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Accident Report

On April 4, 1975 a Lockheed C-5A aft ramp together with
the attachedjpressure 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 thé number
1l and 2 hydréulic lines, the control cables to the tail, and the al-
ternate elec£ric trim and rudder yaw, Even though number three hy-
draulic systém_was not damaged, primary pitch and yaw control were
lost due to damage to the control cables to the tail. Using the
remaining coﬂtrols 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 guasi-level descent for an emergency
landing. A quési-levél descent being a series of dives and pull-ups
until the aifcraft was at landing altitide. The aircraft approached
its first touch down point on the east side of the Saigon River.
Just before #ouch down the engines were at full throttle to reduée
the descent %ate and the aircraft was at a slight roll angle5 As
the aircraftiwas touching down the engines were retarded to idle.
The velocity;of the aircraft as recorded by the MADAR DATA was
approximate1§ 270 knots (456 ft./sec.) approximately 3-4 seconds.
The average yind velocity recorded at Saigon Airport at the time of
the cfagh wa$ 15 knots. The direction of the wind was approximately
to the west, therefore the ground airspeed of the C-5A was abou€'283

knots (478 ft./sec.). The velocity is aboif 2-1/2 times)the air-

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

! _
the C-5A came to a complete stop in a shorter distantf (~1900 ft.hs
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than it does when it lands at its normal landing velocity (2300 ft.).

and stopped in ap-

110 knots. (190 ft./sec.) and would stop in about 2300 ft.)

[ 4

Impacts on the East Side of the Saigon River

As the ¢-5A approached its first impact point it had a
velocity of £83 knots and the pilots had limited control of the
aircraft. Tbere was no record of the descent speed. The ini-
tial impact éccurred when the aft landing gear struck a dike.
The aircraftjstill lofting above the ground struck another dike
this time more severely than the first. The landing gear dug
into the soil gor a short distance. The aircraft bounced up
again and thén settled back down hitting a third dike. The
landing gear%again dug into the soil. It is probable that two
complete seté of landing gear were lost during or shortly after
this impact.f Photographs show wheels and pieces of the landing
gear spread ﬁhroughout this area. The C-5A bounced up again
and made sevéral small ruts with its engines or wing tips. The
aircraft theq hit another dike. Finally the C-5A became air-
borne again %licing several treetops off with its starboard
wing.' From éhe films it appears that there were at least
eight or more distinct impact points east of the Saigon ﬁiver.
These multiple impacts all occurred in a distance of about 350
yards. The impacts were of sufficient magnitude (snapped off

several piecés of landing gear) to have weakened part or all of

the C-5A 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 $omewhat less because of the series of impacts en-
countered onethe east side. The angle of attack of the‘aiécraft
(nose up or aown) 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-5A during any of the impacts.

The airéraft impacted on the west side of the Saigon River
breaking the[remainder of its landing gear off. The C-5A went
into a slidiﬁg 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 fduf separ;te sections: the T-tail, the aft troop
compartment,ithe flight deck and the complete wing structure.
At this point of impact, large amounts of debris were found and
a large sect#on of the'cargo floor was located. This is also
the area whege almost all of the dead were located. North-
west and abo@t 100 yards away from the last impact point, the
T-tail was féund. The T-tail had a clean fracture indicating
a sudden sep%ration from the fuselage. 1t appears the tail was
thrown over ﬁo its location as a result of the impact. The

.flighf deck ﬁoved 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.ffuel) and 1ift forces was propelled approximately



525 yards from the point of last impact. The aft troop com-
partment became detached from between the wing section and the
T-tail, ana was propelled from the impact primarily by iner-
tial forces and possibly some lift force. Thé troop com-
partment began digging into the ground approximately 175-yds.
from the péint of last impact. The aft troop compartment then
came to a sudden stop after hitting an elevation. The total
distance tﬂe troop compartment dug into the ground was ap-
proximately 2 lengths of the structure or about 40 yards.

The vélocity of the four major sections were equal at the
point of bieak-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 summarized below (see Appendix I.for details):’

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

!
1

it was concluded that the T-tail had been

4 sheared off during the last impact. Th
b baask 1 \\j "G" force range required to break ail off according
to our engineering analysj ith data from Lock-
? heed reports ig

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

and the measured slide path of the flight deck,*

Mp(rb"
: : an average "G" force range of 6-8 has been es-

timated.



3. Aft Troop Compartment: The aft troop compartment
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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 106-306. The aft troop compartment then
started digging into the ground and came to a
sudden stop by hitting a small hill. The
average estimated horizontal "G" force range
duriﬂg 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.

Summarx

In conclusion the C-5A 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-5A structure experienced a series of

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

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 into four major sections, each moving at a velocity of
approximately 200 knots. The aft troop compartmeht experienced

a severe and:extremelz complex "G" force environment. The
engineering gnalysis of Appendix I demonstrates the comple;ity
involved in éttempting 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,
greater thanswhat is calculated, undoubtly exist; but cannot be

calculated.



Appendix I

Estimation of Deceleration Levels

In ordef for some of the passengers and crew to survive
the crash, tbe airframe and ground had to absorb the energy
of the airframe/passengers/crew in a manner that made thei£
survival poséible while removing the danger of a post landing
fire. This energy absorbtion was accomplished over several de-
finable periéds of time/distances. One method of characterizing
the events t#at occurred during the time from aircraft touch-
down to poinés where the various parts came to rest would be to
develop the deceleration time history. As indicated by the
location of ﬁhe major parts in the photographs of the crash
site, the aircraft was subjected to complex set aerodynamic,
inertia, and'ffictiongl 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 knéwn, it is not possible to evaluate but the simplest
assumptions gconstant deceleration) without some additional data.
Even though éot valid, the assumption of a constant deceleration
for both thelflight deck and aft troop compartment may be made
after the ai%craft breaks up. This assumption will yield a lower
bound on the 'estimated maximum "G" load. Since only the initial con-
ditioﬁs.are gnown, 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=n1n (WL) +D-T - Dp .
Where: A = Coefficient friction
W = Weight
2
L = Lift = 1/§pv CLS

; D = Drag = 1/%aV2CdS
' T = Thrust
Dp = Drag of landing gear post

: ,° = Density of air
Vv = Velocity
C;, = Coefficient of 1lift
Cq = Coefficient of drag

S = Wing area.

)

The deceleration is given by:
i

a = l/mifk = l/nn{pJW-L) +D-T - ng

where : m = mass of aircraft

I
The deceleration can be written as:

dv = a R
dt '

or :

m . dv = dt

A (W-L) +D-T-D
B p »



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

p
may be pitching, therefore both CL and Ca may be a function of
time, but fhey are assumed to change much slower than the velo-
city. Intérgrating'the above will allow an estimation of the
form of deceleration versus time. A cubic variation of éecele—

ration with time would be a good approximation for the above

eqguation using the stated assumptions:

dv 3
3t = a = ct

where c¢ = constant

yielding:
Vp - vp = ctt
‘ 4
where Vg = final velocity
o Vi = Initial
and,
Sp - S = ct> + Vit.
20
where Sp final position

» Sy = Initial position
Next, the eguations 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:

i

!

yielding:

and,



For the above formulations the distances are obtained from the
referenced réports, velocities from referenced reports and cal-
culations. fhe calculation of an intermediate velocity is made
by assuming é minimum deceleration to fail parts of ﬁhe structure.
This must he done since there is one more unknown than equétions
available. fhe tail failure was selected because the normal
flight loads:on the tail are seen as bending movements/axial
loads on theffuselage. 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 magni#ude 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 intermeéiate vélocity 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 itsffinal touch down point, about the same time to trével
from its break up height to the ground. At the point of final impact
the aft trooé compartment will experience 10-30 vertical maximum "G's".
The horizontél maximum "G's" will depend on the method used. If it
is assumed tﬁat the aft troop compartment would have gone as far as
the forward flight deck if the hill had not been present, then the
averaée "G'sf would have been about 7 (Figure III) with a much higher
"G" level when the hill is impacted, (Figure IV). If the avera;; "Gg"
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" loadings
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)
!

Vertical

10 - 30 'after break-up (integration)



Item / Weight X Y Z Mass
Bullet . 769.4 2895.6 0.0  786.6 23.9
H.S. . 3275.4 '2921.3 140.1 787.5 101.7
V.S. © 6151.0 2786.6 -0.1 633.1 191.02

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

23.9 (456.6) a + (2) (101.7) (457.5) a + (191.02) (303.1)a

4
n

M=1.619 x 10° (a)

Figure I - Sample Calculation




where a

Deceleratién given by

a‘i=ct3
=-13 "G's" = -416 ft./sec2
v, = ct? =-416t = -104t
-4 4
V.= V_ + ct4
FoOT T

2 -
-20.8t% + V.t - (Sp - S7) =0

F

5. = Vit + ctd = Vit - 416t

¥

- - 2 . -
= -v, ;\q (V)2 - (4) (20.8) (5, - S)

(-20.8) (2)

_ v 2 _
=V ;\d (Vy) (4) (20.8) (sp)

i 41.6

t= 1.2 sec. v, = 360 ft./sec.

. Where SI = 0

Sp 500 ft.

Vi o 463 ft./sec,



Seat is designed to transfer:

2500 1b horizontal
'1250 1lb vertical

375 1b lateral

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

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

N = number of children

wéight per child.

=
]

G = 60 - 85,

actual value would depend on the weight of the children. Note:
the moment?annhasrnt been adjusted for the children so the above

estimates would be less than the actual values.

i

Figure V = Sample Calculations



"G" = (v )2
I

64.4 (O X)

[
>
1l

penetration into hill

AX 2, 3, 4 ft.

then "G," = 460 + 20
"G4y" = 320 + 20
"G," = 240 + 20
t, = Vi
(32.2) "G2"
tT—3=VI
(32.2) "G3"

t4 = VI

(32.2) "G4"

Figure IV — Sample Calculations



YF - VI = at , wWhere VF =
Vs =
Sp - 51 =at? 4 v t 1
ol S =
: 2 2
- = Vv -V =
a2 a
a= - (Vp?
(2) (Sp - S1)

Deceleration would be 7.0+ .5

. 5 -
t vI 5\\J(VI) + 2a(s, - S)

a

—

t= 0.5

Velocity at Impact : V = VI + at
F

<
I

250 ft./sec. + 10 ft./sec.

Figure I1I = Sample Calculations
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Mr. John Connors

Mr. Carroll E. Dubuc

Haight, Gardner, Poor and Havens
Federal Bar Building

Washington, D.C. 20006

Re: FFAC v. Lockheed Aircraft Corporation
Dear Sirs:

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
prior to the decompression.

3. A hemoglobin concentration
for age (approximately 75 m

02 of 1.34 ml/gm.

