Appendix A — Maccaferri — Design and Installation
Guide for a Puraflex Membrane



GROUND GAS
MEMBRANE



DESCRIPTION

The ground gas membrane, Puraflex is an extruded composite membrane
comprising protective polymeric layers on both sides of chemical resistant
inner core consisting of polar and non-polar polymers.

This unique composition prevents the migration of contaminants and gases
from the ground through the slab thereby protecting building occupants.

The nominal thickness is 0.45mm. Rolls are 2.1m x 50m.

In areas where cavity wall construction is used a damp proof course (DPC)
version is used to provide a gas tight solution. The DPC rolls are 600mm wide.

Installation should be carried out by competent membrane installers using
conventional thermal (hot air/wedge) welding equipment.

Detailed installation instructions and quality control procedures are detailed in
the following Design Detail and Installation Guide.

In the case of this project the Puraflex gas membrane shall be fabricated as to
mirror the footprint of the foundation slab with edge details to be determined
by the method of construction of the slab and footings.
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INTRODUCTION

Industrial Textiles & Plastics Ltd. is an established producer of barrier membrane materials used for the
manufacture of gas tight suits and chemical protection clothing fabrics. This barrier technology and
manufacturing experience has been used to develop Puraflex® which has been engineered specifically for the
remediation of contaminated land, water resources and groundwater protection, environmental protection and
secondary containment installations.

Puraflex® has enhanced resistance to a wide range of pollutants including hydrocarbons, industrial chemicals,
and toxic waste, natural and radioactive gases. The material has been subjected to a detailed test programme
and our data is the result of chemical resistance testing to both industry and proprietary test methods.

Puraflex® is a composite membrane comprising thermal weldable polymer layers on both sides of a chemical-
resistant inner core. Whilst the upper and lower polymer layers are UV stabilised, it is recommended that the
membrane is only used for covered installations.

Installed using conventional hot air wedge-welding equipment, it is classed as a GBR-P polymeric geosynthetic
barrier for covered installations. It can remain exposed prior to covering for up to 21 days.

This installation guide summarises best practice and procedures for different aspects of Puraflex® environmental
protection barrier membrane installation and welding.

All procedures, operations and methods shall be in accordance with the Engineer’s specifications, plans, and
drawings.

QUALITY CONTROL

Installation QA Records

As detailed in the manufacturer's installation instructions, the Installer shall record details of the following
activities:

Materials inspection and tests

The Installer shall check material delivered to site for damage, checking and recording the roll serial numbers.
Panel Layout Plan

The Installer shall prepare a Panel Layout Plan to record the batch serial number and coverage of each roll.
Installation and weld testing

The Installer shall monitor, inspect and record all welding, including weld parameters and testing of regular test
welds. Completed welded seams shall be tested by destructive and non-destructive methods.

Faults and repairs
The Installer shall record all faults and repairs to the membrane.

Installer Experience
The Installer shall have experience of installing geomembranes of the type specified for the Works.

The Installer shall be suitably qualified to install the manufacturer’s barrier membrane. An acceptable example
is the British Geomembrane Association (BGA)/Thermal Welding Institute (TWI/CSWIP) third party accreditation
scheme. In accordance with the Environment Agency requirements, at least two crew members must be
accredited to BS EN 13067 and all other crew members (except for a maximum of one trainee) must be
accredited to the CSWIP Entry Level.

The installation shall be under the constant direction of a field installation supervisor or master welder who shall
remain on site and be responsible, throughout the membrane installation, for membrane layout, welding, testing,
repairs, and all other activities.

Installer Responsibilities

The Installer shall be responsible for the membrane at all times during the Contract and shall adopt whatever
measures are necessary to ensure its stability and protect it from damage. These measures shall include the
use of sufficient temporary surcharge in the form of durable sandbags, tyres or similar weights without sharp
edges, to be placed on the membrane immediately after laying and before welding to prevent slipping and
damage by wind or other agents prior to covering.

The Installer's attention is drawn to the need to provide adequate restraint at free edges of sheet material before
anchoring or welding to the adjacent seam in order to prevent uplift by wind.
Final Inspection and Integrity Testing

It is recommended that verification of the barrier membrane installation shall be performed by independent
Inspectors.
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Final Inspection and Integrity Testing shall be performed prior to covering the barrier membrane; covering the
barrier must not begin until the installation has passed Inspection. All non-conformances shall be resolved by
the Installer to the Inspector’s satisfaction before the Installation can be certified as passed.

The Final inspection should include:
= Visual inspections of the entire barrier membrane surface, seam welds and penetration seals;
= Non-Destructive testing of seam welds (see Section 5.1);

. Dielectric Testing. A reliable method of detecting holes in barrier membranes is the Dielectric test method
using electrical conductivity. Other test methods may include Smoke or Trace Gas testing (where smoke
or trace gas is injected below the barrier);

There are advantages and disadvantages to the different methods. The main issue with smoke or trace
gas testing is achieving sufficient pressure below the membrane to ensure that the smoke or tracer gas is
present below all parts of the membrane. If done correctly it works well, if not it is not really effective. Itis
also difficult to inject the gas and build up a pressure below large slabs that are poured in sections since
there will be a large unsealed open area around the edges.

