. 

3.~ :hc rc~aining forward main gear and the nose gear ~ere car:ieJ ~y tne 

aircr3:c co che second impact point across che ri~er. 

J.5 c~~t T=aynor's court testi~ony on pa~~ 89 (~ar~h~tti cas~) d~scri~~s t~~ first 

dt:sc:ri~t:s ~h~ first ir.'lpact as "--- d fir.71 cor: .. ;c~cial .Jirline:- Li:idin~ 



4.0 The lcn>~ituJinal dcc~ler~tions 3t !he f!rst impact were essent13!ly 

th2 s~co~d i~~ac: is listed as the id~ntical 270 knocs (~55 feet per s~cond), 

there~urc, the sp~ed did not reduce noticeably. 

!...2 ihe cre·,..1 si:.:ite:ner.ts as su:-c7:ariz.ed i:i J.5. 3.6 :ibo\'(: a:so p€:!:-t~i:t to the 

abse:~ce of lcn;itc.iir . ..11 dccele'!".:iti.on si:ice ~o 3u.:ije~. "~u~ps" · .. :ere disc·Jss2C. 

oi ~55 feet ~~~ secon~. 7he second aft ~~in ge3r ~~~lJ h~ve ~ro~en lat~r ~ith 

4., Exhibit 3g ~hich is a color photograph o~ :he ~irsc icpacc poin: c!ear!y 

A. 7il~ left aft gear striking tte g:-ou~d first - rclling a fe~ ~~~: 

and brea~~ng off at about the same ti=e the ri~hc aft ;ear scr~~es 

the ~round rolls for a short distance and also brea~s cf f as 

evidenced by a disconcinuacion of the ti~c ~jrks. The :iircrc:c in a left 

ving lo"' attitude, continues co settle and the bro<.en stub of the 

:ift :nain 6..:!ar starts plo·.:in~ t!1rough t~.e soft f.:irrn. l..1nd. At tht.? S.1r:ti.:! 

time t:ic ~'-'O lef: en~int!s come clus~ L'~1ou·..:h to the ~rl'1und to "vacuum'' 

up ch~ soft dust Jnd rice straw as ~vid~nced by tl1c t~o ~le3n s:reaks 
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•iJely spaced at the same spacing as the two left engi~es on the 

C-5. Tt1~ inboard door oi tt1~ :cit aft ge~r, no~.bein~ free co swin~ 

do•,...·'-".'lrd bcc.:iuse of :he broken ~cJr strikes the.ground just ::o ·t!-.e 

scil resulting in a ~ider ~ar~ but less dar~ in color ~u~ tv the 

lessBr penetration of the soil. At chis :~~e t~e airc~a:t sta~:s to 

g.:iin alt:!.tude since ~o er.gir-~e 11 ·Jacuu::i. 11 ::ar~s .:ire in evidence. The 

air~raft still being close to the ground ccr.tir.ues co ~low away 

surface dust and straw. 

a~cending ~anner. 

5.0 !~~ vertical g loads on t~~ occ~pants at the secon~ i~pact ~c~e ~ss~~~~ai:y 

exhi~it JF ~hich shows the ~ff~cts of the broken stubs of t~lc 3ft ~~1n ;e3r 

<li~e since no ~1Jdlc plo~· :nark i..·as left by t~~ no:;c .:.~c.1r. T!ii~ n~1o.;e JP .. 1tt1tuJe 
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inl.!ic.Jtcs th~ airc;rJft wJs in cont.Jct -·ith the rice p.Jddy very shortly after 

crcssin~ ~~e Cike. 

5.2 :~~ ;>lo·..J ::..irk~ on th~ river side of :~1~ Jikt.! .J.rt:' essc:1tially u~.ifcr-= 

frc:i :.!-.e river to tht! dike .'.15 s:-.oi.11 by exhi~it JF inc!i~ati:"lg t!-.ac the ai:-c:-.:i:"t 

\.'as not des::~nding rapidly. An ap;Jrcci.:ibli! desct!nt :a:e woul.:! hav~ sr.c.!,,,."11 a 

wi.dcnir:.£ .:ind .:~ep~;1ing of these plo· .. ; :narks. 

S.J The pilot of t~e aircr.:if: 1 CJpt Tr:iy;1or.in his court test:i.::.c:1y o~ 

pagl:: ~::!:, (Sch..1ei..:!er case) ·a~scribcs the seccnd i~pact .JS "7his :i:::e it shoe:.-. 

a ~ire or r~n cf f a run~ay. 

5.4 ~eit~er ?i!ot nor co-pilot mentions being bounced U? and ~0~1 ~hich 

would be indic~tive of vertical g loads. 

5.5 In :he aft crew compart~enc all adult occuoants were in positions other 

than nor.:ial seats. >!rs Neill (!:on:ierly G.:it:ene:t) ·.·as i:1 b<>t•.:ee'1 n:o ro1.;s o: 

seats 1.1ith her 3rms s?read over the seats she 1o1as fa.:ing. t:one of thes" occu?ancs 

1o1ere dislodged from their position despite the lack of noIT?al se3t belt restraints 

except ~!rs. :;eilI '.Jho vas bett.,:een ro,,,.·s of St?.Jts 2 ~1nJ J fro~ ::he front, as 

evide:1ced by her court testi~ony on page 87 (~archec:i case), ~rs. ~eill st3ted 

that after th..- first impact she " must have let loose", "and :h..- si!cor.d i:'.lpact, 

I 1.·as thro'-'O for.,ard against the for1.1ard bulkhe3d". 

Doctor Stark in his court testimony (Marchetti case) on pa~e 25 stated chat none 

of the a<lu"ts had seats. Bec3use of his concern for the impendin~ landin~, ~actor 



ag:11'1sl the sc:1t ac his b.ick and 1.·.:is not Jisludr,ed !'ro::i this position durins the 

entir2 ~equ~nce. Also, on page 30 11~ describ~s tte ~~qu~nce 11
--- and there ~as 

cert~1nly a ·1cry definit~ i~?3Ct but cveryt!1i~~ re~ain~d p~etty ~uch as it ~as." 

0:-t ?..JbC ]..'.. h~ ':'eit:rs to thi.: con<liticn of t!"".c- c!-.il...:r~n as 11 ---esser.ti.:.il!.:1, 

unc~.Jfit.;:.!~ :ro.-:; the ti:"le they ._.erl.! .:ibo.J.rd the ?1.J.nt...:, as near .J.S I cc11lJ detc~i:i.e." 

over t~.e se~ts in !rent of i1er as ci~scussed in he~ :curt test~~ony (~~~c~ett! 

case) o~ ?.Jge 33. o~ page 35 she testified that s~~ stayed i:i. that ?Osi:icn 1~~til 

co~e:-ci2l airc:-af= that I !-.:1.:! =.t:~n in ;>re•:1c~_; to c:-:.Jt. '' 

wi:t t~~ s~.:i~s accor~in~ ~o he~ court tcstinony (~a~:~ct~i case) Jn ?age 191~. 