4. Normal arterial pressureand cardiac index

(3.0 - 3.5 L/min/Mz)

) normal blood volume
emoglobin capacity for

2
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Given these assumptions, one can presume that the infants had a

normal alveolar and arterial PO2 and PCO, at sea level prior to the

flight, and reduction in alveolar PO2 ana alveolar PCO, reflected the o

decrease in barometric pressure to approximately 632 mfiiHg at a cabin ,)*”P

altitude of 5,000 ft.; one expects a 2 mmHg reduction in P,CO, assoc- 7

iated with the mild hyperventilation due to the drop in the P 0, (See

Table). -Assuming an alveolar-arterial tension difference (Aaﬁoz) for

0, of 10 mmHg at cabin altitude, one would anticipate an arteriil oxygen

ténsion (Pa0,) of 74 mmHg (oxygen saturation, Sa0, 94%) and a negligible

alveolar-artérial carbon dioxide tension differenCe resulting in a PaCO
} When the decompression occured, within fifteen seconds two
| events can be expected to occur: 1) a fall in P O2 from 84 to 31 mmHg gb“"l
?Lrj‘; 5 associated with a fall in Pa0, to approximately 95 mmHg (AaDO, would be ‘0.

P;t . decreased because of hyperven%ilation in response to the hypoXia), and

;JUf”" 2) the P,CO, and the PaCO, would decrease from 33-28 mmHg because of the

| chemoreceptor stimulus to”increase ventilation secondary to the drop in

Fww ﬂ PaOz. At a PaO2 of 25 mmHg and PaCO2 of 28 mmHg, the Sa0, would be 51%.
»‘ nr 1 2

h,. This degree of hypoxemia was endured for less than 1.75 minutes as

gd.s*' the aircraft descended to 20,000 ft., and the P,0, could be expected to

rise to 38 mmHgj P,CO_ falls because of sustained hyperventilation to
25 mmHg with an increase in PaO, to approximately 30 mmHg (Sa0, 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 PO, of 18 mmHg (Sa0., 30%),
giving an arterio-venous oxygen content diffefence 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. ,f‘
The basal cerebral metabolic rate for oxygen (CMRO,) is increased by \,’ v
approximately 25% in children when compared with h€althy young adults J

(same references). Thus, it can be said that children have the luxury w'

of greater cerebral blood flow in relation to O, demandthan observed in "J
adults, probably to meet the child's long term fieeds for sustained v ‘fﬁ
growth and development of the brain. However, in the acute hypoxic “" ,? "
event, the infant and child would appear to be protected against brain *r b i
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 PaC0Q,, with consequent stimulus for cerebral vasoconstriction, it
would séem 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 that 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 comparable
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.

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

Downes, M.D.

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 Schocl of Medicine

JJD:cp
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TABLE: AVERAGE ALVEOLAR GAS TENSIONS J S
IN ACUTE DECOMPRESSION AT ALTITUDE A

o (G

apurt INFANT/CHILD (2
ALTITUDE (£ft.) Py P10, Pp0; PAP, POy  Pal0)  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:

1- F.0,
P,0, = (?B - 42) (?1°g> - P,CO, Fl0, +
, R

in which FIOZ is 0.2094, R is 0.79

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

Ca0., = Hb (gm/dl) x 1.34 (ml/gm) x Sa0

2 + Pa02 {mmHg) x 0.3 (ml/dl).

2

(I)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.

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

2) Levison H, Featherby EA, Weng TR: Am 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, Amer Physiol Soc, Washington, D.C., 1964

4) Severinghaus J: Blood O, Dissociation Line Charts: Man.
Handbook of Respiration,”National Academy of Sciences,
W.B. Saunders, Philadelphia, 1958, p. 73.
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James G. GCaume, MD.
CONSULTANT IN HUMAN FACTORS
1517 ESPINIOSA CIRCLE

PALOS VERDES ESTATES, CALIFORNIA 90274
. JE—

(213) 375-6607

Zugust 21, 1931

Carrcll E. Dubuc, Edaq. DEFT EX. Eﬂ;jgaéihA,DhP Edn )}L
ELICHT, GARDNER, POOR & HAVENRS DATE: 1218 J

Feceral Bar Building ] , I é> <)
1212 E Street, N.W. REPORTER: ALBERT 4, GASDOR@
Weesrnington, D.C. 20C0Cs : .

RE: TFFAC v. Lockhreed Aircreft Corporation
Your File MNo. 2041-1278-2S
Deazr Mr. Duouc,

I corZznce with your origiral request, I hazve reviewea
tre testimony ¢iven Ly Dr. Busby in the Schneider triegl, in wnhich
e stz trzt, &s the ecditor of selectea published papers ir the
Froceedincs of the AVITI Interraticral Congress of Aviat.on ana
Syace Mscicine, it cid not mean necgssarily thzt he agrzcd with
t¥2 concept of the "Time of u;Le Urconsciouvsness followirg Decom-
rresgsicr, " which I proposea in tkap paper which was puklished 1in
his "Procescirgs." Otrer knowlecduealble acrospice medical experts, " dendt
Fovwever, Cid acree with the TSU COnRCEpt do 1t wWas preserntel in "
195G, rparen.ly, at a later cate, when he was at the Civil
Torcoredical Institute ar Oklahoma City, OK, Dr. Busby saw fit to
concsult me by telephorne regarding tre exDer;fertal c¢esicn of alti-
tuce cha e perimenrts, wrich he was plarning, on the ability of
femezle = ) tencants to perform physical worklcza at cavin
altituc ing @ ceccompression ancd the accompanvirg hyvpoxie.
li1s res later publisted in Aerospace Medicirc.

2t 2 later date, vyou requested that I perform my own ca.cula-
tions with regerd to three factors involved in the C5Aa SMNed- 218
crzsh in Saigon on Epril 4, 1975:

1} The irnjury potentizl to the orphzns involved in the crash

landirg anrd deceleration of the C5h aircraft:

2) The significarce of the total pressure change and rate of

chance during the decompression from 5,000 ft. to 23,500 ft.;

3) The impcrt of the hypoxia resultin rom the ceconore551on

on the passzongers in the troop COﬂpartmen;.

Also, you reguested that I review other testimony, documents,
czlculations ard statistics which you suprlied to me. I have ,
researched thesze dota, performed the analyses and calculations, and
hereby submit :ny report in three zections. Tor Sectiocn A on decelera-
tiong, I asted the assistance of !ir. Roy Jablonsky, P.E., a recognizec

DEFENDANT’S
EX. 6!

N !501



v. Lockheed Aircraft Corporation
File MNo. 2041-1278-2¢
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xpert on accicdent anezlysis and reccrstruction, to calculzate the
-forces involved. I also asked him to calculate the G-forces of
celected amusement parx rides which impose G-forces in the same
direction on the rider as those imposed in the decelerations for

O(‘D

the occupants of the troop compartment. His calculations are very
close to those of John Edwarcds'. I have examined both calculztion
and I adopt these of Edwards znd Jablonsky and base my opinion on
trose calculations.

Sectior & of my reports ceals with the cdecelerations experience
by the occupeanis of the troop compartment.. Mr. Jeklonsry's calcu-
lations for the G-forces imposecd during the aruserent pars ridecs eare
also in Attachment A-1. XAs ycu can see, thoe G-forces for the rides,
experienced by literazlly thousands of emusement rerk patrons every
vyear, are far in excezs o0f those felt by the occupznts of the troop
compartrent. In my opninion, the G-forces irmposed in the G, (vertice
or trne Gy (horizcntal - transverse to the long exis of ths body) wer
rnct injurious to any c¢I the orphens in the troor compartment, sested
1n reer--&cing sezts an2 fully supported vy the sszt-bzcs and recstra
eceguately by seatbelts ard pillow pzcoding, to a reasonazle rmecicel
certainty.

Sectic report consicers the totzl pressura crance, and
tre rate of c¥periencca by thne orphans arc adults in the
trocr corpe rttazcochrernt B-1l, from the Doox 2Cros ‘ D
by Zrmstrcrng, a reconcized expert in thet field, states that the
pressure crznge 1s rnot resporcible for the physioclogical efZects ol
decompression, but to cxygen deprivation (zee Scction C-Hvroxia
Effects). In nyv opinion, the totzl pressure charge, the rate of chs
and the duretion of change, did not procuce any harmful, lasting
prysiologicel c¢ifects, to a reasonatle necical certairty, on anycone
in the trcop compartrent.

Section C of my report aralyves the phvsiclogical effects of
the hypoxia imposec by this decomprcesion, ana details the reasons
Wwry no significant effects were endured by those subjected to the
event. Eeczuse of the compensatory, protective mechanisms irherent
in the human pody, in irfants as well as 1n aaults, the Increased
blocd suprply to the brain prevented any brain damage, to a reasoconzbl
mecdical certainty. Attachments C-1, -2, -3 and -4, provide ample

uppcert for this opirnion.

I eppreciate the copportunity to be of service in this ma be
Stould additional assistance be required, please feel free to cel
or. me.
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! CATTACHMENT A-

R.D.JABILONSKY, INC

CONSULIIARDG EMNGINELR
POST OFFI1Z: 185X 672
ALTADENA, CAL.* L ANIA S1CT!L

7898- 6100 © £81-8B444

August 31, 1981

Dr. J. G. Cgzume
1517 Zepinozae Circle
Palcs Verdes, California 90274
Re: TDeceleration Analysis
C-5A Serial No. 68-218

Zpril 4, 1975

In accoriance with your reguest, an analysis has b

3]
oN
)

en I

[eY]

of the datz which you furnished which described the descent
profile, flicht information and crash scene information concernirng
the crash lanZing of the C-5A, Serial No. 68-218 which occurred
on Enril 4, 1975. The purpose of the analysis was to dsatermine
the prcbakle level c¢f the accelerations experienced by perscns
seated in the troop cargo compartment. The analysis considered
the descent ’‘rom an altitude of approximately 23,400 feet to the
point of f. rst contact with the ground as one part and as a second
part the trajectory from first point of contact with the ground
tc the point of rest of the troop compartment. The informaticn
which you furnished and upon which my analysis was made 1s herew%th
attached as Appendix A.

According to the altitude time history supplied in graphical
form the aircraft descended from an altitude of approximatelvy

22,400 feet to approximately 600 feet in approximately 15 minutes.



~

During this intervael of timevthere 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, verticael acceleration ard vertical

rate 0f conset were calculated. From a stucy of the altitude ti

3!

e

a bacis

0

history curve a time interval of 7% seconds was selectel a

for calculating the velocity, acceleration and rate of onset from

'the available data. Using a2 shorter time interval as a basis for
calculations would not have viclded any more meaningful irformz+icn
from the grachical data available. The results of this analvsis
showed that the mawimum vertically up acceleraticon exceriencecd was

T N SR —~ e ] \ N —~ L - -
1v.7 feet per seccnc/per second (0.33g) occurring at

- Y e - A 9 AN ~ - A4 IRy \
expericnced was 14.22 feet per seccnd/vper seccnd (0.443) occurring

= - — . ~ 7 o £ 1 Py £ — 2 -
at accroxaimately 7,200 feet. The raximum rate of offset emzericnced

was nc areater than 0.lg's/seccncd. The results of these calculaticns
are herewith irnclucded 1in Attachment 1. This attachrment sets forth

the numericeal results as provided oy the altitude time nistcry curve
at 7% second interva.s. In addition to the vertical velocity,
acceleration and r: te of onset the tabulation also provides the

totzl atmospheric pressure and the partial pressure cue o cxygen.

