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When Government drawings, specifications, or other data ara used for any purposs
other than In connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation
whatsosver; and the faot that the government may have formulzted, furnished, or in
any way supplied the said druwings, specifications, or uther data, is not to be regarded
by implication: or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission to manpfacture, use, or sell any
patented Invention that may in any way be roclated thevelo.
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Coples of this report should not be returned imless return is reguired by seourity
considerations, contractual obligations, cr notice on a specific document.
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FOREWORD

This report was pepared jointly by the Deputy for Engincering,
bLerconautical System Division (ASB), and the Air Force Flight Dynamics
Laboratory (AF™9L), Air Force éystem Command, Wright-Patterson Air Force
Base, Chio. Th: initial work effort was accomplished under AFFDL project
1367, "Structural Design Criteria f&r Military Aerospace Vehicles," and
Task 136702, "Aérospace Vehicle Airframe Design Criteria." This effort
resulted in AFFDL-TR-71-139, "Air Cargo Restraint Criteria" which has been
abridged a1 incorporated in this report as Appendix 1. The abridgment
relates only to specific aircraft accidents and dates which nave beeg
delcted,

This report was accomplished under ASD Project USAD 0G34, Aix Carge
Restraint Criteria.

This document has been reviewed and is approved.

M

1%52 Vi c£1<fﬁéclé_ -Q;LJ(’ ;k%aﬂ“‘éi___.

PAUL E. BECK G. R. NBEGAARD, Major, USAF
Technical Director Chief, Design Criteria Branch
Crew and AGE Engineering Structures Division

Beputy for Engineering hir Force Flight Dynamics

Laboratory
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) The initial investigation was conducted to determine probabilities of encounter- %
ing various forrard crash load factors; to deternine if cargo restraint procedures i
could be improved for better operatzcna] capability. Safety and cost factevs were '_}é
viewed in relation to current air transportability requirements. ) j§

b

> In determining the prcbabiiidies, data froa January 1960 to Jul) 1971, covering @

all major USAF cargo aircraft accidents with a tota: flying time in excess of 31 %
million hours, was used. . 3;;

- - )

The results showed that the risk to passengers on cargo flight is statistically : E:

rare and that a change in air cargo restraint procedures would provide a safer systeu ‘?«

i than previously available with an overall cost savings to the military services.. X %
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ABSTRACT

o e i MRS ST SRR,
1

; . A major change in Air Force air cargo restyaint criteria has been

} enacted. The revised criteria, which are based on technical veport

AF?DL-TR-?I-ISQ, Air Cargo Restraint Criterigj and their implementation
are presented. An extract of AFFDL-TR-71-139 is included as Appendix 1.

The initial investigation was conducted to determine probabilities of
4 encountering various forward crash loéd fuctors; to determine if cargo
r2straint procedures could be improved for better operational capability.
. Safety and cost factors were viewed in-relation to current air transport-
ability requirements.
“ In determiniﬁg the probabilities, data from Januvary 1960 to July 1971,
; covering all major USAF cargo aircraft accidents with a total flying time
in excess of 31 nillion hours, was used,

The results showed that the risk to passengers on cargo flight is
statistically rare and that a change in air cargo restraint procedures
would provide a safer system than previcusly available with an overall

cost savings to the military services.
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SECTION I gf

" INTRODUCTION B

AFFDL Technical Report 71-139, "Air Cargo Restraint Criteria," was
published for Air Force use in January 1973. The report has been
abridged to allow its reproduction as Appendix I by deleting specillic

aircraft éccident data and related dates. The remo;fal of the accident

T T ST ey

z%f data does not affect the presentation or conclusions of the report.
?;i:’;x A8

R R Y P GO
.

The report recormended a revision to Air Force restraint criteria,

3 g;: The then current aireraft cargo handling systems and cargo designated

ES* air transportable are built to a % forward loading capability to with- %
* f{; stand crash loads. The proi:»osed chenges would reguire that air trans~ g ‘

i{ pertable equipment and aircraft cargo handling systems be designed to an }

’ § operational 3G forward load and that aircraft barrier nets be utiiized ‘

é to ggrovid_e a %G i’omaré capability for personnel protection. This change i;

; in restraint technique would lower equipment costs and provide a safer

s 3

ovérall system. Nuclear cargec movement was not examined in the initial

‘;zﬂ’

e

e e s
.

hy

vork effort; current itransportabiliiy reguirements for nuclear cargo will

be maintained pending a full review of the arza.

The adoption of the recommended czvgo restraint revisions by the Air

[SRFSY RS

£ Force in December 1972 resulted in the approval of the following actions: 3

L. R i
3’; i 3
P I a. The operational LG requirement for cargo tie-down without passengers 3
SRS i
e 1 seated forward of general cargo will be lowered to 3G. Nuclezr carge will ¥
B & continue to be restrained to its current 4G level. %
’ -!%:: }
N kA
o - S )
P 1 §
= §




i T e
B A AT B e

RS PV -

e o, ol M okt MY
T e

S ¥ LT T AR
e e R G S

(,. ¥

H

l

. X

1 X %
ASD-TR-73-17

b. Rir Force Systems Command will investigate improved/alternative

" methods of nuclear cargo transport.

SRR ITAORAL e AT AL Kl

)

i

¢. Passengers or nuclear cargo carried forward of general cargo

v airexy ‘\0 :
A W B YIRS

will be protected by a barrier net positioned in front of the general

e cargo, Nets will be positioned to achieve 2 minimum EG forward restraint s 2
74 ‘ 5
or te the siructural limitations of the fuselage, whichever is greater, %’f
o8 e
iy . B X
. . . - N o X E
< - d. An investigation will be conducted by AS5D to determine the 3 §1§‘
Ko * N w A
b S o st sas . - . . s -
e - easibility of installing an integra, barrier net in the C-~130 and C-141 18
k- ireraft, The restraint capability to be provided will equal the : e§
*
725 N X x5
S structural limitations of the fuselage. EE
2 i
ke Cpsnps . < sas £
, e. Specification MIL-A-0088654, "Airplane Strength and Rigidity R %
: . i ]
b Miscellaneous Ioads, " will be revised to establish a 3C cargo restraint % §
B FN
0y system in conjunction with a 9G awxiliary net resiraint system to be used ! ﬁ
b ) 24
X when passergers are seated forward of cargo on the same deck level, : 2
5 f. Specification MIL-A-8421, "General Specification for Air Trans- f;
% - ‘:»‘
b pertability Requirements, ™ will be revised by deleting the 9G crash load ?%
requiremenis. Action will be initiated to coordinate the revised ‘ x%
3 ;2
3 specification with all services. " 4
. - K
. ) L ] . 5 8
K g. 4 program will be established to define the additionul data PR
b A *
i reguired of Air Force cargo aircraft accident investigations arplicable i .%
-:» - ’ 3 ;;
% . N . . . SO -
23 to the development of criteria relating to airframe crash worthiness, g .E
- ) L
S * %
cargo restraint, seat design and personnel survivability. 4 ?:E
g . . i 9
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e 2
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SECTION 1T
IMPACT

The implementation of the approved actions presented in Section 1.
will have a far ranging influence on future Air Force operations,
aircraft design, and eqQuipment design.
*1. Air Force Operations - Cérgo movement will be simplified oy

pefmi ting all general cargo to be secured to a 3G restraint level.
Previously, several different G factors were allowed (Table I and i1,
Appendix I) depending on the aireraft and its cargo/passenger cén-
figuratien for a particular mission. Although variable factors were
aliowed, standard practice required that psllet loads be restrained to
the maximum required restraint lewvel; the zircraft to be uiilized
initially, aircraft changes in route, and cargo/passenger configurations.
are not only variable hubt offen unknown at the time thai a pallet is
loaded. 1In conjunction with the 3G pallet restraint, the VYan 2elm net
(shown in Figure 1) will be required on flights where psssengers or
nuclear cargo are placed forward of the generzl cargo tec provide a
minimu: 86 level of resiraint. The Van Zelm nets are currently available
and being used by the operational Commands. The net does, however, reguire
additional effcrt to install and readjustmenis prior to each flight. The
additional cargo loading compiexity does somewhat affect the advantages

of using a 3G pailet restraint but this will be a tempsrary disadvantage.
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T oSS e St i SRR R

s 4, ‘*"‘*-‘*-‘t«"‘v?l@.}/éi\‘j

- i



-

- ¥
: <%
: , "

"

{ k] %

i 1

N

): %

3 > ; -

ASD-TR-73-17 i

R

An integral barrier net restraint system and related installation N

requirements for C-13C and C-14l1 aircrafi have recently evolved from an - ‘g

Air Force preliminary design study. This barrier net system is intended to &

overcome the using commands' otjections to the complexity of the Van Zelm . %

S

Y =L

net and the restricted movements impcsed by the commercial (see Figure 2) :

H ¥ 3’4‘
barrier net system. The new net system provides installation flexibility : 5*5

- ‘3; T.:v

. ) _ 2%
; and allows inflight novement of personnel along the length of the cargo 2 2

: compertment. The prctotype concept provides the necessary flexibility % )%
: i3
through a ceiling suspension trolley system which allows the net to be "« §
ks 4
N i ;Pﬁ
rositioned at any pcint within the cargo compartment. 3Its restraint is :g
k) g
e - . e s 1A
provided in a manner similar to that of the Van Zelm net; which ties voE
.
s
directly to existing floor rings. The ceiling svpports dc not provide 3 *‘g

£3 A
SN restraint {see Figure 3); however, the ceiling suspension system does X g
— ‘ X
2 insure that the net will appropriately envelope the cargo should it g é
=3 :
Py . . . . )
exceed its 3G restraint level and move forward during crash impact. ' “g
H %
XN 3
B . . . . 1
Aerial delivery loads aré alsc affected and have been reduced from 4G to T

. 2l
¥

3G.

2. Aircraft Design - Amendments issued iv MIL-A-00B865A will provide

future cargo aircraft with a 3¢ (2.0G x 1.5F.S.) forward cargo restraint ‘ E:
P2

. #

system to react the low G operational contingencies of an emergency ﬁj

.

RSN R

riture in conjunction-with an integral barrier net System providing an

g overall 9G level of protection for passengers when circumstances warrant.