Also on ?age 1915 it is noted that she ~.:is not dislodged except as a result of 

turn1~g !cos~ ~o grab so~eone's ankle ~ha ~3S stanci~~. At th!s ti~e she \;c~: 

sliding along the floor to the front. 

These statc~ents to~ether uith th~ ?!1ysic~l ~vi~enc~ JnJ ph0r~~r~pi1s indicate 

thdt t~-~ ve~tical g loads wer~ negligible. 

6.0 "rhe lon~itudin;:il decelcrati.ons \.·ere f.Jirly unifurr, ~nd ot a rclati.vely 

low ~a;nitudc ~or an air~l3n~ crash. 

6.l !~;~ g lGads as conpt1tcd by lJsin~ velocity ~nJ J~5t3nce ~~Te !.6 aver~~~ for 

the oc=upants cf the 3ft troop compartment and l.~6 for occupants of :he fliGht 

.:leek. R<!t'cr to Att:ict".-:icnt 2. 
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fron 27 ~i~f1?rcnt tests of rocket sled t~:~t ty t!1~ Air Fore~ 111 !951 us~d to develop 

restr.J.int systems. The cover shi.:~t and ::abul;ir ~.3t3 ~he:et is lis=c:d as Att.Jct-~ent 3. 

6.3 Ttc terr~in ~as fl3t~ ~et, grassy Jnd f=ee of a~y obstrucci.ons $UC~ 3S 

t!"'ees o:- rocks. 

6.~ 7~e jirc~a~t sliding in ess~ntially J straight line scay2d in contact ~ith 

occu~a~t is ?ressed into t~c s~tlt c~shions by :h~ deceler~tion5. 

s~ock !o..JCs i:l a :r..ar.ner si::iilar to t~~ soit boc!y stn..:.::t~re of a ~acing car · .. ·~i..:h 

is ter::-.eC.:. " ~e:o~J.ble'
1 by r3c11 c.:ir ~rivers. 

The erros:on of this structure by :he scrubbic~ acticn ~f the rice ?addy woJld 

be felt 35 vibr3ticn and noise rather th3n a sr.ock Ju~ to the cusnion1~g ac=!cn 

of the structure between th~ occu?ant and the ;roucd. 

6. i :::e ave~;:ige g' load of l. 6 """oulJ be ocly one-tenth th;:it of :he 3·;er:i;;e of 

the ~3 roc~et sled test in the attac~T.ent 3 re~ort. In all these c3s~s the 

deceleDtinn dist:tnce 1Jas from 24.6 feet t.:i i..7. l feet ;.;ith .1 velocity chani>e of 

ran~in~ :~o~ 77 feet p~r second to 181.5 ~cet ?er ~cccnd. 

6.3 The peak deceler3tion oi 3.91 g's is about onc-h:tlf of wh3t on~ experiences 

in :1n Jr.iuse~ent part riJe which ran~e from 1.53 g's to 6.2 g's. 
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is t~h.' cr.tir~ circ.u:~:~ 12rence of t~ic nos~ St!Cticn~ J.lt!1.Ju~h 5evercly d.:i::i3~~d · .. :as 

skij~~~ :~ ~h~ ~0~er portion - ~~d ~!tcr co~in; to ..1 seep - relied o~~r on tne 

6. lf) •. ·~ copilot, C.Jpt !L"lr?, .:?ctu..1lly c:!t!scr:l.h:C tLe stO??i~~ of the oi:-c:r.:i~t ;.'!'l 

7.1 ~~en t~e erro5~on ?ene:ra:ed the c~rgo ~100~ at ~~cue 2CJ f~et fr:~ ~he 

lifting ~ow~r due to the remaining v~locity, actuai broke fre~ from the fli~ht 

deck in :"ror.t of the ... Jing and the aft troop cor:-.p."lr::::-.~:i:: aft of the i:1.n.;, .Jnd 

literally fle~ off se?arat~ly. The wing !~ndcJ a foot~all f icld a~d a half in 

front of :he aft c~oop compart~ent where a fir~ bro~c 0ut consu~in~ ~ost of :~e 

wing. 

7.2 At about the sace time tht! ~rnpenna;e. Jue to the 5truccur~l ~r3cks f0rneJ 

by the scrubbin~ ~w~v 1Jf th~ Jft fus~lJge, .in~ h3vin~ l~ftin~ ?O~er Jls0, bro~e 

100~~ :1:1.i f l~Y ~~p~r.1t~ly 0f f Ctl :l1e rigt1t :iiJe. 
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7.' Th~ ~ft troop c~~part~cn:, at the ti~~ of s~par.:i:icn frc~ tl1e ~ing and 

of t~~ ius•!l~ge ~nd~r t~is troop cc~part~~nt ~as net !~:ac:, th~ ~rict:on ~as 

::he C:st.:ince trav~l~~ ~as l~ss - ac:~3lly scal~ci as :: eet 

of t~e ~·ing. This opt:!ning allc'...•e::! relatively .,,;3:-:: :ooc: airto en::rr t~is 

compart~cnc ~hich ~as previously cooled at about 70°F. This surldcn ~~rush of 

warm: ~ir would !lave been noticed by the occupants. Tbt.! aft troop COi:!p.:irti'.'l~r.t 

ca~~ to a rest about 150 yards fro~ the bur~ing win~. ~ointi~~ al~osc direct!y 

ac the fire are3. Although the wind was blowin; in a directi0n to carry the 

smoke and fu~es n~ay from the aft troop ~omp~rc~enc. ur1doub::e~ly sorn~ f!re oder 

would ~ave been noticed even ISO yards away. 

7.6 Th~r~ ~as no fire in the area oi the Jft troop ~o~~ar:~ent ~s evidenced by 
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Th~ ~o~~~cin~ cri~i~n is based on ~ total .JS~css~ent of al! the .JVallable 

searca for perti.n0nt .J..ircraft ?arts, an eX.:t:linaticn of the !,.,..rec~.Jge, evaL..1.::it:an 

oi tt":e r·.'"'Je C: :.crr.:iir:.. 

the aa~!~ Jeco~pression or the icpacts wi:h the gr~~nd. 

Furt~~r it .~ a ~cnsidered en~i~eering opinion tha: :h~ occupants ~~re subjec:ed 

to f~r less st:vere conditions of "th1:"1 11 ~ir t~.an th.J.t ;.:hie:. is ex?ected to ~~ 

har:.liul. 