= Photographs of all penetration seals and damaged areas with subsequent repairs.

The information should be included in the inspection report.

EARTHWORK

General

All surfaces to be covered shall be smooth and free of all foreign and organic material, sharp objects, or debris
of any kind. The subgrade shall provide a firm, unyielding foundation with no sharp changes or abrupt breaks in
grade.

Barrier Membrane Protection

To minimise the risk of puncturing, the barrier membrane should be adequately protected on either side with a
suitable needle-punched non-woven geotextile or sand.

Preparation of the Subgrade

So that damage to the membrane is avoided, the essential requirement for the installation of the barrier
membrane is a smooth, dry and clean working surface.

No standing water or excess moisture shall be present.

The water table level should be determined and if it is higher than the base of the excavation, adequate drainage
should be installed to prevent water pressure build up below the barrier membrane.

Particular attention should be paid to the following:

i Grain size and angularity: The subgrade should be free of all rocks, sticks, stones, roots, sharp objects
or any debris of any kind, which may puncture the membrane. Any stone, which protrudes above the level
of the surface of the subgrade, should be stone picked and any indentation remaining should be filled and
compacted with suitable material;

ii Smooth and firm: The surface should provide a firm unyielding foundation for the membrane with no
sudden, sharp or abrupt change or break in gradient.

When carrying out any welding procedure on a Bentonite Enhanced Soil (BES) subgrade, it is important that
particular attention is given to the cleaning process in preparation for welding. When Bentonite attaches itself to
the membrane, particularly in wet conditions, it is very difficult to clean the membrane and the number of weld
failures increases without due care and attention.

Geosynthetic Clay Liners (GCL) also present welding problems when placed directly underneath the membrane
since the Bentonite powder, which is placed in the overlaps of GCL panels, is often scattered by the wind or
water and causes cleaning problems in preparation for welding. When placing the Bentonite powder, excess
amounts of powder should not be placed in the joints and none on the membrane.

If after inspection of the material that is to be placed on top of the barrier membrane, it is deemed to be
unsuitable, a needle-punched non-woven geotextile may be recommended as a protective layer.

Installation of a protective layer should be carried out after acceptance of the tested barrier membrane.

The protective cover shall be spread in a manner to ensure that the barrier membrane follows the contours of
the ground and no bridging or stretching of the material occurs.

Panel Layout Plan

The Installer shall provide a detailed Panel Layout Plan showing the proposed layout and sequence of the
membrane placement.

The Installer shall arrange the panels so that the seams are aligned parallel to the line of maximum slope (i.e.
normal to contours), whenever practicable in accordance with accepted good practice.
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The free edges of each panel shall be adequately weighed down with sand bags, tyres or by other means in
readiness for seam welding.

Roll batch serial numbers should be recorded on the Panel Layout Plan to record the coverage and location of
each roll.

BARRIER MEMBRANE INSTALLATION

On-site progress of the work, as well as the climatic and working conditions shall be recorded and on
completion, a layout plan prepared to record the location and sizes of each panel of barrier membrane.
Pre-fabricated Panels

Pre-fabricated panels have the advantage of being installed relatively quickly and cleanly. They should be
considered where site conditions make in-situ welding difficult or inappropriate. Panels minimise weather-
induced delays and reduce on-site welding and can be made to the necessary detail, shape and size and
delivered to site folded and rolled ready for deployment.

Weather Limitations

Barrier membrane deployment or welding shall only proceed between ambient temperatures of 4°C and 30°C.
Placement can proceed below 4°C only after it has been verified by the inspector that the material can be
welded according to the specification.

No deployment of membranes or welding will take place during any precipitation or in the presence of excess
moisture (fog, dew, rain), blowing dust or winds over 10 km/hr.

No placement or welding of membranes should take place in areas of standing water.

Rolls

The barrier membrane is supplied in rolls. The surface of the barrier membrane shall not have pinholes or
bubbles.

Labels on each roll shall identify the manufacturer, product name and type, the weight per square metre, the
length, width and weight of the roll and the batch number.

The roll serial number must be recorded on the Layout Plan.

Transport and Storage
Care should be taken when moving, transporting or handling rolls to avoid physical damage, puncturing or any
tainting which may interfere with seam welding.

The barrier membrane shall be stored under cover so as to be protected from puncture, dirt, grease, moisture,
sunlight and excessive heat. Damaged material shall be quarantined and stored separately for repair or
replacement. The rolls shall be stored on a prepared smooth dry surface (or fully boarded wooden pallets; note
that slatted pallets with sharp corners will damage the rolls) and stacked no more than two pallets high. The
bottom rolls on the pallet need to be chocked to prevent them rolling.

Storage between 5 to 30 °C at 40 to 65% humidity under non-condensing conditions is recommended.

