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The British Standards Institution retains ownership

and copyright of this PAS. BSI Standards Limited as the
publisher of the PAS reserves the right to withdraw

or amend this PAS on receipt of authoritative advice
that it is appropriate to do so. This PAS will be
reviewed at intervals not exceeding two years, and

any amendments arising from the review will be
published as an amended PAS and publicized in Update
Standards.

This PAS is not to be regarded as a British Standard. It
will be withdrawn upon publication of its content in, or
as, a British Standard.

The PAS process enables a specification to be rapidly
developed in order to fulfil an immediate need

in industry. A PAS may be considered for further
development as a British Standard, or constitute part
of the UK input into the development of a European or
International Standard.

Information about this document

Product certification/inspection/testing. Users of

this PAS are advised to consider the desirability of
third-party certification/inspection/testing of product
conformity with this PAS. Users seeking assistance in
identifying appropriate conformity assessment bodies
or schemes may ask BSI to forward their enquiries to
the relevant association.

Assessed capability. Users of this PAS are advised to
consider the desirability of quality system assessment
and registration against the appropriate standard in

the BS EN ISO 9000 series by an accredited third-party

certification body.

Test laboratory accreditation. Users of this PAS are
advised to consider the desirability of selecting test
laboratories that are accredited to BS EN ISO/IEC 17025
by a national or international accreditation body.
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Use of this document

It has been assumed in the preparation of this PAS
that the execution of its provisions will be entrusted
to appropriately qualified and experienced people, for
whose use it has been produced.

Presentational conventions

The provisions of this PAS are presented in roman
(i.e. upright) type. Its requirements are expressed in

sentences in which the principal auxiliary verb is “shall”.

Commentary, explanation and general informative
material is presented in italic type, and does not
constitute a normative element.

PAS 1008:2014

Requirements in this standard are drafted in accordance
with The BSI guide to standardization — Section 2:

Rules for the structure, drafting and presentation

of British Standards, subclause J.1.1, which states,
“Requirements should be expressed using wording such
as: ‘When tested as described in Annex A, the product
shall ...””. This means that only those products that are
capable of passing the specified test will be deemed to
conform to this standard.

Contractual and legal considerations

This publication does not purport to include all the
necessary provisions of a contract. Users are responsible
for its correct application.

Compliance with a PAS cannot confer immunity from
legal obligations.
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O Introduction

0.1 What is a flexitank?

A flexitank is a large bladder with valve(s) that is
designed to fit inside a general purpose (GP) freight
container” and is used for the transport of liquids.
Flexitanks can be constructed from polyethylene,
polyethylene blends and polyvinyl chloride (PVC), but
other materials can also be used.

0.2 What is a flexitank system?

While a flexitank is a single entity, it operates as part
of a system which includes the flexitank, restraining
system and a GP freight container. It might also include
some ancillary equipment used inside the GP freight
container.

NOTE 1 The GP freight containers used are usually
standard dry 20 ft (6 m) units, but other sizes can also
be used.

NOTE 2 Ancillary equipment comprises any material
that contributes to the flexitank system’s performance.

0.3 Objective of

The main objective of is to provide a
framework for the manufacture of flexitanks to a high
quality, such that they can be used to transport liquids
safely without leaking and without causing permanent
damage to the GP freight container.

This is achieved through setting minimum
requirements for:

a) the material properties of the flexitank film and,
where fitted, the outer sleeve;

b) the leak tightness of the loading/discharging
valve(s);

¢) the flexitank system'’s resistance to an impact.

' A “GP freight container” is also known as a “shipping
", "standard container”, “dry cargo container”,

container”,
“1SO container”, “cargo container”, among others.

The performance of the flexitank system is assessed

by means of a rail impact test. Material testing is
performed to demonstrate that minimum requirements
for the material properties are met and maintained,
and that the material specification is the same as
assessed in the rail impact test. Valve testing is to
demonstrate that the valve is able to withstand
operating pressures without leaking.

0.4 Using PAS 1008

PAS 100§ is for use by flexitank manufacturers in the
manufacture and testing of flexitanks.

The following parties will also benefit from the
outcomes of this PAS:

e shippers and cargo owners;
e flexitank operators;
e haulage companies;

e forwarders and non-vessel owning freight container
operators;

¢ shipping lines;
¢ rail operators;
e freight container leasing companies;

e insurance companies and protection and indemnity
(P&I) clubs;

e the general public.
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1 Scope

This PAS specifies requirements for a single-use
flexitank used for the intermodal transport of a liquid
commodity in a general purpose (GP) freight container.
It is applicable to single-layer and multilayer flexitanks
made from polyethylene?, polyethylene blends and
polyvinyl chloride (PVC). It is applicable to flexitanks
capable of carrying a commodity with a maximum
mass of <24 000 kg and with a maximum volume of
<24 000 L.

It specifies requirements for:

a) the material properties of the flexitank film and,
where fitted, the outer sleeve;

b) the leak tightness of the loading/discharging
valve(s);

¢) the flexitank system'’s resistance to a rail impact
defined as a 2g (gravitational unit) retardation or
acceleration force;

d) the provision of flexitank information.

