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1 INTRODUCTION 
 
Geosynthetic barriers are an established product 
group in the geo-environmental industry. They in-
clude factory-made polymeric geomembranes (e.g., 
HDPE) and geosynthetic clay liners (with clay/ben-
tonite core). These geosynthetic materials are ac-
cepted as barrier solutions for landfill caps and base 
liners, under roadways and railways, and within vari-
ous containment structures such as dams, canals, 
ponds, rivers, and lakes. They are also used for water-
proofing of buildings and similar structures. 

Advantages of geosynthetic barrier systems vs. 
traditional designs: 
- More economical to produce, transport, and install  
- Enable predictability in designs 
- Quicker, simpler installation 
- Reduced excavation required (e.g. less fill 

required, less land disturbed)  
- Clear, established quality controls from production 

through installation 
- More homogeneous than soil and aggregates 
- Environmentally less sensitive and lower environ- 

mental impact 
- Improved performance and durability 
The use of geosynthetic barriers continues to grow in-
ternationally, but more regulatory support is needed. 

 

2 BRIEF HISTORY OF POLYMERIC BARRIER 
SYSTEMS 

 
Polymeric geomembranes (smooth or textured sur-
face) are essentially impermeable and are used as 
fluid barriers in geotechnical engineering. Textured 
surfaces provide an enhancement of frictional charac-
teristics, which allows designs on steeper slopes or 
where shear stress occurs (e.g., with a geosynthetic-
soil or geosynthetic-geosynthetic interface).  

Geomembrane liner materials belong to the group 
of geosynthetic polymeric barriers and the terminol-
ogy of these types of products are currently defined in 
ASTM as follows: 
- Polymeric geosynthetic barrier (GBR-P): factory-

produced structure of geosynthetic materials in the 
form of a sheet, in which the barrier function is ful-
filled by polymers. 

- Geomembrane: an essentially impermeable geo-
synthetic composed of one or more synthetic 
sheets. 

However, the term “geomembrane” is still under dis-
cussion, as the existing terminology for geomem-
brane is too broad as it would also cover a geosyn-
thetic clay liner. The following improvement is a 
current draft version and still needs to be edited or ap-
proved. 
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- Polymeric geomembrane: factory-assembled geo-
synthetic barrier consisting of one single flat poly-
meric core of thickness greater or equal to 0.75mm 
(30 mils).  

Not all countries are in agreement on that definition. 
In France and Germany, for example, the poly-meric 
barrier is considered a geomembrane if the thickness 
is equal or greater than 1mm (40 mils). 

Geosynthetic clay liners (GCLs), a second very 
successful barrier group, are made of a thin layer of 
typically sodium bentonite between two layers of ge-
osynthetics; generally, these layers are nonwoven and 
woven geotextiles. GCLs can be used as a stand-alone 
barrier or in conjunction with a geomembrane.  

The terminology for these product groups is as fol-
lows: 
- Geosynthetic clay barriers (GBR-C):  

factory-produced structure of geosynthetic materi-
als in the form of a sheet, in which the barrier func-
tion is fulfilled by clay [Current ASTM terminol-
ogy definition – similar to ISO 10318] 

- Geosynthetic clay liners (GCL):  
a manufactured hydraulic barrier consisting of clay 
bonded to a layer or layers of geosynthetic materi-
als 

- Multi-component clay geosynthetic barrier 
(MGCL):  
GCL with an attached film, coating, or membrane 
decreasing the hydraulic conductivity or protect-
ing the clay core, or both  

2.1 Environmental protection in infrastructure 
applications - RiStWag 

Groundwater protection is generally required where a 
road enters a groundwater protection zone, to avoid 
damage from winter maintenance with deicing salt, 
everyday pollution arising from motor vehicles, and 
to protect the area from accidents with the possible 
release of polluting substances (chemical/petroleum 
tankers/transporters). The German guideline RiSt-
Wag (guidelines for construction projects in water-
ways of protected areas 2016) from the Research So-
ciety for Road and Traffic was one of the earlier 
guidelines on this topic (first publication 1982). The 
current 2016 guideline describes, among other things, 
geosynthetic sealing systems for environmental pro-
tection. 