Deployment and Preparation
Deployment
The rolls shall be deployed with care.

i Equipment or tools shall not damage the barrier membrane during handling, transportation and
deployment;

ii Personnel working on the barrier membrane shall not smoke or wear damaging shoes;

iii The method used to unroll the panels shall not cause scratches or crimps in the barrier membrane and
shall not damage the supporting soil;

iv Adequate loading (e.g. sand bags or similar items that will not damage the barrier membrane) shall be
placed to prevent uplift by wind (in case of high winds, continuous loading is recommended along edges of
panels to minimize risk of wind flow under the panels).

Preparation

After unrolling the membrane, its position is adjusted so that a suitable overlap is achieved for the welding
process. Before welding, the membrane shall be checked for any damage and to ensure that it is clean, dry and
free of any dust or dirt particles.

This is particularly important if the membrane is wet at the beginning of the day when it is likely that dew is
present. Where the edge of a panel of membrane has been laying on wet sub-grade, it may be necessary to
remove any mud stuck to the underside. Any surface water in the area of the seam must be removed.

Seam Welding

The approved seam welding process is hot air wedge welding. A Leister Twinny-S hot air wedge welder is
recommended for optimum results using a 25mm knurled roller for a single seam overlap-weld.
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Puraflex® incorporates an inner chemical resistant core with a protective thermally weldable modified polyolefin
coating on both sides which is compatible with conventional hot air wedge welding equipment.

Conventional overlap-welding is recommended for joining.

Fig. 4b
Standard single seam overlap-weld with 25mm knurled roller.

A Leister Twinny-S hot air wedge welder is recommended for optimum results.
Proposed Joining Techniques
The Installer should submit method statements prior to commencing installation, detailing the following as a
minimum:
i Proposed welding technique, joining machinery, overlap widths and overlap preparation prior to welding,
acceptable temperature ranges for welding, acceptable maximum welding speed.
ii Proposed non-destructive test technique or techniques.

On side slopes, welds shall be oriented in the general direction of maximum slope, i.e. oriented down, not
across, the slope. In corners and odd-shaped geometric locations, the number of field welds shall be minimised.
No base T-weld shall be closer than 2 metres from the toe of the slope. Welds shall be aligned with the least
possible number of wrinkles and “fish-mouths.” If a fish-mouth or wrinkle is found, it shall be relieved and
patched.

Barrier membrane panels must have a finished overlap of 100mm.

Cleaning solvents may not be used.

Test Welds
Field test welds shall be conducted on the barrier membrane to verify that welding conditions are satisfactory.

The Installer shall perform test welds with each welding machine and operator at least at the start of each shift,
after every four hours of operation and also following any period of machine shutdown or change of operator.

The test welds shall be made and the Installer shall cut five 25mm wide field tabs from the seam length. The
tabs shall be subjected to field qualitative destructive testing using a tensometer. The five tabs shall be tested in
peel mode.

NOTE: Welded seams must be allowed to cool before performing any peel testing; testing warm seams will
provide false peel test results.

The seam will be deemed to have passed if the failure occurs solely in the parent material and does not
encroach into the seam. The seam will be deemed to have failed if any of the failure encroaches the seam.

The peel test indicates whether or not the sheets are homogeneously and satisfactorily joined through the
material thickness. The test specimen is pulled perpendicular to the weld until complete separation occurs.
Analysis of the fracture surfaces provides qualitative information about the joint integrity. Ductile failure in the
parent material indicates a good quality weld.

If the correct welding parameters have not been followed during the welding process, it will become clear when
specimens are peel tested. This type of test is an aggressive test of a seam weld. For example, if the
temperature of the hot air wedge was set too hot in relation to the speed of operation, then it is most likely that
the area of the material beside the weld is brittle and will break at a lower than expected value.

If a test weld fails field destructive testing then the welding machine and the Operator shall not be allowed to
perform field welding until the deficiencies are corrected and both machine and Operator have achieved a
conforming test weld.

Assessment of Test Weld Results

Each specimen shall be 25mm wide with a grip separation of 100mm. The weld shall be centred between the
clamps. The rate of grip separation shall be 50mm per minute.

The seam will have deemed to pass if the failure occurs solely in the parent material and does not enter the
seam. Elongation measurements are omitted for field-testing.
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Weld Quality
Types of Imperfection

The most important step in identifying weld imperfections is to inspect the weld visually. In the case of hot air
wedge welded seams, a visual inspection should take account of the following:

i The nip/drive roller marks may show on the surface of the membrane when using knurled rollers. Their
depth should be examined to ensure that the rollers have not created a rut, i.e. the indentation should be
barely capable of being felt;

ii The seam should be checked for uniformity of width and surface continuity. In the case of dual track seam
both seams should be clearly identifiable and separated by an air channel;

iii There should be enough of a flap outside of the weld to allow for peel testing of the weld during a
destructive test;

Origins of Imperfections

The origin of weld imperfections could include the following:

i Welding in unsuitable environmental conditions, i.e. during rain, excessive wind or on poor subgrade;
ii Unsuitable welding equipment or machine settings, i.e. using the incorrect welding parameters;

iii Poor operation of the equipment, lack of operator training or awareness.

