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1 INTRODUCTION 
 
Geosynthetic products such as geotextile-, liner- or 
reinforcement-products have successfully been 
introduced and used for over 40 years now. It can 
therefore safely be stated that these products are not 
new when it comes to geotechnical design aspects 
and/or questions regarding long term durability. The 
science and soil mechanical behaviour in general is 
mostly well understood and numerous textbook and 
codes worldwide have been published and developed 
in order to assist and guide the engineers (Koerner 
2012, EBGEO 2011). 

Nevertheless, it is interesting to observe that 
geosynthetic products are still not receiving the same 
attention as other construction materials for instance 
wood or concrete. Not considering these as readily 
available construction materials may impact 
construction projects significantly. The lesser impact 
may be that projects are realized with conventional 
but more expensive construction materials. The more 
severe impact may be that some ideas and design 
concepts are not realized at all.  

It is the authors’ opinion and experience that the 
uncertainty associated with the products are causing 
the above-mentioned concerns within the industry. 
These concerns are supported additionally by anoma-
lous case studies where projects went wrong, either 
during the design phase or during construction.  

Only by increasing the knowledge around 
geosynthetics, the concerns regarding the “product” 
as such can be addressed and eliminated. This 
interrelation has also been identified by the 

International Geosynthetics Society (IGS), who has 
introduced a worldwide program called “Educate the 
Educator”. This program is aimed at academic 
institutions and actively tries to elevate the 
knowledge within academic institutions so that 
students get exposed to geosynthetics as construction 
material early on during their studies. The ambitious 
medium-term goal is that this program assists future 
engineers in creating the awareness regarding 
geosynthetics as construction material. However, 
students will only be the engineers in future so that 
the need arises to communicate to the current 
generation of practising engineers, who may not have 
been exposed to geosynthetics in detail.  

This paper is therefore not intended to provide the 
latest design approaches or to disseminate the latest 
scientific research on the subject of geosynthetics. 
The intention of this paper is to describe some 
interesting case studies, highlighting the need to 
understand the material and design as well as to show, 
that the material can very well contribute to 
innovative design concepts, with the hope to 
encourage the use of geosynthetics further. 

 
 

2  GEOSYNTHETICS AND GEOTECHNICS 

2.1 Functions and applications 

There are seven main functions of geosynthetics, 
these are: barrier, drainage, filtration, protection, re-
inforcement, separation and erosion control. The dif-
ferent types of geosynthetics may serve one or more 

Geosynthetics and geotechnics: hand in hand 

C. Cilliers & F. Hörtkorn 
Jones and Wagener, Johannesburg, South Africa 

 
 

ABSTRACT: The science of geosynthetics is relatively young compared to geotechnical engineering. However, 
more and more applications of geosynthetics in geotechnical engineering are being discovered. There are many 
opportunities to engage with these applications in daily geotechnical design, yet the take up has been subdued. 
The purpose of this paper is to discuss three interesting projects showcasing these applications and highlighting 
that geosynthetics have their place in geotechnical design. The focus will be on the functions of geosynthetics, 
specifically separation, filtration, protection and reinforcement, and how these solve particular geotechnical 
obstacles such as slope stability, containment and collection. The case studies include two liner systems and a 
ground water cut-off system. 



17th ARC Conference 2019 

 646 

of these functions. For instance, a geotextile can pro-
vide separation and filtration between two natural ma-
terials but may also act as a protection layer above a 
geomembrane. 

A geogrid’s main function is to add reinforcement 
while a geomembrane’s main function is act as a 
barrier. 

There are many types of geosynthetics and this 
entire paper could be spent discussing their functions. 
As mentioned already, these are thoroughly discussed 
in excellent textbooks such as “Designing with 
geosynthetics” (Koerner 2012) and worthwhile being 
referenced for any design work. 

The two main applications of geosynthetics 
discussed in this paper are barrier systems and cut-off 
drains. 

