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HDPE geomembrane welding with dual track fusion seams

• HDPE geomembranes are deployed as rolls of sheet material that require seaming (often in
the form of fusion welding) in the field to provide a continuous hydraulic barrier

Image from – SEL Environmental- https://www.geomembrane-installation.co.uk



Dual track fusion seam

Image from - Effect of dual track wedge welding at 30°C ambient temperature on post-weld geomembrane oxidative induction time – Rowe, Francey 2018,
Proceedings of the 11th International Conference on Geosynthetics

A seam’s HAZ begins where the parent sheet, adjacent to the weld, is subjected to relatively high heat during seaming



Air channel pressure testing



Trial welds and destructive testing conducted according to
GRI GM19

Peel

Shear



GRI GM19 – for testing trial and destructive welds



Trial weld and destructive tests are typically conducted
every 150 m of welding

Note, only performance parameter is weld strength, and peel separation



Welding variables

Image from ExcelPlas - https://www.excelplas.com

A successful dual track fusion weld is a
combination of:

• wedge temperature
• wedge pressure
• welding machine speed

Increasing the weld temperature, and pressure, to
increase the weld speed can make commercial
sense, less time spent on site.

This can however result in welds that pass the GRI
GM19, but may be doing significant harm to the
geomembrane, that will impact its long term
performance.



Effect of welding parameters on properties of HDPE
geomembrane seams – Zhang, Bouazza, Rowe, Scheirs (2017)

Geosynthetics International
• Std-OIT results showed that the outer

edge of squeeze-out, or HAZ, was
negatively impacted by the thermal
welding.

• The peel strength of all specimens was
greater than required by GRI GM19



Why STD –OIT matters

• Reduced Std-OIT will shorten
stage A, as there are less
antioxidants to deplete,
resulting in lower overall
geomembrane life in this area



Brittle Stress Cracking of HDPE Geomembrane caused by
Localized Over-Heating of Fusion Wedge Welds

Marta (2022) GeoANZ#1
• Elevated leakage rate and appearance of “whales” in a geomembrane lined

dam after being in service for 4 years

• Whale development process

o Small ‘holes’ initiate leakage
o Geomembrane starts to float
o Cyclic flexing (i.e. growing and shrinking

over time as temperature and water levels
change results in tension in geomembrane

o “Damaged” geomembrane in the HAZ
cracks, allowing more water/air in under
liner



Brittle Stress Cracking of HDPE Geomembrane caused by
Localized Over-Heating of Fusion Wedge Welds –

Marta (2022) GeoANZ#1

Fatigue crack
adjacent to weld in

HAZ



Importance of thickness reduction and squeeze-out Std-OIT
loss for HDPE geomembrane fusion seams - Francey W,

Rowe K (2023) Geotextiles and Geomembranes

• Seams with thickness reduction
exceeding 0.8 mm (high wedge
temperature and pressure) found to
exhibit greater squeeze-out and Std-OIT
loss, with near full Std- OIT depletion for
one material

• For the, equipment, and welding
parameters examined, adherence to the
DVS 2225-3 thickness reduction range,
served as a useful criterion for producing
seams with the intent of limiting
squeeze-out Std-OIT loss



Technical Code DVS 2225-3 : Welding of lining membranes
made of polyethylene (PE) for the protection of groundwater

October 2019

• Has been used in Germany for
over 40 years, key component is
overall weld parameter limits

• In the field, the following
machine settings (welding
parameters) are used:

• Heated wedge temperature
300 to 420 °C

• Specific joining force 30 to 40
N/mm effective roller width

• Speed of travel 0.8 to 2.5
m/min



Way forward
• The IGS Technical Committee Barriers has approached GSI to revise GRI GM19 to include a

welded area thickness limit similar to DVS 2225-3.  As part of this process international CQA
companies and installers were asked for their input.  The majority were in support of setting weld
thickness parameters for GRI GM19.

• As part of the work of the ASTM D35 committee, a GRI Standard GM36 (11 August 2023) has been
developed for HDPE Geomembrane Fusion Seam Thickness Measurement, to allow for a
standardised approach to measure the welded area of a dual track fusion seam.  This advocates
using a thickness gauge similar to those used to measure geomembrane thickness.

• If it is possible to include welded area thickness limits into GRI GM19, then it becomes simpler for
consultants or clients to specify this, and to therefore have more control over the welding process
and the impact it is having on the parent material.

• In order to manage site work however measurement of the welded area thickness needs to be
undertaken, so that during the trial weld stage acceptable machine settings can be determined
that fulfil both strength and weld thickness criteria.

• Also new ASTM standard being drafted “Best Practice for the Thermal fusion welding of
Geomembranes”



Field measurement during trial welds and site destructive
weld testing

Thickness gauge (micrometre)                                             Vernier calliper



Recent advances/comments

Cold weather welding workshop, arranged by Eric Blond, and reported on by
Goerge Koerner, held at the GeoAmericas conference in Tornoto, April 2024
“10% thickness reduction may be a good indication of long-term seam quality”



Trial and destructive weld tests from New Zealand installations
(2022 to 2024)

All welds passed GRI GM19 requirements



The next evolution - data recording
on welding equipment

• Recording of weld parameters (speed, temperature
and pressure)

• Recording of individual seam lengths, with start and
stop time

• Easily identifies and locates weld anomalies via GPS
position

• Easily adds seam number, roll number, technician ID
etc.

• Data is easily transferable via Wi-Fi

Images from Leister - https://www.leister.com

From GeoAmericas workshop:
“The use of smart welders with data aquation (DAQ) systems was
recommended. DAQ welders feature displays that show continuous
output of key welding parameters(temperature ambient and wedge,
pressure and speed). Control, monitor, and record entire welding eco
system was identified as critical.  Again, slower rates of seaming
should be anticipated.”



Final thoughts
• Welding of geomembranes needs to have more control than just the weld strength
• Limits to weld thickness reduction can be part of the solution, but this still needs to fit into the

ecosystem the weld is produced in i.e. weld parameters
• Limited guidance seems to be available from geomembrane manufactures as to what parameters

are recommended to limit damage to the geomembrane from the welding process, example from
a manufacturer below, similar to DVS 2225-3.

• Data recording can assist with monitoring welding conditions as the weld is being made
• It is likely that applying thickness reduction limits will result in installation speed being slowed

down.  Muller and Wohlecke stated in 2017 (Zero leakage? Landfill liner and capping systems in
Germany) that an average installation rate of 1000 m2/day allows for suitable welding and CQA to
be performed that limit impact of welding on the geomembrane. How does this relate to current
installation rates?
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