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ABSTRACT 

We have come a long way since the first mechanically clamped geomembrane joint (Figure 1) was 
made by Gundle and Lever (personal communication)! 

Extrusion and fusion seams are used to join geomembrane liner and floating cover panels.  It is 
essential that the seams/welds be properly made. In this paper we look at the internal 
microstructural changes that occur when making seams, in order to make them more durable.  

 

. 

Figure 1. First joint by Gundle and Lever 

BACKGROUND 

An as-manufactured HDPE geomembrane microstructure is oriented in the plane of the sheet.  It 
could be envisioned as a laminated sheet. When an extruded weld bead is laid on the geomembrane 
surface, the geomembrane surface is melted and mixes with molten weld bead. The molten pool 
then cools and solidifies.  The solidified weld zone is no longer oriented but has a more 
random/isotropic microstructure. However, there is a zone, the heat-affected zone (HAZ) between 
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the geomembrane and the weld zone, where the thermal energy input has not melted the sheet but 
has affected it (Figure 2). Such modifications include:  

• Secondary crystallization 
• Residual stress 
• Annealing 
• Thermal expansion/contraction  
• Oxidation 

The width of this HAZ and its microstructural gradient may, for instance, affect the stress cracking 
resistance of the weld.  In 1990 it was noted by Peggs, et. al. (Figure 3) that many stress cracks 
initiate just under the edge of the weld bead just off vertical which may well be at the same location 
as an abrupt HAZ transition boundary.  

 

Figure 2. Schematic cross section of extrusion weld 
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Figure 3. Precursor crazes (white arrows) and stress crack close to edge of HAZ 

The situation in fusion seams is more complex as geomembrane materials have improved and 
contained waters have become more aggressive. For instance, Std-OIT (Standard Oxidative 
Induction Time) and HP-OIT (High Pressure Oxidative Induction Time) measurements at different 
locations on a weld cross-section seem to show that there may be a number of different 
microstructural zones in a weld bead of a fusion weld (Zhang et. al. 2017, Rowe & Shoaib 2017, 
Rowe & Shoaib 2018, Francey & Rowe 2017, Rowe & Francey 2018). Std-OIT thermograms may 
show more than one exothermic reaction. This can lead to differences in test performance of sheet 
material in one liquid and the actual performance of seams in that same liquid. 

INTRODUCTION 

Extrusion and fusion welds have been made in bottom geomembrane liners and floating covers for 
many years without much change. However, except in a few cases (Zhang, et. al. 2017), we have 
never really tried to understand the microstructural changes occurring during welding, such that 
the performance of a weld can be optimized. Provided the two surfaces to be joined are 
heated/welded and molten materials mixed and cooled such that peel/shear strengths, elongations, 
and separations meet certain minimum/maximum specifications we are satisfied. Of course, the 
weld interface must not completely separate in any seam test. 

If we have a better understanding of microstructural changes caused by welding and/or 
changes that occur as a result of the material microstructure, we may be able to adjust welding 
parameters to achieve better weld performance in service. 
 

FUSION WELDS 

When a fusion weld is made, the surfaces of the two materials are heated, melted, and compressed 
by the hot wedges and nip rolls. A molten pool is formed as for an extrusion weld but movement 



1068 
 

of the wedges causes some modified parallel alignment in the heat affected zone (HAZ).  This is 
a complex weld microstructurally as shown in the cross section in Figure 4a and 4b. The laminar 
cross section of the sheet is again disturbed by the generation of a molten pool but this time there 
is extrusion of this pool sideways along the edge of a weld track to form a solidified squeeze-out 
bead (SOB).  The size and geometry of the SOB, its adhesion to sheet surface, and related SOB 
notch geometries, are functions of the welding speed, temperature of material (not ambient), wedge 
temperature, and nip roll pressure.  The impacts of expansion/contraction stresses, annealing, 
residual stresses, and secondary crystallization, all contribute to the weld quality. Of course there 
is a second weld track at the same location along the extrusion weld with two additional weld 
beads.  The two welds are not the same, just as all weld beads will be different. The extent of such 
differences was investigated by Zhang et al. (2015) when they were looking for appropriate 
locations at which to measure changes in weld performance as a result of welding. They measured 
standard (Std-OIT, ASTM D3895 “Standard Test Method for Oxidative-Induction Time of 
Polyolefins by Differential Scanning Calorimetry” and HP-OIT, ASTM 5885 “Standard Test 
Method for Oxidative Induction Time of Polyolefin Geosynthetics by High-Pressure Differential 
Scanning Calorimetry” at 8 locations in the weld, including in the weld zone, in the SOB, in the 
HAZ and away from the weld, as shown in Figure 4. Several samples were welded under 3 
different conditions (underheated, properly heated, and overheated) as shown in Table 1, which 
shows the Std-OIT test results. There are no rigid definitions of “underheated” or “overheated” 
other than by appearance, so although we are comparing numbers, the results are typically quite 
qualitative.  

 

 
Figure 4a. Cross section of fusion weld, 

Details and sample numbers (Zhang et. al. 2017) 
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Figure 4b. Cross section of edge of fusion weld 
 
 
 
 

 

Table 1. Weld parameters and Std-OIT test results 

 

 

Perhaps, the most significant observation is that the OIT at Location 1 (the SOB) was quite 
inconsistent and often showed two or more Std-OIT transitions.  This led the authors to conclude 
that this location should not be used for making base and test measurements. 

That the remaining stabilizer may not be uniformly distributed leaving some areas more 
susceptible than others to stress crack initiation can be deduced from the uncontrolled flow of the 
SOB and distribution of residual stresses and geometrical notches at the root of the bead (Figure 
5). 
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Figure 5. Fusion seam cross section of root of squeeze-out bead (red/green). 
Note the variation in HAZ and location of residual stresses. 