~'~ John :.: . Ech .. ·~""! r~ s 
Cl1i~f ?r~jcct E~;ineer 

Lockh\. ... ~<l-Gcorgi.t Cu~p.:iny 



Cl.!tCl""';.";.inL' Airc:-.:.iit \'clocit:.· C~~.lt:•:I.! J11e to br~akin&; ot" :ii.Jin :._•,1.! .. 1r ~trtJ:t Cut! 
t\...1 J:-.1:-; :u.1.is: 

1r.:=-·---1 1 'O 
I • 

0 

- 11: ~s1000 x ~ss· 
.... , .., 
J ••• 

E:1cr;y 3b~crbeJ by ~reaking on~ ~ear: 
. ..:..s.jt...;:i.! ~ca.r picked u;:i d:J:.; loa(! for 10 ~eet sta::::i~ a: 0 d:-ag anC 
i~c~casi~g to :50000 a: 10 f~et 

Aver3~~ dista~cc is 5 f~et 

25COCO x S 

Velocity after lsc i~pac~: 

2 
= 1/2 :-IV2 or 

2.89710 x 10
9 

,.~ 2.063!.!.~ x 105 
• 0 

"!he ,-,1rcr:1it :..:ould tr.:ivel chi~ 10 .:·cer: in 10 \-Jr .c2: ~l.-c., t:1l!rl.!for~. \'t.:locity 
~55 

cha.nge ~ r~~t sec. in .0~~ sec. 

\' = AT or ..\ =< 

;Z' s = A --o 
.J .... -

.2 2 9.09 
• 0.2:? 

5';; ~.:~ 

~T1~is is for 0ne ~cnr - :he sec~nd 
~car ~ouLJ :~~3rt ~ sirni~ar .: ft 
dt:cei .1: .1 :.i~~r c::-:-:1.!. 
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DeYelopment of a Crash Harness 

]o:i_n Paul stapp, Major, USAF (MC) 

United States Air Force 
Wright Air Development Center 

Wright-Patterson Afr Force Base, Dayton, Ohio 

• "'.Jiii 



• 
..... ..... r=~.-:--.~~~1 .~l.'"'°'O n-~4-,-.• -~-.-:-.:-,+~...._.,..,.,._:-,,-:-,:"':..J' ~-t-~...._---:,.:.._~ •• :":,,_:--l.-f,,r-,-:,-,-~-,-.,...-,.-,,r:,,.;..,,_=-1i..."' ,;. .. , _,,: .. 

Tl:bc:.ltJ '::•re• S!.o~• ... l..:4 ~""P'9 p;...t..ea !1.ob}9c\ 0 1 I ~.. ,,.••r-n 
!"!•~:""'--

• • - 1 •.~:. ~~ --,-•• :.-.---t-:-, L;---:-=,,.-,--r-,.-,.,.,, ---t-o.-..,=--.•"'•"'""·-r-,,.,,.~,-, .... ·~•,+--:·.,,-...,....,.........,...,_-1 

. ,. 
' 

99 
l.:.:l 

l:.l 
l..:..6 
l..:.. 7 
. " -. " 

::) 

lD 

!l) 
l.ll. 

'!.JJ 
lJS 

Z:.) 

'Ull 
:n 

(;Qc.!'!:_..at:.=..-. .~ ) • 
.!c:\:.~e ~. 1...":".!U, 

:..:: ;<:. ~ 
:v.s ~.s 
:i..Js e1 .o ... 1: .c 

.e1.o 

· .. ;:, ~.' 

~ ~~::-.e!"r-.. r•C~~ 

i-;;i. I ::.. I 71 

l 9C I 96 I :.:~ 
:.:2 

I 

J:~·)·~::.r..---.-.-5- :. 2 ,:...J'~i 
;.:.: .16 l>.O l.::1J 
Si... .lb S.l ;..ls.J 
~2.: .16 ~-2 
:..:.e ,16 S.7 
!.;.£ .l7S 7.5 

.v :.e.s 
'--·- s.J 
.;.: .175 e.o 

J.) 
e.. 2 

s. 6 T~ I 
.... r .. :. 

:.2.J.~.S.6 -·----- :2. lJ 
9:..6 
~ 

5'.J .!6 ).2 
:,.:.. : .:s ··-
;_.!. .!S5 2.L. 
s;.~ .:s 2.0 
n.: .lS 5.~ 
-·- .::..b ., .. 
;::. 7 .!6 ).2 

52. 5 .:..6 

1
'2.J .l.6 
·!,.~ t .!6 

~.e 

""~ 

I 
=..c::.t:c..:.ra~lor. !'ID. 7 ~· .. c...d a:- ..... i":-9••\U"'lt 

z:. 2 

21. 2 
v.s 
2). J 
:;..1 

)2 .o 
"-'·O 
:;.~ 

:t.7 -
:!. i 
_!....,..: 
}... ~ 
:;. 5 
~-1 

2...5 

)S.=>-,. . ,.... -
~.6 
)e.l 

172 

lSS 
l~ 
: '."J 
176 
l 10 
17' 
l97 
~ 

r-.,.~> 

l..:..9 
:ss 
: 55 
w 
155 
ll.l' 

r..10-. 2:.) 
t ~ ?'..1 • 2;. J 

: 1'0 

lSS 
:s2 

:s2 

1'.a 
:sJ 
l~ 
: 7:.) 
:sz 
: '.'::. s 
: 7~. s 
lSJ 

l 77 
: 72 

2S7S 

U7.S 

~7.S 

2!:1 

:..;., s 
Z:.'.S 
:!~;. 5 
2-r...:i 

??;·" 
•1-· 2 
:9:.; 

?'.:~.) 

;:_. s 
l 7~.s 
~~.) 
: ;~.) 
l~.) 

!56.0 
~oe.~ 
l:..C.: 

z:.J. J 
:.':7. s 
~.) 

2.A.) 
~-.s 

::: 7. s 
~.) 