Either one or a combination of the above list could lead to poor quality welds being produced.

Taped joints

To maintain the installation’s integrity, seam welding is the recommended method for jointing.

Taped joints compromise any membrane’s integrity by providing a pathway for the challenge chemical through
the adhesive. An adhesive claiming to be ‘Hydrocarbon Resistant’ may simply mean that an adhesive may be
resilient to certain hydrocarbons which have no obvious relationship to the adhesive’s ability to block a challenge
hydrocarbon to a level that ensures adequate protection over time. Furthermore the vagueness of the word
“hydrocarbon” can lead to false claims that an adhesive good for one hydrocarbon (e.g. methane) is
automatically good for a very different type of hydrocarbon (e.g. benzene).

Where taped joins are a necessity, tape joints should only be used where joints are under continuous
compressive loads e.g. under-slab installations. Tape joints are not suitable for wall installations or other
installations where the joint is not under compression.

Cover Material and Backfilling of Anchor Trench

The barrier membrane shall be covered within 21 days of exposure. The covering operation shall not damage
the barrier membrane.

The cover soil material shall be free of foreign and organic material, sharp objects, or debris of any kind, which
could potentially damage the barrier membrane.

No construction equipment or machinery shall operate directly on the barrier membrane. The use of lightweight
machinery (e.g. generator) with low ground pressure may be allowed subject to the approval of the Engineer.

Any damage shall be repaired prior to backfilling.

Barrier Membrane Acceptance

The Installer shall be responsible for the barrier membrane until accepted by the client. Final acceptance is
when all of the following conditions are met:

i The Installation is finished.
ii Installation QA Records are complete.
iii The Installation has been certified as passed by the Final Inspection and Integrity Testing Inspector.

SAMPLING AND TESTING

Non-Destructive Testing

The Inspector shall perform non-destructive testing along the entire lengths of all seams including patches and
repairs.

In the event of a seam failing non-destructive testing the Inspector shall identify the failed area. The Inspector
shall then subject the repair to further non-destructive testing until any repair passes the test.

Recommended non-destructive testing techniques are visual inspection, air lance and vacuum box testing.
Active Weld Inspection

The installer/operator inspects the seam area during the welding process, however only certain defects affecting
weld quality can be detected. Therefore further Air Lance Testing and/or Vacuum Box Testing is required to
check and validate the integrity of the welding.

Air Lance Testing
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This technique involves forcing a high-pressure jet of air along the weld edge. Signs of lifting or bubbling
provide an indication of an unsatisfactory seam weld.

Vacuum Box Testing

This method is used in areas of complex welding detail, or where other methods are not feasible, and comprises
treating the area of the barrier membrane to be tested with a soap solution and a vacuum box over the soaped
area. Leaks are detected by the appearance of bubbles.

Air Pressure Testing of Double Seam Welds

There is a risk of irrevocably stretching the material when over-pressurising the channel. Air Pressure Testing of
double seam welds is therefore not recommended.

Qualitative Destructive Testing

Destructive testing should be minimised to preserve the integrity of the barrier membrane. If specified, the
following is recommended:

Sampling Procedure

The Installer shall cut a 25mm wide field tab from the beginning and end of each completed seam and shall
subject it to qualitative destructive testing in peel mode using an independently calibrated field tensometer.

Using a field tensometer, the inspector shall test a minimum of five 25mm wide samples for peel strength.
The Installer shall also record the date, location, and pass or fail description.

NOTE: Welded seams must be allowed to cool before performing any peel testing; testing warm seams will
provide false peel test result.

Field Testing

The seam will be deemed to have passed qualitative destructive testing if the failure occurs solely in the parent
material and does not encroach into the seam. The seam will be deemed to have failed if any of the failure
encroaches the seam.

The peel test indicates whether or not the sheets are homogeneously and satisfactorily joined through the
material thickness. The test specimen is pulled perpendicular to the weld until complete separation occurs.
Analysis of the fracture surfaces provides qualitative information about the joint integrity. Ductile failure in the
parent material indicates a good quality weld.

If the correct welding parameters have not been followed during the welding process, it will become clear when
specimens are peel tested. This type of test is an aggressive test of a seam weld. For example, if the
temperature of the hot air wedge was set too hot in relation to the speed of operation, then it is most likely that
the area of the material beside the weld is brittle and will break at a lower than expected value.

Procedures for Destructive Test Failure
Whenever a sample fails the field destructive test, the following procedures shall apply:

The Installer can retrace the welding path to an intermediate location (usually 3 metres from the location of the
failed test), and take a sample for an additional field test. If this test passes, then the weld shall be patched
between that location and the original failed location. If the test fails, then the process is repeated.

The Installer shall patch the weld between the failed location and any passed test locations.

Over the length of weld failure, the Installer shall either cut out the old weld, reposition the panel and re-weld or
weld a patch.

