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1.

1.1

1.1.1

SCOPE:

Purpose:

This SAE Aerospace Recommended Practice (ARP) specifies guidelines for calculating
and performing shoring (load spreading) required on board civil transport aircraft
whenever a piece of cargo to be carried exceeds the aircraft's maximum allowable limits
in area load, running load, or both. It provides both the engineering methods needed to
properly design a shoring arrangement, and the main practical dos and donts known

from e
overlo
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publications and staff training programs.
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Kperience to ensure Its effectiveness in protecting the aircratt's struc
hd.

bcument aims at providing recognized industry standard methods to
tainable level of aircraft structural protection when designing and pe
j arrangement, taking into account the general requirements express
manufacturers Weight and Balance Manuals, the requirements to b
bf the air cargo pallets airworthiness certification-requisites, as well g
al areas of concern identified based on experience.

pcument, therefore, provides recommended practical means of comg

afety objectives, intended to be availableras a common base for carn
r airport handling agents when establishing their own in-house procg

bcument, however, is primarily. intended for use by qualified structurg

bn simpler shoring requirements, identified thereafter: ARP5486, Air
btion Guidelines, Section 5 addresses such relatively simple cases.
bcument shall-not, under any circumstance, supersede the requirems

and Balance Manual.

tion; any aircraft manufacturers specific cargo shoring instructions s

ure against
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bonsible for calculating andiimplementing cargo shoring arrangements where the
size and weight of the piece of‘eargo require. It is not intended as a guide f

Dr more
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ble airwerthiness regulations (see FAR Part 25) or the aircraft manyfacturer’s
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1.2 Field of Application:

1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

1.2.6

This Aerospace Recommended Practice applies to shoring (load spreading) of individual

pieces of cargo to be carried on board civil transport aircraft:

a. onto one or several airworthiness certified air cargo pallets meeting the

requirements

of TSO C90, themselves restrained into aircraft lower, main or upper deck cargo

systems, or

b. nopunitized pieces of cargo, or pieces of cargo placed onto one or sevs
unfestrained (“floating”) pallet(s) into lower, main or upper deck contain
compartments of an aircraft, or

c. individual pieces of cargo loaded in noncontainerized (bulk leaded) bag
cafgo compartments.

of application includes the pallets and shoring stands prepared with
premiges, whether at a shipper’s facilities or an airport cargo warehouse, i

ral
erized cargo

gage or

in ground
cluding those

intended to be loaded into the aircraft in a “floating™(not fully system restrajned) position

requiring tie-down onto the aircraft’s structure instead of the pallet’s tracks.

Its proyisions also entirely apply in the eventof “pre-embarked” pallets, i.e.
loaded empty into the aircraft to be used\as a floor on which cargo is later &
palletized inside the cargo compartment. In such a case, it pertains to the g
implement the shoring scheme at aircraft loading.

Cargo|shoring instructions shallbe established by the aircraft operator, ung

pallets
rought and
perator to

er control of

his regorting Authority. The\shoring instructions shall ensure compliance with the

genergl airworthiness reéquirements and the applicable aircraft Weight and
Manugl, and should incarporate the requirements of the present document

Balance
or equivalent

industy standard.(see 2.2). They should further define load or load concengration limits

over which desigii-and/or approval of the shoring scheme by designated lo

bd

engingering,structural engineers (see 7.2) is mandatory prior to implementation.

Actual|cargo shoring in accordance with these instructions shall be perform

ed and

npetent,

suitably trained (see 7.3), personnel as defined in ISO 9002, clause 4.18, or equivalent

pertinent industry training and proficiency standards.

This document is not intended to be used for cargo shoring aboard military

transport

aircraft, and does not take into account any specific criteria for military aircraft. Nothing,

however, precludes it being used for guidelines in this case, it pertaining to
operator to identify and implement any additional applicable criteria.

the military
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2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The
latest issue of SAE publications shall apply. The applicable issue of other publications
shall be the issue in effect on the date of the purchase order. In the event of conflict
between the text of this document and references cited herein, the text of this document
takes precedence. Nothing in this document, however, supersedes applicable laws and
regulatigns unless a specific exemption has been obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrenfdale PA

1509610001.

AS1130 Air and Air/Surface (Platform) Cargo Pallets

AS1491 Interline Air Cargo Pallets

ARP5486 Air Cargo Pallets - Utilization Guidélines

ARP5%95 Cargo Restraint Straps - Utilization Guidelines

AS36100 Air Cargo ULDs - Performance Requirements and Test Parameters

2.1.2 Goverpment Publications: Available from U.S:\.Government Printing Office| M/S SSOP,
Washipgton, DC 20402.

14CFR Part 21 Technical Standard Orders (TSO C90c, Cargo Pallets| Nets and

Containers)
14CFR Part 25 Airworthiness-Standards: Transport category airplaneq (FAR Part 25)
14CFR Part 121 Air carriers-certification and operation (FAR Part 121)
FAA AC 120-59 Air carfiers internal evaluation program

2.1.3 AlA Pyblications: Ayailable from AIA, 1725 De Sales Street NW, Washington DC 20036.
NAS 3610 Cargo Unit Load Devices, Specification for

2.1.4 Airplane Manuals: Available from the relevant aircraft manufacturer(s).

Weight and Balance Manual(s) for the aircraft type(s)/sub-type(s) concerned

Shoring Guidelines Manual(s) for the aircraft type(s)/sub-type(s) concerned [when
available], e.g.: BOEING D6-35527, Shoring Guidelines for Outsized Cargo [applies to
model 747 aircraft]
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2.2 Reference Documents:

2.2.1 1SO Publications: Available from ANSI, 25 West 43rd Street, New York, NY 10036-

8002.
ISO 4117 Air and air/land cargo pallets - Specification and testing
ISO 4171 Air cargo equipment - Interline pallets
ISO 8097 Aircraft - Minimum airworthiness requirements and test conditions
for certified air cargo unit load devices [endorsement of NAS 3610]
ISO 9002 Quality systems - Model for quality assurance in production,
installation and servicing
2.2.2 ATA Publications: Available from International Air Transport Association, 8§00 place
Victorig, P.O. Box 113, Montréal Québec H4Z 1M1, Canada.
ULD Tlechnical Manual:
UTM 50/1 Pallet for NAS 3610 Class Il restraint systems
UTM §0/9 16ft or 20ft pallet for NAS 3610.Class Il restraint systems
Airpor{ Handling Manual:
AHM g73 Bulk compartment load limitations
AHM 76 Handling/bulk loading of heavy items
AHM 77 Handling andléading of BIG or overhang items
AHM 692 Ramp handling and loading procedures, training and qualifications
Other Publications:
Princigles of Aircraft.Handling [ incorporating: ULD Handling guide ]
2.3 Definitiops:
FLOATING (=PALLET): an air cargo pallet, or several coupled pallets suppofting a single
piece of|cargo, or equivalent flat support device, located onto an aircraft’s cafgo
compartment rollerized conveyor but not restrained by the NAS 3670 compatible cargo

system, the pallet(s) and its load constituting “nonunitized” cargo and being restrained to
aircraft structural points.

FORE AND AFT: the directions, relative to the aircraft structure, determined parallel to the
aircraft centerline towards the direction of flight, or opposed to it.