(O TNRPR TSR, 5N W0 S Y Ne PR WY SPRE ST DL AR PURE R
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¥ & v E
B N A measure of the impact that this new concept will have can be ?; ’g
2% H E
3 . . . - b X
g % obtained by comparing the results of a study conducted by the McDommell- N g
: % Douglas Corporation for the Deputy for Advanced Planning, Aeronautical :; 2
i Systems Division., The analysis considered the cost and weight variations g 3‘:
" ;: ) . ] ] . ? R
2 for a medium STOL type airplane incorporating the above 3G/9G system and i %
£ . %
§ a conventional 9G cargc restraint system. The study showed 2 potential i £
- £ 2 3
w4 . .. - . . - - :
3 ¢ost reduction of 1.2 percent and an empty weight reduction of 1.6 percent

for each aircraft. Considering the two medimm STOL airplanes currently

being procured under the .prototype concept at a projected rost of five

million dollars each, the cost savings on a preduction buy of 200 air-

AN T

B

it et AR R e

«
3

planes would be 12 million dollars (5 x 108 x 200 x0.012). Additional

dollar savings would alsc be obtained over the life of the airplanes

W «_.Jé;w —

through the improved orverational efficiencies that would result from 2

B 2? &£
A lower airframe weight. Z
3. Equipment Design - The potential for cost savings is greatest in the g
area of air transportable equipment design, Each military service has %

B2

equipment designated air transporiable and is governed by 2 comuon design %

specification, MIL-C~8421, "Air Transportability Requiremenis." This

N PR SRV TR ST AP PR SRR L A SO PP W ST PR IPY SENUEE DL N W)

=" . Y

equiprent includes, for example, most ccmbat ground wehicles wsed by esach i
K

3

service, Air Force JIGE, containers and vans,. artillery pieces, mobile X
5

ki

bridges and related Corps of Engineering equiprmenbt. 4&ir Force Bars Base ;
: ~

]

*equi;znent_requiremants are even more extensive in scope. This concept

considers only a cleared land area of sufficient size %o support tactis
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aircraft operations, without physicai facilitizs or natural resources
other than a usable runway, taxiways, parking 'areas, and a source of
waber. These basic resources are then transferred to an vperational
Tactical Air Force Hase in a matter of days. All equipment is {lown

in, including outsized equipmeni, and all of it is designated air
transportable. FPreviously, vehicles und equipment considered air
transportable had to remain intact following a 9G forward load and
operate folluwing a 3G forward load. The removal of the 9G lcad factor
decign requirement will not affect current equipment inventories btut will
have a signiicant effect on 2ll future procuremenis.

L. 163L Equipment - Future pallet and net procurements for the 463L
systems will be directly affected by the lower restraint requirements.
The reduction in allowable sirength will permit the use of lighter nets
and tis—dewn rings on the paliets and extruded rails in pallet construction,
5. Cost Savings - The cost savings to be accrued bty the reduced restraint
recuirenent for general and aerial delivery cargo cannot be estimated as
accurately for air transportable equipment, cargo handling equipment, or
ci’:anges in operational procedures as they can for the previously cited
airplané design example. Many varictles mast be comsidered in addition
to the overall scope of the operation. Mzny influences, although smali,
é.re very significznt when the total number of reretiticus evenis is
considered, Hence, the increased rapidity of loading permitted by a re-

duction in total restraint, the reduction in required tie-down equiraent
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n
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and related weights savings. the associated savings in manpower, man-hour

»

reductions in equipment design and testing, lower manufacturing costs and

PR

improved cargo airplane turn-around times, will all contribute to the

«y

A S A SRR G S AR

significant savings anticipated as a result of the resiraint reducticn

/:».;‘i.‘sf}-’-
-

for cargo.- In addition, greater protection will be afforded passengers

ﬁi on mixed cargo/passenger flights as discussed in Sections V and VI of the .

- Appendix, :
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SECTION III 5
;o
SUMMARY ;R
R
PR
e M
SF
Actions taken within the Air Force will provide, upon complete §
. -
implementation, & carge restraint system that is safer than the one 3 _%
R
currently in use., The most significant safety improvement will be the 2 %

Xhn

design and installation of an integral barrier net system in the C-130

and C~141 aircyraft. .

<
S DY ' %L

Considerable cost savings will accrue in all military services as

new equiprent is designed. The Air Force wili also benefit from 'i é
simplified procedures in tieing down ‘both cargo gnd airdrop loads. % tg
Fature aircraft will be lighter in weight, resulting in a cost savings g i%
whert procured and throughout its lifetime. j 1%
The previously discussed changes in air cargo restraint requirements ? %
vere’based on a study of data from USAF cargo aircraft accidents over a - ’ f ‘g
ten year period. It was apperent during the study that additional data f %
could bte included in the accident reports which %ould be valuable in % %
develuping fubture cargo and personnel restraint system criteria., Urder-~ % %
standably, current accident report requirements concentrate on the causes ’ _§
of accidents and recommendations for actions to prevent recurrence. -§
Minimum detailed dzta is inciuded on what happened to seat, cargo, fuel, .g
- 3

&

and cther items on the aircraft during the crash. Procedures are being

4

TR—

it
4]

developed to obtain additional data from accidents which can be used to

improve design requirements and emergency procedures to enhance personnel

At M Gy Y Mg [PV W ¥
Wi
45

survivability in the aircraft crash environment.
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APPENDIX |

SECTYON |

R IN

INTROCUCT { ON :

1. SCOPE :
This investigation examined the lcad factor criteria used in air-
cargo-restraint system‘design and operation in light of the latest Air

- Force cargo aircraft accident data and available information on the

acceieration environment encountered in cargo aircraft crashes. The

. 2
objectives were to: (1} develop the prebabilities of encountering various :

o

magnitudes of ioad factors, and (2)_assess the potentlal nf personnel

BT e

injury associated with designing and cperating cargo restraint systems

4
h

at different load factor levels. The results are intended to be used

3

TR NIIIER

as a guide in making decisions on the levels of restraint that will be

required in fucure air cargo operations and equipment design.

The currentiy published USAF load factor requirements related to
the alr cargo restraint system are summar{zed in Table l. - Note that
thesqﬂpr?teria are specifically applicabie to: (1) the cirframe ) !

attachments with assoclated carry-through structure, and (2) any

2quipment which is to be air transported. The link between the airframe

and the transported equipment is the tie-down equipment and the procedure

is to make the strength of thijs link equivalent to the load requirements

o e e A A I et S o S BB

shown in Table |.

AT AR L

. The application of the load factors shown' in Tab[e I, as well as .
" those requited by previous editions of the noted specifications, has a’

significant impact on the design and use of air carge handling equipment.

oy W N B s b e Y s
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% The valldity of ths magnitudes of the load facters has frequently been 'g
¥ %
% questioned and was one of the reasons for initiating this study. #
; 1
4 2
| .
5 Table 1! permits comparison of current load factor requlrements %
: {table 1) with the load factors used to design airframe attachments and §
; basic cargo handling systems for the primary aircraft in the USAF cargo _§
transport fjeet. @
; 2.  BACKGROUND ? §
: P&
; As previcusly noted, the load facior criteria used to design restraint ©o
3 systems for cargo being transported by military aircraft has a significant E%
H . %
: effect on flight safety, cargo aircraft and cargo handling equipment ‘é
? design, and the effectivaness of air cargo operations. The primary
. *  factors affected are the safety of the aircrews and passengers; the

weight, cest, and complexity of the basic airframe, and the cargo handling )
ehuipmeq;; and the m2npower and time required toc accomplish the air

cargo mission.

RPN

Advances in alr cargo handling equipment and procedures such as the
pa]letized‘cé}go system,and, more recently, the proposed use of airlift
containers has focused additioral attention on the need for realistic
air cargo restraint criteria. These crizeria must include the loads
resulting from the accelerations which cun be encountered during. all

“

phases of the air cargo transport mission. The accelerations associated

I ;. “at o T A s
R » . o ety e g On Ll e e A, . s ?Q!)W_.\L'».h 2 4
A I N E WERAEIIR G A o S A SR e

’
(o

with normal takeoffs, alr turbulence, maneuvers, and Iandiﬁgs.ere

et o

predictable and pose no serious problems. !t is the least predictable

3

emergency situation or, more specifically, the accelaration environment

[
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encountered in aircraft accidents, which Is the key to air -Curgo restraint

TV

. criteria. Cargo alrcraft accidents ranging from hard landings to

7

! ' catastrophic crashes provide the data base from which the limits for
j

{

§

DR

the load factors specifled in air carg6 restraint criteria must be

¢

N P
s Boates

developed.

i

NEACHE AT T
-

it should be remembered that the load factors associated with the

Pl

crash acceleration environment {regardiess of whether the criteria

Rt

/.
e

Spai e s e, o

applies to restraint of cargo, personnel, or miscellanecus equipment)

TS
G AN
M il
P P S

are essentially empirical values based on past experience and supported

DR et R

21 ‘:“' o

only by a limited amount of full sczle aircraft crash test results.

<l e
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bt
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The prime factor in determining the limits for air cargo restraint is

"~ Shd
2

3

2l

f
ot ae e e e

personnel safety. This is reflected in the Bigher lcad factors currently

pERrATES

(R

e

I o p
4
-

required {reference Table 1) when there is a potential of injury te

i

it

i

t

the aircraft crew .and/or passengers.
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U

3, (OPERATIONAL CONS!DERATIOHS

Al
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&

il
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Three aircraft systems arce of primery concern. These are £-130,

2,
¥

!
SR

€-141, and C-5. The current forwerd restraint load factors vary as

.
Jred 2,
PR

showa helow: . .

~

378

1

5
o

i

sy

v

Current Restraint Load Factoti

mn

sedd ol Taam s T
&

Aircraft Operatioaa! Cargo/Pax Mix
Cargo Only

€-130 . A -8 i
9

.
2

Bt

el

N

c-141 : 4

.
1t

il

g,',égg

otk

it

&-5 3 *

*Passengers .ar. seated above the cargo compartments.
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The varlation in load factors between aircraft types has caused
concern in two arecs. First, transfer of one load from one air vehicle

to another may require additional restraint. Secondly, many items

R R R R 2 VA N T AT At

R S RSttt 2SR R (g L 7k

carried on atrcraft cannot be restrained to the 8 and 9 load factor

level. For sxample, a US Army 2-1/2 ton truck-welghs 19,785 pounds.

v e
&%

;
bt

e #Pr 40 NIE e
‘45@" {ﬁ‘;ﬁ(@&‘i‘; ,E'~,~

Even when secured by a 5-G restraint system, the attachment points on
the vehicle will fail at 6 G's forward. The effective strength of ‘the
fittings are further reduced to 4.5 G's whzn the downward components of

the restraint tie~dowus are introduced {(Reference 1). The battery,

T GTE Y S L PN At 200 8
Y e d s AN

avs e

'

S S S S S

windshield, and other components of the truck will begin to separate

S neary

-8
v e T

from the budy and frame to become lethal missiles at approximately 2 &'s
forward. Similarly, the new air-land-sea container, which Is expected s
to enter the air cargo system in the near future, cannot be directly

restrained to 9-G levels without an auxiliary restraint system. Container ?

