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FOREWORD

This SAE Aerospace Recommended Practice (ARP) specifies guidelines to be used when
performing heavy cargo load spreading (shoring) on board civil transport aircraft. It identifies
the various concerns to be taken into consideration to ensure protection of aircraft structure,

and provides recognized industry standard methods to achieve it.

It is intended as a guide

toward standard practice, representing the state of the art at the date of publication. Since
cargo shoring is a complex specialty largely based on accumulated experience, it is subject to
change in order to keep pace with experience and technical advances.

Throughout this document, the minimum essential criteria are identified by use of the key word

"shall".

Recommended criteria are identified by use of the key word "should" and, while not

mandatory, are considered to be of primary importance in providing safe cargo shoring
arrangements. Deviation from recommended criteria should only occur after careful
consideration and thorough service evaluation have shown alternate methods to provide an
equivalent level of safety.
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1. SCOPE:
1.1 Purpose:

1.1.1 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 experience to ensure its effectiveness in protecting the aircraft's structure against
overload.

1.1.2 This document aims at providing recognized industry standard methods to achieve the
best attainable level of aircraft structural protection when designing and performing a
shoring arrangement, taking into account the general requirements expressed in the
aircraft manufacturers Weight and Balance Manuals, the requirements to be met as a
result of the air cargo pallets airworthiness certification requisites, as well as the various
potential areas of concern identified based on experience.

1.1.3 This document, therefore, provides recommended practical means of compliance with
flight safety objectives, intended to be available as a common base for carriers as well
as their airport handling agents when establishing their own in-house procedures,
publications and staff training programs.

1.1.4 This document, however, is primarily intended for use by qualified structural engineers to
be responsible for calculating and implementing cargo shoring arrangements where the
size and weight of the piece of cargo require. It is not intended as a guide for more
common simpler shoring requirements, identified thereafter: ARP5486, Air Cargo Pallets
- Utilization Guidelines, Section 5 addresses such relatively simple cases.

1.1.5 This document shall not, under any circumstance, supersede the requirements of
applicable airworthiness regulations (see FAR Part 25) or the aircraft manufacturer’s
Weight and Balance Manual.

1.1.6 In addition, any aircraft manufacturers specific cargo shoring instructions shall be strictly

complied with. Since in several instances they contain proprietary data, such data should
be used only by authorized companies and persons with proper understanding thereof.
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1.2 Field of Application:

1.2.1 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. nonunitized pieces of cargo, or pieces of cargo placed onto one or several
unrestrained (“floating”) pallet(s) into lower, main or upper deck containerized cargo
compartments of an aircraft, or

c. individual pieces of cargo loaded in noncontainerized (bulk loaded) baggage or
cargo compartments.

1.2.2 Its field of application includes the pallets and shoring stands prepared within ground
premises, whether at a shipper’s facilities or an airport cargo warehouse, including those
intended to be loaded into the aircraft in a “floating” (not fully system restrained) position
requiring tie-down onto the aircraft’s structure instead of the pallet’s tracks.

1.2.3 Its provisions also entirely apply in the event of “pre-embarked” pallets, i.e., pallets
loaded empty into the aircraft to be used as a floor on which cargo is later brought and
palletized inside the cargo compartment. In such a case, it pertains to the operator to
implement the shoring scheme at aircraft loading.

1.2.4 Cargo shoring instructions shall be established by the aircraft operator, under control of
his reporting Authority. The shoring instructions shall ensure compliance with the
general airworthiness requirements and the applicable aircraft Weight and Balance
Manual, and should incorporate the requirements of the present document, or equivalent
industry standard (see 2.2). They should further define load or load concentration limits
over which design and/or approval of the shoring scheme by designated load
engineering structural engineers (see 7.2) is mandatory prior to implementation.

1.2.5 Actual cargo shoring in accordance with these instructions shall be performed and
checked exclusively by an operator approved loadmaster constituting a competent,
suitably trained (see 7.3), personnel as defined in ISO 9002, clause 4.18, or equivalent
pertinent industry training and proficiency standards.

1.2.6 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 the military
operator to identify and implement any additional applicable criteria.

Documents

Document Sharing Hub

Full document details: SAE ARP5596B


http://avadocuments2026.com/doc/sae-arp5596b
http://avadocuments2026.com/doc/sae-arp5596b

SAE ARP5596B Page 6 of 40

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
regulations unless a specific exemption has been obtained.

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

15096-0001.