FREE SPAN: the part(s) of a shoring arrangement or shoring stand that extend out of the
base area of the piece of cargo, in order to expand its effective bearing length or width.
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2.3

(Continu

ed):

HEAVY DUTY (- PALLET): any type or size of NAS 3610 Class |l certified aircraft pallet
with a base core stiffness (EI value) of 2 x 10° Ib x in%/in width of core (24 x 10° N x
cm?/cm width of core) or more.

LATERAL.: the directions, relative to the aircraft structure, determined perpendicular to the
aircraft centerline and parallel to its floor, left hand or right hand.

LOAD S
LONGIT

PALLET
meeting
aluminu
2.5in/5(

PALLET]
made of

SHORIN
over an

PREADING (- ER): equivalent to SHORING (- MATERIAL).
UDINAL: equivalent to FORE AND AFT.

(AIR CARGO -): any type and size of NAS 3610 Class IPcertified a
the requirements of either AS1491B (ISO 4171, IATA®B0/1: most col
M plate base) or AS1130F (ISO 4117, IATA 50/9: heavy duty, stiffer,
to 63 mm thick, units).

(WOODKEN -): any type and size of industrialforkliftable pallet for g
wood or similar materials, used to facilitate handling and stacking pi

rcraft pallet
nsist of an
typically 2 to

bneral use,
pces of cargo.

G: the methods or equipment used:to evenly distribute a concentra

limitations.

SHORIN
piece of

SHORIN
cargo cr|

by shipp
the oper

SIDE(S)

G ARRANGEMENT: assembly of individual shoring materials locat
cargo to ensure its shoering. The geometric layout of such an assem

G STAND: a purpose built high rigidity device designed for shoring
tical by its weight, dimensions, or load concentration. Stands may b
ers or aircraft.operators or subcontractors, but their design must be §
ator's loadyengineering specialists.

equivalent to LATERAL.

ed cargo load

pircraft floor or a pallet’s surface inorder to meet the applicable aircraft floor load

under a
y.

piece of
built either
hpproved by

SPREADER FLOOR: local shoring intended to meet contact load limitations
compartment.

n a bulk

TIE-DOWN: The methods or equipment used to ensure proper restraint of cargo onto a
pallet’'s edge track or the aircraft's structure to replace or complement net restraint when
necessary. Tie-down guidelines are provided in ARP5595 (ISO 16049-2, IATA AHM 671).

UPWAR

D: the upward direction relative to the aircraft structure.
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3. GENERAL REQUIREMENTS:

Shoring is required, under any piece of cargo that exceeds them, in order to ensure both the
area load and the running load limitations of the relevant airplane section or position are
effectively met.

3.1

3.1.1

3.1.2

3.1.3

3.1.5

Area Load:

The load on any given area of significant size (typically more than 5 ft?/0.5 m? for bulk
compdrtments, 10 ft/1 m* for palletized loads) should meet the maximum. 2
limitatipn specified in the Weight and Balance Manual for the lower, main‘'o

positi

When

it is to be loaded on in the aircraft.

ver the aircraft type is unknown at the time of load planning or pallef

maximum area load limitation of 150 Ib/ft* (732 kg/m?) for bulk'cargo comp4

200 Ib
(1950
for usu

Any dd
detern

ft? (975 kg/m?) for AS1491B (ISO 4171, IATA 50/1)pallets or 400 Ib
kg/m?) for AS1130F (ISO 4117, IATA 50/9) or hedvy duty pallets ma
al civil transport aircraft types.

viations in specific circumstances should ®e allowed only to the exts
ined by an operator performed specific‘engineering study, taking int

charadteristics of the load, the pallet's stiffness, the overall pallet CG locati

structy

ral allowances of the aircraft’'s manufacturer.

The area load limitation is determined by the capability of the underlying ai

structu

re (floor beams, stringers;rollers pattern in the case of a pallet). Acc

relatively small loads (up to typically 5 ft/1.5 m maximum unsupported dime

loads i
limitati
points
loads

n bulk compartments), what shall be taken into account to verify the
bn is the total bedring area, i.e., that of the outer perimeter defined b
of the load onto-the pallet (see Figure 1 example in 4.1 hereafter). F
carried over.a-pallet (whether or not restrained into the aircraft's carg

system), the unsupported span between the load's contact points may requ

underr

Area Iq
by the

eath shoring. See 4.2 hereafter.

rea load
I upper deck

build-up, a

rtments,

ft?
be assumed

nt
D account the
bn, and

craft
ordingly, for
nsion, or all
prea load

y all contact
Dr larger size
D loading

ire

adhis not to be mistaken for "local" or "contact" or "footprint" load (thf

load divided
in the

aircraft's Weight and Balance Manual, but they seldom are critical for aircraft structural

safety

on typical air cargo pallets. They may raise concern only:

a. over bulk cargo compartments floor panels where a risk of panel puncture exists, or

b. when they result in significant local deformation of a pallet, which may result in
difficulties to move over roller conveyors (a reliable factual indication of excessive
deformation overloading rollers) or affect pallet restraint hardware functionality by
excessive upward bending of the edges.
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3.1.5

3.2 Running

3.2.1

3.2.2

3.2.3

3.24

(Continued):

In either case, this should be taken care of by locally increasing the actual contact
bearing area through intermediate elements constituting a local spreader floor, such as
wood, plywood, or a wooden pallet, between load supports and floor panel or pallet

sheet.

Elementary shoring procedures such as using wooden pallets to enlarge cargo’s
footprint on the pallet should be considered first and are in many circumstances

ery heavy or

concentrated load cases, however, the study and implementation of a proper shoring

arrang

The lo
to 1.2
maxim
lower,

The m
aircraf
contai
(e.9., q
flight)
Accorg
area Id

NOTE

Any dg
detern

sufficijLnt to ensure compliance with the maximum area load restriction. In

ment may be required to meet it: see Section 4 hereafter.

Load:

Ad on any given significant (typically more than 2 frame spacings, i.e
um running load limitation specified in the Weight and Balance Mant
main or upper deck position it is to be loaded.on in the aircraft.
type and, for a given type, between;the various sections of bulk and
ombined between several decks, or even overall aircraft balance co
which require planning the aifplane's total load and not only one sing
ingly, no general assumptions can be used in its absence, as in the
ad.

The maximum(area load in a certain aircraft floor area, divided by

load, whi¢hiit is in some instances also necessary to use in shorin]
calculations. See example in 5.2.3.4 hereafter.

viatiohs in specific circumstances should be allowed only to the exts
ined by an operator performed specific engineering study, taking int

,3to41ft/1.0

m) fuselage length measured parallel to the aircraft’s centerline should meet the

al for the

pximum allowable running load in Ib/in (kg/m) considerably varies acfording to

nerized cargo compartments. It may also be affected by other structyral limitations

hdition during
e position.
case of the

the maximum

running load\in' that area, provides the maximum transverse (latergl) linear

g

nt
D account the

chara

LETISUCS OT the INAlvidudl 10ad and the wnole plannea alrcralt 10ad, th

pallet's

stiffness, the pallet's CG location, and structural allowances of the aircraft’s
manufacturer.