~­

z: '· 5 

O.ee.;..nuoc ~1t.&nc., J'i.S : .. t..
1 

~ OOa.MC'l.lt.!•• 

1.:.ib I ,... l""·'I .u1 i2.a I 21n 
tr.a.• .. t :s:: W 2"X> p.1.1. ~c..r-c ;ina9'\3'e 

I l).? I 3.10 I :ll<O. I = 
tlitio.l.r•\1.oc ::u~. Y.1... r .. ,, JS OO~C".J.UTe t.~ .. at 200 \4 25J p ••• 1. e.!.zu1.!li( pr.•-...r• Im I 9S j6i-!I .ns ,_, I 26a I ::o.b I l7S I )oOo. I Zl7.S 

Diiio.l•Tl~D :>'"J1..l.nU! ):...) f .. t. )) aDlllN~t.i•• brU•e at 2~ \.o 7)1.J p.e.1. I ~-S 11-'0.S 1-2.21 .Z:.7 , l.1..9 I ,J:lO I 32-7 I 3)6 

clodr.c ;ir••.-.6• I 67)! I 2l'O 

r.o..i.nuon ~' )6.L. lS DDl»e<"".J°U.•• tr••• ac. :s:J t.o )::C p.1.1. c.,;...,, 1.:JC p,.. •...a"9 

I n..o jw j9:.sl .zsc j ia.1 llJ..s I )(>.S I ns I 6)S6 I z:.,. s 
r..e..i..,..u.or Dtrt.o.nao, )6.1. 

w..s I ;.J..o p=:.-.; f1).el .111) 
lS GD ... c...1..1•• brw. .. •" '°' t. )>:} P· •• 1 .. ~.1.nc ;>,....S'UN 

121..s I ))l I ~-"2 I 3:-0 I 7"1.)4 I 2~ 

ns 
aoa..c...\.1Ta brlA•• &t )9J \o ~ ;>.a.1. 

I '-'l·S I LS-I. ! 115 
ra.c.!A,.uan t11r..al'CJ9 }!.2 t ... t. )C 

I .5C.2 i:1~ po. I .22~ 119.1 

j,,. 'hl.-c:lt7 a\ •aLrJ 1.0 b:r"U:a• 
1. tal.c.u.7 a\ a:s.t. r.,.. ~ 
C. Tola<HJ .,._,.. a ....:... - - uid (oe\ - M-
D. z:a.u....c..o •t diem l.are'll•• 
L calA!&i..4 ..,.s...-..i.m. ·~ C!•~ r.r t.!19 ob .. ...-.ct .._1..,..uon 1t r.Jal. n.!oc.1.ty ~ ..,. 
r. !Alt!&l al.ape c,f dimoe.!an':.1.0>U.-~ O&.!.na.l.a~ troa d.11~-..T&-\J.aa; ~rd. 
0.. r..a&..-• •t ".r&;.-14&.l ~oa~.,..c..nr~ n::r"""l"9 -....C..;..&i...:1 r,,_ 41.a;.;.,.: ... ftSi-t~ ,.._._ 

L .. ~ a - ot· _,_,, ,_. pn.r ,. """ 
:.. T'bit ~ •t ca.l.~!.A.""-4 ;.:...,~ t-"'~· ti. .. 1cf'r\ •( \ ... jeer\ • :,.. ·-- , ud Q. 
J. ......r...r.t..,,... •f !W..t'nl: .. ...cblnC ;,ap1hc'!nc oc \r. ~].c'1. 1.a u. t•.-...r'd ••'--4 ;ioaiUDo. 
L n. t:.n. l.A •.l..- I, 41Y"1..liDcl b'J U. t..n.N ...,... ool.i,mo l, ,.. P"'• &T•"""9 ~ ..,...,....,. 

4.T'TJl-UU, Put 2 

U.O.;u-c ?'"•...,.... 
I "V'..i I z:.: · s 

l.l..l 

e. 1 

!. 7 

'·' 
9. s 

~2. s 
:.:. 7 ... -·· 

:s. 7 
l). 2 
~~.6 
z:. .6 
z.s 
::..2 

! 7. 7 

l!. 7 
l ~.! 

l!. 9 

25. 2 
21 • 
2.J.! 
z:.:. 

is.e 

n. S .... 

16.6 

Z:...1 

:5.JS 

)6.S 

• 



.. 

96 
119 
121 

94 
97 
93 

102 
106 
lJ -
-.~S 

J...~';1 

15'.J 
16.'.; 

100 
1!+2 
l.'..3 
146 
l.'.. 7 
l6 3 
1 • -.... o:; 

166 
l03 
10.'.o 
122 
... '°'\-
~u 1 

lOS 
l09 
110 
111 
2.23 
124 
130 
113 
114 
133 
135. 
210 
211 
212 
213 
21.'.; 
215 

TOTAL 

.\ 
:\\'E~ACE 

g L\ 

10. 56 
10.12 
10.79 
13. 01 
11. 39 
l~.~8 

l.'.i. 08 
13.90 
E.06 
12. !,9 
1 ""l -: .., 

ll. 65 
14. 5.'.. 
17.51 
17.57 
16.89 
17. 66 
17.27 
lS.10 
17.32 
i:.,. 51 
15.?7 
16.30 
15. 77 
15.14 
16.30 
l - , Q 
- I• ~1,,... 

16.03 
17.39 
2l.74 
17.78 
14. 7 5 
14.95 
22. 52 
21. 74 
25.25 
22.22 
12.32 
13. 72 
17.25 
17.76 
19. 92 
23.95 

694.67 

16.16 

R 

11. 3 
10.9 
11. 9 
15.0 
15.0 
16.S 
16. 7 
16.6 
13.9 
l!.. 3 
17.5 
.:.6. 9 
15.0 
21. 2 
20.4 
21. 2 
23.S 
:3.3 
24.l 
32.1 
18.0 
19.4 
25.8 
2!.. 3 
25.0 
27.0 
28.9 
28.2 
31. 8 
34.6 
28.5 
26.7 
24.8 
35.0 
34.8 
38.6 
38.1 
13. 9 
20.6 
32.7 
36.5 
38.6 
45.4 

c 

l. 71 
l. 72 
l. 76 
l. 84 
2.11 
l.86 
l. GO 
1. 91 
2.01 
1. 83 
2.29 
2.32 
l. 65 

1. 86 
2.01 
2.13 
2.l6 
2. l3 
2.37 
l. 97 
1. 9£. 
2.53 
2.32 
2.64 
2.65 
'2. 69 
..'.. 8 .L 

2.93 
2.55 
2.56 
2.90 
2.65 
2. t. 9 
2.56 
2.51 
2.74 
1.81 
2 .40 
3.03 
3.29 
3.10 
3.03 

100.11 

2.33 

11. 0 
13. 5 
15.5 
27 .8 

* 
* 

21. 5 
2L.. 5 
19.0 

* 
* 
* 
* 

25.5 
26.5 

* 
* 
* 
* 
* 
* 
* 

35.0 
3.'... 0 
18.0 
35.0 
28.5 
35.3 
38.0 
4!+. 5 
22.0 
36.0 

* 
38.5 
29.9 

* 
* 

19.9 
23.0 
31.0 
36.0 
38.5 
47.0 

* CURVE FOR SEAT D:::CEL ~;or GTVE~I I:-< REF REPORT 

218 

E 
g -SE.\T 

& 

1. 67 
? ,~ 

- • ~-5 

2.JO 
3.42 

* 
* 

2.82 
2.75 
* 
* 
* 
* 

2.33 
2 . .a 
* 
* 
* 
* 
* 
* 
* 

3 . .'...:. 
3. 24 
l. 90 
3.44 
2.65 
3.52 
3.50 
3.28 
1. 98 
3.91 

2. 74 
2.20 

* 
* 

2.58 
2.68 
2.88 
3.24 
3.09 
3.1.4 

75.68 

2.80 



R:::F: Ei..""'.·~·.:: ::'.'·'70St:RJ:: Tc; LI'.~L\l\ DECELER..!\.TIO~~ AF 5915 PART 2 D:'·.TED DECE'.'.!lE.i\ 1951 
TABLE 11, ?AGE 20 