 

Welding is certainly an improvement over the first mechanical joints (Figure 1) and intermediate 
chemical seams (not in HDPE) and lap welds (Figure 6) in indexing drum geomembrane materials 
but as we push HDPEs to contain more aggressive waters at higher temperatures we should better 
understand what microstructural changes occur at seams. As indicated above, for some 
combinations it appears that small changes in welding parameters may be responsible for 
unexpectedly large changes in weld performance. 

         

Figure 6. Indexing drum liner overlaps and schematic of lap weld peel test 
 

One can envision a wide HAZ with a gentle microstructural gradient and little residual stress or a 
sharp transition with steep microstructural gradient and significant residual stress.  The former will 
more likely be the more durable weld. Another interesting observation by Zhang et. al. (2017) was 



1071 
 

that the HAZ degraded faster than the weld zone but that elsewhere there was little change on 
welding.   

Along the edge of an extrusion weld the weld interface, the HAZ, and the oriented sheet 
meet (Figure 4a). Much of the stress cracking along extrusion welds occurs just under the edge of 
the weld bead and at a slight angle to the vertical. This may be along the HAZ as if it acts as an 
internal notch. A welding target should therefore be to have no squeeze-out beads such that the 
side of the weld bead blends smoothly into the geomembrane surface. 

The microstructure of a fusion weld is quite complex compared to an extrusion weld as 
shown in Figures 4 and 5 above, and care is needed to select the correct location for monitoring 
the changes due to the welding process.   

In each side of the center air channel is a section of microstructure somewhat similar to the 
extrusion weld with a central melted/cooled/solidified weld zone and a HAZ on each side, none of 
which will be the same. Neither will the four SOBs be the same; SOB 1 was made by welding in 
the open air, SOBs 2 and 3 were made in the atmosphere and at the liner surface temperature under 
the liner, and SOB 4 was made in the general under liner atmosphere. The SOBs would then cool 
down at different rates generating different HAZ and weld zone microstructures. For instance, the 
Std-OIT of the SOB of Sample 2 severely heated the SOB inside the air channel and was about 
one third less than that in the open SOB.  (Figure 7a and 7b). Temperatures and oxygen availability 
must be higher in the air channel. There would then follow differences in service environments as 
SOB 1 would, or should, be the only one to be in contact with pond water.  It would therefore not 
be surprising to see SOB1 with different characteristics than the others. 

 

Figure 7a. SOB 1, Open air side of the weld 
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Figure 7b. SOB 2, Inside the air channel 

 

In addition the squeeze-out flows to the edge of the weld zone where the flow is constricted 
(Figures 4 and 8) before it forms the SOB which may or may not be bonded to the surfaces of each 
geomembrane.  There are considerable residual stresses at the root of the SOB, stresses which will 
combine with oxidizing components in the water, such as free chlorine, chlorine dioxide and 
chloramines and the water to perhaps cause stress cracking in the acute notches between surface 
of geomembrane and side of SOB.  This situation will be much like the crazes (precursors to SC) 
that have occurred along the edge of a fusion weld that has been peeled apart in Figure 8. 

 

Figure 8. Peel separation, crazing along edge, separated surface 
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When specimens from Location 1 SOB were tested, Zhang et. al. (2017) found a skin/core effect 
in the bead that could generate two very different Std-OIT values (e.g. 57 and 197 min). Therefore, 
it is quite possible that chemical resistance tests could generate a compatible conclusion when 
coupons of geomembrane are tested, and an incompatible result when fusion seams are 
incorporated in the specimen. This in turn, might lead us to evaluate the cross sectional symmetry 
of fusion SOBs during seam testing, and to include unnotched SCR seam specimens in chemical 
compatibility tests.  

Geomembrane manufacturers undertake research and development to provide new and 
improved geomembrane formulations.  New geomembrane formulations are often targeted at new 
applications or learning from previous service experiences.  Published data, Frazer et.al. (2015) 
provides an insight into the assessment of new geomembrane formulation responding to in-service 
experiences.  During their published research to find an adequate stabilizer formulation for such 
situations, the geomembrane manufacturer proposed a “fortified” HDPE geomembrane that had 
an initial HP-OIT of over 3,500 min. When the installed material was investigated HP-OIT was 
still around 3500; effectively no change and still protecting the material in the water.  However 
welds were still cracking in the water after only 2 years in service.  The only differences between 
samples was that the short-lived samples had been welded and the “unchanged” samples had not 
been welded.  In addition, only samples at location 1 showed differences due to welding, and such 
differences occurred exactly where the stress cracks were initiated.  
 

In other words: 

• Welding caused a change in the microstructure of the SOB 
• This change made the welds susceptible to stress crack initiation 
• Without welding this change did not occur and there was no cracking. 

 
Another interesting observation made by Zhang et al, was that the HAZ degrades/loses OIT faster 
than the weld zone; the cause of which is not known.  It may have something to do with the Std-
OIT decreasing steadily to its residual value before accelerated degradation occurred, while the 
HP-OIT decreased to a higher limiting value, as if the additives were still present but had become 
deactivated. This has been seen before in PP geomembranes (Fraser, B., Mills, A., 2015). 

 SUMMARY 

Chemical compatibility tests, immersing a coupon in the water, may well show a high HP-OIT of, 
say 3500hr, with little reduction from the as manufactured value.  However, when there is a fusion 
weld multicomponent SOB as part of the sample and one part has a very low Std-OIT, stress 
cracking may be initiated. 

 To minimize the potential for welding damage, consider the following: 

• Avoid fusion weld squeeze out beads 
• Check symmetry of SOB 
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• Do not forcibly cool welds 
• Use same resin welding rods 
• Do not use SOB to monitor changes in material/weld performance. 
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