Such studies should determine the actual running load at the aircraft interface, that is at
the underside of a pallet: as a result, an example of a deviation which may sometimes
be justified and authorized by an engineering study, when using a high stiffness
(AS1130F, ISO 4117, IATA 50/9 or heavy duty) pallet, is taking into account in the
calculation the known pallet stiffness as an already provided free span shoring, allowing
to somewhat increase fore and aft the effective bearing length of the load, thus to reduce

its effe

ctive running load.

-10 -
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3.2.5 When a piece of cargo overhangs out of a pallet parallel to the aircraft’s centerline and
prevents the adjacent pallet position(s) in the aircraft from being occupied, the total
running load for the pallet may sometimes be determined based on the total floor length
occupied in the aircraft, subject to compliance with the area load limitation and all other
requirements of the Weight and Balance Manual and, should this result in exceeding the
pallet position’s own certified maximum gross weight or other limits, restraint or
additional restraint being performed directly onto the aircraft structure.

3.2.6
justifie

detern
is requ

3.3 General

Regardl
precauti

3.3.1

limitati

3.3.2 When
essen

a. ift

NA

b. wh
(fo
en
be
the

on

i

Whenever the calculation, including the effect of any acceptable and engineering

d deviations, results in a running load exceeding the maximum allow
ined according to the Weight and Balance Manual, free span longitu
ired: see 4.3 hereafter for shoring calculation.

Precautions:

bss of the relative shoring complexity (see Section 4/hereafter), geng
bns shall systematically be applied in order to guarantee shoring effe

o with or without shoring, it becomes prohibited to locate any other |
shoring (in both instances) or besides them (in the case of running |
bn).

ver loading heavy cargo onto.a pallet, the load's center of gravity po
al and shall be systematically.checked:

ne pallet is restrained into’the aircraft cargo system, it shall meet the
S 3610 maximum CG.deviation limits (see ARP5486), and

lether it is so restrained or unrestrained (floating pallet), a significantl
F instance dueo a strongly asymmetrical piece of cargo, or an overh
j of an otheérwise symmetrical piece) in the horizontal plane increase
bring on-the heaviest end so that the average load over the whole bg
wholé-bearing length may not be used, and these limitations should
the heaviest end of the piece or the pallet.

pble value
dinal shoring

ral
ctiveness:

Whengver either the area load or the running loadimitation is reached by & given piece
of carg
and its

bad over it
pad

sition is

applicable

y offset CG
ang at one

s the load
aring area or
be checked

a load CG higher than the applicable NAS 3610 maximum limit (which may occur as

a result of high shoring materials being used) is out of the certification criteria of the
pallet's restraint system, hence the load in this case should be restrained by tie-down
directly to the aircraft structure, taking into account the higher CG to determine the
locations and angles of the tie-down elements.

-11 -
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3.3.3

In any event, an even well designed and properly calculated shoring arrangement will be

effective only insofar as it is appropriately and professionally performed: many
performance details can jeopardize its actual effectiveness (see 6.1 hereafter).
Accordingly, any shoring arrangement shall, prior to aircraft release, be checked and
approved by a suitably trained, operator approved, loadmaster per 1.2.5.

SHORING COMPLEXITY LEVELS:

Situations where some degree of shoring is required are very various, and correspond to

very different degrees of complexity. In the simplest instances which are the m
hods can be used. On the contrary, some very heavy or concentrate

simple m
require co
most, eve
recommer

41
411 Eleme
cargo

41.2 The ne

evalugted for any piece of cargo weighing-330 Ib (150 kg) or more, designa

IATA K

Mmplex engineering calculations and precautions that exceed thekno
 experienced, loadmasters alone. Accordingly, the following/classifi

Elementary Shoring:

pallets.
cessity of cargo shoring in a bulk cargo compartment should be sys

andling code "HEA". In practice, the running load limitation in a bulk

ded as a general guide for selecting appropriate procedures and teg

ntary shoring includes all cases of shoring heavy-cargo in bulk cargo
compdrtments, and, within the limits stated hereafter, many cases of shorin

bjority, very
bd loads
w-how of
cation is
hniques.

g on air

ematically
ted by the
compartment

essentially applies to the whole load-of a compartment's net section, so that most

shorin

4.1.3 Examg

) requirements address théerarea load limitation.

le of elementary shoring calculation in a bulk cargo compartment:

ght W = 240-kg}

FIGURE 1

Assuming a 240 kg (530 Ib) load with a 0.4 m x 0.6 m (16 in x 24 in) bearing base, taking
into account the outer perimeter defined by all contact points of the load, the area load

IS:
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41.3

41.5

(Continued):

240

0.4x0.6
limit for a bulk compartment floor. Shoring is definitely required.

= 1000 kg/m? (210 Ib/ft?), exceeding the typical 732 kg/m? (150 Ib/ft?) area load

Two 0.7 m (27 in) planks located to ensure an overall width of 0.5 m (20 in) will reduce
the area load to:

0 524(:—7 = 686 kg/m” (141 Ib/ft®), and constitute a simple but satisfactory$horing
5x0Q.
arrangement.

Unlesg a wooden pallet is used instead, the shoring planks requife sufficient stiffness.
Up to free spans of about 0.3 m (1 ft), which are hardly ever ‘exceeded, 20 o 25 mm (3/4
to 1 in) thick planks will provide sufficient stiffness for all'shoring cases encpuntered in
bulk cargo compartments. See IATA AHM 673 for additional, more detailed,
recommendations for shoring in bulk compartments.

Such glementary shoring may also be requiredion AS1491B (ISO 4171, IATA 50/1)
aluminum pallets:

a. forlconcentrated loads likely to cause'local bending of the aluminum shget and result
in difficulties to freely move over rellers, or to engage the aircraft's latcHes due to
edge bending. A typical common case is automobiles, where some elefnentary
shoring is required between the wheels and the pallet. Or

b. mqre seldom, for high.density pieces of cargo (e.g., crated castings or gimilar
mgchanical parts):

c. Iti$ normally fever required or even useful on AS1130F (ISO 4117, IATA 50/9) or
heavy duty, stiffer, typically 2 in/50 mm thick, units because their own sjiffness (EI
value) is.considerably higher than any elementary shoring material's.

One otthe-commonest-and-most-easily-available-elementary-shering-techriques, either
in a bulk compartment or on an aluminum plate pallet, is using a wooden pallet to
enlarge the piece of cargo’s footprint. Due to its height (usually 10 to 15 cm, 4 to 6 in),
hence stiffness, and its crushability (useful to spread locally concentrated loads), it
constitutes a very effective means of equally spreading the load within the limits resulting
from its dimensions: for the area load purpose, a typical 1.0 m x 1.2 m (40 in x 48 in)
industrial pallet offers an area of 1.2 m? (13 ft%), hence allows effective shoring of loads
up to about 900 kg (2000 Ib) in a bulk cargo compartment or 1200 kg (2500 Ib) on a
plate aluminum pallet, or twice as much if two wooden pallets are used for the same
load. For enlarging the piece of cargo's bearing length in order to address the running
load limitation, however, it remains limited by its largest dimension.
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4.1.6

The systematic use of one or several wooden pallets whenever possible is therefore
recommended. They can be used, within weight limits set by the operator, by normally
trained cargo warehouse staff. However, when this is insufficient to meet the limitations,
a more complex shoring study and more qualified supervision personnel are required.