3
’

restraint is a matter of concern and one of the factorcs which established P

Ariryd

this study.

|
4

AR

4. APPRCACH ‘ f

The limited time neriod scheduled to accomplish this investigation :

A

,
.,

RN
Ry

BT VRN TP el e 1

ii required the application of readily available data pertinent to the H {%
2 ! :

k3 ; :
3 oroblem area. Two primary sources of data were used. The first was . f :%
§ . ’ . 3 2
i~ Alr Force cargo aircraft operational data with special emphasls an f ‘%
< i
2? cargo aircraft accident information for che period from Januxry 1360 to 3 3
& 3 9

§% July 1971. The results of the analysis of this data are presented in % 52
S
b Section I1. -% {
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The second source of data is analyses which have bean conducted of

ftes -

transport alrcraft accidents and full scale aircraft crash tests to

\
>

deflne the crash acceleration environment. The applicatfon of these

data is discussed in Section ifl.
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-- - SECTION 11

AIRCRAFT ACCIDENT ANALYSES AND PRED(CTIONS

0 o Y TG SR L PRSI
+
\,

] ) An aircraft accident can be termed an unlikely event; yet, through
% ‘ analysis of past accident history, predictions can be made of the
’ é occurrence of an accident and related events.
g 1. DATA REFERENCE
% Three sets of interrelated data were used in this study to formulate .
% the probaBIlitiés 5f an accident and its relation to cargo transport.

B

The Deputy Inspector General for !nspection and Safety, USAF, Norton

Air Force Base, California {IGDS), maintains records and published
reports on all Air Force aircraft accidents. The docuients utilized

were US Air Force Accident Bulletins from 1960 through 1965, which

providad overall statistical .data on all! accidents. To obtain additional
decailed accident data, a rzquest was submitted to iGDS .and they applied
the computerized accident data system to provide informzation on all

(415 cases) major cargo accidents from January 1962 to July 1371. This
provided data on the cause of accident, phase of operation, and personnel
B injuries for éach aircraft. Tc provide detaiis that were not avaiiabie

| in the accident bulletins or the computerized accldent information,

64 consecutive major accident reports avaliable in ASD files from

Jop

- Jate 1968 to February 1971 were reviewed. The crass correlation of these

~

three sets of data provided a more compiete view of the major accidents

than could be obtained from any one set.
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Time did not permit the use of actual accident reports other than

those noted, nor were additional reports readily available. A more

accurate accounting of crash force estimates, occupant injuries, and

s o

cargo interactions could have been made if the actuzl accident reports

had been avallable and if time had permitted such an extensive review.

2. AIRCRAFT ACCIDENTS

K|
The data available is based on major accidents and not aircraft crashes.

T T T i

Major accidents are defined by the Air Fofcé as those aircraft
accidents where there is loss of life and/or where an alrviraft riceives

at least substantial &amage.' This includes accidents where a parked

. mva e S AR

alrcraft catches fire during refusling, as has happened numerous times,

or the times the landing gear was vetracted on a parked aircraft. For 4

.

nd s Yoy e e b e bl o bt It b a5 v'l‘“%@:’w
i el e R 1i?ﬁw}m&mﬁﬁfa&ﬁ.'m&#ﬁm%m&ﬁmﬁiﬁﬁhwa ione

the purpose of this study, a crash is defined as an accident where the

aircraft underwent excessive ""G'' loadings during any mission phase, except

- o e a3t

in~flight accidents where a successful landing was accom:lished. From i

January 1962 to July 1971 there were 415 major accidents. Of these,

315 fit the above crash definition; 76 percent of the accidents are

therefore considered crashes for this study. This same relationship

LA was applied to two other time periods where only accident information . :

was available, with the folloving results:

Time Frame Accidents Lrashes .

i? January 1962 to July 1971 45 315 ;
3 January 1960 to July 1970 486 369 E
Japuary 13960 to Juiy 1971 497 377 ~§

4
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The -accidents analyzed .include worldwide military cargo-transport

el T P IR

misstons in both combat and noncombat zones. They did not Include

aircraft which were lost as a direct result of hostile action. Available

TP o oy L

AN

= gv wh

data on Southeast Asia aircraft 10sses show that for the pericd from

TR

February 1962 through February 1571, app’ /ximately 656 cargo aircraft

were destroyed due to hostile action 2 £ an additional 85 were destroyed

Srsthaoraititipeialing

due to accidents. Data cn--the combat losses were not avallable for

Tl

124

inclusion in this study; however, the 85 accident cases are inciuded in

/

the IGDS data. -

; '&'ﬁﬁnﬂ

LR

. 3. ACCIDEHT DATA-ANALYSIS

i

-
Lo

i

AR

: Table 11 lists data on USAF cargo aircraft flying hours, major

accidents, and landings per year where available. The landings per

i ;

year data for the 1960 through 1966 time period were divided into the

L

corresponding years flying hours and this provides an average flight

r

e A AR R AR e 2

duration of two hours and one minute. The total flying hours_and
number of crashes for the 1960 through 1970 time period were used %o

calculate a crash rate as follows:

5ty i Bl 8 e T e VAT s S e ohdr i B N LS 5 D 2 et » S8 D 1 5 e N R

T Y TR S R AR, T R A W RS T e )

363 x 100,000
‘ 37,555,889 1.17 crashes/100,000 hours %
sk < E%
¥ § 3
g é\ The 515 major accidents were analyzed and grouped by mission phase Y 3
8 i ‘ i 3
5 gi and type of accident and the results are shown in Table IV. f{t is ‘i 3
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evident that the chance of survival Is dependent oa the mission phase

T as shown below:

Mission Pﬁase

A e

% of Accidents Z Nonsurvivable a
Takeoff : 22.8 34.0 ?
: In-Flight 28.4 84.1 3
Laﬁdiné 4.9 8§.6 - ;
to-around 5.1

33.0

EPFTCHS PO R P AT IRC

landing accidents are generally the least severe due to the lower q{rcrqf:
speed, comparatively unobstructed crash terrains, and iower impact angles,
In~flight accidents Inciude flving into mountains, collisions with other

aircraft, and equipment or structural failure leading to high spaad

impacts with terrain.
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To determine a range of "6" forces in relation to trashes, estimates

L
"y
St

‘_ﬁi‘

were based on the more detailed data containzd within tha 64 accident

Lo
o

reports in current Aeropautical Systam Division files. Fifty-seven of

these reports were descriptive enough to 2llew crash force estimates to

be made. The general guidelines used in Reference 2 were followed when

establishing crash force estimates from the accident report data. Tne

guidelines are discussed in Saction I!l and the cumulative distribution

of the crash forces is shown in Figure 1. The crashes in Reference 2

generally fall into a 3-6G to a2 nensurvivable crash category. The crash :

x

force estimates for the 57 crashes evaluated were grouped as shown

%
RV TR St SV
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e

below to coincide with the data in Reference 2, and allow correlation

with the crash force and injury data in Section 111, ;
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0to38& 3 G to Nonsurvivable (N/S}  Nonsurvivable (N/S)
40.4% 26.2% 33.4%

of the 64 aircraft, only 20 {31%) had cargo on board and 6 (9.4%) of these

had mixed cargo and passenger loads. This reflects the fact that cargo

transports are also used as tankers, attack, reconnaissance, electronic
warfare, weather, rescue, and command post aircraft. Cansiderable

additional flying time is used for update training. This is refiected

in utilization facto}s of the above cargo.

In an effort to check the estimates of crash force levels developed
from the accident report review, the ninety C-130 aircraft major acci&ents
surmaries in the {695 data from January 1962 to July 1971 were examined
in mors dezai! and estimates made of the crash force levels (See

Appendix 1}. The result was a similar crash force level distribution

pattern as shown in the following comparizon:

Crash Force Estimates

0to3 G 3 6 to K/S N/S
Cargo acft 40.4% 26.2% 33.43
accident reports
C-130 Accidents 48.4% 25.8% 25.8%

A comparison of C-141 crash force estimates was not computad due to
the low frequency of crash. From January 1962 to July 1971, eight C-14]

accidents occurred but only three of these were c¢rashes.

4, CRASH PROSABILITIES

To determine the prchability of an aircraft crashing with cargo on

board or a mix of cargo and passengers in 2ny year, a standard year was
21
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projected to be 3 millicn flying hours (see Table 11!), with an average

flight lasting two hours. The projected number of cargo alrcraft flying

J

hours per year, tcgether with the crash rate previously computed, were

used to predict the number of aircraft crashes per year.

Flying Hrs/Yr x Crasnh Rate/160,000 Hrs = {rashes/Yr

]cl?
3,000,000 X————— = 35 Crashes/Yr

100,000

?ﬁ " These 35'crashes were grouped into the crash force levels using the

:§~ ; ] percentage distribution develéped frox the accident report review. The

is . grouping Is as foliows:

23

?: Fwd C}ash Percent at Total No. No. Crashes

i Force Le..! Level Crashés st Level .
;% 0to36G 40.4 x 35 15.1 or 14 A A
3G to N/S 26.2 x 35 3.2 or 9

fﬁ N/S 33.4 X 35 11.6 or 12

S

;; The risk factors developed are for the 3-G to N/S level only, since

%; there is no question of reducing air cargo load factors below 3 G and

%% the joad factors used have no significance in catastrophic (N/S) cases.

;z) Cargo loading conditions for the 9 cases at the 3-G to N/5 level were

gf determined using the percentages previouély determined from the

;; accident report review as follows:

Cargo on board = 1% x 3 cases = 2.79 «r 3

Mixed cargo and passengers = 9.4% x 9 cases = .84 or |
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occurrence per flight, the projected 3 million fiying hours per ysar

e

2

was divided by the average 2-hour flight duration to provide the 1.5 million

'
7

A

fiights per year used in the following calculations:

‘o
ou

e e iickniiis

Ny,

Probability = Ro. of Occuriences/Yr

2
¥

s

No. of Flights/Yr

e

X
PR
;

5,
S

"

Projected ' Prob No. of Flights
Event No. of Occurrences Per Flight For i Occurrence

}l
t

M
'y

&
4

Cargo acft crash 35 - .Q00023 43,500

R
PR b

Crash at . 9 .000006 168,000
3-G ‘to N/S level

i
ALY
AR\

A

S

~

i

R

Crash at - 3 .000002 500,000
3-G to N/S level .

with cargo on board

S o g K L
\
A

Since it was desired to present the risk factcrs as the probability of §
!
!
§
:
f}
i
!
}
T
H]
‘
3
E
}
)
}
;
}

e

Crash at 3-G to ] .00000066 1,500,000
N/S level with cargo

and passengers

[ ]

e

- The probability da:a shows that the projected risk of encountering a

g 2 1) N ko W
L IR

crash in the 3-G to N/S level where cargo is a hazard to crews or
passengers is low. This low projected risk is supporfé& by available

accident Injury data which is discussed in the subsequent puragraph.

- 5. CARGO-INFLICTED INJURY CATA o

The 1GDS cargo aircraft accident data includes a Life Sciences

Section which provided personne} injury data for the 415 major accidents

P
Pt TAar L6 Ok

for the 1962 to July 1971 period. In the data, personnel injuries are

¥
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related to cause factors and one of these factors is “Equipment or

o
5
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R

cargo, dislodged/unattached.! Three of the majoer accidents cited this

1,
0

factor as the cause of injury to a total of five persons. Availabie
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information on these three cases, two €~130's and one (-}33, follows:

THIS INFORMATION INTENTIONALLY DELETED

6. CARGO AIRCRAFT ACCIDENT TRENDS

Since the accident rate, for USAF éargo aircraft has been decreasing
{see Figure 2}, the number of personnel injuries should be proportionally
7veduced. The 1970 major accident rate<for Air Force cargo aircraft
is down to 0.98 par 100,000 flying hcurs. As previously noted, the
crash rate is less ;han the major accident rate; consequently, th;
average i.17 crash rate per 100,000 flying hours used in this study to

project risks may be considered a conservative value.

