INTERNATIONAL ISO
STANDARD 16049-2

Second edition
2013-05-15

Air cargo equipment — Reéstraint
straps —

Part 2:
Utilization guidelines and lashing
calculations

Equipement de fret aérien — Sangles d’arrimage —

Partie 2: Directivespour l'utilisation et calculs d’arrimage

-_— Reference number
=) — ISO 16049-2:2013(E)

©1S0 2013


https://standardsiso.com/api/?name=67ceae468d9f487bf52d58b9894c2798

ISO 16049-2:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=67ceae468d9f487bf52d58b9894c2798

ISO 16049-2:2013(E)

Contents Page
FOT@WOTM ... oottt iv
|00 0 Yo L) ot 5 () ¢ OSSOSO \'4
1 SCOPI ...t 1
2 INOTTNATIVE FEECT@IICES ........ooooooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oottt 1
3 B IR N0 (o B <Y 000 ) 4 00000 2
4' chcn a} lclilal;l Clllcllt).... 4
5 Tie-dOWIN METNOM. ... eeeseeesee e eeeees e S 7

5.1 2R3 Lol 66 T<1 o 0 Lo Yo NSNS 0 D SN S 7

5.2 DI RRYeiu 0] 0TI ) B0 &=1c] 8 =1 4 X oL S AR AR S 7
6 Calculation METNOAS ...t S e eeeeeeeeeeee

6.1 Load factors ...

6.2 Calculation principles

6.3 |33 = Totw Cor=1 o721 (a1 01 E=1 5 (e} s NN, S
7 SPECIfiC FEQUIT@IMENTS ... R et e 11

7.1 General

7.2 Risk of cargo SHPPAZE ...l Bt | 11

7.3 Risk of cargo tilting ... St | 11

7.4  LONE ANd NATTOW TEEITIS ..o A s e 12
8 Operator’s reSponSIbilities. ...y 12
L2310 10 301 1] 1 OSSR IO 14

© 1S0 2013 - All rights reserved iii


https://standardsiso.com/api/?name=67ceae468d9f487bf52d58b9894c2798

ISO 1604

9-2:2013(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

This part of ISO 16049 specifies utilization guidelines and the principles to be used in tie-down/lashing
strength calculations for the use of air cargo restraint straps on board civil transport aircraft.

Throughout this part of ISO 16049, 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 lashing arrangements. Deviation from
recommended criteria should only occur after careful consideration and thorough service evaluation
have shown alternate methods to be satisfactory.
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Ai

r cargo equipment — Restraint straps —

Part 2:
Utilization guidelines and lashing calculations

1.1
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1.2
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Scope

This part of ISO 16049 aims to provide general utilization guidelines and calgulatid
uate to guarantee the effectiveness and ultimate load strength of tie-down/lashing arr
formed to restrain cargo on board civil transport aircraft during flight:

cargo loaded and tied down onto airworthiness approved air cargo pallets, themselves

of air cargo pallets approved in accordance with ISO 8097, (NAS3610) or ISO/PAS 21100

additional tie-down on aircraft structure when necessitated-by pallet maximum gro
centre of gravity limits, or

non-unitized individual pieces of cargo, or pieces of cargo placed onto an unrestrained (“float
into either lower deck, main deck or upper deck containerized cargo compartments of an ai

individual pieces of load loaded in non-containerizéed (bulk loaded) baggage or cargo com|

This part of ISO 16049 applies to cargo;tie-down/lashing arrangements using exc
bo restraint straps conforming to ISO 16049-1. Its general recommendations may also |
Hown arrangements using other means((e.g. steel cables, rope, other types of straps), bu
I’s responsibility as to their adequacy.and the strength calculations required.

E1  Where tie-down is performédjonto aircraft structure as per 1.1 b) or c), additional restric
ed in the aircraft’s Authority approved Weight and Balance Manual.

E2

of t
str

Weight and Balance Manual.

1.3

Authorities general regulations applicable to load securing on board civil transport aircraft

Parf 25 and€ASA CS-25), and aircraft manufacturers Authority approved Weight and Balan
for pach aircraft type as specified therein. It is not the intent of this part of ISO 16049 to sp
resfraint ‘straps should be used, but how they should be used. It does not, under any cir
suprsede the requirements of any of the above documents that take precedence at all times.