6 \\~locity cr.ange divided by dur.:!tion C.ivided by 32.2 

~ Divide Colu:r.n B by Colt.:..~n A :i.r.d r:iultip1y by 1.6 i:i order to r.:tio the sled 
Jt'cels to the airplane avera~e deccl. 
'.'.. 33 (aver.:ige pLHt.:.:Ju for the airpLrne) is used to co:1~truct the curve. 

Scaled ~ro~ seat decel curves in referenced report 

::Ji•:ide Col:-":::r "'.) '.-iy Colt.:..-:.n A and r::ultiply by 1.6 in occer to !"3.ti:; the sled 
seat dec21..; ·o t~e .:iir? lJne .:iver,:ig·e decel. 
!)~e 2. 2C :J.V rage was used for the hi;:1cst pea:Z on t:-:e ·.rarLible curve which 
~as pat:er~ed to reser::ble Run #107 seat curve ~hose average cecel is c:ose 
to Colc:::-.'.1 , Average. 





"Y" . .\.XIS g LO:\DS o:~ P.:\SSE::CER CO~!PA? .. ~·1E~:~s 

~;otc (1) Troop compnrt::icnt travelec 121.53 feet i.'1 the "y" n:ds aft2r separation 
from the aircraft. 

( ')' 
-) 

o Total travel ti~e 455 = 8.82 
Sl.56 

"' 5.083 for 1159 feet 
') 

0 c 1/2 .... - or .\ = 2,1 :l.J.. 

r2 

0 _l. 2 :< l '.?]. 53 9.41 
(5.0SJ)1 

g's Q I 1 , ... _ = .29 
32.2 

Fl:;~t !)eek tr2veled 607. 89 feet in the 11 v 11 axi.:; a:ter s~par.:ltio:-4 
fro~ tte aircraft. 

o :ot~l travel :i~e 455 = 9.69 
46. 96 

5.94 sec for 1356 feet 

2 x 607 .. 2 9 
(5.94)..'. 

, 
g- 34.45 = 1.07 

32.2 

34.!.5 

• 



i . - ---- . -, -· - : I · --· · · · · ---1-- . :~ . ; : ". 

----~----:~ --~~:-1· --~-~~---:--Ii - ' .. . :· I u - • ' i- ·+·'·- ::::- ;;-:::;- ~: 
. . I . . . . ' . t . - I ' I ' • . • • . - • - . I . ' . I· I 

----· .•... - . -··-······- . I . . . . . ... ·1 . . ... , -· - . ·-·--·• __ : . 

i .·. ' :- . : .• !_ __ :. ' ·-J •.. -i-~-+-. ·.· .: .. : ::'j -~-: . ,-1~. !· .. -- -·----·- ...... ···--"' . j . •· ---- ... ·- .,...... . .. . I·-·---- ··-----·--·-·-·i-·-----·-·---~ l • 
·-_-_-_-J-++-:'·-:-1~:--J~·~-+-·:7 ••• -+ . F::~ hh < .. -:H~:_-r-- -.!. ::~s: : --·-- --1- ~ ·-·-·1 -- ·--- ·- · · r·- · - --------·------· ·· ·- · ·----·· · ··-·--1- -- ______ , ______ J .... : · : . :-:.:~~ : -· _-: - I - . : - : ... :· _-: : f-::- ~ ;- : . :· .. : :"-.· -.:~-- ::: ~::i:=: :-::·:·~ -

1 , I - • I , • • • ' • • • • • • I • • • , ' • , --- --- ---~--- - - ...____ ---+---- -·----+----- ---: 

hl~i (.1-· '.: ;- _ I .. ~••·: .:~ :-~1 : - · :f-! • ---·_J=l-=1 : __ :_-\-C~ ~" 
kL ··-1-·-r-b._1 .. - ....... -·1·····-·-1-l--'·-I .. 

ztrooo-. --, _ 
.. __ !_. 

' 

-- __ ;_ [ ___ __::.....:--. - -!- -~--~----.- -

~ . . !- . :. ! . : I I ! ~ - . 
-:·:-··: .. ··. !. ·: -- .. · 1 .... : .. : . --- I .. :--:·-· : - ;·-· I - --- :--:-· 1-.:.; .. 

•• • r • ; • : • • • : • • • ! • I .-:.: 

2000-~---·_. -:-. :~ . I :_ . -, : -1 -: . II . :. . '. ~-~ 
~ ' . I : • . I ; .: .. . . J· ... •: : ~-. 

r-:~:--+~~-:-1 -. =~=::.....:1----· i -~--: i··--:- ·i- ::=--1 --·:::-·: -:· :r-~-~---· ·-:---1------1~:.......~--1~~~ -

r1 __ ::~ '--~~r· --~· '~f 71--. •.I: _ j • -••-. t· . · i: .. -::j...: l, ,1 --· =~~----~_;- ~ -
JbD'X. . :. ! -- '.-k -: _:. __ :_ ____ ) ___ :_ <~-~-) :: ·:::=:::!>~ :-=::,_~:~~~~-[-- ---· - ::-~:T: ::.-: ~j: 

0 
1

1 
_ _:_: ___ !. __ :_:_~· ••. 1~_:: .. I _. i :_ ... ·n·'-- J ,~,i n 1 · :;:.1 I: '!-sl-;~. 

~ p·· ~ . . i - . - _I I : . ; i : ::·t .:·:{ :_: :~- :-:~ - i --~..:_:..:_L.i_ 
~ ----- ----·- ---- -- ·-----r----- ______ , ________ --- ••t---- -r ~~-- 0 T 

, ; . , L ! . -, ~ - , :·. T . , ~ i + ' -+ ! , ~· [ • ~~ ! r~+:!: } 
~12.000.-----. -=j--T---r-- -~---r·:· ~--- .. ,_--.-.:-------i--.. -1- -

I... ,,,,I I ' I ' '' I··· I ' ~:~-
~------~- - -- I :. - - -!- --~--~_[~: - -- ; ~::~~:- __ :. __ j ___ : ~- I - _: :_. -~~ \ __ • 

II ' II i . -_. i . ·· 1' __ ;_ ! : I . [ t~ 
I ' ' I . . ' I ... · . ' i . I . ! ' 1 '. 8004 ---·-·----: ·- -:-· :--·- -;----- -~- : ···- i--,-l- .. r--;n. u ! rr 

I :. -----1 -- .. _____ [ ..... j -· -·-· -f -~ 
: i I -~~-.!-.~--
' i : ; : I : . : . . ~ I t 

'-TOOO ------·-----T ----· ~! -- -· ----··1'--~-------~-----~-----f---~-. ---T·--·----~--
1 I - . - -- ,- - . . . . . : . . . . : . . . I . . : . l I_ . : : . ; ~· __ ; :~~ ! . ~ . 