 
Figure 1. Typical cross section of a geosynthetic barrier system 
under a road for groundwater protection (1 pavement, 2 side em-
bankment, 3 geosynthetic barrier (GBR), 4 cover soil, 5 sealing 
connection, 6 collection pipe, 7 manhole)  

2.2 Encapsulation of contaminated soil 

Road noise and view-blocking barriers along roads, 
motorways and railway lines are being built with en-
vironmentally concerning materials (ECMs) for the 
dam core. This may include slag, ash, contaminated 
soils from remediated sites, and residue from con-
struction waste recycling or industrial processing. 
These ECMs must meet certain environmental-chem-
ical requirements and must be provided with a surface 
sealing for groundwater protection.  

In Germany, as in other European countries (e.g. 
the Netherlands), protecting the environment, while 
using recycled waste material (includes soils with 
ECM) as construction material, is carried out using 
these three practices (valid for applications in 2.1 and 
2.2): 
- Hydraulic permeability of the subsoil, depth to 

groundwater table, groundwater-protecting cover 
layers; 

- Limitation of pollutant load through assigned 
threshold values; 

- Technical protection measures using water imper-
meable cover and sealing layers. 

Suitable sealing materials for these purposes include 
geosynthetic clay liners (GCLs) and geomembranes.  

In the Netherlands, this construction is directed by 
the “Bouwstoffen Besluit” (CUR 1999). In Germany, 
the guidance comes from the FGSV’s MTSE guide-
line (MTSE 2017). These documents provide tech-
nical information on the possible design of such pro-
tection measures and sealing components in order to 
meet the typical high stability requirements (> 100 
years). 
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Figure 2. Typical cross section of a geosynthetic barrier system for the encapsulation of contaminated soils in road constructions 

 
3 ADVANTAGES OF COATED 

MULTICOMPONENT GCLS 
 
The success of needle-punched GCLs has been 
proven in approximately 100 million square meters of 
installed material since 1987. In this time, a world-
wide supplying major German geosynthetic and GCL 
manufacturer has sought continually to improve the 
internal shear strength of needle-punched GCLs to 
achieve ever-better ecological, economical and per-
formance-related benefits for engineers. Further inno-
vations have also been pursued with the outer layers 
of the GCL. The polymer coating option of a new 
generation of multicomponent GCLs helps making 
GCL installations even more effective, safer and 
longer lasting. Advantages in utilising this polymer 
coating include the topics 3.1 to 3.6, but are not lim-
ited to those. 

3.1 Prevention of root penetration 

As plant and tree roots search for water, they spread 
in all directions horizontally and vertically, and will 
continue this search until they find enough water to 
sustain the plant. This search can impact a GCL in-
stallation. Bentonite hydrates once in contact with 
fresh water, including moisture from the surrounding 
soil. Due to the bentonite's outstanding sorption ca-
pacity, the bentonite will typically have higher mois-
ture content than the surrounding soil. Roots can be 
attracted to this moisture. Though high-quality pow-
dered sodium bentonite possesses self-sealing prop-
erties, root penetration should not be encouraged. 
Roots can extract water content from bentonite. Plac-
ing the coated slit-film woven geotextile side against 
the direction of potential root growth will protect the 
hydrated bentonite core from root penetration - thus, 
maintaining a high bentonite moisture content and a 
high level of design safety and sealing performance. 

3.2 Increasing resistance against desiccation 

According to soil mechanics, swellable and hydrated 
soils shrink when desiccating. In clays, this is typi-
cally revealed with cracking. The same mechanics 
can affect swellable bentonites. Such desiccation can 
occur in arid and semi-arid areas, in regions with low 
soil coverage or little rainfall, and in applications 
where the bentonite does not have constant access to 
fresh water. Even though needle-punched, fibre-rein-
forced GCLs will show a much smaller crack pattern 
than unreinforced or poorly reinforced GCLs, a des-
iccation crack pattern will increase fluid or gas per-
meation rates prior to the self-sealing of the bentonite 
(which occurs upon contact with fresh water). If this 
is not acceptable for the designed application, the pol-
ymer-coated GCL can be used with the polymer coat-
ing facing the direction of expected desiccation. In 
most cases, this will be the upper side of the GCL. 
The upside-facing polymer coating of the GCL would 
prevent moisture escape and allow the bentonite to be 
hydrated and act as a barrier, even in arid areas or un-
der very low confining stresses, such as in tank farm 
applications. 