The use of chains ordther rigid devices for tie-down onto civil transportaircraft floor track

ses in the aircraft sttudture, except where explicitly approved in the manufacturer’s Authori

ThisparteflSO 16049 aimsto provideindustryrecognized meansof complyingwith Air

n methods
Angements

restrained

intoaircraftlower deckor main deck orupperdeck cargo systems meetingthe restraintrequirements

or

5S ImMass or

ing”) pallet
craft, or

partments.
usively air

he used for
L under the

tions can be

sisnotpart

e scope of this part of [SO.16049, since it is not recommended due to the possibility of generating excessive

y approved

lvorthiness
see 14 CFR
re Manuals
ecify when
fumstance,

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

doc

ISO

ument (including any amendments) applies.

7166, Aircraft — Rail and stud configuration for passenger equipment and cargo restraint

[SO 8097:2001, Aircraft — Minimum airworthiness requirements and test conditions for certified air cargo
unit load devices?

1

Endorsement of NAS 3610 revision 10, TSO/ETSO/CTS0O/JTSO C-90c.

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=67ceae468d9f487bf52d58b9894c2798

ISO 16049-2:2013(E)

[SO 9788, Air cargo equipment — Cast components of double stud fitting assembly with a load capacity of
22 250 N (5 000 Ibf), for aircraft cargo restraint

ISO 10254, Air cargo and ground equipment — Vocabulary
ISO 16049-1, Air cargo equipment — Restraint straps — Part 1: Design criteria and testing methods

ISO/PAS 21100, Air cargo unit load devices — Performance requirements and test parameters(TSO/ETSO/
CTSO/JTSO C-90d)

CAAC CCAR-25, Airworthiness Standards — Transport Category Airplanes

European Aviation Safety Agency (EASA) Certification Specification CS-25, Airworthiness Starnddrds:
transport dategory aeroplanes?)

EASA European Technical Standard Order ETSO C172 — Cargo Restraint Strap Assemblies?
European Aviation Safety Agency (EASA) EU-OPS 1.035, Quality system®
Japanese Afirworthiness Standard Part 3 (Civil Aeronautics Law Article 10 § 4)5)

USA Code pf Federal Regulations (CFR) Title 14 Part 25, Airworthiness Standards: transport cateqory
airplanes. ({14 CFR Part 25”)%)

USAFedera] Aviation Administration Technical Standard Order TSO C172&=~Cargo RestraintStrap Assemblles”)

Federal Aviation Administration (FAA) Advisory Circular AC 120-59, Air carriers internal evaluafion
programs®

NOTE Also see other informative references in Bibliography:

3 Terms and definitions

For the puilposes of this document, the terms anddefinitions given in ISO 10254 and the following afply.

31
tie-down
lashing
fact of resfraining cargo movements in relation to an aircraft’s structure, throughout the rangg of
relative ac¢elerations resultingfrom the allowable flight envelope, by means of an appropriate use|of a
number of elementary tie-down' devices against each direction of restraint

2) EASA (5-25 constitutes the European governments transport aircraft airworthiness Regulations, and cap, as
well as EU-QPS,befobtained from European Aviation Safety Agency (EASA), Otto Platz 1, Postfach 101253, D-5(0452
Cologne, Gefmany, or its web site at http://www.easa.europa.eu/.

3) See footnote 2.
4) See footnote 2.

5) The Japanese Airworthiness Standard Part 3 (ISBN 4-89279-661-1) constitutes the Japanese government
transport aircraft airworthiness approval Regulations, and can be obtained from the Civil Aviation Bureau (CAB)
of the Ministry of Land Infrastructure, Tourism and Transport, Tokyo, Japan, or its web site at http://www.mlit.

go.jp/en.

6) The Code of Federal Regulations (CFR) Title 14 Part 25, abbreviated throughout this standard as “14 CFR Part
25” constitutes the USA government transport aircraft airworthiness Regulations, and can be obtained from the
US Government Printing Office, Mail Stop SSOP, Washington DC 20402-9328, USA, or its website at http://www.
gpoaccess.gov/. Advisory Circulars can be obtained from the FAA at its website http://www.faa.gov/.