The

w

e pressures are given in millimeters of mercury. The altitude
pressure relationship was based upon standard atmospheric ccnditions.
The partial pressure cue to oxygen is based upon an cxygen percentage

cf 20.95.

-

Between the first and second points of contact with the ground

P —

the aircraft traveled a total distance of 2,700 feet. Reportedly,

J—

poroximately 8,900 feet altitade and the maximum downwarl acceleration
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,therc¢ was no significant change in air speed (312 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

6 seconds. 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 groundé ccocntact to be consistent with

the constant air speed no significant decelerations were experlencecd.

The wrecrage diagram depicts the section of cargo floor coming
3

Jfo rest at a point approximately 1,400 feet from the second impact

M lgcation. Reportedly, at 1,200 feet frem the second impact location

dgpeak—uo of the aircraft occurred. Thus, the troop compartment
an

¢ the carco floor cdecelerzted at the same rate from the csecond

H

impact position to the point of break-up (1,200 feet). 2As crevicusly
- noted the cargo flocr moved an additional 400 feet. The troop
é compartment roved an additional 812 feet (2012-1200 = B12). Frcm

this information deceleration rates from the second impact locaticn
rrq can be calculated. The analvsis shows that cduring the 1,200 feet
from seccocnd impact location to the point of break-up the averace

rate ¢f deceleration was 74 fee'. per second/per secor

Ceceleraticn was approximately 5.69 seconds. At the gnd of this

time when break-up occurred the velocity had decregsed to 172 feet

per second (117 mph). From the point of break-4Ap the troop

M
.

compartment traveled an additional 812 feee/{2~2;s point

—— -
The constant _rate cof acceleration necess;{c to traverse this N
/—\——\ - - -

of rest..
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compartment 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 Attachment 2.

The vertical acceleration rates experienced during the flight
descent anc :the horizontal deceleration rates experienced after
cround contact were compared to accelerations and decelerations
in these cdir-ctions by thrill ricde apparatus commonly found in

amusement parxs. Several different types of rides were cconsicdered.

In the tvpiczl roller coacster at the bottom c¢f the dips between

o7
el
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ot
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t

2.5 and 3¢'s vertical acceleration 1s experilence top

.
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ecative acceleration is usually approximately
lg. Due to the vertical radius of curvature of the truck and the

speec travelad the rates of onset are usually 1n excess of 3¢'s

£

er

'_‘l
BES

Ln amusenent ride consisting of a foot diameter cylin
which turns on its vertically positioned axis at a speed of 35
revolutions per minute the floor can be lowered after the speed
has been reached. The centrifugal force cautes the occupants

to be forced against the inside wall of the cylinder. The Zforce
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 result of the centrifugal force. The centrifucal

acceleration developed results in 2.8%g's. The duration of the

force is usually more than 60 seconds.



vertical circle the car is accelerated to approximately 4.2g's

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

cf approximately 160 feet. This section of the track is horizontal.
Thus, the acceleration is in the direction of travel. 1In traveling

through the wvertical curve the centrifugal acceleration attained is

6.5c¢'s.

In a ride in wnhich the occupants sit in a car located at the
end of a 20 foct radius arm the arm maxes 15 revolutions per minute.
There are several different varieties of this type of ride. 1In

some instancecs the car will oscillate in a vertical plane and

51
0
3

in others the cscillation of the car will be in the

plane as it rotates. Thus, the occupants will experience the
cnetrifugal force through an irnfirnite number of horizontal Dbody
pcsiticns. Cypically the centrifugal acceleration for rides of this
type is lxg's.

Calculations baseld upon several rides fourd 1n amusement parxs

in the Southern California area are included in Attachment 3.

CONRNCLUSTION

The dynamic forces experienced by the occupants in the cargo

compartment during the flight descent phase were probably less

-

than those necessary to be sensed by the occupants. During the

crash~landing and the deceleration of the aircraft to the points of
»

rest the rates of onset and the deceleration levels reached by

Le .
77 !
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the troop ccnpartment were significantly less than those experienced
t

in thrill rides commonly found in amusement parks.

Respectfully submitted,

. ner
Recistéred Professional Erncineer
Califcrnia License No. 3775



James G. Gaume, M D.
CONSULTANT IN HUMAN FACTORS
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2UALYSIS OF THE ACCTLERATIONS INVOLVED IN THT DECOMERISSION

23D CRASE LAWDINZ EVENT OF Czx SNeB-218 G 4 ADPRIT 1975

Turing the very rapic cdecompression and the descent to
tne ground, there were ne signiiicant eccelerztions at firnst
tou~rdcwn of the aircreft, the rear mein lancing cgear wheels cug
three fect into the soft grourc and were wiped 0ff, but the
irpzct was Lerely roiiceztle v those 1 the troop compartocent
arc .n thz flight cocox. The aircreft weeg in contzct with thne
crourd curing thic touchcown for @ cistance ¢f approxinegtely
11C0 ft., then becare airbtorre ecain, flew 2700 ft. through the
2

air znd corntacted g “t the fzr el.z of the Saicon
River. Tle front wrecls of the main larding cezr pzssed throuch
the dite znd were wiped cff. Zgzin, the impact was barel:
noticeable by thcse in those seme compartments. The aircreit
then seftled intc the ground, slic for scme cistance, &t woich

ne broke into four main segments, each going in slightly

'
-
[§8)

3

irections. The troop compariment traveled a total of

p—

[N

ferernt

o0
[N
th
y

Fty

t.ozfore coming to rest, right side up. The average CG-force

2012

experierced by the pecple in the troop compartment was’ 1.6
transverse to the bedies of those irn the compartment. This is
ebout twice the G-Iforce felt by passengers in a jet egirliner ag

1t accelerates down the runway for a rormal takeoff, anc is in

the same directiorn on the bocdy as the G-force expcrienced by those



Analvsis of Acceleratiocrs
CS5a Swht-Z18, 4 zpril 1%75

James G. Gaume, M.D.

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

lower than those

n
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These G-force
experienced by ricders of a number of amusement park rices.
OR 1s a vertical, 14 ft.

Cizrmeter cylircer conteining a floor on which peorple stand.

flztterns the ricder's back agairst the outer well of the cace
er.¢ 1s strong ercugh to keep him therce, and trhe C-Iforce is
caliculated to ke Z.ESG's. Arnother rice, vericuslv ceazlled tre
FLZCTRIC RAINEDW or the ROUNIZU-, contairns the cars on ths end
cf & 20 I%. arrm which rotates zrourc the cernter hul, moving

up and CowWn as it rotztes at @ miximun of 15 rpm, procucing a
force cr. the passenger of 1.53CG's. Another rice which puts the
car threuch a leoep the loop, starts the rice with a cetapuls

ricdes apprly the G's in the same direction on the body &s the

1.6 G's experienced by the orphans and adults in the troop
corpartmert in tris case. The becginning of the loop in the last

ricde mertioned produces a vertical G-force of 6.2G's, and the

3
D

ower roller

(]

£

eV

(

rage verticzl G gt the bottom cof many ci the

ccaster cCips is well over 3G's. (Sce attachment Al)

The catapult on an aircreft carrier which launches a

B »
Jet fichter applies 5.57 G's to the pilot, which is 3.45 times
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James G. Gaume, M.D.
CONSULTANT IN HUMAN FACTORS
1517 ESPINCSA CIRCLE
PALDOSG VERDES ESTATL S, CALIFORNIA 90274

- (213) 375-6607

REPORT B

caL E
PRISSURE DURING THE DECOMPRESSION EVENT OF C5A SNES8-218
4 9

The difference in the time of deccrnprescsion between
the cargo and tre troop compartments wes minimel -- & matter of

milliseccnds —-- because of the size of the openings, made up by

the lacddsr well and the ¢grille, total avproxirately 18 sg. ft.

in erea. wher the pressure of 302.8 mtm Eg (5.5 psiz) in less )&b
thar ore seconi (arproximately 0.6 second or 602 milliseccnds). Q’J
Trne totzal pressure change was 229.8 mt EHo (6.39 peic). 1In the

recuce alzo. ks stated zbove, the troop comrartment lzcged
behind the cargoc cormpartment approximately 0.03 seconc (30 milli-

secconds). The total pressure reduction during this 30 milliseccrnds

was approximately 25 mmn Hg. Both the time difference and the
pressure difference in this period are ingigrnificant with regard

[tV

to the prysiological effects, because the response time of th

bcldy to the pressure change is much slower than the pressure

difference in that period of time. Attachement Bl,page 147, .»

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

physioclocical effects of loss of pressurization of jet transports



Arnzlvsis of Phvsioloaical Effects
C5% SNEB-218, 4 2April 1675

James G. Gaume, M.D.

will not be caused by explosive decompression, but to the effect
of acute oxygen deprivation.” In this case, however, the period

of oxyger deprivation was tco brief and toco mild to have anvy

lzsting, cerious ccnseguence.

The '"ber.gs" would have been»the earliest svmpiom to
cevelcp on decorpression, but these do not usuvally appear until
10-15 mirutes after the decompression and therefore 3id not

///have time to develop. bBends would be unlikely at 23,400 ft.,

4/|o

towever.
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pO, equivalent was attained (due to the combined spontaneous

increase in pulmonery ventilation and the hypoxia effect),
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the aircreft hed alreazly descerced to an altitude of a
16,0C0 ft., according to the descent profile incicated by the

MXDAR Sata. This is an easily survivable altitude without anv

physioclogical damzge. (See Attachments Cl,2,3)

These normal, physiological, compersatory, protective

mecharismg which ceme into play, activeted by the extremely
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@ result ¢f hyroxia. The hypoxiz was too mild and too transient
to e o any serious import. En example of this is i1llustrated

by the incident decscribed by Charles A. Lindkberch, involving

himself, zs detailed in the Forewcrd of the EHandbook
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Prvsiclcaoy {(Attacrments C4, p. vi). &
hacé anyone in thr C52 become unrconscious from lack of 02, they
would have reccrered consciousness withirn 2-3 minutes more,

becazuse agair, according to the MADAR cdata, they were cown to

16,000 f£f¢£. in 3.0 minutes from the moment of decompression.

kccoréding to the various testimonies perviously given, no one

became unconscious.