3.3 Bentonite piping resistance under high water 
gradients 

When placed over coarse-grained soils or other open 
structures (such as geonets), a question remains as to 
whether bentonite extrusion or piping can occur under 
high hydraulic water conditions. Common applica-
tions of this nature include canals, ponds, and la-
goons. Though needle-punched GCLs with scrim-re-
inforced nonwovens will provide under laboratory 
conditions the best performance against bentonite 
erosion (Rowe & Orsini 2003), the highest safety 
against this on-site condition involves the attachment 
of a polymer coating against the slit-film woven side 
of the GCL. Bentonite erosion with the coated side 
facing against the porous subgrade is now virtually 
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impossible, even under high and extreme hydraulic 
conditions. The long-term sealing performance of the 
polymer-coated GCL is ensured. 

3.4 Lower permeability 

Needle-punched GCLs have a strong history as a 
stand-alone barrier, largely due to the high grade of 
powdered sodium bentonite used in the GCL’s con-
struction. This sodium bentonite exhibits high swell-
ing behaviour, low water permeability, excellent wa-
ter absorption and retention capacity, and a unique 
self-sealing/-healing effect. These exceptional capa-
bilities of the bentonite remain, even with the use of 
a polymer coating on GCL. This extra coating simply 
adds its advantages to the GCL which increases the 
GCL performance. The coating improves overall per-
formance while further lowering the hydraulic con-
ductivity of the GCL. With these advantages now 
combined, needle-punched GCLs outperform nearly 
any sealing system in regard to hydraulic conductivity 
during the service life of the coating and beyond. 

3.5 Barrier against ion exchange 

When a GCL is in contact with fluids and soils con-
taining leachable cations, such as calcium (Ca), mag-
nesium (Mg), potassium (K) or other polyvalent cati-
ons, an ion exchange of the sodium (Na) portion of 
the GCL can occur. If it does, the clay structure of the 
GCL core can be affected, which might impact the 
swelling capacity and the hydraulic conductivity per-
formance. However, it is impossible to make general 
statements on the long-term performance of a GCL 
under these conditions. Using calcium bentonite in-
stead as the sealing core in a GCL, even with a higher 
mass per unit area (e.g. 8 to 10 kg), is not a suitable 
option. Published results (Henken-Mellies 2010, 
Müller-Kirchenbauer et al. 2010) have shown that the 
hydraulic conductivity results of field-exposed cal-
cium bentonite are far higher than ion-exchanged so-
dium bentonite GCLs. In applications where this is-
sue might be a concern, a polymer coating on the 
GCL facing the possible polyvalent cation source can 
help guard against this possible ion exchange. In most 
applications water, which is the hydration source for 
the bentonite, comes from the top and permeates 
through the soil layer above the GCL. In applications 
with soils that have a high concentration of free avail-
able leachable cations, a coated GCL is an ideal solu-
tion. The thin coating facing the source of exchange-
able cations acts as a barrier and protects the sodium 
bentonite sealing core of the GCL. 

3.6 Gas barrier 

In applications in which the GCL has to perform im-
mediately as a gas barrier, the porous bentonite core 
might not have time to fully hydrate with water and 
fulfil its sealing performance due to immediate gas 
migration. Applications of this nature include the wa-
terproofing of underground structures, landfill caps, 

and other applications in which the GCL is installed 
over an active source of gas production. The coated 
barrier of needle-punched GCL would act as the gas-
impermeable barrier, thus allowing the installation 
and welding of a geomembrane. In applications 
where no additional barrier is installed in combination 
with the GCL, such as with underground waterproof-
ing systems, the polymer coating will take over the 
immediate sealing performance against possible pen-
etrating gas. In both cases the sealing of the coated 
overlaps of the GCL can easily be carried out with a 
special bituminous tape. 