7) See footnote 6.
8) See footnote 6.
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3.2

tie-down arrangement

geometric layout of an assembly of elementary tie-down devices affixed and tensioned around a piece of
cargo in order to ensure its tie-down against each direction of restraint

3.3

flight envelope
set, during flight of a given aircraft type of sub-type, of allowable values for accelerations which may be
encountered during flight in the various directions relative to the aircraft’s structure, as determined
during the aircraft certification flight testing and certified by the Airworthiness Authority within the
aircraft’s type certificate

3.4
limjit load
LL
maximum load to be expected in service as a result of the certified flight envelope)of the airqraft

Note 1 to entry: It is two thirds of the ultimate load (see 3.5).

3.5
ultimate load
UL
lim{t load multiplied by a safety factor of 1,5 prescribed by 14 CER Part 25 and CS-25, paragrpph 25.303

Note¢ 1 to entry: It is used for calculation of cargo tie-down arrahgements, based on the ultimate Joad factors
defiped in the Airworthiness Authority approved Weight and,Balance Manual, in each direction pf restraint,
thrqughout the certified flight envelope of the aircraft type.

3.6
fore and aft
dirgctions of restraint, relative to the aircraft\structure, determined parallel to the aircraff centreline
towards the direction of flight, or opposed:fo it

3.7
sides
dirgctions of restraint, relativewto- the aircraft structure, determined perpendicular to the aircraft
cenfreline and parallel to its fleor, lefthand or righthand

3.8
upward
upward direction relative to the aircraft structure

39
loadl factors
acc¢lerationsyexpressed as multiples of the standard acceleration of gravity (“g” = 9,806 65 m.s~2), in
each direetion of restraint (fore, aft, sides, upward), that will result in limit or ultimate, as |s the case,
fordes.on the tie-down arrangement proportional to the mass of the piece of cargo being restrained

Note 1 to entry: They are provided by Airworthiness Authority approved Weight and Balance Manual for aircraft
type or sub-type.

Note 2 to entry: The load factors may be limit or ultimate.

3.10

restraint strap assembly

strap

basic tie-down unit consisting of flat woven textile webbing (one fixed end and one adjustable end), one
tensioning device and two end fittings, used for restraint of cargo on board civil transport aircraft

Note 1 to entry: See ISO 16049-1 for description, design criteria and testing requirements.

© IS0 2013 - All rights reserved 3
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3.11

(tie-down) fitting
basic piece of hardware, either single stud (see ISO 7166) or double stud (see ISO 9788), with an omni-
directional capability, allowing to attach (a) strap(s) or other elementary tie-down unit(s) to the floor
tracks or tie-down receptacles of an aircraft’s structure or the edge tracks of an air cargo pallet

Note 1 to entry: Tie-down fittings most commonly include an attachment ring, but may also be directly sewn onto

astrapasa

3.12
floating

permanent end fitting thereof (see ISO 16049-1).

<pallet> aifr cargo pallet, or equivalent flat support device, Iocated on an aircraft’s cargo compartnjent

rollerized
unitized” c

3.13
competen
designated

conveyor but not restrained by the cargo system, the pallet and its load constituting-*
argo and being restrained by a set of straps attached to aircraft structural points

[ person
person, suitably trained according to 6.2.2 of ISO 9001:2008 or equivalentpertinent indu

training amd proficiency standards, qualified by knowledge and practical experience and with

necessary

4 Gene

4.1 Oper
reporting (
airworthin
the require

4.2 In ac
meeting th
take into a
configurati

4.3 Actu
checked ex
equivalent

4.4 Rega

4.5 Tie-d
1 and Auth

requiremel
[SO 9788 (

bperating instructions established according to 4.1

ral requirements

ating instructions shall be established by the aircraft. operator, under control of his
ivil Aviation Authority. The operating instructions shall ensure compliance with the gen
bssrequirementsand theapplicable aircraft Weightand Balance Manual, and should incorpo
ments of this part of [SO 16049, or equivalent industry standard (see Bibliography).

dition, when restraint straps are attached 'to the edge rails of a certified air cargo p:
e requirements of ISO 8097 (NAS 3610) or ISO/PAS 21100, operating instructions {
Ccount the general requirements of the appropriate ISO 8097 (NAS 3610) or ISO/PAS 21
lon drawing(s) as to tie-down pojnts-locations and spacing.