- .. llr·_-: :· = :!:· ·I.· . i--~:---~ .··-! -l,···;--1--~~---.~!~·JJt 
o~--- ______ ;_._: _____ :~~- ---~-~- I .. : __ : _L_:.:.:_: _ _:~ , :: !__t_ 

~ 3 4 5 6 7 8 
2. M l~J PE?. Ml\.' PFi' 

• 



j 
' ' 

. i 
I 

' • I --- J ___ ! _____ \ -- ,:_ __ 

~ '°" I I 

I ·------r- -
1 
' 

l 
I 

_:__.\ 
I/' 

l 
-~ I - ..........,. ---- --- ------ -------· 

: '--1----· 
I . 
I 

I 

I_ __ 

• 

---1 

! ---r---;- -1 
- -

_______ :..... .. _ ---·-

i 
' I 
I 

- -----j 

I 
I 
I 

I 
/( 



175-



''Stra;n ;!:e fffe:t~ c~ t~~ Str~~s-S~r~~~ (t1dr~:tpr~st1cs o! A1~P. and Co~~er, 1 ' M;o~esterr. Ccnf. or. fluid d~d s~11~ 
~':":n~ .... ;..:s, <-:-;:t--:-:e: l~, 115~. Tr,e G1.her~1t1 of ~'-'"d~, A·..1s~1n. TeAa~. 

"~.5. Arc-.; h-T: ".~l1c~:ter Oro;, lest," U. 5. Ar-.1 T~[(8.~ Cor.trdCt (A-44-177-TG-6{4 (with Chance Vo:-~•.t 1-ircraft Cor~.). 
~rce-:~r lSt lS~:. 

··:rry r.,1ation Safet;," Final ~e~~rt U.5. Army rn::cc.~ ContrHt D~-44-177-T6-62~ (wi:•, otr.er auth0r~). ~cc. 30, 19t0. 

•·L:.S. Ar:-.f ri-25 f1ellcc;>ter Orc;i Te~~.·· 1G/220&:.i, TKIC Tech. Ke~ort liU-76, kvC!K-2-1i\-l2S 1 Avld:1~r. (rdSh lriJ.;f"y Hesedrch, 
~~oe~1A, Arizond~ ~ar~~ 15, 15~1. 

": ~,c.-•c (rdSh Test of an h-25 ~PlllOpter," SA[ Report 517~. Aviation Crash !nJur) Research, Ph;cn!x, Arizona, ~;r1l 
;;c2. ~-~i~ &1-21. 

''J_vr.~-1c Cr~sh Tests cf F1Jed-f..1n~ and ~~tar_.--.,ir.~ .t..lrcrJft as Ri::-1ated to St'at Ces1gr:." P8:~.c. V.£. an:: Turnbo .. , J.Pi., 
;. .. cl~ 7ec~nical Retort 62-15 1 ~v1at1c,r; (rasr. lnJurf Rc~rJrcn, J·r.ucni..:, Arizcna, Oc~~uer l'J[.2 

.. ,...,l~:Jr.-. Trew;> Sei:i~ [1es1-:;r. Cr1ter1J 1 " ~urnl·ow. J.;.;., rlot:•l', V.f., &rvJ~ln~, G.~ .. ar;d Kce;r.er, H.R., TP[CC~ iect:r.1ci!l 
~c;-::.-: E.2-7;;., 'J.S. ;...r~·_, Transp.::rt.J!iV:~ t\t:~t:Jrcn Co.:-1r;onC, fort Lvstis, \'1r9inia 1 ~,J.,,e::.Jer l~::.2 . 

.. D!scuss~r::~ cf r~s::r~s;. Flre trct::·1n-," ;..,,::R ?dver t2-3C.: 1 Avia~ion CrasL :r . .JJry Ke~~~r:::r-. 1 F;.8e~i), ;..-~zor.a, [·e:. 1;~2. 

··~re~ Se3: :es~~~ :.-1:e:1! rr ~r~ 1 ~·rcref:,·· ~:~J~er 1 ti.F. a~c Tur~~~~. J.~., 7~Ec:~ 7c:~~~~al ~e~:r: £3-~, ~vc:~ £;-2J. 
L'.:. :..r-1 7r~~~:::ir·.c·-~::· t'Cr:,_" CJ-r·~-.::, Fe.rt £:.;:.ti~. V1rgl~.ld, Fet.ru~ ... i l~C:J. 

··:,_,r.r· (: -!..·s: c• a:, .!.-r:r ': 11:tt:>r !r.s:::l~at1Q!',·· ftcir.tipr9 1 L.W.T. and 1vrr.:i:;.,. J.·,.; •• ~;.-~ccv Tecr-.n1L~1 t..r;:vrt l.2-3, 
~~:i~ ~=-~~. ~.s. ~r~J :r~r.~:Jrtdtl:n ~~Se!rtri Cc·r·Jnd, Fort E~~tlS, V1r~1n1d, r3r:~ 1;tJ. 

·~:.i~:-:-1: ~::: .. ~f ~ Cc-r-e.·:1al-:y~·e Pcs5.e~1'~+:r ~t'dt Jnstdllaticn 1n an ... H-2~ 1-'.r.l.1cc,;:tc·r," Junt :?~3, Tt:.£:Ct-". Tec1r.1ca'; ~t;.,or: 
5J-.::: .. , ..... , ... , .... t.L.-2~, 1 ... .,s. Mr.'!°)' 1rans;:r:~t1;)~·, "'.:'5t:~r;:'1 Co.-r:·Jnd, Fort :..ust1~, ~1r;1r11d, Junt: J,.t:J. 