4.2 Shoring Underneath the Load:

4.2.1

422

423

Elementary shoring as per the example in 4.1.3 (i.e., taking into account the outer
perimeter of all contact points of the load onto the pallet to determine the effective
bearing area) implies that the pallet, or shoring arrangement used under thF load, is

considered stiff enough to distribute the load between the contact points;This is an
accepflable assumption for usual bulk cargo compartment loading using at |east typical
20 to 45 mm (3/4 to 1 in) thick planks for shoring, or on (a) wooden pallet(s|), or on an air
cargo pallet up to common load ranges and unsupported lengths However, when either
the logd is quite high or the unsupported length between contact points is dignificant, this
assumption may not be true anymore. Accordingly, in suctya case a calculation is
requirgd to determine the minimum shoring requirements,

A typidal and common case is that of a heavy load:sitting on only two parallel skids near
its ends (if there are more than two skids, the problem remains the same as regards the
unsupported length between skids). This resulis in severe load concentratipn under

each skid, pallet deformation and aircraft systems and floor structure overlgading. There
are twp ways in which an acceptable load-distribution can be reestablished

a. byladding additional intermediate support under the load's base betwegn the existing
skids, in order to reduce the‘uhsupported length, and/or:

b. bylkeeping the two skids.only, but setting them onto sufficiently stiff shqring
mgterials/beams in_the 90° direction to reduce the pallet deflection undg¢rneath the
unsupported length.

int (see 4.2.3
the load and

- v : : N — : Oiremments underneath
the load can be determlned or at Ieast sufficiently well approximated by S|mple standard
engineering computations. A commonly used method is calculating the estimated pallet
deflection and reducing it to a value deemed acceptable. Assuming the situation in
Figure 2:
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423

424

“l—’l !

os=

FIGURE 2 - Example

(Continued):

|f IIWII

any infermediate supports, the uniform average linear load "w" is % and

pallet

(cm)d

If the BI value used is that of the pallet (value per unit width of core x pallet
be corjsidered), then stating a maximum objective for pallet deflection "d" W
the mgximum allowable spacing "1" between supports. If additional shoring

leflection "d" may be approximated as:

[metric units] [imperial units]
5. w (kg/cm?) . 1* w (Ib/in) . 1*33 (in%)
= (in)d=—"—F5—
384 . EI 192.(EI (Ib.in?)

s the weight of the load, "L" its total bearing length, and "1" the spac]ng between

he maximum

dimension to
ill determine
materials are

used Pelow the load, their EI value’must be added to the pallet's own to determine the
maximum allowable spacing between supports. A key is keeping in mind maximum

allowa

"d" maximum pallet defléction values between 0.25 and 0.50 mm (0.01 and

experi

underneath surface of the pallet.

NOTE

ble spacing "1" varigs.as the (1/4th) power of the minimum EI value.

mentally found:to be consistent with an effective measured load distr]

0.02 in) were
bution on the

Thé-above formula is applicable for two supports only: for more than two, it
evaluates deflection per excess, so that using it remains on the safe side. For

4.2.7 hereafter.

more daccurate evdaiuation witn rmore than two SUpports, wnern required, see

Such a simplified/approximate method (which does not require advance knowledge of
the aircraft type or pallet position to be flown) is suitable only up to a certain amount of
load "W" or average linear load "w". Over this amount, it may become preferable to
perform a more precise computation reflecting the actual situation, i.e., taking into
account the actual spacing of the rollers in the aircraft vs the load supports spacing,
though general engineering calculation methods may still be used for that purpose (see
4.2.7 hereafter).
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4.2.5 Such computations, even simplified/approximate, shall take into account any significant
CG offset of the load in relation with its outer bearing supports. If it has one end
significantly heavier than the other one, then the average linear load "w" taken into
account in the calculation shall be accordingly adjusted.

4.2.6

Whenever more than two bearing supports are used, the main practical difficulty is

determining how effectively they distribute the load under the previously unsupported
length. This should be evaluated, taking into account complementary approaches, the
engineer's (4.2.7) and the loadmaster's (4.2.8):

4.2.7 Gener
Suppo
suppo

are:

bl Structural Engineering Laws Regarding Load Distribution Over@“S
rts: Assuming the supports are identical and equally spaced, 4he’ loa
t and pallet deflections between them are not proportional, but they

eries of
ds on each
heoretically

3 supports

4 supports 5 supports 6 supports 7 s

pports

19% 62% 19%

Load on each support as percentage of total load "W" :

13% 37% 37% 13% 10% 28% 23% 28% 10% 8% 23%19% 19% 23% 8% 7% 19%

Deflection betwsg

40% 40%

ben two adjacent supports spaced "l" as percentage of the deflection for two, calculg

52% 4% 52% 48% 14% 14% 48% 52% 12% 25% 12% 52% 49% 1

ted under 4.2.3 :

NOTE

U)

cases, where all elements, including the underlying aircraft structy
some flexibility. However, it indicates a significant trend which mu
into account when designing high performance shoring.

One common-way of somewhat alleviating the unequal load distri
using forintermediate load support elements of a crushable (hard
nature;such as wooden pallets, fiberboard honeycomb plates (se
hereafter), hard foam or rubber blocks, etc.: such materials tend t
the precise point where they all support the same load, which ten
evenly distribute it.

. This unfavorable "natural*oad distribution is somewhat theoretical in practical

re, have
5t be taken

pution is
cushioning)
e ...
D crush up to
is to more

Also, the deflections distribution indicates a useful practical action: with more
than three supports, those supports located at the ends always produce at
least twice as much deflection as the intermediate ones. More even deflection

can be obtained using smaller spacing between the two supports
each end of the load, vs intermediate ones.

located at
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4.2.8 The actual physical situation, which closely depends on very small differences in height
or flexibility of the supports and the load, hence should best be physically checked once
the shoring arrangement was performed: it is important, for instance, to detect any
element seemingly in place that would not effectively bear any load, which can be done,
e.g., by attempting to slide a knife's blade or other thin tool between support and load, or
support and pallet, or pallet and GSE rollers (noting that typical GSE roller beds are
quite rigid, more than an aircraft's floor). If such a noneffectively bearing element is
detected, then the shoring arrangement is unsatisfactory and requires improvement.
Unequal deflection situations can usually also be visually detected by a trained eye from
the enfl'along a supposedly straight line such as a beam edge, efc. See 6.] hereafter.

4.2.9 Genergl structural engineering methods applicable to deformations,6fJead¢d beams and
plates| however, can be used at appropriate levels of approximatiohor sophistication for
compyting shoring underneath the load, but are inadequate to compute any free span
shoring arrangements, enlarging the actual total bearing length and/or areqg of the load
onto the pallet and the aircraft floor. In such instances, mare Sophisticated methods
must he used: see 4.3 hereafter.