Another decompression evert, involving a Nationazl Air
»

Linres DC 10 over Albuguergue, KM, toock place at 39,000 f£t. The
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The Cubenr Stowaway, Who stowed sway in the wheel well

7. of 2 DC & as it took off from Havana to Spairn, was without C.
' at 29,0700 ft. for more than 7 hours, and survived with no
apparent herm. His case wes thoroughly documented by Spanish
prysicians when he reached Spain. Houdini could stay under water

for 4 minutes without breathing either air or oxygen. There 1is

a case on record wherein a man diving has remained uncer water

without breathing apparatus, merely by holding his breath, for

12 minvtes without any air except that which he had in his lungs

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

times.
ThercZore, because the human body has a number of

protective mechanisms, all of which were activated and came into
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play at the time of the decompression, the pfople in the troop
ccmpartment of the C52 1 guestion survive

a rezsonzlole mecical certainty. The calcplations normally used

y the reduction of pOf/available by virtue

which consicder orl ,

—

of subtracting the partial pressure vaéues for carbon dioxide
ard water vapor in the lungs, do not ftell the whele story. They

Y

do not ccrnsider the dilatation of the cerebral arteries and the a’/fz;'

resuliant increzse in blood fliow and O, to tre brain, ard the \:ﬁfﬂtﬁfi

ccrnseguernt recuction in altituce ecuivazlent czused by this
rormal compernsetory mecreanisrm. Increased pulmonary verntilation

hes beer considered, but little or nothing has beern sa2id azbou

the increzse in heart rate wnich also accorrpanies hyroxia, and

felrs to provide an increase in blood flow and C. to the brein.

2
Attachment C5 from the book, Hvocoxia, by Van Liere and
Sticrrey, pp 284,285, "Ability of Young Arimels to Withstand
Lsphyxie end Bypoxia," cguotes the work of several investigators

who all say that rewborn human infants are able to withstand i:L&;“J

considerable periods of hypoxia (24, 71, 104). This appears to‘JLﬁK

be true of the infants of most mammals, mocst likely ancther

compensetory, protective mechanism to assure survival of the

species. /9 &MM‘C’)/{/{/.

Joress
VGames G. Gaume, M.D.

Human FTactors Consultant
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FOREWORD .

TRAINING FOR THE RECOGNITION OF OXYGEN EMERGENCIES
IN HIGH-ALTITUDE FLYING

Charles A. Lindbergh

Just as primary training in stick-rudder-throttle technique is essential
to a pilot of the most advanced types of airplanes, primary training in
oxygen technique is essential to the high-altitude crew. Modern, scien-
tilic safeguurds do not remove the importance of a thorough understand-
ing of the ABC's in each field.

Emergencies can result as fatally today, but the value of training in
oxygen techrigue was probably more apparent during the years before
pressure masks arnd pressurized fuselages came into service use. Troubles
were then encountered more frequently, and methods of combating them
were-less advanced. In the early days of altitude flying, a pilot operating
much above 30,000 feet was alwzys in a more or less, hypoxic condition.

The lessons I learred from high-zltitude test flying during World War
I1 2!l point to this primary requirement: Learn to recognize hypozia
quickly. Then, you have time to do something about it before you lose
consciousness.

This might be called the B in the ABC’s of oxygen technique. The 4
relates to having emergency equipment available and in condition for use.
The C dem:cnds a considered plan for using it. You can spend plenty
of time arranging A and practicing C; vour error is likely to come in the
B of recognitior.. I shall try to emphasize and clarify the problem by ex-
amples from my own experience.

My first obvious 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 latter
pert 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 oxvgen technique were carried out
in 8 P-306, in 1939, at altitudes of slightly over 30,000 feet. In this plane,
an oxygen supply was available through a wooden tube at the end of a
rubber hose. I studied the dulling and sharpening effects on my senses
when the tube was removed from its normal position between my teeth,
ar.d when it was replaced. Pilots’ tales of mysterious high-altitude effects
on mind and body cautioned me in these experiments.

In 1942, at Willow Run, I undertook a project in which high-altitude
breakdown tests were to be run on the ignition system of an R-2800 engine



in a P-47 fighter. The cockpit was unpressurized, and a pressure mask
was not available at the time. Flights wure to be made as far above 40,000

feet as possible. (By stripping the plane ¢f all removable military equip-
ment, I finally attained a maximum indicated altitude of 43,000 feet.)

Before starting this project, I flew to Rochester, Minnesota, for two
weeks of simulated high-altitude operation in the altitude chamaber at Dr.
Boothby's Aero-Medical Unit of the Mayo Clinic. Chamber tests soon
showed that at 40,000 feet I could expect approximately 15 seconds of
reasonabiv 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 than enough time to transfer from the plane’s oxygen system to a
jump-bottl: oxygen system. And 15 seconds would be available only
if I discovered an oxygen feilure immediately upon its occurrence.

The general opinion prevailing among flying personnel, in 1942, was
. to the efiect 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 experience led me to doubt the validity of this opinion. 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
knowledge. Anocther mask, with a full supply of oxygen, was laid at my
side. It was my job to learn to detect hypoxia quickly enough to change
the masks without assistance. Several trials taught me to make the
change with 2 number of the originally available seconds of conscious-
ness still in reserve. ,

This t -zining may well have saved my life in the test flights with the
P-47 whick 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 descent from higher altitude. I noticed the effects of hypoxia in
plenty of time, but I made an error in what 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 somewhere
above 30,000 feet to somewhere below 20,000 feet, I remember onlyv a
great shriek outside my cockpit and my determination to increase the angle
of dive regardless of consequences. The P-47 almost certainly went
through a compressibility condition, but it was fully controllable again
when the instrument-board dials began to clarify, at about 17,000 feet, and
as my senses regained their normalcy with the increasing 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 value of adequate altitude-chamber 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 high-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 thereafter depen.i= on such variable factors as the cause of
oxygen failure, the type of your aircraft, and the mission you have been
assigned to.

Altitx.;de-chamber training for the recognition of hypoxia is simple.
It is applieable to group instruction. It saves lives.
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CHAPTER XVIII

EFFECT OF HYPOXIA ON THE
NERVOUS SYSTEM

OfF all the dssues in the body, nervous tissue is the least capable of
withstanding oxygen want. Whereas cartilage tissue, for example,
may withstand total deprivation of oxygen for several hours with-

out suffering any apparent dcleterious cifects, nervous tissue can

withstand dc.puv.luon of 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 organisin is of
paramount importance.

BLOOD SUPPLY TO THE BRAIN

The literature on cerebral circulition was reviewed by Wolll
(109) in 1936. In 1943 Schmidt (86) published a monograph on
cerebral circulation, The effect of hypoxia on cerebral circulation
was reviewed by Opitz (76) in 1950, by Kety (62) in 1958, and by
Lassen (65) in 1959. "The veader is referred to these reviews for de-
tails of this important subject.

Schmidt (85) and Schmide and Pierson (87) showed that oxygen
dehiciency produces vasodilatation and an increased volume of blood

flow to the medulla oblongata and hypothalamus. A number of in-

vestigators in the early 1930's (20, 67, 110) also demonstrated that
hypoxia produces dilatation of the pial vessels. These indings have
Leen confirmed by later workers (65) .

Wolll (109)stated that inhaladon of carbon dioxide produces a
more marked vasodilatation of the vessels which supply the brain
than does oxygen want. 1f this were wrue, there would be a greater
dilatation of the cercbral vessels during asphyxia than during anoxic

“hypoxia. On the other hand, Dumke and Schmidt (31) in 1943 ob-

served that both hypoxia and hypercapnia increased cerebral blood
fluw but that the effect of hypoxia was more striking than that pro-
duced by carbon dioxide.

The Nevvous System ' 271

‘The consensus is that slight variations of oxygen rensions do no
affect cerebral blood flow; however, a moderate decrease in oxygen
tension may produce a significant increase. Courtice (23) in 194,
working with chloralosed cats, found that there was no increase in
carebral ciiculation until the inspired air contains less than 15 pe
cent oxygen. Kety and Schinide (63) in 1948 reported thatin subjects
Licathing 10-13 per cent oxygen the cerebral blood How increased
about 35 per cent. Lassen (05) reported similar indings. "The later
worker has emphasized that the pronounced vasodilatory response 10
oxygen lack means that a greater degree of arterial oxygen unsatura-
tion can be tolerated than would be the case if this response did not
oueur.

Opitz and Schneider (76) reported in 1950 that cerebral blood
flow increased by ancmia and that vasodilatation comnences when
the pO, of the cerebral venous blood falls to about 28 mm. Hy.

Although there is sound evidence that anoxic hypoxia and proba-
bly hemic hypoxia cause an increased blood supply to the brain, it
is likely that in spite ©f this the diminished oxygen tension during
hypoxia produces a delicieni oxygen supply to the brain. Tt is gen-
cerally conceded that during anoxic hypoxia the brain is one of the
first organs to be aflected.

SURVIVAL TIME OF DIFFERENT NERVE TISSULS
DEPRIVED OF BLOOD

It has been known for a long time that different parts of the nevv.
ous system are more sensitive to deprivaton of blood supply, that i,
stagnant and hemic hypoxia, than are others. sAccording o Liey.
mans'  (49), Stenon  (43) in 1667 and Legallois  (66) maoe
than a century and a half later, were the first o investigate lhh -
portant problem.

Many workers have experimentally pmduccd anemia of the biain
Ly occluding the arterial supply; among the early investigators weye:
Cooper (22) in 13836; HLIL (51) in 1896 and in 1900 (52); Ciile
and Dolley (25) in 1908; and Pike, Guthrie, and Stewart (78) also
in 1908, Others have rcpm'lcd s'uulics on the effect of acute ancmia
on nervous centers (1, 16, 17, 28, 39, 43, 50, 60, 61, 72, 77, i,
95, 103).

Cannon and Burkett (19) in 1913 reviewed the literature of the

G Heymang in 1950 reviewed the literature concerning suivival and revival of
ncrvous tissues after arrest of circulation. The reader is referred to this extensive re-
view which lists 246 references. (C. Heymans, Physiol. Rev., 30 [1950]. 395.)
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effect of anemia on nerve cells of different classes. Table 10, which
was compiled by Drinker (30) from the literature cited by Cannon
and Burkett, shows the survival tume of different nerve tissues when
completely deprived of blood.

TABLE 10

Survivar Time oF DivrereNT Nerve Tissues
Comprerely Devriven or Broon®

Survival Tune

Tissue {Minules)
Cercbrum, small pyramidal eells . ... L0 oL 8
Cerebellum, Purkinje'scells. .. .. ... o oo oo oL L. 13
Medullary centers. oo 20-30
Spinalcord. ..o 45-60
Sympathetic ganglia. . ... o oo i ol 60
Myenteric plexus.......o oo 180

® From W. P. Drinker, Cardon Mononide Asphyaa (New York: Oalfurd Univessuy
Press, 1938), p. 13},

Drinker, interestingly enough, has pointed out that Table 10 indi-
cates that individuals who have suifered from severe hypoxia, such as
may be produced by carbon monoxide poisoning, may be pracucally
decerebrated.

Heymans et al. (50) in 1937 studied the effect of acute anemia on
the nerve centers by perfusion of the isolated head of the dog. The
circulation was interrupted for varying periods of time, and the abil-
ity of the centers to revive after the circulation had been completely
-interrupted was noted.