Archive Samples
The installer should prepare a welded seam sample 0.5m wide by 1.5m long which will be cut into three
sections; one section to be tested by the Installer, one section to be sent to an off-site laboratory if required, and

the third section to be kept in archive storage by the client. Standard procedure is for the Installer to cut ten tabs
from his portion of the sample and to test each alternative one in peel and shear.

DETAILS

Corners

In tight corners, trimming away excess membrane may be necessary. When trimming the membrane, sufficient
overlap (minimum 100mm) should be left to provide material for hot air welding. The corner should be
reinforced with a formed patch of the membrane and should extend at least 150mm outside the first corner
welds in order to ensure that they are completely covered.
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Outside corners should also be reinforced by hot air welding a strip of membrane material extending a minimum

of 50mm either side of the corner.

6.2 Connections to concrete structures

Connections to concrete structures are typically made by either embedding a Polyethylene channel into the
concrete to which the membrane can be welded or by mechanically fixing using a drilled steel flatbar.

BARRIER MEMBRANE

HOT AR
WELDING

PURAFLEX* ——
BARRIER MEMBRANE

6.3 Drains and flanges

SILICONE SEAL
(AS COMPATIBLE)

6X60MM DRILLED
STANLESS STEEL BAR

NEOPRENE GASKET
(AS COMPATIBLE)

PURAFLEX® o
BARRIER MEMBRANE

A concrete base is required to anchor the discharge pipe and flange. The membrane should be mechanically

fastened to the flange and sealed.
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NEOPRENE
SEALING GASKET

PURAFLEX"
BARRIER MEMBRANE

\

PROTECTIVE
GEOTEXTRLE

AATLLLLLLRE ARRRRAY

REVISION 2.0

NINN

FLANGE

7////7///1 SILICONE SEAL
RS COMPATIBLE)

PAGE 8 OF 20



P Industrial Textiles & Plastics Ltd
I DESIGN & INSTALLATION GUIDE
6.4 Ancillaries
Gasket Materials: min. 5mm closed-cell Neoprene
Sealants: Bitumen or Silicone, as compatible
Metal battens: min. 6mm x 60mm stainless steel
Fastenings: Stainless steel (bolts, nuts, washers etc.)
Embedded channels: High Density Polyethylene (HDPE)
Vents and Top hats: Vents and Top hats shall be made from Puraflex
6.5 Flashing of penetrations

The pipe needs to be firmly anchored and the pipe temperature must not exceed 60 °C.

Where the pipe is to penetrate, cut a hole in the membrane ensuring a tight seal is made without stretching the
membrane. Top hats should be installed around penetrations.

The pipe and the membrane are flashed together by creating three cut-outs of the membrane material and hot-
air welding as illustrated.
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Anchor trenches

Top anchoring the membrane is achieved by holding it in place in a trench, minimum 400 x 400 mm. All corners
over which the membrane rests should be rounded. The membrane should be covered where intermediate or
base anchoring is necessary, the membrane can be anchored using an anchor trench or ballast. Where the
ballast is above the membrane, a protective geotextile should be used.

Foundations

When used as a barrier in building foundations, Puraflex® membrane should be continuous over the whole floor
plan area of the structure and stepped down across the cavity. Cavity walls, voids formed in hollow concrete
block walls etc. should be sealed to avoid accumulation of vapours or gas.

Puraflex barrier membrane can be laid over raft formations and suspended concrete floors or under-ground
bearing slabs and suspended timber floors.

When placed over concrete, the concrete should be dense, smooth and free from any projections which may
damage the barrier membrane. The barrier membrane should then be covered with the insulation, screed or
other suitable protective layer as soon as possible after installation.

When placed beneath ground bearing slabs, both sides of the barrier membrane should be adequately protected
with a sand or concrete blinding layer to a minimum thickness of 50mm or a suitable needle-punch geotextile.
The underside of the barrier membrane should not be laid directly onto a granular fill. When reinforced concrete
is to be laid over the membrane, wire reinforcements or spacers must not contact the barrier membrane.

The barrier membrane should be sufficiently loosely laid against upstands to ensure that the barrier membrane
is not stretched or displaced when applying the screed or concrete.

Service penetrations should enter the building above the sealed floor slab. Where this is not possible,
penetrations should be kept to a minimum. Where services need to penetrate the membrane, Top Hat gas tight
seals are required around each point of entry.