4.3 Free Span Shoring:
4.3.1 Free span shoring, extending out of the load'ssown footprint, may be necespsary either

laterally in relation with the aircraft centerline*(area load limitation), or longifudinally
(running load limitation), or both simultaneously (see Figure 3):

,\( ARGO CARGO /skuonwc
wmm\' LENGTH WIDTH ‘7/
ﬁ FWD
LATERAL
SHORING
SHORING
LENGTH
\ FREE ﬁ Y.
PAN LATERAL AND
. /‘7\/ \( FWD \\snoams J LONGITUDINAL
SHORING
FREE SPAN -/ LONGIFUDINATL e g
SHORING 7
FIGURE 3

4.3.2 Whenever a planned change of aircraft may result in changing the pallet orientation
within the aircraft, longitudinal shoring shall be performed in both directions to ensure
the running load limitation will be met on both successive positions.
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4.3.3

434

4.3.5

4.3.6

Free span shoring methods basically consist in locating the concentrated load on an
arrangement of adequate stiffness materials providing a larger base in order to better
distribute the total load over a larger area. The critical parameter in achieving this result
is the total stiffness of the materials used, expressed as an EI value in Ib x in? (N x cm?),
where:

- E is the Young modulus of the material, in Ib/in? (N/cm? = 10 kPa),
- 1is the vertical moment of inertia of the individual piece of material, in inch* (cm*).

The pt}
(refer

state g

llet’s own EI value may be taken into account for computing total sh
stiffness, in addition to that of the shoring materials used. For generalinfor
0 actual data from the pallet type’s manufacturer), typical Elovalue rg
f the art aluminum pallets on the market are as follow, in Ib{x in? (N X

Dring
mation only
nges for
cm?) (1):

(10-16x10°%)

(11-18%10°%)

(6-17x10°)

Pallef specification AS 1491 B /1SO 4171 /1ATA 50/1 [AS 1130 F /1S 4117 / IATA 50/9
Pallef size 88 x 125 96 x 125 96 x 196 * 96 x 238.5 °
E.I v4lue lengthwise 0.35-0.55x 10° | 0.4-0.6x10° | 200-600x 10° | 200 - 600 x 10°

(6-17x10%)

E.I va

lue crosswise

0.5-0.8x10°
(14-23x10°%)

0:5-0.8 x 10°
(14 -23x 10°)

400 - 1200 x10°
(11-34x10°)

500 - 1500 x 10°
(15-42x10%)

(1) Co

The m
extren

nversion factor : 1 Ib x in® = 28.7, N'x cm*

pterials used over the pallet to constitute the shoring arrangement c
ely different stiffness/EI values, due to both the difference in E valusg

bn have
and even

much more in moment afinertia. Typical Young modulus (E) values for commonly used
materigls in Ib/in? (N/cm?) are (1):
Matefial Fir / spruce wood Oak wood Aluminum beam Steel beam
Younp modulus E 1.1-1.7x10° 14-2.1x10° 10 x 10° 28 x 10°
(08-12x10%) | (1-1.5x10%) (7x10°%) (20 x 10%)

(1) Conversion factor : 1 1b/in“=0.7 N/cm*= 7 kPa

[T 1]

The vertical moment of inertia (I) is given for a full rectangular cross section of width “w
and height “h” by the formula: I = w . h*%12. Hence, it increases to the third power of the
material’s height (refer to actual data from the beams manufacturer in the event of

shaped beams being used).
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4.3.7 Therefore, any shoring arrangement will be considerably stiffer, hence more effective for
load spreading, if the materials used are located in order to maximize their height:
rectangular cross section items such as lumber shall always be used on their edge, with
their largest dimension vertical.

NOTE

4.3.8 When
plus fr

used p
longitu

potent

439 Them
in Sec

5. CALCULA

Under hes
floor struc

. When rectangular cross section items (e.g., 2x4 lumber) present

overturning risk, they should be located by pairs adjacent to each

an
other in order

to avoid their tilting/overturning, while keeping each of them on edge to retain
maximum vertical EI: two of them, so located, are eight times stiffer than the

same set flat onto each other.

the length of available shoring materials is less than the total length

al shear point.

ion 5 hereafter.
TION METHODS:

vy loads and throughout acceleration loads incurred during flight, an

pf the load

be spans required at both ends, i.e., total shoring length, shorter elemments may be
roviding at least half their length is effectively engaged under the logd, and a
dinal overlap is maintained between elements under the load in ordgr to avoid a

bthods to calculate the minimum required freexspan shoring stiffnesg are indicated

aircraft's

ure is elastic and the fundamental parameter for computing any free| span shoring

arrangement is the floor's elasticity factor, which can be obtained only from thel aircraft's

manufactu

finite length beams on elastic foundations, reproduced hereafter.

rer. The fundamental equations to be used for such computation arg those for

NOTE: $horing calculation_underneath the load, when required, may be approximated
through simpler general structural engineering formulas (see 4.2), ang do not
recessitate using the more complex set of equations for beams on elgastic
foundations,

5.1  General|lEquations:
5.1.1 Parameters [imperial units]:

K = aircraft floor elasticity factor (Ib/in?). Depends on floor section considered. See
manufacturer's data.

W =un

iform (average) linear load over the load's length (Ib/in). See 4.2.

1, a = dimensional parameters: see Figure 4

All forces are in (Ib). All moments are in (Ib x in). All deflections and beam dimensions
are in inches. All slopes are in radians.
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¢
A ' A
I i u)(il:s/fn) 1 ~
r——— Qe —» l i a
. X + £
/ = = e
. 212 .
o o

A

® Formulas vlnodel load and shoring as uniformly distributed load over one half length)l with the left end
free and right ¢nd guided. See 4.2 above for means to ensure uniform load distribution-underneath load.

FIGURE 4 - (x =—>)

All forges are in (Ib). All moments are in (Ib.in). All deflections.and beam dimensions
are in [nches. All slopes are in radians.

5.1.2 Functipns:

K 1/4
b= (ZEJ

F, = Cosh Bx . cos Bx
F, =[Cosh Bx . sin Bx] + [Sinh Bx . cas’Bx]
Fs = §inh Bx . sin Bx
Fs =[Cosh Bx . sin Bx] - [SinhBx*: cos Bx]
Fa;=¢¥x-a>°.CoshfB<x-a>.cosP<x-a>
Fa, =[Cosh B<x-a>.sinP<x-a>]+[SinhPB<x-a>.cosP<x-a>]
Fas; = $inh < x-a> (sinB<x-a>
= [Cosh B<x-a%-. sin < x-a>]-[SinhB<x-a>.cosP<x-a>]
Fas = £ x - a >° -Faj
C+ = Cosh Bl cos Bl
C, =[foshBL . sin 1] + [Sinh Bl . cos 1]
C; = Sinh'B1 . sin Bl
Cs = [—eeh—Bl—an—B}]—[-&ﬁh—Bl—ees—B}]—
Ca, = [Cosh B(L - a) . sin B(1 - a)] + [Sinh B(L - a) cos B(1 - a)]
Ca, =[Cosh B(L-a) . sin B(l-a)]-[Sinh B(L-a).cosB(l-a)]
Ci, =[Cosh Bl . Sinh 1] + [cos B1 . sin 1]

In the above functions, the unit step function is denoted by the symbol < x - a >°, where
the use of the angle brackets < > is defined as follows:

Ifx<a,then<x-a>°=0
Ifx>a, then<x-a>°=1
If x = a, then < x - a >° is undefined.
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5.1.2

5.1.5

(Continued):

The functions Cosh < x - a >, Sinh B< x - a >, cos B< x - a >, and sin < x - a > are also
defined as having a value of zero if x < a.

The use of the angle brackets < > is extended to other cases involving powers of the unit

step fu

nction and the ordinary function (x - a)". Accordingly, the function

(x-a)". <x-a>°is denoted by < x - a >" and is also given a value of zero if x < a, or its

normal

value if x > a.