Table 11 shows that the cortical regions are the most sensitive to
oxygen want. It is of interest that Davies and Bronk (264), in studies

TABLE 11

ALty of CeEnTers AT Vantous Levies or e Nervous Svsreu
10 Witnstano CouwrLere INTrunuprrion o¢ BrLoop SureLy®

Jotertupnion of Ceniral Cortical Palpebral Casidio- Vs
iwculation up to - Pupdiary regulatory ot Respiratory
1-Smin....... ceieenn + + + + I .
S-10. . .o . - + -}- -+ 4
10-15. ..., Cenae e - - -4 -+ -+
1530 0o - - r + +
0. cevess . - - - - -

* From' W. P. Dhtinker, Cordon Moseaide Arphyasa (New Yurk. Oalurd Universy Poess, 1918), p. 134,

on oxygen tension in the mammalian brain, reported that the cortex
(at least locally) is on the verge of oxygen insufficiency even in its
normal state. Actually the cortex has but a small veserve of dissolved
oxygen shquld the circulation fail completely. Their experiments
suggest, however, that the cortex ought o function normally as long
as its oxygen tension is well above 5 mm. Hg.
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It is of especial interest (Table 11) that the tespiratory center,
which is generally regarded as being extremely sensitive to oxypen
want, may be revived after it has been deprived of its cinculation tor
a considerable time. Heymans et al. (50) pointed out that thar ex-
periments demonstrated that the respivatory and circulatory centers
possessed great resistance to hypoxia and could be revived after they
circulation had been arrested for as long as thirty minutes. "They
stated, however, that certain centers, which probably were situated
in the cerebrum, were more sensitive to anemia and were irreparably
damaged if the circulation were arrested for more than five minutes. ¢

Arrest of civeulation in spinal cord.—As early as 1667 Stenon (99)
reported that anemia of the spinal cord produces paralysis at the end
of one minute and suppression of sensitvity and motor functions
after three minutes. Legallois (see 66) in 1830 reported thac ligation
of the abdominal aorta produced paralysis of motor spinal funcuons
but that the spinal centers may recover their function if the circula-
tion has not been obstructed too long.

Since this early work a number of investigators (12, 13, 14, 15, 21,
36, 69, 81, 92, 97, 100) have reported the effects of interruption of
the circulation of the spinal cord. Many of these studies were made
following obstruction of -the abdominal aorta,

HISTOLOGIC STUDIES OF STRUCTURAL CHANGES

Angxic hypoxia'Thorner and Lewy (96) in 1910 reported ex-
periments performed on guinea pigs and cats which had been sub.
jected to complete h)poxn by being placed in an environment of
pure nitrogen for various periods of tme. T hese workers found that
exposures to sublethal periods of pure hypoxia produced vascular
and degenerative oonges in the central nervous system. It was em-
phasized that some ol +iiose changes were irreversible and became
summated in animals repeatedly subjected to hypoxia.

Following fatal cases of nitrous oxide-oxygen anesthesia, lesions
of the brain, especially in the cortex and basal ganglia, have been
obsarved (41, 70). These changes have been attributed to anoxic
lnypo\m

1t has been suggested by van dLr Molen (98) lhu cortical cell

- changes occur at partial pressures of oxygen equivalent to an altitude

of 28,000 feet (8,535 meters) and, moreover, that some of these
changes might be irreversible. e will be remembered, however, tha
the average unacclimatized individual cannot live much beyond an
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altitude of 25,000 feet (7,620 metersy. Only individuals thoroughly
acclimated could withstand an altitude of 28,000 feet; it is known,
of course, that several members of the various Mount Everest expedi-
tions were reasonably well accljmated o this great height

Windle and his co-workers (105, 106, 107, 108), during the carly
1940’s, carried out extensive researches on the central nervous systemn
of full-term guinea pig fetuses which had been subjected to severe
grades of hypoxia (and of asphyxia). (Some of these animals were
resuscitated and later subjected to learning tests.) Controlled histo-
pathologic studies were made. Newopathologic chaiiges of various
degrees of severity were observed, which were not necessarily re-
lated to the duration of the hypoxia. Among the chianges noted were
capillary hemorrhages, clouding of Nissl substances, shrinkage of the
neuron, and loss of stainability. In some instances, there was a gen-
eralized necrosis of the brain and spinal cord with chromatolysis and
edema. Ghal proliferation and loss ol nerve cells, especially in the
pyramidal layers of the cercbral cortex, were also found.

Morrison (74) in 1946 made comprehensive histologic obsceiva-
tions on twenty-five dogs and ten monkeys which had been subjected
to various degrees of hypoxia. e observed thata single exposure to
a simulfated altitude of 32,000 feet (9,755 meters) for twenty-live
minutes produced extensive lamina nccrosis in the corwex of the
motkey.

chc'ncd exposures of moderate hypoxia (12-13 volumes per cent
of oxygen in the blood) showed that the first histologic changes
occurred in the cell bodies of the cortical gray matter. When 10 vol-
umes per cent oxygen were used, and the animals subjected to re-
peated exposures, the white matter became involved, demyelinization
appearing in the corpus callosum and centrum semiovale.

It was observed further that during severe hypoxia the frontal
lobe was most often, and the temporal lobe least often, involved. The
cerebellum was more often affected than the basal ganghion. The
spinal cord and medulla were not aftected by hypoxia compatible
with life.

In 1945 Hoff, Grenell, and Fulton (57) , working with guinea pigs,
reported that'hypoxia caused marked changes in the cell, which in.
volved the cytoplasin, nucled, and Nisslsubstance. Damaged cells were
found in various locations of the bram, but those in the medulla and
cercbellar cortex were especially involved.

Metz (73) Jin 1949, after subjecting several dilferent species of
vertebrates (uoldﬁsh frogs, turtles, pigeons, and rats) to severe grades
»f hypoxia, commented on the fact that he did not see much histo-
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logic nerve dumage. He emphasized the pessibility that the changes.
which may have occurred were not morphologic in nature hut
rather were biochemical phenomena at a submicroscopic evel. “This
is an interesting cbservation and suggests further researches along
this line. )

Recently Hager et al. (16) studied clectron-microscopic chanyes
in bain tssue of hamsters following acute hypnxia The studices
suggested thae there is a rise of intracellular osmotic pressure and
disintegration in both the perikaryon and the mitochondria,

Gevard (38), from his studies on hypoxia and neural metabolisin,
has concluded that one of the functions of oxygen is to keep the el
membrance polarized and, further, that proteolytic processes are ini-
tiated by complete hypoxia. It is thought that the accumulation of
lacuic acid in severe degrees of hypoxia may be partially responsible
for this reaction.

Gellhorn et al. (37) bave suggested that hypoxia and hypogly-
cemia have a similar physiologic action on the central nervous sys-
tem and that they act synergistically in the production of convulsive
seizures. Sugar and Gerard (95) have also suggested that hypuhly
cemia acts much like hypoxia on the function of the brain, since it
leads to interference with oxidation in that organ.

Hemic and stagnant hypoxia.—Histologic studies of nervous tissue
have been made on the difterential effects of hypoxia following
ancmia. Gomez and Pike (11) in 1909, working with cats, reported
histologic changes in nerve cells brought about by total anemia of the
central nervous system. The order of susceptibility of the cells of the
central nervous system to oxygen want, as shown by histological stud-
ies, was as follows: small pyramidal cells, Purkinje cells, cells of the
medulla oblongata, cells of revina, cells of cervical cord, cells in luin-
bar cord, and s‘,mpuhcuc ganglionic cells.

Gildea and Cobb (39) in 1930, studying pathologic effects of ceve-
bral anemia, observed nonspecific cortical lesions, such as focal arens
of necrosis and swollen and shrunken ganglion cells. The most pro-
nounced cffect was noted in the cetls of lamina LI and 1V of the
COrtex.,

In 1938 Greenfield (42) reviewed previous work on neuaronal
damage from stagnant and anoxic hypoxia. He emphasized that there
are considerable differences in the responses of different nerve cells.

Weinberger et al. (101) in 1940, working with cats, produced
tempovary ancmia by occluding the pulmonary artery. At the end of
three minutes and ten seconds, permanent and severe pathologic

" changes were found in the cerebral cortex. Longcr periods of hemic
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hypoxia produced lesions in the Purkinje cells of the cerebellum and
in nerve cells in the basal ganglion,

Effect of anemia on cells of spinal cord: A number of investigators
(34,17, 81,92, 99) have made histologic studies of certain nerve cells
after the circulation of the spinal cord had been pardally or totally
arrested. For the most parg, severe anemia (ischemia) produced grave
damage to the cells, and in some instances necrosis and destruction oc-
curred. The amount of damage, of course, depended upon the se-
verity and duration of the anemia. Some cells—for example, those of
the spinal ganglia—withstood anemia much better than others.

These studies on the cells of the spinal cord have important clinical
significance. They are especially pertinent in surgical operations in-
volving important blood vessels, partcularly the aorta. Recently,
however, the use of extracorporeal circulation has removed many
dangers in this area. ’

As might be expected, arrest of circulation produces grave organic
changes in the cells of the central nervous system within a rela-
tively short time. It has been emphasized by Sugar and Gerard
(95), however, that while the damages which follow sudden anemia
are primarily due to hypoxia, there are other important contributing
factors. Those which they mention are hypoglycemia, hypercapuia,
and the increased extracellular potassium.

Carbon monoxide poisoning.—The clfect of carbon monoxide on
the nervous system has engaged the attention of numerouns work-
ers (53, 54, 58,75, 91, 96, 111) . Not only has necrosis of nerve fibers
in the brain been observed, but necrosis in the peripheral nerves, as
well (68, 91).

In 1934 Yantetal. (111) made extensive investigations of histologic
changes produced in the central nervous system of dogs following
administration of carbon monoxide; various pronounced lesions were
found.

In 1946 Lhermitte and De Ajuriaguerra (68) reporied that if
death rapidly followed carbon monoxide poisoning, hemorrhages,
necrosts, and cd_cm:l occurred. These chanpes primarily involved the
lenticular nucldr; but the subcortical white matcter, the luppocampus,
the substantia nigra, and the cerebelluin also were affected. 1f carbon
monoxide poisoning is continued for long, changes appear in the
vascular network with infiltration of the walls by neutral lipids and
‘other substanceg, such as fervic salts and calcium,

These authors supgest that a toxic factor in addition to the anoxic
factor in carbon monoxide poisoning affects the neuroglia and the
vascular network with specific involvement of the basilar region and

‘e
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the white fibers of the centrum ovale. In this connection, Thorner
and Lewy (96) in 1940 raised the interesting question whether the
cevebral changes in carbon monoxide poisoning are actually typical
ol hypoxia or are caused by other factors.

Dun (32) in 1952, studying the brain of man, reported that
cerebral lestons which occur as residua of carbon monoxide poison-
iny consist essentially of dilatation of blood vessels, edema, peri-
vascular hiemorrhages, degeneration and death of ganglionic cells,
focal demyelinization, and foci of necrosis. He felt that these lesions
ware cither directly or indirvectly caused by diminution of the supply
of oxypen.