1 tie-down/lashing on aircfaft in accordance with these instructions shall be performed
clusively by competent,suitably trained, personnel as defined in 6.2.2 of ISO 9001:200
pertinent industry training and proficiency standards (see Clause 8).

rdless of the tie-dewn method used (see Clause 5), all the following rules shall be complied W

own shall ‘be’ performed using straps designed and tested in accordance with 1SO 16(
ority approved under TSO/ETSO/CTSO JTSO C172, onto tracks or receptacles meeting
1ts of ISO 7166, and using fittings meeting the requirements of either ISO 7166 (single stud
Houble stud).

non

btry
the

her
leral
rate

llet
hall
100

and
B or

ith.

49-
the
) or

The rated ultimate strength resulting from testing of the strap model used shall be used for calculation
of the tie-down arrangement’s strength (see Clause 6), using the safety factor of 1,5 prescribed by 14
CFR Part 25 and CS-25, paragraph 25.303. In the event of other straps or alternative tie-down equipment
(e.g. ropes, cables) being used under the operator’s responsibility, the following general rules shall
nevertheless apply, and the minimum guaranteed ultimate strength of the specific equipment used shall
be used for strength calculation.

4.6 Ifseveral elements (e.g. straps, fittings, structural attachment points) of different ultimate strengths
are used together, the strength of the resulting total tie-down element shall be limited to the strength of
the weakest item.

© ISO 2013 - All rights reserved
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4.7 A total tie-down arrangement should be performed using exclusively straps of the same model, in
order to ensure differences in elasticity will not result in unequal tension of the straps and premature
failure of certain ones in the event of a major acceleration being encountered during flight. If different
models must be used, at least the straps material (e.g. polyamide, polyester, etc.) and rated ultimate
strength shall be identical for any single direction of restraint.

4.8 Tie-down arrangements shall be symmetrical, i.e. performed using an equal number of tie-down
attachment points (fittings or equivalent) on any two opposite sides of the piece of cargo, and the same
number of straps, acting in the same direction(s) of restraint, onto any two symmetrically located
attachment points. See Figure 1.

4.9| Asingle tie-down fitting may, subject to ring geometrical compatibility and any Weightdnd Balance
Manual restrictions or limits as to load factors simultaneity, be attached to up to thrée straps acting in
as rhany different directions, but shall be attached to no more than one acting in any single dlirection of
resfraint (fore, aft, side or upward).

4.10 A strap attached to fittings on opposite sides of the piece of cargo and passing over or ar¢und it is to
be 3ccounted for twice its rated ultimate load capacity, under the condition it remains free to[slide along
the |piece of cargo and not attached to it, so that the load is equally distributed between both ends of the
strap. A strap attached to the piece of cargo may be accounted for only once.

4.11 For upward restraint, a minimum of two straps, regardless of the mass to be restraingd, shall be
usefl over the top of the piece of cargo, one on each side ofits centre of gravity. When a higher number of
upward straps is used, they should be evenly distributed‘around the centre of gravity.

4.12 Each strap should make a minimum possible angle, not to exceed 30°, with the direction jof restraint
for which it is accounted for (see Figure 1). In practical terms, to ensure angles a1, az, a3 on the figure are
no more than 30° in relation to, respectively, ditections A, B and C, it should be checked that dfstances d1,
dz dnd d3, respectively, are less than half of-distances D1, D and Ds.