Intermpdiate Calculation Elements:

P c,Ca, -C,.Ca, N C,.Ca, #6€5.Ca,
A 4Er B Ci, A 4Er B Ci,

Formulas:
TransVerse shear=V =-Y5.2El.B*.F,-05.2EV. B?. F5- % . Fa,
Bendilg moment =M =-Ya .2 EI. 2. F5-6x . EL. B . F4- % Fas
Slope E0=0x. F1-Ya.B.Fa- — 20 Fa

A1 A-P.Fg 4EI.B3. 4
Deflection =Y =Ya . Fr+ 2 (5o W gp

28 4EI.B
Boundary Conditions:
1. ShearV at section A-A (for x = a) = 1/2 (cargo length) . (w - maximum
running load)

2. Shpring deflections must be negative: the interface between shoring an

hllowable

d pallet is

1 ool + H Y s P H 1 <l
one wdy Ullly, allU UUTO TIUU WitlhTolalTu tCT1o1UTT TUAU o.

Equations Solution: The necessary shoring stiffness (EI) is the one that ensures all
boundary conditions are met.

SOURCE: The equations for finite length beams on elastic foundations can be found in a
variety of engineering publications. The source used for the above is “Formulas for
stress and strain”, Roark & Young, 1985, © McGraw Hill Inc. Publishers (section 7.5,
Beams on elastic foundations).
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5.2 Shoring Design:

5.2.1

5211

5.2.1.2

5.2.1.3

5214

5.2.2 Calcul

5.2.21

General:

The calculations are too complex to be reliably performed by hand in a re
time frame. Accordingly, they should be performed with a computer progr

asonable
ammed using

the above general equations. A standard PC is sufficient. See 5.4.2 hereafter for

possible simplified operational methods.

Any computer program developed for this purpose should be formally ch¢cked and

validated by the concerned aircraft manufacturer(s) stress engineering de
prior{to being used to design shoring for overweight cargo.

The computer program once validated should be used exclusively by qus
engineers (see 7.2 hereafter for minimum training requirements) or unde
supgrvision. Operators may elect either to entertain the@ppropriate engir

b partment(s)

lified
their direct
eering

capgbility in-house under their own responsibility, or,subcontract it to an approved

orgahization, or refer all or certain items to the aircraft manufacturer for g

It shpuld at all times be remembered proper. calculation of the required E
necgssary but not sufficient to perform an appropriate shoring arrangems
apprppriate shoring stand. All other rules'in the present document, partic
5.2.2 through 6.2 hereafter, should alsa@'be complied with at shoring sche
implementation, and the resulting afrangement once performed should b
systematically checked by a qualified loadmaster (see 7.3 hereafter for n
train|ng requirements) prior to'the pallet, or piece of cargo, being release
abogrd an aircraft.

ation Steps:
The

requjred, based on the limitations for the intended loading location in the
latergl in retation with the aircraft centerline (area load limitation), or longi

first step in-calculation is assessing the nature of the shoring arrangg

uidance.

value is

nt or build an
Llarly those in
me

b
inimum

i for loading

ment

hircraft: either
tudinal

parate

calculations, one in each direction, will be required.

(run:I:ing [0ad limitation), or both simultaneously. In the latter case, two s¢
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5222

5223

5224

5225

The second step is selecting the desired shoring length 21: it may be based on the
available materials, or the length of the pallet (or pallets, if two or several ones are to
support the piece of cargo), or a length estimated to meet the aircraft limitation. It
should, however, be kept in mind that:

- unnecessarily long shoring usually is heavier, which may in turn result in increasing
the required stiffness,

- with very heavy and/or short/concentrated loads, too long shoring may result in
dositive deflection at the ends (see 5.2.2.5), hence a lesser actual bepring length,
gdnd the shoring arrangement being ineffective.

The third step is calculating the minimum required shoring stiffness (EI) fpr the
parameters, according to the program reflecting the applicableygeneral equations,
thus| after deducting the pallet's own EI value, the total EIrequired to be|provided by
shor|ng, then selecting among the available materials the number and size of primary
shor|ng beams required to obtain it. There are generally several solutiong, between a
small number of high stiffness items or a larger number of lower stiffness|ones:

the first case usually is lightest (using similar materials, e.g., steel beams), but may
result in either an overall height exceeding that available within the mpximum pallet
dontour, and/or insufficient transverse1oad distribution inducing aircraft roller track

gverloading (see 5.2.3.6 hereafter),

the latter case usually is heavier (see 5.2.2.4), but performs better on[both other
dccounts. It should be remembered, however, that a number of parallel shoring
heams exceeding that of the roller tracks below the pallet does not effectively
dontribute to improving-transverse load distribution (see 5.2.3.5 heregfter).

The required shoring-stiffness is determined by the total weight, i.e., cargp weight plus
shor|ng weight,his results in an iterative calculation, which may be limited by
systematically adding e.g. 3 to 5% to the cargo weight into the first calculption, to take
into paccount-an estimated shoring weight. Once the shoring materials wefe selected,
theirfweight'and that of any additional accessories shall be added to the ¢argo weight,
and thigactual total weight reentered into the calculation to check the reduired EI has
not changed.

It may occur that calculation results in positive deflection at the ends of the shoring
beams, that is their bending upward without contact with the pallet. This is not
allowable (see boundary condition 2 in 5.1.5), and other solutions must be identified.
They can often be found by using shorter free spans (shorter shoring length) with
higher stiffness materials. If not, the only solution may be enlarging the length of the
piece of cargo itself through pyramid shoring (see 5.3) as a next step of calculation.
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5.2.2.6

5.2.3 Shoring Geometry:

5.2.3.1

5.2.3.2

5.2.3.3

For very heavy loads, it may also occur (because the equations involve exponential
trends) that calculation results in a considerable required EI value, so high that
materials cannot be procured, or building such a shoring arrangement appears
impractical (e.g., due to the overall height limit within the pallet's maximum contour,
etc.), or the weight of shoring brings the total pallet gross weight over its maximum
allowable limit in the aircraft. In such a case as well, a solution may be enlarging the
length of the piece of cargo itself through pyramid shoring (see 5.3). Another solution,
which potentially allows to save a lot of shoring's weight, is designing and building a
shoring stand with diagonal bracing (see 6.2.4).

Calculation as per 5.2.2 will only provide the required shoring stiffness. It|lis necessary
to algo determine the overall shoring arrangement geometry, and any additional
components needed, in order to ensure shoring effectiveness and feed bpack the

weight of the additional elements as required per 5.2.2.4. In addition to pfoviding the
calcuyilated minimum stiffness, the shoring arrangement's geometry should also ensure:

a. gs even as possible distribution of the loads‘onto the length of the shering beams,
gnd

ne transverse loads distribution between the beams and onto the pallet be such as
tp avoid excessive uneven loads en‘certain pallet areas and subsequent aircraft
rpller tracks overloading.

o
—

Planped location of beams on'the pallet(s). If the overall bearing width of|shoring is
less than the load's, it shall. be’checked the maximum area load (for longitudinal
shor|ng) or the maximum_running load (for lateral shoring) limitations are [still met. In
addition, the selected beam locations should take into account the underlying aircraft
strugture (see 5.2.3.5).