Obviously, carbon monoxide poisoning is capable of producing
severe damage to nervous tissue. Some of the histologic changes
following severe poisoning are irreversible, so that permanent damage
has been done, and as Drinker has pointed out, individuals may be
practically decercbrated. :

CHEMISTRY OF THE BRAIN

During the past two decades or so, considerable research has been
done on the chemistry of the brain during hypoxia. Several investiga-
tors (6,7, 44, 45) have found an increase in lactic acid during anoxic
hypoxia. Gurdjian et al. (44, 45) in 1944 reported that cerebral
lactic acid rose when the oxygen content of inspired air fell 1o 10-13
per cent. Criscuolo and Biddulph (26) in 1958, working with rats,
found that adrenalectomy prevented an increase in lactic acid of the
brain during hypoxia. If, however, ¢pinephrine were administered,
the usual vise of lactic acid during hypoxia was observed. The authors
feit that this finding suggested that blood sugar is the substrate fo
lactic acid.

Theve is evidence that hypoxia causes a decrease in phosphocrea
tine. Gurdjian et al. (41) reported a decrease of phosohocreatine
when antmals breathed 7 per cent oxygen. No change, however, was
noted in cerebral adenosine triphosphate. In 1953 Albaum et al. %,
woiking with rabbits, subjected them to progressive stages of hy-
poxia and correlated the chemical changes in the brain with elecurical
measurement of function. Moderate decreases of adenosine triphos
phate, creatine phosphate, and glycogen were observed. ‘These de-
creases, however, were not noted until the stage of imexcitability had
been reached.

Welsh (102) subjected vats :o anoxic hypoxia (200-100 mum. Hg
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barometric pressure) for one to two hours aud obscrved that the
acetylcholine in the brain was decreased by approximately one-third
o one-half. Insulin hypoglycemia was found to cause a greater de-
crease in acetylcholine than anoxic hypoxia. 1t was sugaested that the
dechine in free acetylcholine might account for the decrease in ex-
citability of the coviex under conditions of hypoxia and of hypo-
&I)LC“H“

Dixon (29) in 1949 studied changes in the concentration of potas-
stum in shices of rabbit cerebral coitex, which were bathed in a
bicarbonate-Ringer's solution. In the absence of glucose a loss of
potassium from the tissues was noted. With active utilization of glu-
cose, however, there was an increase in the uptake of potassitnn, In
this respect brain tissue resembles other tissues of the body.

The chemistry of the brain duving hypoxic states obviously needs
further investigation. Studies which covielate the chemical changes
with electrical activity of the biain are especially needed.

ABILITY OF YOUNG ANIMALS
ASPHYNIA AND HYPOXIA

TO WITIHSTAND

It has been known for well over two centuries that young animals
are considerably less susceptible to asphyxia than adults. As carly as
1725 Robert Boyle (10) commented on the resistance of Kittens to
asphyxia, and Paul Bert (5) in 1870 called attention to the fact that
newborn animals were capable of withstanding prolonged asphyxia,
Since that time many observers have veported studies on asphyxiicand
also on hypoxia in young animals and have confirmed and extended
the carhier work.

Studies have been made on vats (1, 8, 9, 11, 18, 27, 35, 48, 55, 83,
88, 84, 90, 104), on dogs (33, 35,40, 55,61, 6:4, 88,90, 101}, on guined
pigs (18, 35,40, 104), onrabbits (35, 10, 88,90, 101y, on cats (35, G,
99, 101), and onamice (8, 59, 79, 80) . A few observauons have also
been made on chicks and ducklings (82) and on the opossum (64) .
Newborn hwnan infants, too, are capable of withstanding consider-
able periods of hypoxia; several workers have cmphasized this (24,

104) .

Space does not permit giving details concerning all these experi-
ments, Suffice it to say that the problem has been approached in nu-
mevous ways, and vavious grades and dilfevent types ol hypoxia were
usced; the length of exposure was also varied. A few typical experi-
ments may be cited. .
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Kabat (60) in 1910, 5(ud‘,|n}, resistance of very young puppu_s o
arrest of brain circulation, found they were much more resistant 10
acute hypoxia than adult animals. The uspu.uoxy center in the new-
born animal continued to function seventeen times as lony as in the
adult. The newborn also achieved (.Ollll)l(‘lc l'uncnun 1l recovery
much more quickly than did the adult animal. At the age of fous

months, the resistance was dunjpished to the ‘d”h, level.

~ TFazekas, Alexander, and Himwich (35) in 1941 studied the ol

crance of the adult and infant of various species (vat, dog, cat,
rabbit, and guinea pig) o hypoxia. The newborn exhibited a much
greater tolerance to hypoxia than adults. Toletance varied in the
dilferentspecies; for example, tolerance was longest in the physiologi-
cally immature newborn rats and shortest in the comparatively .
tuve guinea pe. The authors suggested thae in the newborn puppy
and rat the factor permitting sivival was poikilothermia, the fall of
temperature dininishing the meabolic demands, Te has also been
demonsurated that in these two animals there is a lower cerebial
metabolic rate.

Glaoss, Sn)du and Webster (40) in 1914, working with dogs, 1ab-
bits, and guinea pigs, subjected o pure nitrogen, concluded that
tolerance to hypoxia is related to the stage of development rather than
to enviromnent. Interesting results were obtained with suckling vah-
bits breathing pure nitrogen. The survival period at one week was
ten minutes; at two weeks, four minutes; and at three weeks, one and
a half minutes, the last value being the same as that of the matared
animal. These authors emphasized that rhe defense of the fetus againat
asphyxia is important because of the increased hazand of respitatory
failire during the terminal phase ol intrauterine lile and the carly
neonatal perod. v

Selle (89) has pointed out that the increased tolerance of youug
animals o hypoxia is apparently due to several factors: (@) a low
mcetabolic vate of the centval nervous system, (b)) poikilotheriy,
and (¢) ananacrobic source of energy. Kabat (60) and Jelinek (h)
also feel that the newhorn can obtain anacrobic energy from glycolysis
to a greater exeent thas . tults. To has been shown by Himwich and
his assoctates (55) that insulin reduces, and glucose increases, the
survival of younyg animals placed in pure nitrogen. e and_his co-
workers (56), studying the survival of young animals which had heen

“given sodium cyanide (which inhibits the cytochiome systemy),

demonstiated clearly that anaerobic encrgy is available o younyg ani.
mals.
De Haanand Field (27) in 1959, working with rats, felt that young
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1als can withstand hypoxia better than adults because of high
and the infant’s ability to metabolize lactic and

pyruvic acids to lipids.
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CEREBROSPINAL FLUID

PRESSURE

In 1960 Small et al. (20) reported the effect on ancsthetized dogs
of the inspiration of 8 per cent oxygen in nitrogen mixtures, Cerehio-
spinal fluid, arterial blood, and central venous pressures were all
measured simultaneously with modern pressure transducers. "Fhe
peak increase in cerebrospinal fluid pressure, occurring at four min.
utes on the average, was 108 per cent over the control. Mean arterial
blood pressure increased 31 per cent and venous pressure 69 por cent
at the same time. Vasodilation in the brain as well as increased
blood pressures, both arterial and venous, were suggested as the
causes of the rise in cercbrospinal fluid pressure. Earlier expent
menters have reported similar indings in both dogs and cats. Mot
have found an carly rise in short bouts of severe hypoxia (2, 15, 17).
With longer exposures the terminal increase may be lessed marked
or absent (1, 7, 23, 25) . Edstrom and Essex (3) found the 1ise o
cwrring for thitteen to thirty-three minutes following the breathing
of pure nitrogen gas until near collapse.

According to present concepts (10, 21), hypoxia can cause cevelnal
vasodilation and increased cervebral blood low. Since brain and cere
brospinal flnid are incompressible, in order for the cranium to ac
commodate the extra volume of blood there must be a shifu of finid
from the cranial cavity. In the process cerebrospinal fluid pressie
is apparvently clevated, and cerebrospinal fluid absorption into the
venous outflow is probably increased temporarily until a new equilib-
rium is reached.



APPENDIX I

For uniforrm (ccnstant) deceleration the governing equation is:

2
v
G = -———————
64..45
where:
v = Velocity in ft/sec
= 27C knots = 456 ft/sec
S = Deceleration distance = 1950 feet

The constant 64.4 is twice thc acceleration due to gravity
or 25 = 2 X 32.2 = 64.4 ft/sec’.

Thern:

64.4 (1950)




The 'Wreckage Diegram’ for C-54 SN 68-21E shows & deceleration
distance for the troop compartment of about 650 yards or 1950 feet as
scaled frca the diagram. For an initial spced of 270 knots or 456
ft/sec the average dcceleration QVer this distance is 1.665? In view
of the nature of this accident it is the opinion of the author that
the pesk decclerations which occurred are probably not more than three
(3) ‘tices this wvalue or about 5g’'s, The reader shonld observe
carefully the fact that such peaks cannot physically be applied for
any apprecisble period of time otherwise the aircraft would have to
stop in much less then 1950 feet. [The value would be 646 feet at
Sg's constant deceleration], ’




Contact No. 2

This ground contact occurred after the aircraft became airborme
following the initial touchdown and crossed the Saigon River.
Observation of the forward main geer tire marks relative to a small
dike on the far bank of the river shows (together with the absence of
nose gear marks) that the aircraft agaim touched down in level or
slightly nose up attitude. The extended nose gear and extended main
gear permitted the aircraft to pass over this dike, allowing failure
of all of these remaining gears with little or no contact of the
bottem of the fuselage with the dike., The decelerations here woutld
again be no more than the values occurrirg in the first contact, Upon
passage cver the dike the bottom of the aircraft began a skidding and
plowicg ron through wet and soft rice fields to the final poirnts of
rest., Observatiocn of the accident photos and other evidernce shows the
following:

a) The troop compartment and the crew coppartments remained
essentislly intect, maintaining 1living space for those
occupants,

b) All sests remainmecd attached to the floor and there were mno
seet belt or rtarmess failures,

¢) Scats in the troop compartment are 16g seats attached to the
floor witk a 9g restraint. All were rearward facing,

d) Skid trecks through the wet/soft marsh-like terrain ere
strongly indicative of long—duration, low-level, constant
decceleration for the cockpit and troop compartments,

e) Eresk-up of the lower fuselage occurred in meny reclatively
small pieces consistent with many successive failures, again
irdicative of continued and Lence low level continuous
deceleration,

f) The failure of the side wulls of the lower (cargo) compartment
vitimately resulted in the formation of two skids or runmners
~for the troop cormpartment which guided that compartment in
almost a straight track, reducing latceral loads to only those
of vibratory naturc and allowing the floor to remain intact,

g) Adult occupants seated or kneeling on the floor between rows
of secats, without any kind of restruint other than holding by
hand werfe able to stay in placo throughout the complete impact
sequence without serious injury. Cuts and bruiscs were

“reported. Only those occupants in line with an isle and
holding by hand appesr to hnve been unable to retain position, :
These occupants would have been in a condition similar to a
"frce fall’ at a somewhat elevated ’'g' value of about 1.5 to

. 2.0g as they 'fell’ longitudinally along the isle to impact at"
or near the fronmt bulkhesd. Their injuries thus occurred in

this mode. N



ACCIDENT SYNOPSIS

- The crash of this aircraft -consisted of two ground ccntacts
separated by approximately 875 yards of free flight., The anzlysis of
the data available sbows the following concerning these two contacts:

Contact No. 1

This contact has been characterized by severel of those aboard the
gircreft as 'a near normal touch down' or 'no more thanm a hard landing
typical of 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), a2 fact in agreement with:

a) Extrepolation of the MADAR data.

b) The eircraft sttitude and speed, i.e,, nose up at touckdown.
(It is noted that the nose gear did not contact the ground at
this point).