··:-· 1 n~""'\~c Ti:-:..: of~"' tl;'e.-·,r.entc~ Trc<.;: :,eJt Jns:.d1t!ion ir. CH~ ti-~l r't·~ico;ter,·' Turri::.:;, ... , .:.r:., Ro::.erts:r .. S.P., c~~ 
(drrJ~~' :.F .• ;F'.~=·:" TL<:::r.ical Re;:-:rt c:.-7, l,.1.S. Ar::iy Transport~tion. ~ese;rch cc-.r~:-.J, tc:-·~ (u~:i~. ·.a. I ~1:: •. 1;.:,3_ 

":t:ec:rf. ~:·•e!c;:-r~t c:-. .: "':'est of a :ras'" fire-Ir,ert~rg 5)·S(('7". !c:-- geci~roca:1n; Er;1r.e M£-~ic:;ters,'' ~t,rr~c~. J.~· .• 
P.o~er:scr. S.r.., Cir . ..: Cc· -::11, ~.F., 7~':::,"-' Te.::-.r,1cal ~,e;,::.rt 63-.!~, v.~. Tr~ris. ~:e~t:drch Cc.:r~nc. F:.. £~:..:1~, ·,'c.,::Je::. i~£3. 

··; ~evie" c! Crasn~:~:~y Sec: ~esis~ ?rincip1cs 1 " ~urn~J~, J.~. and ~~~e/. J.L., Soc. of A~:0~. [~;r~. ~e~. '~S~~. r,e" 
~(If'").. I :1.?. t ;.;:r~ l 1 :1:'.:, 

''5.!fe:) [r-.;~neer~n; ":r C:-as ... !r~...:ry ?!"'t.". 1
' '7"urr.~:. .. , J.',.i'., AverJ. J.A. arij Halt .... ,~.~ .• S::;c. of; .. ::- [r.;r;::. P::::er, 

Jy~., ~;c:.. 

''S~r\~\a:·~·: 1 S::: ~es:;- 2:·~a-~: ~es: ~r~;~!-." (w~th L.~.T. ~eir~erg), v:~;v~~5S Ttcn. ~e~. 65-~3 1 U.S. ;r-i ~~ia:1cn 
~!:er1e: ~~::p~::~~es, r:r: E~stis, V1rs~~~~. l~S~, 11$ p;. 
··~r~:" S..;r-.· .• ~~ t·.;a1. C;f ~r·e O:i-.:.:. r.e ~ l: .·;:; t£- r, " (nl t~ otl-it'!""S) ,t..v5[~ ~s:-5,!.v1at lor1 Saf. Er .. ;g.~;iese-arc~. P~ceri.i .-. , lC" J~;i;·. 

of ~ne G~-4;. ~~1i::.;,·_er, " ( .... i tr. ot;.t,ers) ,;...·:tr\ f-'.65-9,~viation Sa f. Er.;; .&:.e~·.:~r::r., Pf·oe:i i)., f, I:,,- f, s 1 ~ ~ :;1, 

":-_;~~ 5:~1e J~:'"~::-1: ·:ra:.~ "'.°e~t of a ~-ai1 (;t;s~r't'a:1:.~ iy;:P Hclicr;:-ter, 11 Test r,~.'s 21 anj (2, ( ... itn c:i-.ers). L!:.:.;.,;_:_~~ Teer .• 
~tJ::: £: 3~. ~.S. ~r~1 ~-~~t1cn ~~:~r 1 ~~ La~~ratorie~, Fort (~~:1s, V1rg1n1J, 1S~~. 2~ ~~· 

•·!ircr~ft ~~ti: ~er~· ~·e~~;: ... ~r1ter~e:." ( .... 1:~. S.H. Ro:.rerts~r.;, L:S.:...:\'YL,;os Techn1::al Re~.cr~ 6C-£..:, U.S. Ar-;-J :..·.,L~:1c~ 
l·'c:e~~e~ La~~:-a:o~~~~. F~r: r~st1s, ~1r91~~e, 1966, 1JS pp. 

··~::1~·::: ~·es~~ .. , Crit'i:'~i..: f~.r 1-;..rc\tC :r:!:'" 5.;ri.1ve~," ~ .. 1:"'1 o:hers) us:..~·,·;,.MSS Te~r-.n~::al ~e;:::l"'t c5 .. 4~. U.S. ;.ri.:; ;..,10·~12r, 

•. !~:,~ c ~ 
C5--.:.:;., 

7est ~~:~c~s 'or ~·=l~ets, SJ;P. 1 t0 He1~et ~~~is- Criteria f~r lm~rovec Cresh s~rviva1 1
1 ' c:~~v~;35 Tee~. ~e::r: 

u.S. :..r:-.1 A,1J:1::- "'.o:eriel la~~r.Hor:es, For: E:..st1s, l'ir0ir,ia, 19(£, 18 f:~. 

"?es: ~!SJ1~s-~e-~s;~erica~ ~~eci~e~:s. s~:~. JI to Helret Desi~~ Criteria fer J~~r~.t~ ~ras~ Surviva~ ," {~i~~ J.L. ha~e~ I 

.Jr.). ~s:..:...;~;.s:, 7t-:.-.r~ca·, ~::;;er: Es-:.:::, U.S. ;."7../ ;. . .,.,ation ~a!er1£:: Lccoratcries, Fe.rt Eustis, Va., l9Cf.. 17 ~;. 
11 l"":"dCt Tes: !-'·~: ... :~s or.d !=.e-:.::-::icr.. t--arni::·~s Criti:ria for U.S. /..rny f.ircre..r.-.~n Frr·tec~i·,:~ f-o~.:::;-:ar," (witt. J L. h~lej, .;r,), 
U:..~..;.'L;..35 7e:r.r.i~ai Rep. t~-2~. t.:.S. Ar.j !.·.·1a!1or. ~3terle1 L3ti .• rt. Eu~~ls, ia., 19£6, ~S ;:i;;. 

''Crds~ s~rv1va~ Ev~l. Orl-6 ~elicopter,'' (~ith ~.L. Haley, Jr.) AvSE~ MG7-3, Fhoc~ix, A~iatio~ Saf. r~;;.! Res. I 1957, :2 ;~. 

''Cr~st~o~:~iness St~df f~r Passenger ~ta: Des19n-~nalysis & Tes:i~9 of Aircraft Se~:s, 1 ' (~i:~ o:ners), AJSER £7-~. ~~~a:~c~ 
Safe:, E~;1nee,.1~; ~~j ~e~e2rc~. P~cenix, Arizo~a, 1S~7, ~2 ~~-

''P:lc~,. .:.:cEie?"".::1cns er: Passenger 1r.J~r1es in t.1rcraf: Accicer·ts," {"'ith J.L. H.31e1, Jr.; L'S:..:.·,1 ~.ASS Tr. t7·lE, U.S.:...~_ .. 
/. . ..,1~:1i;,r, ~·=·-~rie1 La~:·ra!sr~fS, rt. [1.1StlS, Yd. I :~d.f 19f.7, 46 ~;/. 