AS1130 Air and Air/Surface (Platform) Cargo Pallets

AS1491 Interline Air Cargo Pallets

ARP5486 Air Cargo Pallets - Utilization Guidelines

ARP5595 Cargo Restraint Straps - Utilization Guidelines

AS36100 Air Cargo ULDs - Performance Requirements and Test Parameters

2.1.2 Government Publications: Available from U.S. Government Printing Office, M/S SSOP,
Washington, DC 20402.

14CFR Part 21 Technical Standard Orders (TSO C90c, Cargo Pallets, Nets and
Containers)
14CFR Part 25 Airworthiness Standards: Transport category airplanes (FAR Part 25)
14CFR Part 121 Air carriers certification and operation (FAR Part 121)
FAA AC 120-59 Air carriers internal evaluation program
2.1.3 AIA Publications: Available from AlA, 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 ISO 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, 800 place
Victoria, P.O. Box 113, Montréal Québec H4Z 1M1, Canada.

ULD Technical Manual:

UTM 50/1 Pallet for NAS 3610 Class Il restraint systems
UTM 50/9 16ft or 20ft pallet for NAS 3610 Class Il restraint systems

Airport Handling Manual:

AHM 673 Bulk compartment load limitations

AHM 676 Handling/bulk loading of heavy items

AHM 677 Handling and loading of BIG or overhang items

AHM 692 Ramp handling and loading procedures, training and qualifications

Other Publications:
Principles of Aircraft Handling [ incorporating: ULD Handling guide ]
2.3 Definitions:

FLOATING (- PALLET): an air cargo pallet, or several coupled pallets supporting a single
piece of cargo, or equivalent flat support device, located onto an aircraft’s cargo
compartment rollerized conveyor but not restrained by the NAS 3610 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 (Continued):

HEAVY DUTY (- PALLET): any type or size of NAS 3610 Class Il 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 SPREADING (- ER): equivalent to SHORING (- MATERIAL).
LONGITUDINAL: equivalent to FORE AND AFT.

PALLET (AIR CARGO -): any type and size of NAS 3610 Class Il certified aircraft pallet
meeting the requirements of either AS1491B (ISO 4171, IATA 50/1: most consist of an
aluminum plate base) or AS1130F (ISO 4117, IATA 50/9: heavy duty, stiffer, typically 2 to
2.5in/50 to 63 mm thick, units).

PALLET (WOODEN -): any type and size of industrial forkliftable pallet for general use,
made of wood or similar materials, used to facilitate handling and stacking pieces of cargo.

SHORING: the methods or equipment used to evenly distribute a concentrated cargo load
over an aircraft floor or a pallet’s surface in order to meet the applicable aircraft floor load
limitations.

SHORING ARRANGEMENT: assembly of individual shoring materials located under a
piece of cargo to ensure its shoring. The geometric layout of such an assembly.

SHORING STAND: a purpose built high rigidity device designed for shoring a piece of
cargo critical by its weight, dimensions, or load concentration. Stands may be built either
by shippers or aircraft operators or subcontractors, but their design must be approved by
the operator's load engineering specialists.

SIDE(S): equivalent to LATERAL.

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

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).

UPWARD: 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 Area Load:

3.1.1 The load on any given area of significant size (typically more than 5 t2/0.5 m? for bulk
compartments, 10 ft#/1 m? for palletized loads) should meet the maximum area load
limitation specified in the Weight and Balance Manual for the lower, main or upper deck
position it is to be loaded on in the aircraft.

3.1.2 Whenever the aircraft type is unknown at the time of load planning or pallet build-up, a
maximum area load limitation of 150 Ib/ft? (732 kg/m?) for bulk cargo compartments,
200 Ib/ft? (975 kg/m?) for AS1491B (ISO 4171, IATA 50/1) pallets or 400 Ib/ft?
(1950 kg/m?) for AS1130F (ISO 4117, IATA 50/9) or heavy duty pallets may be assumed
for usual civil transport aircraft types.

3.1.3 Any deviations in specific circumstances should be allowed only to the extent
determined by an operator performed specific engineering study, taking into account the
characteristics of the load, the pallet's stiffness, the overall pallet CG location, and
structural allowances of the aircraft’'s manufacturer.