24

v f - 7

ST .

» "-’W ;_W 7%‘@1
e T PTG T34 W:ﬂ*ﬁ?’.@%ﬂ ke SO VALTANER ST
< iy e SRR A W R SR R TR AR AR : =

& et honirn SRR IERF ! RS R :

it SIS N

3,;‘}_ Txs (e 23

A

-
ape’}

POTRPI SRS 8

v

e A e PSR

R i PR N

u
g

o R A cat s S

s #
Ten

o

RS

o A it

EA

e
i e P et Wiatati

,
L sl

A
17

g siiale s SN

Ot SN Y

A,

AaRallaY,

5

p
- Ven RS e e
Fa
Wi

50

O L en T

5

T e R P R LR A

NN Ty - Co R T L brrry T S o S £ i e : _ :
d - . ; iy RO T e MBS % SR G A S S et LaRa P stoovn i

. X 'wy % g B I TR g L TP AT AN A e s 3 oy

F AR A K B S = b I e i Ll



- e aanar s adRae i R R T ot o e it Sasl o 2 AT Wﬂ’j
AT S R S T TR N T, R R R £

1 . . -
.
KA ~ ’ s

L O T # RPN o A B o SN T o TR o, A S oy el R omrt R B, S

- pp—

.

A3
ol

Y

bl

AFFDL-TR-71~139

13

The 1970 major accident rates for the C-13C and C-141 aircraft were

z |

0.6 and 0.2 per 100,000 flying hours respéctively. The C-141 mission

,

AR o TV YNNTP T AN X ok

is considered similar to that of the civil air carriars and 1GDS points

TR i

: out (Reference 3) that for a civilian fleet equivalent to the C-1k}, the

) accident rate waz 0.515 per 100,000 flying hour- in 1970. :
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SECTION 111 L é

CRASH FORCES AND INJURIES i

Pz
1. CRASH FORCE DATA %

Accident reports and related accident Information are available as %
. . 3

discussed in the previous section. Crash force data, however, are not . ;5
normally generated during the course of an accident investigation. Crash —§

. s
- . H b3

. force estimates have been developed by analysis of civil and military : -§
- ajrcraft accidents and are documented in Reference 2. The referenced ; g
analysis covered accldents involving "moderate to severe impact fcrces' é\‘ g

e

Y
e

ity KM S s A SRS S BN AR R s el sl e

and only accidents meeting the following criteria were used:
(1.) Aircraft weight was greater than 20,000 pounds
(2.) Aircraft was multi-engined
(3.) At least one perscn was injured
(4.) At least one person did survive the accident, or that
conclusive evidence indicated survival would have been
possible if proper body restraint had been used.
~ As evident from this criteria, the accidents included in the study ’
are in the “survivable' accident, or crash, category. Sixty-one
survivable civil and military aircraft crashes extending over a 10-year
per.iod were selected for the data base. The data derived includes
averag; horizontal, verticzl, and lateral & forces; and impact angle,

velocity, and the velocity change in the major impact.
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2. ACCUMULATIVE DISTRIBUTION OF CRASH FORCES

% AFFDL-TR-71-139
. With regard to the injuries and fatality data in the study, EX
% Reference 2 concludes that nearly half of the fatalities and serious .-,?g
o
‘%z injuries could probably have been prevented by the use of an improved 3 %
& personnel restraint system. Yhe reduction of post crash fires would é 35
3 : R
? have reduced the fatality and injury rate stil] further. Also of interest Z %
kA A
& - - oA
¥ is that out of the 61 crashes, there was one case noting ‘'passeangers 4 3‘5‘2
& probably crushed or trapped by cargo.” This Is the 18 September 1965 i é‘;
E f :"
H C-130A crash discussed in Section 11, paragraph E. ! %
¢y
o ; il
Several disparities in the data base for this sectlion, which is. § g
Y . -
3 £ h
: taken from Reference 2, and the data base used in Section il are noted. 3 ’%
' # 24
18 ES BN -
- First, the Reference 2 data cover the 1955 to 196% period, while the P&
S ¢ K &
7 data in Section 11 cover the 1960 to July 1971 time period. Secondly, -+ %
" M b
£ < : ¢ 3
s 70% of the crashes used in Reference 2 are civil aircraft and only 30% A&
‘ .military, whereas Section 1! involves military aircraft only. Thirdly, i ;i
5 - . i s
» the Reference 2 data do not inciude crashes in the low G range (less H *;:é
& than 4) unless at least one person was injured, while the Szction 11 data X %
% [
, include all crashes regardless of personnel injury. . %
% 2 -
f wh:le the disparities in data bases are noted, they are not considered ) %
% of sufficient significance to prevent Reference 2 data from being used %
i to correlate crash forces and Injuries. §
z S |
.
i The average horizontal crash foices estimated in Reference 2 were. Q %
3‘ _given as a range of values (i.e., 5 to 10 G's) due to the uncertainties % ;qg
R involved when using accident report data to estimate the crash forces. E ?’;
3 L
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For this study, where a range of estimated crash forces was given, the .

mean value was used and rounded off to the naxt whole number G vaiue

© e e s b o w7 R, DA N e P

(i.e.; 5 to 10 G's = 8 G's). The resulting crash force distribution

is. shown in Figure 3. In Reference 2 the largest G value for each

P

range was usad. A compar:.on of the different accumulative percentages

el
AT P e A SN Py ST N1 oy SRt i

vs average horizontal crash force distributions obtained by the two

Gtk 20 b £ ae
"
o

methods shown in Figure 4.
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When those crashes involving a fatality are separated from the total

[EETYE Y8 St S CN
&

crashes, the distribution is as shown in Figure 5. Note that the

distribution for fatal crashes closely approximates that for all crashes

ET S NS

reflecting that fatalities occur thruughout the G rangs and are not

confined to the high G values.

Va s A, 2

In this study it is desired to examine the injury potentiai to
crews and passengers due to crash forces. To accomplish this the data
in Reference 2 was applied to develop distributions of fatal and serious
injuries with respect to crash farces. Since the study is not concerned ;
with fatalities due to post crash fires, these fatalities were re- ’

distributed between the serious and minor or no injury categories R

£
=%

according to the Reference 2 notations concerning potential survivors.

N

FRN SR

&
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" 3. ACCUAULATIVE DiSTRIBUTION OF TRASH INJURIES

~ -

2,
X

When an aircraft crashes, the prfmary interest is to determine the

-

R e LT oW

extent of injury of the personrel on board. Since a crash avent was
defined in-Section 11 as an aircraft undergoing excessive G

losding, the distribution of occupant injuries will also be shown in

vl g

relation to G forces.
28
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While a crash can be viewed'as an entity, the number of occupants

can vary. For example, 18 military crashes were listed in Reference 2,

with a total of 125 fatalities and, of these, 78 occurred In one crash.

-

The aata was therefore normalized to show the cumuiative distribution

and the associated risk or probability that crash injuries will occur

at a value less than or equal to a specific G level as shown in Figures
and 7. Similarly, the nrobability function or noncummuiative values
cculd be tabulated to show the exact'' probabllitles (based on the data
used) of aﬁ injury occurring at a specific G level givén that & crash
at that. level occurred; however, the crash force data Is limited and

the selective nature of the available data in Reference 2 could provide

inaccurate results or lead to 2 misapplication of the data when applied

in such a detailed form. Instead, injury distributicns based on the

data trends .in Section 11 and Reference 2 were formulated-to give a
visual representaticn of the injuries which can nccur with respect to
a range of crash force levels.

and 9. For any G level, the three categories of injuries total 1003.

it must be remembered that both figures are only approximate trends
{not probabilities) that assume 100% fatalities for a crash forcé of
20 G's. However, for any single crash, regardless of iis severity,
there will be exceptions regarding occupant safety and survival.

Individuals will receive fatal injuries in minor crashes and survive

catastrophic crashes because of the extenuating circumstances unique %o

each crash. These occurrences are exceptions which cannot be consldered

within the scope of availabie data.
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These distributions are shown in Figures 8
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Aithough the Injury mix blends at a variable rate, the seriocusness

of the injuries increases, as a whole, with increasing G. The distributions

ARG

5

4,
i
243

T ot am e N Ll el S i M N KOl

of the serious injuries peak near the mid-G range and are bell shaped.

Ay kb e oA A AT S A IENAR S PR

Fatail injuries rapidly replace the serious injuries as the G's increase ] g
§ beyond mid-range. Note that the injurf trends are generally more severe ‘é ‘%
; with respect to the crew Injﬁries and that the trend curves collectively é éi
Ev cross at approximately the 9-G level. The crew members incur a greater é %
é percentage of fatal injuries below 9 G's than passengers. Above 9 G's E %%
é the trend reverses slightly. These trends are i-dicative of the fact E %
% - that the crews are exposed to greater structural distortion during initial - ;%
i impact: while passengers are relatively better protected in the centra) J %
:

st

IRpIT AT et

portion of -the fuselage.

£,

However, as the severity of a crash increases -

above 8 G's the fuselage tends to distort and rupture, resulting in an E

b -

2 f increase in passenger fatalities. The mid to high-G crash range, L
fe- - H E
ENL v . - 3 ¥
B therefore, offers the -greatest opportunity for improving occupant safety * %
B ¥
B through better crash protection. 3
: ‘ K
%’ A more accurate and possibly more useful set of data for injury g
b =
b - . ~%
S correlaticn can be obtained by closely analyzing the data in Section 1} %
1

f‘ : to provide additional crash force relationships as found in Reference 2. »%
e An extensive analysis of the original accident report data would be 3
ij‘ ! required, however, and it could not be accomplished during this effort.
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SECTION 1V
AIR CARGO SYSTEM

R A

The assessment of ar alr cargo system requires, in addition to

personnel safety as related In Sections 1} and 111, an assessment of

RUAIRste b tar) :e’}%’.?k‘v?‘i‘}?f!f‘“? M_fl}:;-:

the sfstems utilization and related costs. Personnel safely, systems

s idine

e utilization and costs all Interact. This interaction can best te %
s demenstrated by viewing a newiy propase’d materials hand?ing system, the %
X i intermodal ‘container, and its effect on the life cycle of zargo aircraft. ‘z
; ’; The matertal handling system and the aircraft form a single entity, the %
‘ i alr cargo system. The levels of cargo restraint Incorporated into “he ;%
— "’ system influence both its utilization and cost and becomes an important %
f’{ adjunct in its assessment. Conversly, cost and utilization are e ~ \%
f consideration of this investigation. %

o]
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I{ : Variaticns to the current 9-G level of restraint cauld include a f
, reduction to a lewer level, an increase to & higher. level, or a
i ’ combination utilizing a low § rail restraint (operativonal) and & high 6 ;
E auxiliary restraint (emergency) system. To determine a definitive zost
j» savings or increase for these variations to the present restraint leval é
;, : is an imposslibility. Describing i;wteracticns between the systems is. E
E - possible, but only on a very iimited scale, because the current system

is toc vast. {t cansists of all carge airc:raft,\present and proposed, :

and alt Army, Havy, Marine Corp, and Air Force combat vehicles and ’;

Lt
E

equipment deslignated alr transportable. At the same time there is an

gt el

& i impending shift in the basic zir cargo mission through the introduction :

§’ of the jumt> type cargo jet {C-5 and B~747F) and the intermodai container. 43
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1. CURRENT SYSTEM

The Air Force operates one of the world’s largest air cargo operations.
The 463L materials handling system is the mainstay of Air Force operations.