 
 

4 DESIGN CONSIDERATIONS 
 
With its multiple variables, GCLs offer economical, 
long-term barrier solutions that are ideal for a wide 
range of sealing applications. Each variety is de-
signed to meet specific barrier situations, such as 
managing hydraulic heads, reducing the risks associ-
ated with chemical environments, guarding against 
root penetration, and accounting for desiccation. A 
worldwide supplying major German geosynthetic and 
GCL manufacturer developed a design Bentogram 
(NAUE 2011) which is a new, easy-to-use tool to help 
identify the right type of GCL for nearly any applica-
tion. After identifying on a scale of l to 10 (10 being 
the most severe or important) the project's concerns 
with four key areas that can impact barrier systems 
(root growth, desiccation, hydraulic head, and chem-
ical influence), the Bentogram allows one to select the 
proper lining system for a particular application. It 
differentiates what the best choice could be; a regular 
needle-punched GCL, a polymer-coated needle-
punched GCL or a HDPE geomembrane. The corre-
sponding components chart is then used to help iden-
tify the suggested best solution for the selected pro-
ject. 
 

 
5 DESIGNING WITH POLYMER-COATED 

GCLS 
 
For designing with polymer-coated GCLs, additional 
design issues may need to be considered. These can 
include, but are not limited to, one or more of the fol-
lowing topics 5.1 - 5.6. 

5.1 Durability of the coating 

In most cases the GCL coating is expected to have a 
long service life. For this reason, the polymer coating 
should be manufactured with a chemically highly re-
sistant polyethylene resin. 

5.2 Resistance against installation stresses 

It is important to know the resistance of the additional 
barrier against installation stresses. 
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5.3 Overlapping of polymer-coated GCLs 

Geosynthetic clay liners are overlapped during instal-
lation. To provide security against permeation, addi-
tional powdered bentonite is sometimes applied to the 
overlap zones on site. This on-site bentonite treatment 
of overlaps, however, is not as dependable as a pre-
fabricated overlap-treatment during the GCL manu-
facturing. Some manufacturers provide additional 
bentonite at the edges during the manufacturing stage, 
e. g. some GCL panels are bentonite impregnated dur-
ing manufacturing on both longitudinal edges with 
500mm of additional bentonite. On-site overlap treat-
ment relies on workmanship and site conditions and 
the bentonite typically lays only on top of the nonwo-
ven and does not penetrate into the geotextile compo-
nents. Therefore, the bentonite impregnation during 
manufacturing ensures that these overlapped, benton-
ite-treated areas act immediately as a seal without any 
need for on-site bentonite treatment. In applications 
where GCLs need to act immediately as a gas or 
chemical liquid barrier, or in applications where ben-
tonite piping in the overlap zone may be of concern, 
a special tape (made with a strong adhesive bitumen) 
is recommended to seal the overlap on the coating 
side. 

5.4 Transmissivity between coating and GCL 

Due to the unique manufacturing process, the poly-
mer coating is added in a fluid state directly on top of 
the woven component of the GCL. This allows the 
polymer coating to penetrate into the woven structure, 
surround the needle-punched fibres from the nonwo-
ven outer geotextile and attach firmly, uniformly and 
directionally-independent to the entire woven GCL 
component. In the unlikely event of damage to the 
coated barrier, penetrating water that could flow un-
der the coated woven component would cause the so-
dium bentonite layer to immediately swell and form a 
seal against the damage. This self-sealing character-
istic of the GCL prevents a large radial displacement 
of penetrating water; and it’s a characteristic unique 
to GCLs in barrier system designs. 

5.5 Interface shear 

For slope designs, the critical friction plane needs to 
be investigated with the site materials and is typically 
confirmed with multiple shear box tests. This is true 
of nearly all materials considered in slope applica-
tions, such as soil, GCLs, other geosynthetics used on 
slopes, etc. For steeper slopes, the use of geogrid soil 
reinforcement can significantly improve the slope 
friction angle. 