© IS0 2013 - All rights reserved 5
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A
N

o ) B A

N/ e 21

N

S
L

d

ds
a3

10

Figure 1 — Angles definition

4.13 A mipimum distance of 0,5 m (20 in) shall be maintained between any two tie-down attachnjent
points (fittlngs) bearing straps, ensuring restraint in the same direction (see examples in Figure 2).

t t t

N | )

0 cm =50Cm
1 2 3
FORBIDDEN ALLOWABLE ALLOWABLE
(spacing < 50 cm) (50 cm spacing minimum)

Figure 2 — Minimum distances

4.14 All straps bearing in the same direction of restraint shall be equally tensioned as much as is feasible
in order to ensure they equally bear the restraint forces in the event of an in-flight load. Straps should

6 © IS0 2013 - All rights reserved
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be tensioned without any slack, but without excess. Particularly, when using an aluminium sheet pallet,
care should be taken not to bend the pallet’s edge rail upward. Applying to all straps the residual tension
defined in ISO 16049-1 usually results in complying with these requirements.

For ratchet type tensioning devices (see indexes C1 or C2 of ISO 16049-1:2013, Figure 1), there shall be
a minimum of two full webbing wraps around the mandrel, cylinder, spool or equivalent once the strap
is fully tensioned.

4.15 Care should be taken that any straps passing over or around the piece(s) of cargo cannot come
in contact with sharp or cutting edges capable of cutting into the strap’s webbing, or, if unavoidable, to

| dda | o it 'S VERPS
pro IUT }Jauulus aucqua\.c U lJl ULLCCLUIL.

4.16 Careshould be taken to provide positive protection against the risk of downward slidihg of any straps
beafing in a horizontal direction of restraint, either by tightening them immediately over ah adequate
protrusion of the load, e.g. horizontal batten or comparable protrusion in a woodetr¢rate’s wall, etc., or, if
notfavailable, attaching them with a security rope over the load, capable of maintaining their Ipcation.

5 |Tie-down method

5.1] Basic method

Carpo restraint shall be ensured by a dedicated set of straps'in a given set of directions of restraint.
See|Figure 3.

Witheutside restraint straps With side restraint straps

Figure 3 — Examples of tie-down arrangements (see 5.2)

NOTE1 Where the number of straps is different in the different horizontal directions, the load may only
be loaded in the correct orientation within the aircraft. Appropriate loading instructions must be given, and
maintained in the event of a trans-shipment. See 6.1.2.

NOTE 2  See Clause 7 for additional precautions applying to different special shapes of cargo.
5.2 Directions of restraint

5.2.1 Whatever method used, restraint in each of the four required horizontal directions (forward, aft,
both sides) may be ensured by either a dedicated set of straps for an individual direction, or the general
effect of the straps assembly forming a net like tie-down arrangement, equivalent, though less deformable,
to a certified pallet net, to provide multidirectional restraint. See Figure 3.

© IS0 2013 - All rights reserved 7
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5.2.2 Upward restraint is not achieved by a net like effect, and shall be ensured by a dedicated set of
straps. An even number of upward restraint straps shall be used, equally set on each side of the piece
of cargo’s centre of gravity, and distributed as far away from it as possible in order to minimize any
overturning moment.

6 Calculation methods

6.1 Load factors

6.1.1 The ultimate loads restraint capability of any tie-down arrangement shall be calculated basedl on
the mass of the piece(s) of cargo to be retained and the following in-flight ultimate load factors, expregsed
in multiplep or fractions of the standard acceleration of gravity (“g” = 9,806 65 m.s~2) :

— Lf=1lo4d factor in the forward direction of restraint,
— Ly =load factor in the aft direction of restraint,

— Ly =logqd factor in either side direction of restraint,
— Lz =load factor in the upward direction of restraint.

NOTE A single longitudinal load factor Lx = Lf is to be used instead pf\separate fore and aft load facfors,
whenever there may exist an uncertainty as to the actual direction in<yhich a pallet will be loaded into| the
aircraft. Se¢ 6.1.2 .

6.1.2 The load factors shall be those certified for the aigerdft type concerned in its manufacturer’s
Authority dpproved Weight and Balance Manual, to be contained in the operator’s operating instructipns.
Where the} differ according to location or orientationgn the aircraft, the load factors certified for|the
actual location or orientation on board of the piece(s) of cargo concerned may be used. Wheneverf|tie-
down is to|be performed while the actual location and orientation on board are still undetermined (e.g.
advance pdlletisation), the highest aircraft load factor shall be used in each restraint direction.