"Cr!sr: $:..rviv
0

al :Je~:;r. G...-1de." (••ith o•J·.ers~ L'SJ,!.','L~£:~ Technical Ke~ort 67-22, U.S. Mr."i tiwia:1on Materiel ~a:icra:cr1es, 
fort E~~~is, ~lrg~n1a, Ausus~ 19£7, 291 ~P. 

''Crt~~":r:r.i~es~ of ~1rcrew ~rotective Ar~cr," {wjtn others) TP 63-57-C~.U.S. Army t~Jtick La~ •• ~at1ck, ~~,Arri? 19ES, 8~ pp. 

"~o:al ~eacticrJorce Q,c to an t.ircraft !1".~oct into a ~i9irf Barrier," (with J.L. Haley, Jr.) ;.,s.ER TR lS-3, A;1a:1or. 
Safett Engineering ana Aese,rch, Pnocn1•, Arizona, April 19&8, 17 pp, 

"Ac E.oluatio~ of Ar~~re: A1r~rew Crasn Survival Scats," (~ith others) Av5ER TR 68-4, ~v1ation Safety [n;1ceer1n; anJ 
Rese~rcr., Phcer.~x, Arizoria, f'o":ay 19£.5. Bi .-i:~. . .... 

''Cra~t."ort~iness Study for Passenger Srai Des1gn," (~ith others) NSR 33-026-0003. Nat'l ~era. & Space Ac~i., Ju~e 1958.171 ~;. 

"Ter.~icn and Oa,,.p1ng Effects on Vibratin~ Strino;s," ("ith others) KOC26~1. riatior.al Science Found., Feb. 1969, 238 ;i;. 

"The Basic Principles of Mechanics as A~pl iec to t.utomotive Impact," Proceedings of UC~ ~e:lical St"'!inJr, Jur,e 1~-~7. 1969, 
3~ ;~. . 

"Tr.e £ffects of Tension on Vibrating Strir.:;s," (wit~ r.t. ~orvelle) r0026~1, l'lational Scien:e Fo"nddt1on, Fe~ruary 1S70, 
2~6 p;i, 

"Frelic11nary Jl'!r;dct Soee-j an:l Angle Criteria for Cesign of a ~;·Jclear tirplare Fission Pro~uct Co-~•'"''"""'nt -.ess~l ." l-1!" 
Others). r1:~! Te~~~1c~l ~~~~rd~~~~ T~1.22:~. ~~t1or1dl ;erora:..tlC~ ~~= S?dCe t~~1n., ~ds"1n;~~~. ~.(., ~df 1;7: I ~£ r;. 
"P.es~'.J"~e of d ~!:3:-r:sser;t-r :,s:~. t~ 1~; ..... 15··e- ~Oddlni;.·· ( .. 1tr1 .:.~.Collins), F-roceei:=1rct. of s.T-'l:•CSlJ~ or :r-{_o 
Cira-< :i,:·~::::~S':' :" ~~r.;(~ ;r~~. re,.~ar:-·~r. rre~s. 1i72. 

• 

• 



s. :f' 
f 

H~lLL 

pU't~ ~ 
L.1~ 

osl'I~~' 

c' -S-1~ !)) - 4 
,/\( 1 ~I ~-· "i;. 

DEFT.EX. t!&-~ 7 
DATE: / 2- I ti!!i)-
RE PORTER: At?BERTJtGASl}o' 

40" x64" (°3RILL 

WIRE MESH EN.CLOS 
40"x64" STAIR~WEL 



Inc. 

Tempe, Arizona .. , 
"·· 

Mr. Cromack is expected to testify regarding the calculation of •G• 

forces in this accident; he will describe the limitations and potentials of 

such calculations in the understanding of impacts and potential injury 

such forces can cause to the human child. Mr. Cromack will testify 

concerning the accident of the CSA and will indicate the limitations and 

difficulties encountered in proper calculation of the specific •G • forces 

in this accident. Mr. Cromack will specifically discuss in detail the 

unreasonable approach to this question by Lockheed Aircraft 

Corporation, as indicated by prior testimony of Mr. Edwards and Dr. 

Gibbons. (4S minutes) 

J. Kenneth Mason, M.D. 
Regius Professor of Forensic Medicine 
University of Edinburgh 
66 Craiglee Drive 

. Edinburgh, Scotland 

Dr. Mason is expected to discuss aviation pathology and the 

relationship between the CSA accident and the pathological development 

of the plaintiff, as well as the other CSA surviving children that have 

been examined. Dr. Mason is expected to express the opinion that, 

based on his experience as an aviation pathologist, the method by which 

to evaluate the injury-producing capacity of the CSA accident environ­

ment should be conducted from the viewpoint of the current condition 

and immediate post-accident condition of the children on board the CSA. 

' Dr. Mason is expected to testify about the limitations and potentials of 
• 

correlating the . accident environment to the understanding of the cur­

rent condition of the survivors of the accident. Dr. Mason is expected 

to testify that the accident environment of the CS A was sufficient to 

cause MBD. ( 45 minutes) 

Douglas E. Busby, M.D. • 
DEFT. EX • .0- /1UA ~ 61.k. 8 

The C 



CSA. Dr. 

explosive de~ompres~i?.n· hypoxia, deceleration, . and'~, impact and fume 
.. -. . 

and smoke inhalation and the development of brain injury in the CS A 

surviving children; and, specifically, Dr. Busby is expected to testify 

that in his opinion, the current findings in the surviving children of 

the CSA accident are sufficiently explained by the accident environ­

ment. Dr. Busby will testify that the CSA accident environment was 

sufficient to cause severe injury to multiple systems of th~ human body. 

Dr. Busby wil~ explain in detail the methods employed in accident 

investigations when correlations are required, comparing the findings of 

the survivors with the accident environment. Dr. Busby is specifically 

expected to testify that the method usually employed in the evaluation 

of survivors of aircraft accidents precedes the. correlation of such 

findings to the accident environments, and that fullowing the evaluation 

of the survivors of a serious accident environment, one would then 

determine whether or not the correlation exists between the accident 

environment and the medical findings. Dr. Busby will testify that in 

his opinion the accident environment of the CSA starting at the time of 

the explosive decompression and ending with the impacts and crash of 

the CSA had sufficient physical and biomechanical forces present to 

cause the current findings and conditions in the surviving children of 

that accident. Dr. Busby is expected to testify that within reasonable 

medical probability, the combination of explosive decompression, 

hypoxia, deceleration and impact~ coupled with other factors in the 

accident environment, such as fumes and psychological exposure, could 

"· sufficiently explain current findings in the surviving plaintiffs. ( 4S 

minutes) · 

C. Keith Conners, Ph.D. 
Professor of Psychiatry 
George Washington University Medical Center 
Professor of Psychiatry and Neurology 

. Director of Research 
Children's Hospital National Medical Center 
111 Michigan Avenue. N.W. 
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