5.6 Peel value of coating 

Because GCLs are composite materials and the single 
layers are designed to work together, the peel bond 
strength between the GCL components is of particular 

interest. The needle-punched construction of a spe-
cific GCL increases the internal shear strength, ensur-
ing a firm lock between the single GCL outer layers 
and the powdered sodium bentonite core (Ehrenberg 
& Von Maubeuge 2008). The same bond holds true 
when adding the polymer coating as an additional 
barrier. Even though the interface friction value of the 
coated material to surfacing materials might be the 
dominating value, it is important that all possible sur-
faces and layers are properly investigated to avoid 
shearing of any type. Special shear testing between 
the component carrier woven layer and attached po-
lyolefin coating demonstrates a very good peel bond 
strength, which indicates that this connection face is, 
under most conditions, not the critical friction sur-
face. 
 

 
6 CONCLUSION 
 
There is every reason to believe that geosynthetics 
will continue to be adopted into regulations, such as 
for ground water protection, around the world. As 
Koerner (2012) notes, no other field of engineered 
materials has developed as rapidly or gained such 
wide-spread acceptance as geosynthetics. This has 
much to do with the innovation and quality control 
measures in manufacturing and care of handling in 
the field. It also has much to do with geosynthetics 
being used in two primary situations: to perform bet-
ter and/or more economically than traditional geo-
technical designs. With a large record of data in sup-
port of cost and performance measures, and with sec-
ondary benefits such as decreased project carbon 
footprints with geosynthetics, the field’s growth is as-
sured. 

The decisions that a designer makes about the 
GCL itself during material selection heavily influence 
the ultimate performance and durability of the GCL 
system. These include decisions on the type of ben-
tonite and its mass per unit area, the overlap design, 
the geotextile protection elements, confining stress 
prior to hydration, damage resistance, interface shear 
strength, durability, overlap sealing, the potential 
need for a polyolefin coating, and much more. Safety, 
of course, is of the utmost importance. 

Geosynthetic Clay Liners (GCLs) are often used as 
a stand-alone liner or in combination with a geo-
membrane. They replace thick compacted clay liners 
due to many advantages, such as easy installation, 
low hydraulic conductivity, self-healing capabilities, 
capable of withstanding differential settlement, shear 
performance and cost effectiveness. 

The designer should consider site-specific condi-
tions (soil material, slope angle, interface friction) 
and specify relevant characteristics to ensure a long-
term and safe design. Current standard GCL proper-
ties could be on the lower limit, so that increasing 
some GCL properties (on the geotextile, bentonite 
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and GCL) are in some cases recommended. The Ge-
osynthetic Research Institute, Folsom, has published 
a White Paper #5 (GRI 2005) and a GRI-GCL3 stand-
ard and has made aware the necessity to consider sev-
eral important topics, especially overlap separation 
under certain conditions of pre-hydrated GCLs. How-
ever, this topic can be solved by means of immediate 
soil coverage or an increasing overlap for these types 
of products. 

The latest GCL development are multicomponent 
GCLs. One method is adding a polymer coating to the 
needle-punched GCL which improves the GCL per-
formance and opens more applications where GCLs 
can be used in. However, the additional component is 
not to replace a high-quality geomembrane with this 
typical thinner barrier. 

Advantages of the polymer-coated barriers for sen-
sitive applications as groundwater protection under 
road constructions, also using environmentally sensi-
tive materials (ECM), are:  
- prevention of root penetration ; 
- increasing resistance against desiccation; 
- bentonite piping resistance under high water gra-

dients; 
- lower permeability; 
- barrier against ion exchange; 
- immediate gas barrier. 
To ensure the long-term performance of polymer-
coated GCLs, other design issues might be of concern 
and should be considered prior to the installation of 
the needle-punched GCL:   
- durability of the coating; 
- resistance against installation stress; 
- overlapping of polymer-coated GCLs; 
- transmissivity between coating and GCL; 
- interface and internal shear; 
- peel value of coating. 
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