6.1.3 WHen tie-down is to be performed, €.g. at cargo warehouse, while the aircraft type concerndd is
still undetdrmined, or when, exceptionally, no load factors data are readily available on the aircraft type,
the followihg ultimate load factors.were determined to be higher than or equal to those applicablg for
most currepnt international civil transport aircraft, and may be used to perform advance tie-down:

— Lf=1,3g(see NOTE 1)
— La=1bg
— Ly=1bg
— L;=3,0 glsee'NOTE 2)

At loading oF airc*"” tha actual laoad foctare chall thaon bhao nlncmlm.d ‘v".’itl" tha onarator o Crawns ')nd

ot trre-orc o oot ot toTr oot rre o e orre et T CIIC—optTroatoT—oT—C

additional tie-down performed if required.

NOTE1  Theforward ultimate load factor Lfto be used shall be 9,0 gin a cabin or main deck compartment where
there is no certified 9 g barrier net or equivalently stressed bulkhead installed between the load and passenger(s)
or crew, in order to cater for emergency landing conditions (see 14 CFR Part 25 and CS-25, paragraphs 25.561 and
25.787). It pertains to operators of such aircraft to provide and implement specific 9,0 g tie-down instructions.

NOTE 2  Allload factors to be used require a check by each individual operator in establishing his/her tie-down
operating instructions, according to the aircraft fleet he/she operates, particularly due to differences with aircraft
size. For example, smaller (narrow body) aircraft may have certified upward load factors L, at certain locations
up to 4,0 g, while very large capacity aircraft seldom exceed 2,1 g. It pertains to operators of aircraft presenting
upward load factors higher than the 3,0 g common industry practice to provide and implement specific tie-down
instructions.

8 © IS0 2013 - All rights reserved
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6.2 Calculation principles

6.2.1 The ultimate restraint capability of each individual strap (F) shall be accounted as the lowest of :
— the strap’s own rated ultimate load (see ISO 16049-1 for determination and testing), or
— the aircraft or pallet attachment point’s rated ultimate load in the direction concerned, or

— the rated strength of the piece of cargo’s attachment point, if the strap is attached to cargo at one
end (not applicable if the strap passes around or over the piece of cargo and is attached at both ends
to aircraft structure or pallet track), or

— |the rated ultimate load of any intermediate hardware (e.g. tie-down fitting) used.

6.2{2 The ultimate restraint capability of the total tie-down arrangement is the sum of the three
components (Fx forward or aft, Fy side, and F, upward) of each individual strap'siultimate dtrength (F,
as defined in 6.2.1) according to the angles (a1, ap, az, as defined in Figure 1),it forms with the reference
dirdctions of restraint.

1

3
Key
1 (Fg) up component
2 (Fy) side component
3 (Fx) forward or aft component

Figure 6 — Load components

© IS0 2013 - All rights reserved
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6.2.3 The respective components for any individual strap in each direction of restraint are :
— Forward or aft load: Fx=F x cos a1 x cos as

— Sideload: Fy=F x cos ay x sin a3

— Upload: F,=Fxcosay

with [Fx2 + Fy2 + F;2 = F2]

6.2.4 Astrap attached between a tie-down fitting and a point of the piece of cargo shall be accounted for
once. Whe:lte a strap 1s attached to two Tttings on opposIte sides ol the plece of cargo and passing over or
around it, it shall be accounted as two separate straps, using the most critical angles of either end ef| the
strap (see 4.10).

6.2.5 The ultimate restraint capability provided by the total tie-down arrangement in‘each of the|five
directions ¢f restraint is the sum of individual straps components in the direction concerned, and shall be
equal to or|greater than the applied ultimate load, with :

[Applied ultimate load (UL) = applicable load factor (L) x total mass of cargo_to-be tied down],

using the ultimate load factors (L) defined for each direction in 6.1.
6.3 Pragtical calculation

6.3.1 Since in field practice it may be almost impossible and prone to error to actually measure|the
angles for each individual strap and perform in detail the edrresponding component forces calculation,
each aircrgft operator shall establish simplified operatifig instructions to be used by field staff [e.g.
in cargo warehouses or when actually loading aircrdft cargo compartments) in order to deternpine
tie-down/lpshing arrangements ultimate restraint capability.