Under this concept, cargo is received at a terminal and loaded on special

netted pallets. Specialized equipment is utilized to load or unload the

aircraft, and place the pallet on a special rail system within the

alrcraft. The entire system revolves around the paliat dimensions

i e R R s R T R

(88 inches long x 108 inches wide).

(23

Vehicles and other rolling stock

can also be restrained to tie-downs on the flocor of the aircraft. Loads :

longer than 88 inches are stradled over more than one pallet, which

requires considerable manpower to accemplish.

T Oy U IR L

)
¥

2

The commercial airline industry uses the same basic concepts. But

the other three transpcrtation modes (truck, rail, and ship) have

moved into a new concept of Intermodal containers. These containers

are 8 feet wide x 8 feet high x 10, 20, 30, or 40 feet long neminal

size and designed for land-sea compatibility with approximately 70% being

20 feet (Reference 5). The era of containerization started in

October . .7 when the first container ship, Gateway City, started regular

servica. Since that time the world container popilation has grown to

- 340,000 units.

S O B S RN

Two motivating factors can be found for vizwing this lcrge scale

k-

change to contalners. First is eu>nomics, the cost to 3 steamship

company Is largest in the area of loading ond unloading. This is”
refleéted in steadily increasing wages pald to longshoremen without

any increase in productivity. The container provided the means in which
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mechanization could be applied and therefore increase productivity. It
is apparent from the vast growth of the container industry, that
containerization has resulted in a cost savings. The second factor is
in the source to user concept. The cbject being that cargo moves from
factory to consumer with the least amount of handling. The aﬁility to
transfer theése containers from one mode of fransport to another, without
repacking, and with decreased pilferage and greater protection from

damage has made the source to user concept a reality.

A review of logistics -support in the Vietnam era emphasized both the
importance and the possible effect of containers during tlie conflict.
Contalners were used in limited quantities and found to be extremeiy
successful. In a review of “Logistics Support in the Vietnam Era" it
was found that in 1948, if Vietnam operations had been fully
containerized, a totai of 82,%00 containers would ha;e been required
tc sustain cargo operations. This would represent a tofal movement of
394,100 container loads, for approximately 7 1/2 miilion tons. If
zonta.nerization had been in effect from 1965 to 1263 between CONUS
and SEA there would have been a potential cost savings of $881,300,000,
as shown in Table 5 (Referenca 6). These factors are the motivating forces
behind -the DOD movement into the container field. At the present time
the U. S. Aray ic sn an initial procurement of 6700 !and-sea containers
(B feet x B feet x 20 feet). These containers undoubteaiy will move

into the airlift system.

e v
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2. AIR CARGD b3

= i A

In determining any restraint criteria, a basic review should be
made of future air cargo. If It were assumed that DOD has converted to
full containerizaticn, to move cargo at the 1968 level weuld require an

ownership of containers amounting to 82,100 units to support an SEA-type

v T NG SR R

effort. This would only include movement of cargo tc SEA, and represents :
only one-third of the total DOD shipments in 1968. Therefore overall

container loads could be as high as one million units. The number of ;
containers required, however, would only double due to the lower turn
around time to Europe as opposed to Asia. It can be assumed that a fully

containerized 2ffort in 1968 would utilize as many as 160,000 containers.

(8 feer x 8 feet x 20 feet). .

Again this still does not represent all items moved, but would f

amount to approximately B0Z of all DOD cargo.

At the present Air Force logistic support level of 4% to the Arny,

it is possible that 40,000 of these container loads would move by air

v

in any year, yet it is estimated that by 1980 this support level would

double. In case of a deplayment, during initial phages, the ‘support

level couid be as high as 100%.

~

3. POTENTIAL CQST SAVINGS

Under today’s USAF alr transvortability requirements, all Army, Navy,

>
SRV

ku ine £or5: and Alr Force equ!pmént designated ''air transportable" :

must be bullt to remain intact but not necessarily function after being

. , : .y Cost D e e e S S e bt e fele b SR S SN iy
R Rl ;iwzr;mEélxsﬁ,‘mé&mmmwmmﬁf*mu&mm*mm%ﬁmmﬁm;f;mm}.:ﬂwammmmm_sAinsz:-_x’ NP PR

3 séa&;rz

subjected to a load factor of 3 Gfs. |If thls load factor could be

2
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jowered to 3 G's, all equipment could be built to a lower level consistent

with its functional requirements. This reduction in strength would E _%
result in significant cost savings (or cost avoidance) to all military §
services and result in a weight reduction on this equipment. Such a . E%
reductisn can be accomplished by using barrier nets as arn auxiliary 4;
restraint system to provide a 9-G level of personnel safety on mixed E %
cargo/passenger flights. : §
3
S
If the 160,000 containers needed for DOD worldwide shipping should be ﬁ %
requirad to meet a 9-G forwsrd load factor, a standard commercial land/sea t; %g
“@ontainer would reguire additional aluminum weighing 362 p;unds } ’E
(Reference 7). Since the cost of fabricated aluminum is approximately : %
$1.15 per pound, the 160,000-container modification would cost $66,608,000. %
The added slave pallet cost to carry commercial containers on Air Force 2 E
aircraft would be the same at either restraint level and therefore is j /i
not shown. However, at the 3-G level, barrier nets wouid be needed if o é
passengers are forward of the load. |If present barrier nets are used, ; g
one net would be required for each C-130 and two nets for each C-141, ~ S
totaling approximately 1100 nets at $3900 euch or a total requirement ~;
amcunting to $990,000. In the case of containers only, this Jower %
restraint level would result in a savings of $65,618,000. This doas §
not Include all other air-transportable equioment, and airdrop loads. ‘g
Another savings woulc be in tare weight. In thz above case, a net é g
for the container weighs 238 pounds vs 362 pounds additional weight E \é
of the container. The total amount of added weight to the containers g i%
would be 23,960 tons. This would be reflected in added costs of shipping ~§ :%
this extra tare weight for each container movement. ‘é "g
& 5
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This basic araument can be used with any of the military equipment

designated air-transportable.

in additicn to equipment scvings on future ajrcraft, a 3-G rail and
9-6 net system would result In an added cost and weight savings in

relation to the present 9-G rail restva’nt system.
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g
E SECTION V
% i
. AIRFRAME/RESTRAINT SYSTEM
S '
P2 i
?% : There are generally two aspects to crash survival. One is rzlated
s ;
gk § to the airframe capability to remain intact, and the other is related
to the occupant/seat-strength/restraint-system capability. Since the
3 . imposed crash forces are dependent upon the velocity changes that occur
Ei- A and the related deceleration forces, it is possible to present the limits
. ; ‘
jg . of ‘structural/restraint capability in these terms. Similarly, the
230 '
Ry
4 ! occupant has deceleration tolerances beyond where he sustains injury.
& ‘ 1. HUMAN TOLERANCE
The accelerated pace of research in the field of human survival
has revised the train of thought regarding human tolerance to the air-
: : plane crash environment. The human is quite tolerant of the crash
1: environment and the survival rate should be higher. This fact poses
E; g a number of new considerations for the airframe designer. Existing
;5 : crash requirements are decidedly concerned with occupant safety and
A%; ) survival but only within the framework of existing airframe strength.
5 Relatively new research has shown that survival potential can be
%% : greatly increased with minimai airframe veight and cost penalties.
e s
.
e, An Aviation Week magazine article, pubiished in 1956, stated that
S Y"death and ssvere injury can be prevented in any crash unless it is
g :
jf ! violent enough to disintegrate the catin structure, Sound detail design
‘E} { in the cabin is the preventive.
e 8
g
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"The tacit assumption of the hopelessness of designing for crash
survival gradually is being reglaced by the realization that the anatomy
of man is rigged enough to withstand impact greater than any which can
be transmitted through the structure of a current alrplane. The key to
improving survival chances is in designing the tie-down of passengers

and loose equipment up vo the ultimate load factor of the airframe.”

The article also noted that even though the “airframe structure
is stronger than the human bedy, it is also much heavier and usually
subjected to more pounds of decelerative force. A deceleration which

is within human G tolerance wi /1 destiroy an airplane."

2. AIRFRAME STRENGTH

The interacting facets of crash survival, cargo restraint, and
structural design require further clarification. When integrated, the
commcn denominator of the interacting facets becomes the crash strength
of the airframe. Once the protective “shell' provided by the aicframe
ruptures or the occupiable volume is encroached, survivakle conditions

rapidily deteriorate and efforts-to Improve survivability by improving

the restraint system become futile.

An absclute definition of airframe crash strength is elusive. Many
varjables are involved. References 8 and 9 both tend to verify the fact
that the strength ?e&el of a current-day pressurized fuselage is

approximately 8 to 8 G's longitudinally. A typical fuselage wil] tend
to rupture when the longitudinal acceleration buildup reaches an average

Higher accelerations can be tolerzted if the duration
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1. AFFDL-TR-71-139 1%
§ is sufficiently short. Full-scale crash tests of transport-type aircraft 5 %
( L3
§ show average deceleration levels ranging from 5 to 9 G’s. Much higher : Eg

1. :

? accelerations are experienced locally and can rsnge upJard to about 40 G's i fg
? for durations of generally less than 0.2 second. The actual values ) ‘2
depend in part on the impact velocity and impact angle. The dynamics g

2 ) =
: of the airframe contribute to the averall response and generally cause the v %
y very high localized responses nioted during instrumented crash tests. ‘g
N b
: :
" - - N Sé
H The higher acceleration levels' are generally associated with the crew j ‘§
:, conpartment near the nose and account for the 40-G crew seat installation ; g
‘ criteria. Accelerations are generally less in the cabin area and the ‘ %
1 criteria vary with the type of seat they are applied to; a load of 16 ) i§
s £
A to 20 G's is the nominal installation levei. .(Current criteria do not ’ jﬁ
4 o
- ° ?‘!
assoclate these installation factors with s time duration; all specified ‘g
. &
& crash factors are applied statically. §
N 3. LEVELS OF RESTRAINT %
: The design strength requirements for fixed equipment and tie-down %
fitting carry-through' structure have been defined by the average 8 or : 5