It describes a method for testing the leak tightness of
the loading/discharging valve(s).

It also describes a method of determining the
flexitank’s suitability for intermodal transport by means
of a rail impact test of the flexitank when installed in

a GP freight container together with its restraining
system and any other ancillary equipment.

This PAS does not cover requirements or test methods
for multi-use flexitanks or flexitanks used for storage.

This PAS only covers flexitanks for use in GP freight
containers and not those used in other types of freight
containers, such as reefers.

This PAS does not cover compatibility testing of the
commodity with the flexitank film.

NOTE 1 The flexitank manufacturer might need to
carry out compatibility testing to determine whether a
flexitank is suitable for carrying a specific commodity.
The compatibility of the flexitank and commodity
depends on the chemical and physical properties of
both the flexitank film and the commodity.

2 Polyethylene encompasses polythene.

PAS 1008:2014

This PAS does not provide guidance on the operation of
a flexitank.

NOTE 2 Recommendations on the operation of the
flexitank system are given in COA’s publication, Code of
practice for flexitanks [7].
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2 Normative references

The following documents, in whole or in part, are
normatively referenced in this document and are
indispensable for its application. For dated references,
only the edition cited applies. For undated references,
the latest edition of the referenced document
(including any amendments) applies.

ASTM D751, Standard test methods for coated fabrics

ASTM D882, Standard test method for tensile properties
of thin plastic sheeting

ASTM D1004, Standard test method for tear resistance
(graves tear) of plastic film and sheeting

ASTM D1709:2009, Standard test methods for impact
resistance of plastic films by free falling dart method
(Method A)

ASTM D4595, Standard test method for tensile
properties of geotextiles by the wide-width strip
method

ASTM D4833, Standard test method for index puncture
resistance of geomembranes and related products

ASTM D5035, Standard test method for breaking force
and elongation of textile fabrics (strip method)

ASTM D5199, Standard test method for measuring the
nominal thickness of geosynthetics

ASTM D5602, Standard test method for static puncture
resistance of roofing membrane specimens

ASTM D6392, Standard test method for determining
the integrity of nonreinforced geomembrane seams
produced using thermo-fusion methods

ASTM D6693, Standard test method for determining
tensile properties of nonreinforced polyethylene and
nonreinforced flexible polypropylene geomembranes

ASTM D6988, Standard guide for determination of
thickness of plastic film test specimens

ASTM F88, Standard test method for seal strength of
flexible barrier materials

BS 3951-1.2, ISO 1161, Freight containers — Part 1:
General - Section 1.2: Specification for corner fittings
for series 1 freight containers

BS 3951-2.1, JSO 1496-1| Freight containers —

Specification and testing of series 1 freight containers —
Part 1: General cargo containers for general purposes

BS EN 1SO 2411|, Rubber or plastics-coated fabrics —

Determination of coating adhesion

BS EN ISO 527-3, BS 2782-3:Method 326E, Plastics
— Determination of tensile properties — Part 3: Test
conditions for films and sheets

BS EN ISO 13934-1, Textiles — Tensile properties of
fabrics — Part 1: Determination of maximum force and
elongation at maximum force using the strip method

BS ISO 668:2013 Series 1 Freight containers —

Classification, dimensions and ratings
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3 Terms and definitions

For the purposes of this PAS, the following terms and
definitions apply.

3.1 ancillary equipment

equipment used in the installation and securing of the
flexitank in the GP freight container that contributes to
the flexitank system’s performance

NOTE Examples of ancillary equipment include
restraining systems, GP freight container linings and
reinforcing bars.

3.2 bonnet cavity

void above the seals or disc of a gate valve

3.3 commodity

liquid cargo carried inside the flexitank

3.4 commodity loading temperature

temperature of the commodity at which it is loaded
into the flexitank and measured at the closest upstream
point possible to the load/discharge valve on the flexitank

3.5 crystalline melting point (T )

temperature at which crystalline or semi-crystalline
polymers undergo a transition from a crystalline phase
to an amorphous phase and lose mechanical integrity

3.6 flexitank

bladder with a loading/discharging valve which is
installed inside a GP freight container as part of a
flexitank system and is used for holding the commodity

NOTE 1 The flexitank is usually constructed from
polyethylene® and polyethylene blends, but other
materials (such as PVC) can also be used.

NOTE 2 Other equipment is necessary for the filling and
discharge of liquids from the flexitank, such as pumps
and hoses.

3 Polyethylene encompasses polythene.
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3.7 flexitank system

system used for the transport of a liquid commodity,
which comprises a flexitank, a restraining system, a GP
freight container, and, where necessary, other ancillary
equipment

3.8 general purpose (GP) freight
container

steel rectangular box structure used for the transport of
general cargo

3.9 geomembrane

impermeable membrane usually manufactured from
polyethylene as the primary parent ingredient and used
to contain liquids by blocking liquid migration across
the membrane

NOTE Typically, the geomembrane thicknesses for
flexitanks range from 0.5 mm to 1.1 mm.