Where applicable, soap bars should be positioned on the inside cavity wall blocks so that timber frame
constructions do not puncture the barrier membrane.
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6.7.8  Typical Arrangements — Raft Formation (CAD Drawings available on request)
_— 100mm Membrane overlap
Standard DPC , QPR - = Coiciobe Siiad
P'mx“wﬂm‘ d i "\.\\ n - ""-: = /,-»""/
Vagour Barrer & N . ~ 5 — Insulation
m '\\\ g ” :
Ground Level " I
1500 Sotted ” “~ e :
; N S R 8 Puraflex Geomembrane Barrier
Collector Pipe N ‘ / R
N AL LI
Typical Arrangement for Puraflex Barrier " 25mm Thick Geocomposite
with Undervented Raft Formation Layer or Simiar
g 100mm Membrane overlap
Standard DPC ] > ~ Concrete Screed
Puraflex as combined e ’ ) Insulstion
Vapour Barrier & A ’ Y
DPC NN~ > X0 S %
Ground Le Rk = o
Proprietary Ground iy N Puraex G R
Level Vent T
/ L SN
R te--& N b
1500 Shotted > mfn Thick Geocomposite Venting
i or Similar
Collector Pipe Typical Arrangement for Puraflex Barrier
with Undervented Raft Formation at Vent Inlet/Outlet Connection
= 100mm Membrane overlap
Standard DPC . Y| [ o
Puraflex as combined N @ ,< " Concrete Screed
Vapour Barrier & NS P R
DPC B T —— s Insulation
Ground Level AN % et 5
NN
EN ~— Puraflex Geomembrane Barrier
Typical Arrangement for Puraflex Barrier
with Raft Formation (no under venting)
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6.7.9  Typical Arrangements — Ground Bearing Slab (CAD Drawings available on request)

S| 7] 3 100mm Membrane overlap
SN |
Ground Level NN \“‘ “
Puraflex as combined — N NS SN EITO—_ .
Vapour Barrier & N N i Puraflex Geomembrane Barrier
a0 ‘
DPC é,: AT A AY AY KA -

Typical Arrangement for Puraflex Barrier Beneath Ground Bearing Slab
at Cavity Wall (no under venting)
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6.7.10 Typical Arrangements — Suspended Concrete Floor (CAD Drawings available on request)

Puraflex as combined 100mm Membrane overdap
Vapour Barrier & DPC > s
A
Airbrick Vent f/ ‘///
/‘/‘
Ground Level -
SN
TGN
XN ~! RAYRNY
e o T NN
a0 L ANNNNY
Typical Arrangement for Puraflex Barrier with Suspended
Pre-cast Concrete Floor at Air Brick Vent Position
Puraflex as combined ~— 100mm Membrane ovedap -
Vapour Barrier & DPC A
\ f Ve e
\".; Y | P
e T BT
SN A<
Ground Level N %
S i N
N A
% T o7 o7 o7 40 RIS
~ i e C1oC NNANN
3 N SIS S S\ N\
‘ - " . - AOSRN
(2 L AR

Typical Arrangement for Purafiex Barrier with Suspended
Pre-cast Concrete Floor
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6.7.11 Typical Arrangements — Suspended Timber Floor (CAD Drawings available on request)

Suspended Timber
Floor
Puraflex as Combined : 100mm Membrane overlap
Vapour Barmier & DPC
" - _——— Suitable Granular or Sand/Cement Infll
. e S ' above Geocomposte at Termination
Ground Level = 0 (by )
N
L;z: % = - ] Optional Protective Geotextle
NN A i il
N\ N T e 0
5 : ATy Puraflex Geomembrane Barmer
NN XN D e e e~
NN NN R e o i D 25mm Geocomposite Venting Layer
NN N ] Terminated and Anchored into 1500
Twin Wal Slotted Vent Pipework or
Similar Venting Layer
Typical Arrangement for Puraflex Bamier
through Cavity Wall with Suspended Timber Floor

and Geocomposite Venting Layers at Vent InletOutlet Posiion
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Typical Arrangement for Puraflex Barrier

through Cavity Wall with Suspended Timber Floor
(no under venting)

6.7.12 Typical Arrangements — Service Penetrations (CAD Drawings available on request)

Purafiex Robust
—— Weided Gas
Heat-Sealed Top Hat' Service Rs“
op
Shroud Seoled 10 Gos____ SR
Maembeane and Service pipe ,—C
O
TYPICAL SERVICE
PENETRATION DETAL
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APPENDIX

Defects and Repair Procedure

All welds and non-weld areas of the barrier membrane shall be inspected by the Inspector for defects, holes,
blisters, un-dispersed raw materials, and any sign of contamination by foreign matter. The surface of the barrier
membrane shall be clean at the time of inspection.

Any lining surface showing injury due to scuffing, penetration by foreign objects, or distress from rough
subgrade, shall be replaced or covered, and sealed with an additional layer of lining of the proper size, in
accordance with the repair procedure.

Evaluation

Each suspect location in weld and non-weld areas shall be non-destructively tested as appropriate in the
presence of the Inspector. Each location that fails the non-destructive testing shall be marked by the Inspector,
and repaired accordingly.

Repair Procedures
Defective welds shall be patched or replaced.
Pinholes and small holes shall be repaired by patching.

Tears shall be repaired by patching. If the tear is on a slope or an area susceptible to stress and has a sharp
end it must be rounded prior to patching.

Blisters, large cuts and un-dispersed raw materials shall be repaired by patching.

The patch shall be round or oval in shape made of the same barrier membrane and should extend at least
150mm outside the damaged area in order to ensure that the damaged area is covered completely. The patch
should be prepared and welded using a hot air gun with a fishtail nozzle. The two surfaces to be welded are
heated with the hot air gun until melting occurs on both surfaces. Pressure is then applied to the patch by
means of a hand roller until the weld cools.