X R %
% 9-G levels associated with the fuselage bresking strength since the : %g
. -
| fuselage ceases tc provide maximum occupant protection following rupture. : %
: : =
p This acceleration level can be considered as a reasonable compromise, : %
3 ‘partly because of the practical limits associated with the restraint of E k4
3 cargo for occupant protection, but primarily for the following reasons: g%

cargo is seldom ''rigidly" tied down as are seats and the relative motion

of the cargo allows the restraint system tc absorb fhe higher magnitude

~short duration loads; car-o restraint systems are generally more
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¥
:
b redundant in terms of connecting load paths than are seat installaticns; g
e z
ke . s . 2
e restrained cargo provides interference for loose cargo; partial failures 7
3 %
3 in a cargo tie-down ''chain'' are not as direct a threat as a partial %
% seat failure would be to the occupan~. ‘é
By 3
1
E In light of recent findings concerning human tolerance, current %
4 Y, -
; 5
§ structural specifications {see Table 1) have increased restraint %
;% requirements for miscellaneous equiprent and cargo tie-down hard points K%
i to be consistent with seat installation requirements. The intended g
B objective is to provide a more equal measure of protection consistent ?
3 3
5 with human tolerance. While the magnitude of the revised factors is g
& R 3
E appropriate, the requirement should be stipulated as a dynamic rather %
u: than a static requirement to be more consistent with the crash environment 2
wa 44
& and the response of restrained cargo to that environment. %
: &
4 %
B Structural specifications also reccgnize circumstances when occupants ¥
?i woiild not be in any direct dangar from loose equipment or cargs during a %
0 . . . £
& crash and the design requirements are considerably less. Nonhazardous %
2 N
& restraint requirements are 3 6 {2.0 6 x 1.5 F.S.} in the forward %
i longitudinal direction. The Jower 3-G factors are still considered ‘%
;? Yerash' Joad restraint factors, but they are more consistent with low %
by o
o G operational contingencies of an emergency nature. The 3-G level %
3 &5
R 3
i: provides restraint for airplane decelerations associated with maximum ‘g
2, 2
= braking combined with full thrust reversal, landing short, landing f%
L S
P, overruns, skidding off runways, tire blowouts znd gear coliapse. The ‘gg
28
b 3~G level affords protection to the airplane and the carge by minimizing -%
o 3
ks damage to both during such emargencies. Y/
[€r.
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4. OPERATIONAL RESTRAINT

Operational restraint problems invariably concern the level of restraint
required for cargo tie~down because of the inappropriate separation of
two distinct recuirements. One is the airframe design requirement to
provide a level.of erash protection; the other is the operational
requirement to jecurs cargo to specified lavels of restraint. A confiict
arises when the maximum structural design requirements are applied as
fixed operationai cargo restraint requirements. The two are compatible,
but they are not necessarily interchangeable under all circumstances.
Operational requirements can vary cqnsiderably depending on the cargo

and the mission, especially in combat, and they should not be stereotyped.

Both operaticnal and structural design requirements have a basic
concern for occupant safety. The choice between providing a structural
level of safety or measure of protection commensurate with the occupants'
ability to withstand the nonfatal physical forces, and providing a
ievel of safety consistent with certain operational requirements, can
result in equally unsatisfactory alternatives. Structural requirements
attempt to provide a realistic compromise by providing a cargo tle-down
strength level consistent with the basic airframe strength, but n;t
necessarily consistent with the upper level of human tolerance. Similarly,

operational tie~down requirements are variable and the ievel of occupant

safety that can be provided is often mission dependent.

The using commands find it is impractical to tie cargo down to
structural design limits in many instances. Cargo tie-down requirements

are tempered by definite operational limitations which must be considered.
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For example, certain types of cargo are known to break apart at very

Jow G levels; the cargo may be so massive that impractical amounts of

chain and cable would be regquired to restrain it tc high G levels;

combat conditions may not allow time to secure cargo as positively as

would otherwise be desired; the cargc may cover the majority of the

available tie-down fittings, leaving toc few exposed for adequate restraint.

As difficult as the operator's problem is, the circumstances provide v
no direct justification for the structural designer to iower the design

requirements below a reasonably safe level. Adequage structure must

. be provided for occupant safety for the many clrcumstances which do

allow its use. As shown in Table ii, the problem has been alleviated

to some degree by allowing lower cargo restraint leveis on the C~130 ’

&
B
“

.
.
pES
Fo
35
23
I
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b

and C-141 aircraft when passengers are not seated forward of the cargo.
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23
> 5. RESTRAINT FLEXIBILITY
% ; Although in an engineering sense, an oczupant can be reaschably well
B protected and restrained to almost any G level within human tolerance,
58 :
B there are operational circumstances which require restraint flexibility B
v«f "
SR and appropriate options should be provided. For example, many decisions gé
. , ) %
g arise that are of a tactical nature based upon immediate circumstances. =
;; If absolute tie~down safety with respect to cargo cannot be provided '%
{_ X
oy to passengers uiilizing an available restraint system, !t must be
gw T reccgnized that in a crash environment the risik to passengers increases
o as the level of restraint provided for the cargo decreases. If it is {
A
) H
e impractical or impossible to restrain cargo to crash level loads, the g
o ' . .
e additional risk must either be accepted or the passengers should not be .
%; carried, or the passengars must be separated from or placed behind the P
Bt 42 - H
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cargo, or the flight mist be postooned or delayed until better circumstances

T

prevail,

R T S R
PRt~

W N

The required operational flexibility can be at least partially

achieved by a portable restraint net of the type recently developed by

the Air force. The portable net can be used as an auxlliary restraint

,::__,;“‘ ]s"l,lt"\(vgr T

system to more reliably contain cargo to a 9-G level or hicher depending

P on the mass contained. If a sufficient number'of nets were mzde availabie
3 to each cargo transport, the desired level of restraint could be provided
;-

. when circumstances require added protection. The portable net system,

30

however, is limited by Its size and its dependence upon floor attachment

N points. It must literally envelope the cargo to be effective and a

sufficient number of tie-down points must be accessible,

Although
desiratle for interim use, the pO!tablg system is not as efficient a
: system as dasired for new aircraft. A oreferable auxiliary system would
‘E? be composed of a3 removable net that could be attached circumfereatially

to permanent installation fittings in the fuselage similer to nets

currently used on commercial cargo aircraft. Such a system will provide

R S AN

maximum srotection and sfficiency.

o
”~

e
%
o

Certain odd size cargo of high density, such as pipe, gun barrels,

<and tow booms have excessive penetrating power when decelerated and

Ef cannot be effectively restrained by & conventional net or chain or
5{ cable restraint system. Special packaging should be required for items

that cannut be net restrained.

.

k5

22
& 43
EATY -
1.

s et

v

st e et

WL wt

-M‘ag Ly

PR R I XS TR ]

aiwm:&mmh‘mé’ﬂﬁméeﬁ?&%@%&m‘mwwgfsm

y et vk e o it e Tk L v,,v,:~
it sabi I A e eSS O

5
&

Srprsteitel

LA

o tta oo

s

3
|
:




i

R A St e e e o TR IR T R R R e R N T TR
BTG <o AR R T R et o2 o g A B B L33 S J, ASE Rk
O T !

St A

S
2}

AFFDL~TR-71~139

6. NET RESTRAINT

Reference 4 divides restraint requirements into two groups: Net
restraint and cable, rope, or chain restraint. The latter yroup presents
a higher hazard since it represents a "rigid" type of restraint system

which is more susceptible to shock lvading breakage and requires higher

PTIU RR TR NIRRT VLRI F 2 I Ly o

-

o enter 4V

factors of safety in design. A well designed net restraint system

minimizes the dynamic overshoot problem and provides more piotection by

”containinj" the cargo in an efficient manner. Net restrained cargo ‘§

therefore provides the safsr environment for mixed cargo/passenger loads. :é

%

Failure in the various elements composing a cable or nylon restraint ,?

net can be tolerated since it normally requires a series of such failures 7%

to release the cargo. Any one element or net can be readily overloaded *é

by stack in other system elements, but the other elements or nets are ~§
évailable and can pick up- the load or block the motion of loosened cargo. 3
The elements of & rzi system inherently yield to a great degree before »é
rupture and allow tne forces within the net to redistribute and equalize, %
thereby retarding rupture. Net restraint systems, then, can -conczivably .%
be designed to lower deceleration peaks since the hazazrd to the occupants ~%
is a function of series of failures {rather than a single failure) and :g
K3

is therefaore a less direct hazard then, say, a seat failure. On the f%
other hand, a restraint svstem cannot be designed to tro Jow 2 deceleration %%
3

peak since it must retain an overali level of integrity when subjected %
to the aormally expected crash pulses. Except for the '“rigid' restraint é%
o

system having low ductility, Referenca 10 notes that the very short ?§

duration peak G "'spikes'’ have only a minor effect on the performance

of 3 cargo restraint system. In most cases, a minimum of only 0.0}

44 ’
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secend is required for loads to reach maximum value within the relatively

rigid airframe and the infiuence of short duration peaks should be assessed

S

for woch restraint system.

’

3,

Ry

g

5

R

For bulk cargo the 9-G regquirement has served adequately as an upper

£ R

St feNeuitee

restraint limit. Cargo generally does not respond to the high frequency,

]

high G crash pulse as do small items and more rigid installations. This

iow response of cargo can be noted in the crashes discussed in

References 11 and 12. Undocumented cccurrences have also noted that

2
B cargo has not significantly shjfted even in crashes where occupant: %
A% 4&
: ]
I seated near the cargo have received fatal injuries from side lap-helt

restraint.

E:

;%

) :;%:

z !
! ]
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.

45

R BT

ARy S BN AR A TN
R g g
2

T

TR T R
HIRTRYES XGVR K

T

S

&

2 b

ST P

,:?»9(

fetrnon
AR

PRy WY S, < T P -




T T e i Adevp ™ 5 2 SRSl vy et Mt g ¢ I L Chec 8 T K77 Pt g S A ’;—-w:'v TN 4 TR,
SRR e F 1~%§d%”vwﬂ*’“a?w7Aﬁﬁﬁﬁaﬁ@%wﬁfﬁhﬁaﬁgﬂﬁf“ﬁvfﬁﬁﬁﬁﬂgmﬁiE?ﬁV§§§g P Rt S e S A

e

.
o v ;%
'r g { %
% E
H AFFDL-TR-71-139 e §
H 2,
) SECTION VI %
: ;
5 -~
f DISCUSSION ?%
: k'
} Human survival in the crash eonvironment can only result through the %
: combined efforts of the related design disciplines. Each discipline, '%
7 although related to crash survival, is concerred with a different g
#
. design problem and each seems to have its own terminology, design %%
t philesophy, design geals, and acceptable design compromises. Coordination, 2%
therefore, between airframe designers, air mobility/cargo handiing E%
: designers, and alrplane operators becomes exceedingly important. ‘2
f g
! =
! - %
: The overall parspective to be gained from the data in Sections 1i and g

2
2

é 111 can take two basically different, but ,elated approaches. The crash !
; event itsel” is relatively rare, occurring once per 43,500 flights. On

the other hand, in any given crash, the risk of injury to occupants is

é very high. If crashes are considered only with respect to airé?anes

carrying a mix of passengers and cargo, tl.1e combined probability of a

crash occurring during any one flight is very remute - one per 1,560,000

fiights. Consequertly, because of the rarity of the event, extensive

passenger protection seems academic. Yet, based on the individual

accident, it can be shown that in many cases an increase in current

levels of restraint protection could increase occupant survival. ' asa

two perspectives were reflected in Section | and have been appliec >

i s oh A ST A R S A el Sl e

the specifications in Table .