3.10 glass transition temperature (T )

temperature at which amorphous polymers or
amorphous areas of semi-crystalline plastics undergo
a transition from a rubbery, viscous state, to a brittle,
glassy amorphous solid and lose flexural properties

3.11 intermodal transport

movement of goods in one and the same cargo
transport unit (freight container), which uses
successively two or more modes of transport without
handling the goods themselves in changing modes

[SOURCE: Terminology on combined transport [2],
adapted]
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3.12 multilayer flexitank

flexitank consisting of multiple layers of polymeric films
welded closed at each end, with one or more closure
seams per layer and sheathed in an outer sleeve

NOTE For definition of single-layer flexitank, see 3.17.
For definition of outer sleeve, see 3.14.

3.13 obturator

part of a valve, such as a ball, clapper, disc, gate or
plug, that is positioned in the flow stream to permit or
prevent flow

[SOURCE: BS ISO 14313]

3.14 outer sleeve

outer structural layer fitted to a flexitank that provides
additional multi-axial structural strength to the
flexitank

NOTE 1 An outer sleeve is the structural element of all
multilayer flexitanks and is an optional element for a
single-layer flexitank.

NOTE 2 The sleeve can be mechanically attached to the
flexitank or it can rely solely on friction between itself

and the flexitank layers to remain in position when the
flexitank is full.

NOTE 3 For multilayer flexitanks, the sleeve is closed
at both ends and it totally encloses the flexitank. For
a single-layer flexitank the sleeve can either totally or
partially enclose the flexitank.

3.15 restraining system

structure that is used to prevent the flexitank from
making contact with the doors of the GP freight
container

NOTE An example of a restraining system is a steel
frame bulkhead or structure secured into the rear
corner post vertical recesses.

3.16 scrim reinforced PVC film

woven fabric mesh substrate, usually made from
polyester or nylon, coated with a PVC layer on both
sides of the fabric

3.17 single-layer flexitank

flexitank consisting of a layer of geomembrane film
welded closed at each end, with one or more closure
welds and can be sheathed in an outer sleeve for
additional strength

NOTE For definition of multilayer flexitank, see 3.12.
For definition of outer sleeve, see 3.14.
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4 Materials

4.1 Single-layer flexitank consisting of polyethylene/polyethylene blend film with or
without outer sleeve

When tested in accordance with the test standards specified in Table 1, the material properties of the flexitank
film and, where fitted, the outer sleeve shall meet the minimum requirements as specified in Table 1.

Table 1 - Material tests for polyethylene/polyethylene blend film and, where fitted, outer
sleeve material used in a single-layer flexitank

Material property | Parameter | Test standard | Requirement for material property

Single layer: Polyethylene/polyethylene blend

1 Puncture Film with a thickness ASTM D4833 =260 N/mm A~
resistance of 0.5 mm to
<1.5mm
2 Weld strength | Extrusion welds in peel | ASTM D6392 260% of the film manufacturer’s parent

tensile yield strength and no weld
separation or elongation in weld area
NOTE If the actual film material tensile
strength is X N-mm' the minimum
requirement for seal strength is =0.6 of
X N-mm'.

Fusion welds in peel ASTM D6392 270% of the film manufacturer’s parent
tensile yield strength and no weld
separation or elongation in weld area

All welds in shear ASTM D6392 >90% of the film manufacturer’s parent
tensile yield strength and no weld
separation or elongation in weld area

3  Tensile break Film with a thickness ASTM D6693 =27.5 N-mm=2® and =800% (MD and TD)
strength and of >0.25 mm
elongation
4 Tear Film with a thickness ASTM D1004 =0.088 N-pym™' (MD and TD) or =88 N-mm™'
resistance of <1.5 mm thickness
5 Thickness Film with a thickness ASTM D5199 Average thickness +5%, -10%, with a
of 0.5 mm to covariance of <0.07
<1.5mm
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Table 1 — Material tests for polyethylene/polyethylene blend film and, where fitted, outer sleeve material used in a
single-layer flexitank (continued)

Material property

Parameter

Test standard

Requirement for material property

Outer sleeve, where fitted

A Ultimate Material with a fabric | ASTM D4595¢ or =1 400 N/50 mm ultimate tensile strength
tensile weight =150g-m ASTM D5035 or warp and weft (for ASTM D4595 and
strength and BS EN ISO 13934-1| ASTM D5035) or
elongation =140 kg (for BS EN ISO 13934-1)

ASTM D4595 or =15% elongation warp and weft
ASTM D5035 or
BS EN ISO 13934-1|

B  Stitch Material with a fabric | ASTM D45959 or =500 N/50 mm

strength weight =150g-m- ASTM D5035

NOTE 1 For each test, a new material sample is used.
NOTE 2 MD = machine direction; TD = transverse direction

A)

B)

Q

Value normalized for material thickness.

The tensile break strength in N-mm- shall be calculated by dividing the tensile yield strength (in N-mm')
determined in accordance with ASTM D6693 by the average film thickness (in mm) determined in

accordance with ASTM D5199 (see Table 1, row 5).

The ASTM D4595 and ASTM D5035 test methods do not cover the securing method of the loose thread ends
when preparing the test specimen. It is common practice to secure the loose thread ends with a knot.
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