Defining the interface between the load itself and the selected shoring bgams, e.g., if
the ghoringsbeams occupy a width larger than the load's, a layer of cross(members will
be re¢quired’between beams and cargo to distribute the loads to the outen beams, or
the ghape of the cargo may dictate additional intermediate material at ceftain
locafions, etc.
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5.2.3.4 When shoring is wider than the load and cross members are required, the general
engineering law in 4.2.7 should be used: even though, under very heavy loads, the
shoring arrangement's components and even the aircraft floor cannot be considered
totally rigid, the trend still exists of the major part of the load bearing onto the center
supports, with the outer ones relatively underloaded. This can be obviated by using the
technique illustrated in Figure 5:

5.2.3.5

NOT]

Onc:e
as tg
the 1
shou
track
incu

I I
7 R 7 a7

Center beams overloaded. Recommended :
Outer beams underloaded All beams equally loaded

FIGURE 5

E: In such a case, the minimum required stiffness of the free span
members vs the maximum transverse linear load (see 3.2.2 NO

Cross
TE) can be

calculated using the same general equations and calculation stgps.

e the transverse load distribution is gontrolled, the same potential prg
effective load distribution between'the aircraft roller tracks transmitt
nain aircraft structure: hence the)transverse location of the beams or
Id be selected preferably between, rather than immediately over, the
locations, adjusting the-spacing between shoring beams so that eag
s approximately the same load, as illustrated in Figure 6:

L I LI I I T

blem arises
ng the load to
to the pallet
actual roller
h roller track

Bepms right over roller tracks : Recommended : beams between roller trgcks,
ea¢h trackds.directly loaded pallet bending contributes to even distribytion
FIGURE 6
NOTE: This indicates that the optimum spacing of the beams in the transverse

direction is a direct function of roller tracks spacing in the aircraft, and equal

spacing is not necessarily optimum.
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5.2.3.6 Accordingly, when selecting among the available materials the number and size of
primary shoring beams required (see 5.2.2.3), not all solutions possible in terms of
total EI provided are as good as each other: optimum results will usually be obtained
by a number of primary beams equal to the number of roller tracks plus or minus one,
appropriately located. Higher numbers, though heavier, can still be appropriately
located, but smaller numbers (e.g., shoring with 2 beams only) may not be optimum,
depending on the load. Where the shape of the load (e.g., heavy large size cylinder)
makes it difficult to use more than two primary beams, additional transverse shoring
may have to be considered below them.

5.3 Pyramid|Shoring:

5.3.1 When the load is heavy and concentrated enough to require an impractical[shoring
arrangement, or the beams exhibit (or calculation indicates) positive deflections at the
ends (see 5.2.2.5 and 5.2.2.6), pyramid shoring is a technique which allows enlarging
the begring length of the load, making it in fact equivalentdo a longer one, in order to
reducg primary shoring requirements.

5.3.2 Pyramjd shoring may be used when needed either:in the lateral or the longjtudinal
directipn (see Figure 7):

/—BEAM
_— T im= SPACER-BLOCK — ] | )
jl l l ‘—Lomzmmmn ﬁ[ I | 11 11
SHORING
Lateral pyramid shoring Longitudinal pyramid shoripg
FIGURE 7

The bearing .dimension of the load is effectively enlarged up to the outer splacer blocks
or crogs.members. Insofar as the upper t|ers supportlng pomts are located|between the

lower tiers . required EI
value for prlmary shorlng may be calculated based on thls Iarger Ioad dlmenS|on
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5.3.3 Pyramid shoring allows significant reduction of the primary shoring's EI value, and in
many instances allows performing shoring arrangements which would be impossible or
impractical otherwise. However, apart from the added difficulty and additional
precautions required for stability, its main inconvenient is it increases the overall height
of the palletized load, which may run into the pallet CG or contour height limit.

NOTE: It should be noted, however, that the upper tier cross members do not require
high stiffness, hence do not need to be of an important height: they only need
to be strong enough to withstand the load without breaking under the limit load
factors incurred during flight, but any flexibility will in fact help in.epenly
distributing the load to the lower tier, providing the upper tier'sssupporting
points are located between the lower tier's, as is the principle:

5.4 Field Mgthods:

5.4.1 The cqgmplexity of calculation and the various problems to.be taken into ac¢ount may
renderit difficult to adequately design a shoring scheme in the absence of the piece of
cargo goncerned. Visualization of the piece by the responsible engineer is
recommended whenever possible. Yet, when shofing is performed based gn engineering
instrugtions, unforeseen problems may arise that'change the parameters assumed
during|shoring design, and require being identified and properly handled.

5.4.2 Such Unexpected problems occur on the\field, where the necessary all encpmpassing
expert|se is not necessarily on hand:Though a portable computer may be programmed
with thie EI calculation formulas, it'does not replace the qualified engineer gupposed to
use it o design the shoring scheme. Accordingly, the aircraft manufacturers, or
operatprs subject to their approval, may elect to develop simplified method$ more readily
usable in field practice. Such methods may include:

a. graphs, established-from the computer program, allowing to determine the required
shoring stiffness:and geometry parameters (e.g., Boeing D6-35527 shdring
guldelines document),

b. equivalent numeric charts and shoring instructions,

c. pre-computed standard shoring arrangements valid within stated load weight and
size limits.

5.4.3 One key in developing such simplified methods is precisely determining and identifying
which level of expertise they are designed for. The field use of such documents should
be restricted to authorized personnel who completed a defined and appropriate
theoretical and practical training program.

5.4.4 Another key is, such instructions should explicitly state (using language understood by
the personnel category concerned) any underlying assumptions that need to be
confirmed to ensure their validity, and identify possible biases to be checked.
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5.4.5 The last key is, the authority of each document and each category of personnel/training
level for evaluating and implementing a shoring scheme should be explicitly limited to
stated load weight, size and concentration levels (see 1.2.4). Proper operational
management primarily consists in establishing these levels and the contents of the
corresponding documents, based on experience and direct knowledge of the capabilities
of personnel in charge, so that no unforeseen problem will go unnoticed or improperly
handled to an extent it may result in damage to the aircraft.

6.

6.1

6.1.1

6.1.2

IMPLEMENTATION:

Shoring

As und
to ens
shorin
pallet

Effectiveness:

erlined in 1.2.5 and 3.3.3, proper shoring calculation and design are
ire an effective protection of the aircraft structure: the effectiveness

j arrangement performed must be checked by a qualified loadmaste
br load release. The following outlines some of the practical points to

systematically checked in order to verify this actual effectiveness.