Verification of Repairs

Each repair shall be non-destructively tested. Repairs that pass the non-destructive test shall be taken as an
indication of an adequate repair. Failed tests indicate that the repair shall be repeated and retested until passing
test results are achieved.

The Inspector shall keep documentation of all non-destructive and destructive testing. This documentation shall
identify all welds that initially failed the test and include evidence that these welds were repaired and
successfully retested.

Welding Equipment

Welding trials were carried out using a Leister Twinny-S hot air wedge welding machine with a maximum
welding pressure of 500N at the nip, a maximum temperature of 600 °C, a maximum traverse speed of 4m/min
and a power rating of 1900W.

Summary of hot air wedge welding trials:

Sample Temp Speed Pressure 1 Av. Max Load (N)
. Roller Type _
No. °C m/min Newtons start mid end
1 500 25mm 157 163 160
2 475 4.0 400 knurled 160 162 163
3 450 single seam 158 155 152

i Smooth rollers tended to leave a rippled surface finish that may lead to a possibility of stresses being
unevenly distributed leading to premature failure.

ii Trials using heated wedge machines determined that it was difficult to start the weld run and unsatisfactory
joints were produced. This is a common problem with electrically heated wedge welding of thinner sheets
because of the physical contact between the hot wedge and the material.

Welding equipment recommendations:

Type: Hot air wedge welder, Leister Twinny-S or similar

Roller: Single seam with 25mm knurled roller

Initial Settings: Hot air temperature 450-500 °C, approx. 4m/min at 400N

These settings are recommended as a starting point when welding on site. Mechanical testing of ‘start-up’ trial
welds should be carried out at the start of each day so that, depending upon site conditions, the appropriate
machine adjustments can be made to ensure that a good weld is achieved.
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Laboratory Testing of Welded Seams
Laboratory testing of seam welds should be in accordance with BS EN 12814

Specimens should be 25mm wide x 150mm long and tested at a constant crosshead speed of 50mm/min until
failure or excessive yield occurs.

Independent laboratory test results of seam welds to BS EN 12814 are as follows:

Specimen No.| 1 2 3 4 5 6 7 8 9 Mean
Tensile Strength (N)| 170.0 | 165.0 | 163.5 | 166.5 | 170.0 | 170.0 | 163.5 | 168.5 | 166.5 | 167.1

Tensile Strength Elongation
N o

“
166.5 75.50

Farce M
200

180
160 f-
ranf---
tenf-- g i
100
anl-ff- I
sl f
wlff

0.0 25 150 225 30.0 375 450 525 GO0 675 750
Extension mrm

Weather Protection
The two main elements that cause disruption to the installation are water and wind.

The only effective protection against rain is to utilise a tent or canopy when carrying out repairs or localised
welding but in general, rain will bring to a halt all welding procedures.

Membranes should not be deployed in areas of standing water. However, where there is standing water on the
surface of the membrane it is possible to remove it by means of a pump, wet-vac or by a hand held squeegee.
Dry cloths can then be used to dry the seam prior to welding.

Wind causes problems in two ways.

i The membrane lifts once the wind gets under it and is impossible to control. Therefore, membrane
deployment should only take place during calm conditions. It is crucial that exposed membrane panels are
ballasted immediately after deployment using sandbags or tyres, particularly in the area of the exposed
edge. On embankments trout-lines are used to ballast membrane panels. Trout-lines are a line of
sandbags (usually at one metre intervals) connected by a rope secured in an anchor trench at the top of
the slope using an anchor pin.

ii It has the effect of decreasing the temperature of the hot air flow during welding. The only means of
protecting against wind is to use a shield held in place by a technician directly in the path of the wind, just
in front of the welding device.

The sun may also cause the membrane to wrinkle that can be a problem for welding. The top membrane
expands more than the bottom membrane that leads to problems feeding the membrane through the welder
drive rollers resulting in the welder burning through the material.

Wherever possible, perimeter connections between embankments and flat areas should be carried out at the
coolest time of the day or night when the membrane is fully contracted. This minimises the risk of causing a
trampoline effect at this critical point.
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7.5 Sample Field Seam Weld Record
INSTALLATION TEST
. NDT Peel Test Inspection
Equipment Weather Visual Inspection Pass or Fail
Wel i i i i
e | Tme | G Nt || " [t ] v | ogpwe | s -
' Machine peraliig| Temp | spee " | Date or Date | Tab1 | Tab2 | Tab3 | Tab4 | Tab5

Ref. No Speed _

°C m/min °C m/sec Fail
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ASTM D 6392 - Standard Test Method for Determining the Integrity of Nonreinforced Geomembrane Seams

Produced using Thermo-Fusion Methods

BS EN 12814-4 - Testing of welded joints of thermoplastics semi-finished products. Peel test
BS EN 13067 - Plastics Welding Personnel - Qualification testing of welders - thermoplastics welded assemblies
BS EN 13719 - Determination of the long term protection efficiency of geotextiles in contact with geosynthetic

barriers

LFE2 - Cylinder testing geomembranes and their protective materials

LFE4 - Earthworks on landfill sites
LFES - Using geomembranes in landfill engineering
LFE6 - Guidance on using landfill cover materials

LFE7 - Using nonwoven protector geotextiles in landfill engineering
LFES8 - Geophysical testing of geomembranes used in landfills
Quality Assurance and Quality Control for Waste Containment Facilities (United States Environmental Protection

Agency - USEPA).