5
ey

i

The Injury statistics in Section 11 describe what is frequently - ~§
.‘,
S
called the ‘'survival' crash range. This range Includes thosa crashes %
=
46 :
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Bz L. B
x.; severa enough to causa injury, but not severe enough te prevent survival. % é
i ¥ 33
= 3 . . . 3
;- N Minor crashes and nonsurvivable crashis have been eliminated from the 3 %;
=8 b2 PR
N : . . » . 3
o ? survivable" accident range. The majority of thase “survivable® i =

24
& ,".a

crashes occur between 5 and 10 G's (Figure 2). Injurles to crew and

SR

sassengers follow similar trends, in that both the number and severity

£
i,.
g EA of the injuries increase with increasing G level. Fatziitizs incraase 3 f%
e £. B
B % sharply above 9 G's. - 3
. b . . . .. 45
‘~ ; The crashes discussed in Section lil were originally szlected and N 5
.Ah o l‘; “ﬁ
e % ; . . G
N ) catagorized for survival potential rather than for a specific crash force 3 %
bt ?\;‘:» ) s =
‘HE . - . .. 4 - P A - !
28 S {6) level, hence the term Ysurvivable' crash. If we consider the survivable a2 78
g o k;
circumstances surrounding this .select group of crashes, which exciudes e
:" g ;:' 5
% o . « N . . . .z
% £ the fully survivabis and tha norsurvivable crashes, we can qualitativeiy 3 4
e ; evaluate the relative hazards to which the crew and passsngers are = if;
s s - $ 2
; = . . ¥ N k1
o & exposed with respect to cargo. A qualitative evaluation is necessary K §
% ¢ : J B
:3’ hecause ot the low incident rate of cargo inflicted injuries (Section 11). Y4
% v 2

AR,
";u::," ;@J‘,k‘ﬁﬁ‘), 2 Ya""” {;"&,\;"‘.g

Z' Since the majority of the crashes in this< select group cccur above %
.; 3 6's, cargo restrained to an operational load level] cf 3 G's can be §
i R
'f“ g expected to hreak its restraints to some degree in aimovst every crash. :i :g
g% The risk of zargo injury would z;ormally be greater to passengers than % g
, éﬂ to arew ;because the passengers are in closer pruximity to the cargo i &g
E; ﬂwhen 311 sre on. the same basic deck level. Considering the current § §
f‘ ;’ i;nvenﬂtory, these c.ircumsta;nces would apply primarily to the C-130 and ; %
t %;’: €-141 wirplanes. With r ¢ | to crew pre.ection, both of thess _‘ §
. 4
?z airplanes separate 7 ¢ (. &t cargo compartme.ts by a bulkhkead which 2 ;
“ % provides some addi.sons. protecticn, although this is not its intended g
E - 53
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purpose. Conversely, the crew are generally in greater jeopardy from
impact forces ‘than passengers because the crew are in closer proximity
to the initizl impact region and the greater distortion of the forward

fuselage. Passengers are therefore generally better protected by the

airframe in a crash than the crew and loose carge imposes a more direct

hazard and a proportionally higher risk to passengers.

Available crash stacistics show that crew safety is not greatly
affected by cargo regardless of the restraint level., Approximately four
years of operational experience has been accumulated at the reduced,
4-G, restraint level. There are no discernible differences in the

crash statistics regarding injuries during this four-year period than in

S e L
&m@g&mﬁm&iﬁ:@mméimuammﬁm NG

A

m';mi’dimmmafaw.\:fmﬂmmmammma&wm&,\mawmmmmmm&mmﬂ

the previous six years of the data sample when cargo was restrained to

B G’s.

Obviously, pass:2nger safety is more directly influenced by cargo and
its level of restraint. in lieu of sufficient statistical data reiating
cargo and passenger injuries, passenger risk with respect to cargo
should be considered directly proportional to the level of zargo
restraint when passengers are seated in front of the cargo and not
separated by a sultable barrier.' Although mixed passenger/cargo flights
are statistically rare, auxiliary restraint devices having a minimum
9-G restraint capability for the protection of passengers seated forward

of the cargo should be retained if a 3-G operational restraint jevel is

adopted.
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The structural criteria generally provide a level of restraint

4.

LTy TR IR WO TR RS2 S

potential consistent with the crash environment; it is up to the user

to decide on a restraint technique and the level of restraint censistent
with his mission objectives and the amount of risk to which the occupants
must be exposed. It is possibie to restrain cargo to the same level

as the trocps Or passengers sitting next to it; however, the weight

and complexity of a restraint system capable of keeping & maximum cargo

load in place at seat installation load levels would be high (Reference 4).

The strucural criteria aiready provide a design compromise between

by

o

seat attachment structure and cargo tie~down fitting structure that is

&
v

reasonably consistent with levels of human tolerance, fuselage strength,
and cargo response to the crash force. No perfect sclution to the dilemma
exists beyond the design compromices noted and possible operational

restricticns imposed by the user if the risk to personnel is not acezptable.

Statistically, a statically designed 9-6 auxiliary cargo restraint
system provides adequate passenger protecticn. Properly restrained cargo
provides a less direct hazard to occupants as opposed to seats and

personnel restraint systems, because carge is less responsive to high

) DR TR MCC PR PWOPIN U T o o B S A

deceleration pzaks and less likely to fail its restraints. Seat failures

RAsItey

i

and fixed miscellaneous equipment support failures pose a very direct

.57

hazard, since seats and eguipment respond readily to the imposed crash

forces and are directly in contact with or in close proximity to the

occupants.

The current 9-G ievel of operational restraint cannot always be

achieved as noted in Section ¥ and illustrated by the example of the
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. e v

2 1/2 ton truck in Sectios I. Yet, various items of bulk cargo that

cannot be fully re;tréined are carried behind passengers. In effect, a

SR ST e

valid 9-G restraint system does not exist and passengers do not receive

L

N

appropriate protection. An auxiliary barrier system would greatly
improve passenger safety and, if used in conjunction with a 3-G operational

restraint level, would provide campatibility between all USAF cargo

transport airplanes.

R TP AT PN M3t PEURT Lo

The barrier-net concept could be readily implemented and would be cost
effective. Although greater cost savings and operational flexibility
can be shown when ; barrier system is utilized in a new -airplane ;ystem.
its applica:io; to the C-130 and C-141 would provide immediate benefits.
A 3-G operational restraint system using a 9-G net for auxiliary
protectiocn will provide passenger safety and a cost avoidance for future

air-transportable equigment through uniform restraint requirements,

S RO A S A T

A

RS e oA A RS P L s AR LS N s D M e a1 25

To minimize future design interactions and to retain a stendardized
air cargo system, a consistent Air Force design/safety philasophy
concerning the upper level of cargo restraint for the protection of
passengers should be estabiished. Maximum protection is desirable but
practical limitations do exist {as noted in Section V). Althodgh airframe
and restraint systems strength can be increased, its value Is limited
if the increased strength is never wsed oéerationaliy. Available
statistics concerning cargu/passenger aircraft crashes, deceleration,
and cargo related ‘injuries, in conjunction with operational limitations
and air-transportability costs data, can be used to reach an appropriate

compromi se -between design levels, cost, and risk of passenger injury in

50
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¥ & crash. A compromise acceptable to all Commands would seem to be the P
b B
X only appropriate jolution. } %
- 2
POE
- Early in this study it became cbvious that an analysis similar to that %
' in Reference 2 in regard ta 61 military and civilian acciderts, should \%
. . . . X
- have been accomplisned for accidents which occurred between 1960 and %
: Es
f - July 1971. Such a study would have provided an excellent basis for this %
et ©E
o : or any related studies. Thea larger sample, reflecting Air Force missions H
A i ’ s
B f and operating environments, would increase the confidence that can be : ‘%
i g;
9 placed on projections developed from the basic data. .The basic data would CE
: . s
E : be applicable to studi:. requiring the definition of crash load criteria 5 %
7. N for seating and restraint systems, mi scellancous equipment tie-down, %
. . ,@i
- and air cargo restraint., !t would also provide additional information 3
3 I applicable to studies concerned with the reduction of post crash fires and §
3 . perscnnel evacuation. %
o { E
e ° vommunication with 1GDS during this study confirms the fact that compre- g
Ex L k-
g - nansive accident data are available; however, as 1GDS points out, they are zﬁ
b not staffed to extract detailed data and conduct analyses which would, 2
= 3
L5 . b
SN for example, provide an estimate or the accelerations associated with 2
% 5 N f:
g each cargo aircraft craszh. X <%
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SECTION V11

CONCLUSIORS

R LA Y

SRS Y O R

1. Occupant survival becomes acute.in the 3-G to nonsurvivable crash

force range. The serious injuries which occur in this range occur most

frequently between 3 and 10 G's. Fatalities increase sharply above 9 G's.

2. The probability of a crash occurrin§ between 3 G's and the non-

survivable range with cargo or with a mix of cargo and passengers is one

é}

in 500,000 flights, and one in 1,500,000 flights, respectiv

e mindbe

3. Since a mixed cargo/passenger crash event is rare, little data

exists and the probability of cargo inflicted injuries cannot be

éﬂhﬁ%ﬁm&ﬁﬂi

established. Passengers seated ahead of the cargo are generally in greater
T
) danger from cargo than crew members in the cockpit with respect to cargo &
2
e
when all ure on the same deck level. g

4. With respect to crew safety, the current 4-G operational restraint

5
Txr

i
%

level for cargo on all carago flights has apparently been satisfactory.

Statisticaliy, a reduction in thie operational restraint factor from 4

4

i N A A N A A

to 3 5's fur general and aerial delivery cargec will not appreciably

alter the level of protection provided to the crew. Neither level provides
true major crash protection with respect to survivable crash coﬁditions.

5. An operational restraint level of 3 G's for ali-carge flights would
require, when passengers are seated forward of the cargo, an auxiliary
restraint system or the continual use of current 9-G cargo restraint levels
to maintain the current level of passengar protection.

6. A reduction in the 9-G design requirement for air-transportabie

equipment to 3 G's will result in a significant cost savings (or cost

‘

avoidance) and in a weight reduction for this equipment.

-?%
g
z
3
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7. Air transportability requirements and airframe structural design

R AT s

S

requirements affecting cargo restraint with respect to occupant protection
are following divergent design philosophies (Table 1) which will complicate
the establishment of design requirements for future airplane systems.