6.3.2 Sugh operating instructions may consistof either:

— preformatted calculation sheets or charts, or

— graphd or abacus methods, or

— pre-computed tables based(on general assumptions to be complied with, or
— any other method deemed appropriate,

avoiding pe¢rforming detailed calculations for each individual package tie-down, providing the applicable
assumptions, if any{are clearly stated and checked, and the results of the method used conform to|the
calculation principtes set in 6.2.

The most [commonly used method of providing operating instructions for tie-down calculatjons
is described—TmHATAATport HamttimgMamuatAHM 311 —Securimgof toad—{seeBibtiography)— For
international applications, it is recommended this method be preferentially used in order to ensure
uniformity of procedures between operators and handling agencies, and thereby enhance flight safety
through uniform training and methods consistency.

6.3.3 Itisessential in order to avoid mistakes that any operating instructions and related charts, graphs,
etc., clearly state in bold characters whether the mass figures are expressed in pounds or kilograms
(kilograms are preferred for international application in order to further minimize the risk of mistakes).
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7 Specific requirements

7.1 General

There are specific circumstances when the general principles of tie-down as laid out in Clauses 4, 5 and
6, essentially applicable for rectangular shaped packages of a convenient size, may not be sufficient to
ensure proper cargo restraint and flight safety. The resulting specific requirements for some of the most
common cases are laid out hereafter, but there are many other potential ones. The most common specific
cases are overhanging loads, “tall” loads, pipes and other long loads, reels/drums/spools, automobiles,
aircraft engines, stacked pallets, marine containers. It remains the operator’s responsibility to interpret

tho
spe

7.2

7.2
the
wit
shif

7.2

Fe herealter In the operating Instructions, as well as to 1dentity and adequately handlq
Cific situations which might render general requirements inappropriate or insufficient.

Risk of cargo slippage

1 Whenever the plan-view shape of the piece(s) of cargo to be tied downds:significantly s

nin the boundaries defined by tie-down fittings. Tie-down straps uSed in the direction
ting may not entirely guarantee against such a hazard, due to strap.€lasticity under load.

2 Where such shifting/slippage potential may in some respect jeopardize flight safety (e.g

any other

maller than

spacing of available tie-down receptacles, there is a possibility that cargoshifts or slides dfiring flight,

of possible

take a part

oft
da

7.2

NO1
and
con

7.3

7.3

widlth, er'those with a high located centre of gravity, present a significant risk of tilting down a

hor

e cargo out of the allowable pallet contour and bring it to interfere with the aircraft’s struct

3 Such preventive steps may consist in:
providing chocks or equivalent to increase ffiction in the direction concerned (see note
blocking with other cargo to fill in the empty horizontal space, or

providing additional, well tightened, straps in excess of the minimum calculated num
ultimate load in the direction of restraint concerned, or

other equivalent method ox.combination.
E In view of the limited static and dynamic friction factors usually achieved between carg

the pallet surface, reliance on unaided friction alone is not acceptable to prevent potentially
equences for the aireraft.

Risk of cargo tilting

1 Certain pieces of cargo, particularly “tall” ones, the height of which is significantly mor

e, or other

r
aging consequence), additional steps should be taken to:prevent any such damageable occlllrrence.

below), or

ber for the

o base area
damageable

b than their
5 a result of

zontal accelerations. A standard tie-down arrangement, particularly where straps are pass

ing around

or

VET e PIECE Of Cargo ald attaciied 01T OPPOSItE SIAEs Of 14, TIdy TTot SUATartee against tiis

to straps slippage and elasticity under load.

azard, due

7.3.2 Whenever the centre of gravity height of a piece of cargo is significantly higher than its bearing
base is wide, additional steps should be taken to prevent the risk of tilting.

7.3.

©IS

3 Such preventive steps may consist in:

blocking with sufficiently strong and high other cargo on all sides liable to tilting. The height of
blocking cargo shall be higher than the unstable piece of cargo’s centre of gravity height, or

providing a diagonally braced supporting stand widening the piece’s bearing width to increase

stability prior to tie-down, or
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