¢) The aircraft would bave been in ‘ground effect' as it
approached the surface with resulting tendency to reduce any
existing sink reate.

d) Statements of other crew, for example: Capt, ifdarp said in the
Schreider Trial, page 2143, line 4: 'I would say thcere were
tardly any G forces on the first landing.’

The primary structural failure at this first contact was removal
of the ~«eer sets of landing gears, probably due to the landing on a
less than normally firm runway and to the above normzl touchdown speed
of 27C i:wnots, both of which could be expected to increase the drag
forces on the gear, i

Since the ultimate design load for each gear does not exceed
240,000 lbs, and assumption of full design load being developed on the
rearmost gears, plus a limit load of 160,000 1bs on each of the
forwerd main gears, gives a total load of 800,000 lbs. This would
load the 450,000 1b aircraft to no more than 1.78g's along the
longitudinal axis of the mircraft. The vertical loads would have been
very consistent with those occuring for a landing at near or lower
than normel sink rate. Vibratory oscillations would have been induced
into the structure due to failure of the gear, however thesc, being of
high frequency, would have becn more of an ‘audible’ naturc to
passengers of the troop compartment rather than of a nature such as to
produce:a displacement or impact type response of those passengers.,

No hazard to the occupants of either the cockpit or troop

compartments can thus be expccted from this contact, .
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CRASYH OF AFe8-218 C-54 ON 4 APRIL 1975

By: John W. Edwards

Supervisor: LAC Te
r

AT 68-113 departed Ton Son Nhut Airport Sizgon S. Vier Naxz ¢ . & April 1975 .

and crach landed approxizately 28 minutes later in a rice paddy while

‘<

5 the runwvay from which it had just de-parted.

At the tizme of the cdecompression the aircraft had clizbed to an altitude of

e

23,200 feet approxizately. The aircraft continced its clirb Zor an additiornal

nire (5) seccnds teo a maximum altitude of 23,424 feet at which time it began &
descent. AccorZing to the on board data recording systexz, MADAR, the aircrards

first reached 10,000 feetr alzitude approxizat *ly seven (7) minutes anc 31 seconds

later. Attachment 5 dipicts the altitude fizme niscory.

1.0 The 2'loads cn the occupants at the deccmpression were essentially negligib.e

as substanriated by the following information:
1.1 The Engineering analysis exhibit D-2 page 90 fifth paragraph indicates

structural responses rather than airplace motions.

1.2 All crew statements described the decompression in terms of noise only, .
i.e., "Loud Pop" rather than airplane moticn. Example: Harrietr Mary Neill
court testimony page 174 (Aizmerly case) last paragraph. "l remember the first thing

"

I wvas aware of was that there was a loud pop and ---=".

DEFENDANT'S
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2]

.0 Regarding the effects of Hypoxia, it should be noted that the altitude of

3-218 at 23,424 feet was more than a mile lower than Mt. Everest which has

O

been climbed by man manv times.

2.1 Chanute AFB in Illinois has a Physiological Training Unit which publishes

an Atmospheric Pressure Table which advises that the

ot
}e

me to parachute fron
20,000 feet to 12,000 feet is 6 minutes and 30 seconds whereas the time of
useful consciousness is over twice that or 13 minutes for a working crew member.
A person at rest would consume less oxygen. Attachment 5 shows that the time
from rapid decompressicn until the aircraf: descended to 10,000 feect was 7' 45"

approximately. This table is repeated below for convenience
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2.2 The medical attendants in the aft troop compariment reported no signs
of i Example: Court testimony of Mary Neill (formerly v Caoffemert)
page 175

1

loads at the {irst izpact were essentially negligible

2 vertical g

L

as substantiated by the following data.

3.1 Capt Travnor noted that the sink rate was between 500 and 600 feet per

mirute as documented in his court testimony page $0 (Marzherti case) second answer.

when held tightly ia the Jist and

thrust across the table setrining o heavy objec:.

3.2 The marks in the soil showed indentations cf ornly the aft gear whicn broke
and the stubs of thesc broken gear then plowed ianto th2 sof: farm .and digging

up furrows tco narrow for the entire gear. Reference Photograph 3G.

3.4 The remaining forward main gear and the nose gear were carried by tne

alrcrait to the second impact point across the river.

3.5 Cant Trayror's court testimony on page 89 (Marchetti case) describes the first

impact as "--- normal or less than normdal race of cescent ==="".

3.6 Harriect Marv Neill {Goeffenett) court testimony on page 180 (Zimmerly case)

deseribes the first impact as ''--- a firm commercial airliner landing ---".



4.0 The lcnpitudinal decelerations at the first impact were essentially

e
%

ne
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ubstantiated by the followiny daca.

engineering analysis, exhibit D-2, on page 90 third parag
ved 3.5 seconds pricr to as 270 mnots or 455

vn the fifth paragraph of the saTe page, the alrpseed jus

a
b
3}
(3]
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n
2]
b
wn

[aj
or
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v
e
n

ed did not reduce noticeatcly.

raph, snows

listed as the identical 270 knots (455 feet per second),

crew siatements as surmarized in 3.5, 3.6 above also pertain to the

detailed

2t per secend. The second aft main gear would have bSroxe

icnal .2 feet per second slow down.

The left aft gear striking the ground first - rclling a few

and breaking off at about the same time the right aft gear

3g which is a color photograph of the Iirst impact poi

the ground rolls for a short distance and also breaxs cff as

of lengitudinal deceleration since no sudden "sumps' were discussed.

clearly

evidenced by a discontinuation of the tire marks. The aircraft in a

wing low atritude, continues to set:tle and the broken stub of the

aft main gear starts plowing through the soft farm land.

At

the same

time the two leftr engines come close wvaouuh to the ground to "vacuem”

up the soft dust and rice straw as evidenced by the two ¢

1

€

an

streaks

left



5.3 The vertical g loads on the occupants at the second impact were essentiaily

widely spaced at the same spacing as the two left engines on the
C-5. The inboard door of the left aft gesr, now being free to swing
downward because of the broken gesr strikes the ground just to -the
right of the deep darker plow marx and scrapes the surface of the
scil resulring in a wider marx but less darx in cclor due to the
lesser penetration of the soil. At this time the aircraft starts to
gain altitude since no engire "vacuum" zarxs are in evidence. The

aircraft still being close to the ground centinues to bSlow away

surface dust and straw.

The left aft gear tumbles free and stcops to the lefz of the flignt

ascending manner.

negligiple as shown by the following data.

5.1 The ai

exhit

plowing

"

craft was very close fo the ground as shown by color photcuravh

3F which shows the effocts of the broken studbs of the aft =ain zear

throuzh the vegetation on the river side of tie dike. It 135 very note-

worthy rhat the nnse gear was atove this vegeration on the river side of the

dike since no middle plow mark was left by t!

of the

gircrart allowed the main fuselauve to clear the dike therefore the

e nose jear. This nose up attizude



. -7~

aireraft literally flew onto the rice paddy severing the nose gear and then

ining two {orward main gear at the dike. Again the color photoyraph

-
e
-
I
Ri
-

indicates the airgraft was in contact with the rice paddy very shortly after
cressing the dike.

5.2 The plow zarks on the river side of !

1

1w dike are essentially unifer=
from the river to the dike as shown by exhibit 3F indicating that the aircraft
was not descending rapidly. An appreciable descent rate would have shown a
widening and deepening of these plow marks.

5.3 The pilot of the aircraf:, Capt Traynor;in his court testizeny on

page 2213 (Schneider case) ‘describes the seccnd impact as "This time it shock
-the airecraft a little bi: more’ and "well, it was a vibration like I Had bHlown

a tire or run cff a runway.”

5.4 Neither pilot nor co-pilot mentions being bounced up and down which

would be indic.tive of vertical g loads.

5.5 In the aft crew compartnent all adult occupants were in positions other
than normal seats. Mrs Neill (formerly Gotfenect) was in between two rows of
seats with her arms spread over the seats she was facing. UlNone of thes2 occupants

were dislodged from their position despite the lack of normal seat belt restraints

except Mrs. Neill who was between rows of seats 2 and 3 from the frontc, as

evidenced by her court testimony on page 87 (Marchetti case), Mrs.

" must have let loose', "and the second impace,

that after the first impact she

1 wvas thrown forward against the forward bulkhead”.

-

Doctor Stark in his court testimony (Marchetti case) on page 25 stated that none

of the 2duits had seats. Because of his concern for the impending landing, Doctor



Stark had sat Jown between two rows of seats {(page 1JJ) and braced hinsel
against the scat at his back and was not Jislodged from this position duringz the
entire sequence.  also, on page 30 he describes the sequence "--- and there was
certsiniy a very definite impact but everything remained psretty much as it was."

Cn page 34 hie refers to the conditicn of the chiliren as "---essentially,
unchanged from the time they were aboard the plane, as near as [ cculd determine.”
Capt Marcia Gray Tate was on her knees between two rnows oI sears leaning forward
over the seats in front of her as discussed in her zcurt testimony (Marchertd

Cn page 35 she testified that she staved in that positicn unril

L0 a complete stop. Also, on page 35 she descrited the lancding

cr

viclent™, anu compared the 1

iz was not particula

on page -5 as ''ves, there was -- very sizilar to me -- to a rcugh

that I kad been in previcus to that.

Lievtenant Aune was sitting in the aisle with her legs crossed and bracing hersel
with the seats according to her court testineny (Marchetti casc) on page 1914,
Alsc on page 1915 it is noted that she was not dislcdged except as a result of

turnirg lcose to grab someone's ankle who was stancing. At this time she went

sliding along the floor to the front.

These staterents together with the physical evidence and phetographs indicate

that the vertical g loads were negligible.

6.0 The longitudinal deceleratrions were fairly uvniform and of a relatively

nitude for an airplane crash,

6.1 The g lcads as computed by using valocity and distance were .6 averaye for
the occupants ¢f the aft troop compartment and 1.6 for occupants of the flight

deck. Rerler to Attachment 2.