It shall
actuall

An eas
under
primar,
used,
object
shorin
resultiy

The ge¢
some

straigh
concel

Measu

y bearing/ load transmitting.

y common way it to try sliding a thin;tool such as a knife's blade or ¢
cach bearing element (e.g., between load ends and primary shoring,
y shoring, particularly at its ends) and pallet; and, wherever permittec
pbetween pallet and GSE roller-bed, again particularly at the pallet's ¢
can be inserted, then there.is no effective bearing at all at this locatig
) arrangement's design or implementation must be reviewed to elimi
g uneven loading.

neral bending situation on the shoring beams or the pallet edges ca
raining, be visualized locating one's eye close to one end and lookin
t line: load\unevenness may appear as uneven slopes or bending in
ned.

rable pallet edge upward deformation is acceptable to an extent, if th

not sufficient
bf the actual

F prior to

be

be checked that all contact points where parbof the load is transmited are

quivalent
between

| by the GSE
hds). If a thin
bn, and the
hate the

h also, with
g along a
the element

ereis

certai

Ly that Dotn the lengtn erecuvely Dearing on the Tolers Is at lIeast tn

minimum

calculated shoring length, and the upward bending is not such that it will prevent the
pallet from properly engaging aircraft restraints.
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6.1.4 Measurable pallet core deformation in the loaded area may not be contrary to shoring
effectiveness, because it will normally contribute to more evenly distribute the load
between roller tracks (see example in Figure 6). However:

a.

if the deformation occurs across the direction of pallet movement, even relatively low
deformations will render the pallet extremely difficult to move in the aircraft. See
Figure 8 (exaggerated for clarity):

| ] N ] /N

wit
sef

At

ge
mn

Shoring Pallet

FIGURE 8

prder to avoid such an occurrence, shoring for.véry heavy loads shall always be

h longitudinal beams set directly onto the pallet, with lateral shoring,
above it.

allet core surface local deformation up to approximately 1.0 mm (0.(
nerally acceptable over typically 38mm (1.5 in) diameter rollers (see
n (0.01 to 0.02 in) objective recommended in 4.2.3 for the deflection

thod). It is, however, difficultito measure. The easiest practical test is
move the pallet by hand over a GSE roller bed: feasibility indicates th

if required,

4in) is
0.25to 0.50
calculation

5 attempting
e likeliness

pcceptable load distribution, while serious to extreme difficulty indica
pring arrangement's design or implementation must be reviewed to
bven loading.

ne deformatien‘occurs in the other direction, e.g., between parallel |

gitudinal
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6.1.5

6.2 Concenfrated koads:

In the event of very heavy or concentrated loads, it may become advisable at either
shoring design or implementation stage to obviate the imperfections of shoring design or
implementation, e.g. by:

a.

inserting, between primary shoring (longitudinal beams) and pallet, elements of hard

(durometer 60 or equivalent) rubber mat, between 25 and 150 mm (1.0 and 6.0 in)
thick: this will ensure more even load spreading, and reduce the impact of bridging
and cresting situations at loading a very heavy pallet.

as
m4d
eff

In add

verify the stability of the shoring arrangement under in-flight Joads: no pote

shorin
or othg
attenti
"feet"
is ge
imme
It shoy
over e
should
with re

NOTE

One of t

n}r‘rally preferable not to use them but to place cross members equival

imilar result can be obtained by using at the same location a crushal
terial such as fiberboard honeycomb plates, that will locally crush-ill
bctively equalized.

tion to checking the load distribution's effectiveness, care;should be
) elements tilting down should be identified, or these elements shoul

rwise controlled (e.g., see NOTE in 4.3.7) to eliminate this risk. Part
bn should be brought to cargo with "feet", rather than skid, lower sup

ble cushioning
the loads are

taken to

htial risk of

d be chocked
cular

ports: such

ay be quite unstable when stacked over lumber or other shoring material, and it

iately below the piece of cargo's bottom.

Id also be evaluated whether shoring elements present a potential ri
ach other: high friction interface$)(e.g., unplaned lumber rather than
be preferred. Grease should-be avoided on metal interfaces, particy
latively low inertia (e.g., aluminum beams).

In a few known instances, in-flight sliding of stacked shoring mate

in the fall of thé piece of cargo, which thus became unrestrained.
one known case, friction from repeated sliding resulted in strong |

he-essential points to effectively protect aircraft structure against ove

release toithe extent an aluminum pallet sheet was burned through.

ent to skids

5k of sliding
smooth, etc.)
larly those

rials resulted
n at least
bcal heat

rloading is

identifyi

g, Prior to palietiZation or loading, wnicn cardgo Inay preserit da rsk o

this nature

and is subject to a shoring requirement. This may appear rather obvious when very heavy
weights are involved, but weight criteria alone are misleading because certain pieces of
cargo, though not extremely heavy in total, may include local load concentration at their
base which does require appropriate shoring in order not to exceed the applicable floor
loading maximum limits.
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6.2.1

6.2.2

6.2.3

Examples of loads that may exceed either maximum area load or maximum running load
or both, hence require shoring, regardless of their total weight are:

a. any cylindrical loads resting on a generating line only, such as: large size tubes,
shafts or metal rods, cylindrical tanks, cable reels or spools when carried vertically
rather than flat (the preferable method, but not always possible because it may
damage the cable, e.qg., optic fiber), etc.

b. machinery or equivalent presenting protrusions on its underside that require raising it

in

c. ce
be

d. tru

e. ind

f. etd.

Contr4g

prder to obtain a stable load and to avoid puncturing the pallet,

tain crates or equivalent resting on "feet" or skids, when the uhsupported span
ween these is large enough in relation to weight,

ks and heavy vehicles (e.g., public works equipment)+testing on wheels or tracks,
ustrial or aircraft engines,

(a considerable variety exists).

ry to total piece weight, which is available throughout all shipping documentation,

such items of load are usually not identified-by the shipper, and can be identified only by

a suffi
(see 7
persor
potent
of load
or con

Within

Liently trained person visualizing them. Accordingly, the operator's origanization
4 hereafter) must include the presence at each cargo warehouse of at least one
sufficiently trained, though'net necessarily at loadmaster's level, to fetect

be usqg

englneerlng office.
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6.2.4 A shoring stand may, subject to the required strength and stiffness, be built of either
lumber or metal, but is usually designed as a function of the shape, CG location and load
distribution of the piece of cargo, and assembled in one piece by bolts, welding or
equivalent in order to readily adapt it and be physically handled (lifting) together with it.
In many cases, it is appropriate to design into it diagonal bracing members that will both
stabilize the load and, if mechanically attached to the base beams, constitute part of the
minimum required shoring stiffness.

NOTE: The existence of diagonal braces reaching up to a certain height considerably
reduces the minimum siiffness requirement for the base beams, Hence
provides a lighter shoring arrangement. This is why, in addition-to|the case of
odd shaped or very concentrated loads, this technique may,also he used for
very heavy "standard" cargo whenever the minimum EI value found as a result
of shoring calculation (see 5.2.2.6) appears impracticaly The EI value of the
braced stand can be calculated using standard engineering formylas,
considering the stand (including the load itself ifit'is attached to it|by
mechanical links) as a triangulated beam.

6.2.5 The vgrious cases of cylindrical pieces of cargo resting on a generating ling are known
from ekperience to present a high risk of being improperly handled and ovgrloading the
aircraff floor's structure. They must generally, be carried on either supporting cradles or
stands, which both distribute the footprint joad and prevent the piece from 1olling or
tilting ¢n its side when submitted to transverse accelerations. Particular att¢ntion should
be paid to the effectiveness of the piece's interface with cradles:

a. thg length, spacing and stiffness of cradles should be calculated as per{the present
dogument,

=3

thgy should be high 'enough to ensure the piece cannot roll out under the aircraft's
limfit side load factor,

c. thqg cylindricalinterface should be carefully checked at implementation:

N _ ) 2R3
" %

UNACCEPTABLE : OPTIMUM : ACCEPTABLE :
Load bears onto a single Maximum shoring Load bearing base broadened
point + low shoring stiffness stiffness though shoring stiffness reduced
FIGURE 9
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