Waste Management Paper No. 26B, Landfill Design, Construction and Operational Practice

FURTHER INFORMATION

For the latest technical information, please refer to the following publications which are available from our technical
department or in digital format from our website (Registration required):

Puraflex Brochure

Product information detailing relevant standards and test methods, our comprehensive chemical resistance testing

programme, production and quality assurance
Puraflex Technical Briefing

An technical summary of chemical resistance test methods and details of the science incorporated in Puraflex’s barrier

technology
Puraflex Permeation Modelling (PPM) Software

PPM is a unique software program which uploads soil analysis concentrations to report and provide permeation data of
priority hydrocarbons and toxic industrial chemicals for incorporating in contaminated site risk assessment models (e.g.

CLEA)
Puraflex Product Data

Comprehensive test data for mechanical, hydraulic, thermal, durability and chemical resistance to BS, EN, ISO and

ASTM test methods
Puraflex Model Specification

Suggested specification to assist design engineers in the preparation of project documentation

Puraflex Safety Information

Control of Substances Hazardous to Health (COSHH) & Material Safety Data Sheets (MSDS)

Disclaimer of Express and Implied Warranties

Subject to the limitations, disclaimers and statements as set forth below, Industrial Textiles &
Plastics Ltd. (ITP) represents to the Buyer that the product or products delivered to the Buyer
conform(s) to the manufacturer's description and specifications attached to or delivered with
the product.

The representation that ITP makes to the Buyer that the product or products conform(s) to the
manufacturer's description and specifications applies only under such circumstances when the
Buyer utilises the product or products as specified and under normal use for which said
product was intended. Any alleged nonconformity shall be made in writing to ITP specifically
stating and describing any such alleged nonconformity.

The representation by ITP that the product or products delivered to the Buyer conform(s) to the
manufacturer's description and specification as attached to or delivered with the product is
expressly in lieu of all other representations, warranties, expressed or implied, and of all other
obligations and liabilities, including consequential damages, on the part of ITP. ITP neither
assumes nor authorises any person to assume for it any other liability in connection with the
sale of the product.

The representation of conformity by ITP as represented by ITP shall in addition to the above
be null and void in the event that the product is misused or handled in a negligent manner by
the Buyer or any third party.

ITP shall not be liable for damages or delays, if such occur, on account of defective material or
workmanship or delays in shipment, nor will any allowances be granted for any repairs,
alterations, work done or expense incurred in connection with any repairs, alterations or
replacements except on specific written authority by ITP.

ITP excludes to the fullest extent permitted by law any liability or responsibility for injuries or
damages to persons or property arising out of the use or operation of the product as herein
contemplated, and Buyer hereby agrees to indemnify and save harmless ITP from all such
excluded liability and responsibility. Nothing in this disclaimer of express and implied
warranties shall limit or exclude ITP’s liability for death or personal injury caused by its
negligence or for any other matter in respect of which it will be unlawful for ITP to exclude or
restrict liability.

Puraflex® is a Trade Name of Industrial Textiles & Plastics Ltd. E&OE.

ITP shall not be liable for any consequential damages for any reason including but not limited
to those contemplated herein and whether such consequential damages may have been
foreseeable, proximately caused or otherwise occurring.

ITP emphasises that the data for the chemical resistance is based on data from multiple
sources. ITP does not guarantee the accuracy and correctness of such data, and does not
accept any responsibility for any loss or damage that result from the use by customers or by
any third parties to whom such data may be transmitted.

The user is required to carry out the appropriate tests to ensure the suitability and safety of the
products for the use envisaged in accordance with all applicable regulations. No warranties or
assurances of reliability, suitability or fithess for a particular purpose of specimens or data are
offered. Final determination of the suitability of any information or material for the use
contemplated and the manner of use is the sole responsibility of the user and the user must
assume all risk and liability in connection therewith.

The information in this document, specifications, samples and Puraflex Permeation Modeller
software are merely illustrative and do not form part of any contract or any intended contract.
They are supplied free of charge. Test results are obtained under laboratory conditions on
new material and not under actual usage conditions. Test results only relate to the sample
tested.

Due to a policy of continued research & development, ITP reserves the right to alter the details
as described without notice. Products are offered subject to our Conditions of Sale, which are
available on request.

This disclaimer of Express or Implied Warranties constitutes a significant limitation on the
rights and remedies otherwise available to the Buyer, which the Buyer freely and voluntarily
acknowledges and accepts as part of the consideration for the contract to purchase the
product or products from ITP.

© Industrial Textiles & Plastics Ltd 2014
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