8. The accident data available from 1GDS covers a broad range; however,

it does not include detailed information pertinent to this study, such

as: what cargo, if any, was on board and its condition and position after
the crash; type of restraint; an estimate of the acceleration forces

encountered in aircraft crashes; and accurate descriptions of cargo-

inflicted injuries.
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SECTiON VI

A T R e R T

RECGMMENDAT | ONS

[

R RTINSt D Lo

¥
T

1. That the operational 4-G requirement for cargo tie-~down without

passengers in front of the cargo be Jowered to 3 G's. 5
. :
2. That cargo restraint for the C~130 and C-14] be lowered tc 3 G's for :

complete compatlbility between these aircraft and the -5, and that

cwn b -
. A
$n iR

Ent

passengers be required to sit aft of the cargo or be protected by an

auxiliary barrier system c3pable of reéstraining the cargo to a 9-G forward

bt

1,
Fsd s

S

. crash level.

-
4

3. That an investigation be conducted to determine if an integral

.. ..
U RV R TR e e o Y PR AT (N NP RN

. ‘l,&\ﬂﬁv‘\-ﬁ&'ﬂ%.ﬂ.ﬂ’mw

commercial type net modification can be made to the C~130 and C~141 aircraft.

.

4., That future cargo aircraft syStem design give first priority to pro-

P T R T T
B I R ' IY

visions which easily accommodate locating passengers aft of cargo for

mixed loads. When this is not practical, incorporate integral auxiliary

v e e e

restraint systems to provide a minimum of 9 G's forward crash protection,

in conjunction with a3 3-6 cargo restraint system, for passengers seated

g ey e

forward of cargo on the same deck level.

ﬁ&&@ﬁﬁmijﬁwahwa&m&mﬁﬁﬂyﬁﬁmﬁﬁn

B e nuer

5. That air-~traasportability requirements be lowered from 9 tec 3 G's

;:3‘

E

: forward upon acceptance of the above recommendations 1, 2, and &4, : ;
’ - . . ‘ . . =
t 6. That current difference in the upper G level for cargo-transpcrtability i -§
? M 1]
% requirements and airframe design requirements be resolved with the estab- ‘g
5 lishment of an upper level of cpsrational restraint for mixed cargo '§
B
{ passenger loads, acceptable to all Commands, and selected on a risk of .

N

23

injury versus G basis.
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A Y

A ARy S e S e

7. That a program be accomplished to analyze existing Air Force cargo
aircraft accident reports to provide estimates of the crash forces and

reiated data which can be used in future studies of crash load restraint

g RPN PURS (D IAT R IR T

criteria and related efforts to enhance personnel survivability in the

. crash environment. . %
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3 X TOTAL FATAL CRASHES — 353 !
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Figure 3. Distribution of Survivable Crashes
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Figure 5. Horizontal Axceleration Distribution of Fatal Crashes
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LEGEND FOR TABLZ 1V, EXPLANATION OF

UPHASE OF CPERATION'' COLUMN

£5%

Codes 10 through 60 are used to record phase of operaticn for ail
accidents/incidents occurring in flight, or where there was intent for

flight. Codes in the 70 series are used for accidents/incidents where

; there was no intent for flight.

10 - ENGINES RUNNING, NOT TAXIING - Includes accidents while making

menCriiadiidin s nenich bl

power checks or starting engines.

&
o
=

e

20 - TAXiING - Any time aircraft is in motion under power with intent

for flight.
21 - To takeoff?
22 -~ From landing
23 - Other areas

30 - TAKEQFF

; aa\iii&sm&b;ih&iﬂsam‘zﬁhsi’iibﬁwdlﬂ::‘ﬁigﬁﬁ

31 - Roll
32 - Initial ciimb within five miles of takeoff airport

33 - Discontinued - All attempts to stdp the takeoff run or

v

e A A

ciimb by reduéing power and/or using brakes or other deceleraticn

equipment.

. 40 - IN-FLIGHT

4] - Normal 'é
42 - Acrobatics - Includes intentional maneuvers of abrupt 5%
change in direction, speed, or altitude, . §§
43 - CYimh prolonged - To cruising aititude, change of ;%

altitude, etc. {See 32 above).

71
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LYy - Refueling

%

g;

AFFDL-TR~71-139 %
£

5

L5 - Ajr-to-ground crdnance delivery

k¢ - Air-to-air ordnance delivery B
43
: 47 - Low~level flight - Prolonged in accordancz with directed ‘
3% mission requirements.
?i 48 - Descent - Prolonged, jet penetration, letdown, etc.
é L9 - Other 5
ke 50 - LANDING ]
2, ) 51 ~ Approach -~ All legs in landing pattern. GCA and ILS E ﬁ
.3
H included ! %
EZ 52 - Flareout %
H 4
% 53 - Roll - Ends with application of power for touch-and-go A
- ~3
3 . ) 3
'%‘ or go-around (see 60 bzlow; or siows to taxi speed for turn off runway. 3
9 2
e 54 - Other S
E. 3
3 60 ~ GO-ARQUND - Aircraft will be considered on go-around until -
B :5
5 sufficient altitude and speed have been attained so that power can be %
e ‘ 3
= reduced andé the aircraft can maneuver freely. §
gt 61 - Premeditated yo-around. Touch-and-go. §
-3 5
b 62 - Unpremeditated go-around. Ffull stop landing was E:
Pt - ‘"43
- originally intended. ‘g
"'\ %‘
70 ~ NONFLIGHT ACCIDENTS {No intent for flight) 3
b= g 3
o 71 - Parked %
i 2
A !
72 - Towed :;%
1 73 - Taxiing ;
3;2 7% - Stolen aircraft, whether or not aircraft became airborne. ;%
ke
= $
3 .
. - g
3 3
‘-' 72 ‘%‘a
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LEGEND FOR TABLE IV, EXPLANATION OF

""TYPE OF ACCIDENTY COLUMN

Up to> three accident Lypes may be coded for one mishap.

0l - Loss of Directional Control - Loss of directional control or

sudden swerve while on ground or water. Ground loops and running of f

B ik L P 1

[ LR N e kT, S A AR

sy

S A d e N

e < Pt

side of runway during taxi, takeoff, or landing. ;
02 - Wingtip Landing ~ All cases in which an aircraft is landed on %
a wingtip or drags a wingtip. Include such cases as above involving é
tip tanks instead of wingtips. %
03 - Whezls-up Landing - All landings in which the landing gear couid ?
.hot be or was not lowered and locked prior to contact with the ground. %
{Excludes cases where collapse occurs during landing roll after initial :
landing contact has been made). ‘
04 ~ Hard Landing - Stalling in or fiying into the runway or other ?
intended landing space while landing. ‘
05 - Collapse or Retraction of Landing Gear - All retractions and §
collapses which occur on the ground except those defined as wheels-up ;
landings. Either personnel errors or material failures can be the cause :
of this type accident.
06 - Undershoot - Landing short of runway or other intended landing
space.
07 - Overshoot - Landing too fast or too fur down the landing area,
resulting in: ;
H
a. Running off the end of the runway. %
b. Groundlooping, nosing up, or retractina the gear to prevent %
running off the end. g
c. Llanding beyond the runways end. f
73
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v,

08 - Aircraft follision on the Giound - Collisions between aircraft

when one or beth of the primary aircraft invovlied are o -.he ground and

are not on the takeoff and landing roll.

09 - Aircraft Collision in the Air -~ Collisions between aircraft

when both of the primary aircraft involved are flying. Aircraft on

the takeoff or landing roll are considered to be flying for pv ‘poses of

this definition.

10 - Collision with Ground or Water - Includes collisions with

mountains, hiils, fiying into ground or water, etc. Excludes collisions
preceded by stall, spin or spiral, explosion, airframe or engine failure. :

'} - Other Gollisions - Colilsions with any object other than planes

QIR e S RN AR A e e R B,

¢

SR SRR

or ground or water. {1) Aircraft in f'ight collides with power lines,
trees, tov target., birds, etc; {2) Aircraft is engaged in taxiing,
.akeoff roll, or janding roli, and collides with any object other than
aircraft, such as p&ies, buildings, fences, etc.

12 - 3pin or Stall - Mishaps in which the aircraft spins or stalls
into the ground or water. Excludes hard landings and those stalls which

occur above the landing space during the lev, ling-off process.

12 - Fire and/or Explosion on Ground - Mistpas resulting from and

cavsed by, fire and/or explosion on the ground.

14 -~ Fire ++d/or Explosion in the Air - Mishaps resulting from and

caused by, fire and/or explosion in the air.

15 - Airframe Failure - Mishaps resulting from failure of any part of
the airframe, .uch as wingspars, empennage, hinges, and fuselage skin.

Includes structural failure where safe landing was effected with no

further damage. Includes cases where the cancpy or hatches come off in

flight and are not caused by the action or iraction of person(sj.
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16 - Abandoned Aircraft - Aircraft abandoned in flight by all personnel

capable of pitoting aircraft.

e N

17 - Propeller os Jet Mishap on Ground - Mishaps in which a person-

'

suffers injury from contact with a rotating propeller or from a turbojet-

engine intake. Alse used for mishaps caused by prop or jet blast
resulting in injury to personnel or damage to any equipment, building,

etc.

, 98 - Type of accident - Not determined.

YY - Not Applicable -~ Enter this ccde in any ot the three spaces

: where no other type of Accident is used.
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TABLE ¥

POTENTIAL COST SAVINGS
FOR CONTAINER UTILIZATION 1565-68

ITEM

Cost Avoidance
Pipeline Reduction 1968 level
Port Facilities
Srip Delay Billings
Cov;red Storaée
Refrigerated Stc-age
TOTAL COST AVOIDANCE
Recurring Saving (1965 to 1968)
Shipme-ts {incl. Port Handling)
Yepot Cargo Handling
TOTAL RECURRING SAVINGS

GRAND TOTAL
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AMOUNT ($ MILLION)

157.2
181.0
89.7
86.9
23.0
527.8

344 .6

8.9
353.5
881.3
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APPENDIX |

C-130 AIRCRAFT MAJOR ACCIDENT
DATA ANALYSIS

The 1GDS major cargo aircraft accident data for 1962 to July 197]
contalned ninety £-130 accidents. Tasble VI is a summary of these
accidents by years, showing nersonnel injury data; a breakout of the
accidents not considered crashes (i.e., ground réfueling accidents,
major damage during towing operaticns, etc}; and, for the crashes an

estimate of the crash force levels was made.
The percentage relaticnship of crash force level of total crashes

(€2 cases) is:

0to36 36 to N/S N/S

——a—

48.4% 25.8% 25.8%

The foliowing are example C-130 cases identified by the crash force

level into which they were placed.

THIS INFORMATION INTEMIIGMALLY DELETED
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on 7 July 1966. A loud noise was heard on landing, a go-around was per-

formed, and it was found that the right main landing gear was hanging

o R

doun. After the cargo was jettisoned a crash landing was made on a

foamad runway.
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