-9-
6.2 The expected variation in this average would be a peak of 3.9) 2's as scaled

from 27 diiferent tests of rocket sled test by the Alr Force in 1951 used to develop

resctraint systems. The cover sheet and cabular data sheet is listed as Attachsent 3.

lat, wet, grassy and free of any cobstructions such 2s

o
(N}
.q
or
n
[al
by
!
ol
o
jo%
4}
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&
v
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€.4 The aircraft sliding in essentially a straight line stayed in contasct with

, and 2B.

the ground at all times as shown by photographs 2E, 3

Te occupanis were seatel in

cccupant is pressed into the seat

6.€ The ozcugants are seated approxi

2ns tnhat oo

o

shock loscs in a manner similar to the soft body structure of a racing car which

"

is termed eformable"” by race car <4rivers.

The errosion of this structure by cthe scrubbing acticn of the rice paddy would
be felt as vibraticn and ncise rather than a shock Jue to the cushioning acticn
of the structure between the occupant and the ground.

6.7 The average g' load of }.6 would be ornly one-tenth that of the average of
the 43 rocxet sled test in the attachment 3 report. 1In all these cases the
deceleration distance was from 24.6 feet to 47.1 feet with a velocity change of

ranging from 77 feet per second to 181.5 feet per sccond.

-

6.3 The peak deceleration of 3.9) g's is about one-half of what one experiences

in an amusement part ride which range from 1.53 g's to 6.2 g's.
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6.9 The aircraft skidded throueh the wet rice paddy {n a slightly rose up

{ront end of the aircrait being more intact - thnat

crence of the nose secticn, although severely damaged was

artment as shown In pghoto 3C.

the rower portion - and after coming to a stop - rolled over on the

right side since no wud is noted on the cad Lop.

6.10 Tio copilot, Capt Harp, 2ctually described the stepping of the aircraft in

his court restimony on page 2143 {(Schneider caze) as "It seemed like we were siiding

the soewd of tne alrcrafr and opening up cracks In tie structure.

7.1 When the errosiocn penetrated the corgo Ilocr at stcut 800 feczt from the
dike the cracks opened up the sides of the fuselage and the wing - still having
1;f:ing power due to the remaining velocity, actuai breke free from the flight
deck in {ront of the wing and the aft troop comwpart=ment afr of the wing, and
literally flew off separateiy. The wing landed a footrball field and a half in
front of the aft troop compartment where a fire broxke out coasuming most of =
wing.

7.2 At about the same time the empennage, due to the strucrural cracks formed
by the scrubbing awav of the arft fuselage, and having lifring power also, broxe

-

loode and flew separately off to the right side.



7.3

threugh the wet
the {light deck
the £lizht Zdeck
which cooputes €
lateral movement
cerputes to 1.07
7.4 The aft tro
mrennage, conti

rh

tre fuselage

o)

7.5 The aft tro

of the wing. Th

compartment whic

1.60 g

-11-

Jeck, with the lower porticn more intace,
rice paddy and curved of! to the lelt. At
turned over on its right side. The total

w3s scaled from the wreckaye ciagrem a

cp compartment, at the time of separation

nued to irough the rice

under this troop cempartment was nct

distance traveied

's in the X axis. The lateral movement

which cemputes at

0p compartment

is opening allcowed relatively warzm

h was previously cooled at about 70°F.

w35 dlso

continued o slide

the end of the slide
distance traveled by
7 oas 2,209 fcet

to the Jeparture

warm air would have been noticed by the occupants. The aft troop compartment
came to a rest about 150 yards from the burning wing, pointing almost dirscrly

Although the wind was blowing in a direction to carry the

smoke and fumes away from the aft troop compartment, undoubledly some {ire oder

would have been

7.6

ncciced even 150 yards awav.

There was no fire in the area of the aft troop compar:izent as evidenced bv

color photograph 3B and my own personal observations at the site.
.



7.7 There was no fire in the area of the crew compartment as cvidenced by

photozsrapns 3C and =y own personal observations at the site.

own by 3JA.

.

7.8 The only fire was in the wing area as

The ferezcing cpirnion is based on a3 totai assessment of all the ava:ilable
evidence and information and includes; actual on the site participaticn in the
searcn for pertinent aircraft parts, an exaxinaticn of the vreckage, evaluation

of recorded data on the on-toard recording evaluaticn of all crew

S5y crew

leads to @ reasscnalble engineering ceonclusion

-3
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o
"
o
jo
I3
i
"
8]
4]
(ol
w
[¢)
e
il
<
I\
[
0
o]
[g]
m

Further it is a ccnsidered engineering cpinion that the occupants were subjected
to far less severe conditioms of "thia'" air than that whicn is expected to be

harmrul.

Jobn W. Edwards
Chief Project Engineer
Lockheed-Georgia Company

JWE »be



Cutermine AL

to drag loads:

Ril = betfore lst impact

- 2

LS 1/2 451000 x 455
- 32.2

- - 9

MLy os 1.4468 x 10

CATTACIMENT o 1

breaking one gear:
icked up drawy load for 10 feet starting st O drag and
o 250500 at 10 feet
. . Average distance 1s S feet
. d 2550C 1. 9¢ 6 .
. . Fxd = 250000 = 5 = 1.250 x 10" foct pounis
KE_ = energy lefr alter brexking IirsI gear.
. .6
KE | = i G
. [
E. = - 1.25 Is
R, 1.25 x 1
. = 6
KE, = 1448.535 z 10
Velocity after lst impact:
Ko, = /2 MV 2
K2, MV, or
2 ol
VvV = 2 X RE,
M
- i3 9
= 2 x 1.44355 x 10
451000
32.2
2 . ~ 2 ] *
= 2.89710 x 107 = 2.3971 x ;0
1.40062507
2 5
VS o= 2.0634410 x 10 /
- V, = 454.80 feet per sec* L
The aircrafit would travel this 10 feet in 10 or
.53
change .2 feet sec. in .022 sec.
Vo= AT or A = .2 = 9.09 =This is [or one gear - the second
522 rear would impart 3 similar .2 ¢
el at a4 lare ime.
,-'.'.'5=A_, 5-5 =,2 decel a - Tt [Y
P s
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AVERAGE

RUN # g A\

96 10.56
119 10.12
121 10.79

94 3.01

97 11.39

a8 1404
102 145.08
105 13.90

37 11.00
) 12.49
Lhy 1z.22
152 11.865
1o 14.54

59 17.31
100 17.57
142 16.386
143 17.66
146 17.27
157 18.10
163 17.82
la3 15.51
166 15,37
103 16.20
105 15.77
122 15.15
207 15.20
108 17.18
10¢ 15,03
110 17.3¢
111 21.74
123 17.78
124 145.75
130 14.55
113 22.32
114 21.74
133 25.25
13s. 22.22
210 12.32
211 13.72
212 17.25
213 . 17.76
214 19.92
215 23.95

TOTA 694.67
SVERAGE 16.16

24,

I~ U o o b

W W W W NI W WO RN W

OO I~ tn £~ D W & o W~ Wt

POV ONOU OO N O WO O OWWITOHEH LWL OOV O O W W W

C D
PLATEAU PEAK ¢ =
218 A\ sear 2)

1.71 11.0
1.72 13.5
1.7 15.5
1.84 27.8
2,11 *
1.86 *
1.40 21.5
1.91 24.5
2.01 12.0
1.83 *
2.29 *
2.32 *
1.65 *
1.u4 25.53
1.8 26.5
2.01 *
2.1 *
2.1 *
2.:3 *
2.87 *
1.97 *
1.64 *
2.53 33.0
- 2.32 34.0
2.64 18.0
2.05 35.0
2.63 28.5
2.81 35.3
2.93 38.0
2.55 L4.5
2.56 22.0
2.90 36.0
2.65 *
2.4 38.5
2.56 29.9
2.51 *
2.74 *
1.81 19.9
2.40 23.0
3.03 31.0
3.29 36.0
3.10 38.5
- 3.03 47.0
100.11
2.33

* CURVE FOR SEAT DECEL NOT GIVEN

IN REF REPORT
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U TNPCSURE TO LINEAR DECELERATION AF 5915 PART 2 DATED DECEMBER 1951
TABLE 11, PAGE 20

Velocity change divided by duration divided by 32.2

Divide Column B by Column A and multiply by 1.6 in crder to ratioc the sled
decels ©o the airplane average decel.
2.33 (average plateau for the airplane) is used to construct the curve,

from seat decel curves in referenced report

Columr D hy Column A and multiply by 1.6 in order to ratic the sled
153 "o the airplane average decel.

The 2.20 av rage was used for the hishest peak on the wvarizble curve which
was patterned to resemble Run #107 seat curve yhose average cdecel is close

to Column A\ Average.



8.5

.10

ECONDS)

e
)

Tymes (¢

Y =y N ) <
) ?

QNI SV IR NI P



I

Note

(1)

~
1o

~

Tixrtd
1

AXIS ¢ LOADS ON PASSHNCER COMPARTHMENT

Troop compartment traveled 121.58 feet in the "y'" axis after separation
from the aircra:lt

T = 5.083 for 1159 feet

*

2
o ¢ = 1/2 AT  or A = 24
12
o A =2x 121,53 = 9.41
T
(5.083)-~
g's = 9,41 = |2
32.2
Flighnt Deck traveled 6037.89 feet in the "v'" axis after separatien
from the aircralit.
o Total travel time 435 = 9.69

fol
(02
O
(o}

= 5,94 sec for 1356 Zeet
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Crornack Engineermg Assodatxon, Inc.
Post Office Box 28243 ‘
Tempe, Arizona 85282 ' e

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 C5A 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. (45 minutes)

J. Kenneth Mason, M.D.
Regius Professor of Forensic Medicine
University of Edinburgh ’
66 Craiglee Drive
.Edinburgh, Scotland

Dr. Mason is ex;.:ected to discuss aviation pathology and the
relationship between the C5A accident and the pathological development
of the plaintiff, as well as the other C5A 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 capadty of the C5A accident environ-
ment should be conducted from the viewpoint of the current condition
and immediate post-accident condition of the children on board the C5A.
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 C5A was suffident to

cause MBD. (45 minutes)

DEFT.EX. DB- B4.8

Douglas E. Busby, h..D. * =

. e e DAL




explosive decompresgic_on. hypoxia, deceleration, ~and; impact and fume

and smoke inhalation anci .the development of brain injury in the C5A
surviving children; and, specifically, Dr. Busby is expected to testify
that in his opinion, the current findings in the surviving children of
the CS5A accident are sufﬁciently. explained by the accddent environ-
ment. Dr. Busby will testify that the C5A accident environment was
sufficient to cause severe injury to multiple systems of the human body.
Dr. Busby will explain in detail the methods employed in accident
investigations wi)en 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 following the evaluation
of the survivors of a serious accident environment, one would then
determine whether or not the correlation exists between the acddent
environment and the medical findings. Dr. Busby will testify that in
his opinion the accident environment of the C5A starting at the time of
the explosive decompression and ending with the impacts and crash of
the C5A had sufficient physical and biomechanical forces present to
cause the current findings and conditions in the surﬁving 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 thg shrviving plaintiffs. (45

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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