3.1.4 The area load limitation is determined by the capability of the underlying aircraft
structure (floor beams, stringers, rollers pattern in the case of a pallet). Accordingly, for
relatively small loads (up to typically 5 ft/1.5 m maximum unsupported dimension, or all
loads in bulk compartments), what shall be taken into account to verify the area load
limitation is the total bearing area, i.e., that of the outer perimeter defined by all contact
points of the load onto the pallet (see Figure 1 example in 4.1 hereafter). For larger size
loads carried over a pallet (whether or not restrained into the aircraft's cargo loading
system), the unsupported span between the load's contact points may require
underneath shoring. See 4.2 hereafter.

3.1.5 Area load is not to be mistaken for "local" or "contact" or "footprint" load (the load divided
by the actual contact area): local load limitations may or may not be defined 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 (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.

3.1.6 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
sufficient to ensure compliance with the maximum area load restriction. In very heavy or
concentrated load cases, however, the study and implementation of a proper shoring
arrangement may be required to meet it: see Section 4 hereafter.

3.2 Running Load:

3.2.1 The load on any given significant (typically more than 2 frame spacings, i.e., 3 to 4 ft/1.0
to 1.2 m) fuselage length measured parallel to the aircraft's centerline should meet the
maximum running load limitation specified in the Weight and Balance Manual for the
lower, main or upper deck position it is to be loaded on in the aircraft.

3.2.2 The maximum allowable running load in Ib/in (kg/m) considerably varies according to
aircraft type and, for a given type, between the various sections of bulk and
containerized cargo compartments. It may also be affected by other structural limitations
(e.g., combined between several decks, or even overall aircraft balance condition during
flight) which require planning the airplane's total load and not only one single position.
Accordingly, no general assumptions can be used in its absence, as in the case of the
area load.

NOTE: The maximum area load in a certain aircraft floor area, divided by the maximum
running load in that area, provides the maximum transverse (lateral) linear
load, which it is in some instances also necessary to use in shoring
calculations. See example in 5.2.3.4 hereafter.

3.2.3 Any deviations in specific circumstances should be allowed only to the extent
determined by an operator performed specific engineering study, taking into account the
characteristics of the individual load and the whole planned aircraft load, the pallet's
stiffness, the pallet's CG location, and structural allowances of the aircraft’s
manufacturer.

3.2.4 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 effective running load.
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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  Whenever the calculation, including the effect of any acceptable and engineering
justified deviations, results in a running load exceeding the maximum allowable value
determined according to the Weight and Balance Manual, free span longitudinal shoring
is required: see 4.3 hereafter for shoring calculation.

3.3 General Precautions:

Regardless of the relative shoring complexity (see Section 4 hereafter), general
precautions shall systematically be applied in order to guarantee shoring effectiveness:

3.3.1  Whenever either the area load or the running load limitation is reached by a given piece
of cargo with or without shoring, it becomes prohibited to locate any other load over it
and its shoring (in both instances) or besides them (in the case of running load
limitation).

3.3.2 Whenever loading heavy cargo onto a pallet, the load's center of gravity position is
essential and shall be systematically checked:

a. if the pallet is restrained into the aircraft cargo system, it shall meet the applicable
NAS 3610 maximum CG deviation limits (see ARP5486), and

b. whether it is so restrained or unrestrained (floating pallet), a significantly offset CG
(for instance due to a strongly asymmetrical piece of cargo, or an overhang at one
end of an otherwise symmetrical piece) in the horizontal plane increases the load
bearing on the heaviest end so that the average load over the whole bearing area or
the whole bearing length may not be used, and these limitations should be checked
on the heaviest end of the piece or the pallet.

c. aload 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.
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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.

4. 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 majority, very
simple methods can be used. On the contrary, some very heavy or concentrated loads
require complex engineering calculations and precautions that exceed the know-how of
most, even experienced, loadmasters alone. Accordingly, the following classification is
recommended as a general guide for selecting appropriate procedures and techniques.

4.1 Elementary Shoring:

4.1.1 Elementary shoring includes all cases of shoring heavy cargo in bulk cargo
compartments, and, within the limits stated hereafter, many cases of shoring on air
cargo pallets.

4.1.2 The necessity of cargo shoring in a bulk cargo compartment should be systematically
evaluated for any piece of cargo weighing 330 Ib (150 kg) or more, designated by the
IATA handling code "HEA". In practice, the running load limitation in a bulk compartment
essentially applies to the whole load of a compartment's net section, so that most
shoring requirements address the area load limitation.

4.1.3 Example of elementary shoring calculation in a bulk cargo compartment:

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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