2.2 Various applications of geosynthetics used in 
two liner systems 

2.2.1 Overview 
Waste facility and dam liners are one of the fields 
where geosynthetics have truly enhanced the function 
of soil materials to act as barriers to liquid movement. 
The composite effect of placing a geomembrane in 
contact with clay layers achieves magnitudes less 
leakage than a clay layer alone. A Geosynthetic Clay 
Liner (GCL) consists of two geosynthetic layers (typ-
ically geotextiles) with a low permeable bentonite 
layer in between. Where used in suitable applications 
(discussed later), a GCL enhances the impermeable 
characteristics of clay to have an equally significant 
reduction on leakage. 

However, the inclusion of these geosynthetics 
does introduce interfaces into the design that can be 
cause for concern of veneer stability (the tendency of 
a thin layer of soil to move down a slope) or global 
failure. Where once sand, clay and gravel was used 
with adequate internal friction angles, geosynthetic 
layers are introduced that can have very low friction 
angles if not adequately designed. The design can 
incorporate low friction angles if the designer is 
aware of these interfaces, however, if unaware, the 
interfaces may be placed at steep angles, leading to 
instability. It is unfortunate that although this 
information is well known within the geosynthetics 
industry, many failures are still occurring in present 
times. This can often be attributed to inadequate 
attendance of training and workshops given by 
subject experts, available to the industry. 

Two case studies are presented below that 
illustrate innovative use of geosynthetics: the first 
incorporates a GCL between two low-permeability 
soil layers and the second presents the use of 
geosynthetics to form a ballast layer above the 
primary geomembrane. 

2.2.2 First barrier case study – Using a GCL 
sandwiched between two soil layers 

Geosynthetics have evolved over time to assist with 
increasing the stability of such cases. Many 
applications come to mind: using geogrids to support 
materials on a slope, using geocells to ensure drainage 
material does not move down a slope and the use of 
textured geomembrane to enhance the interface 
friction. 

In the following case study, a textured 
geomembrane is used to prevent veneer stability 
failure (see the typical liner detail in Fig. 1). The 
structured texturing that is formed during the 
calendaring stage of manufacturing, increases the 
shear strength at the interface of the geomembrane. 
Generally, textured geomembranes could have a peak 
shear friction angle as high as 18° and peak adhesion 
of up to 10 KPa (Koerner & Narejo 2005). On a 1:3 
slope (18.4°), this leads to an unstable situation if 
adhesion is ignored. It is therefore essential to do site 
specific testing to ensure that initial assumptions are 
correct. Clay material is variable in nature and cannot 
be held to a parameter quoted from literature other 
than drawing broad assumptions. 

For the case study described, the geomembrane 
supplied to the site and samples of the site clayey 
materials, which would ultimately be in contact with 
the geomembrane, were sent for shear interface 
testing - see Table1 for interfaces tested and results 
thereof. The site had two different clayey materials 
which are referred to in this paper as the red clay and 
yellow silt. These can be described respectively as a 
sandy clay and a silty sand. The basic characteristics 
from foundation indicator tests are shown in Table 2. 
It is possible to draw a relationship between the 
grading and Atterberg Limits and the permeability of 
soil. The indicators for a soil to have a permeability 
of 1 x 10-7 cm/s or less are given in Table 2 (Benson 
1994). As shown in Table 2, the clay % of each soil 
is below the requirement indicating that the permea-
bility will likely not be achieved. Table 2 also shows 
the results of the permeability testing carried out. The 
red clay, expected to have a slightly lower permeabil-
ity than the silty sand actually had a marginally higher 
permeability, which was just above the requirement 
of 1 x 10-7cm/s. 

The result of the shear interface testing between 
the textured geomembrane and the clay showed a 
friction angle of 25.3° over a normal stress range of 
10 to 150 KPa. The higher friction angle compared to 
typical friction angles stated in literature resulted in a 
significantly increased stability of the liner system on 
the slope. 

Another check required is to ensure that the 
internal shear strength of the clay is sufficient to 
prevent veneer failure. Triaxial testing was carried 
out on the site clay sample and a shear strength of 
32.9° was achieved. The shear strength at the 
interface of the clay and geomembrane was lower 
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than the internal shear strength of the clay indicating 
that the potential sliding would occur at the 
geomembrane interface. 
 
Table 1. Shear interface values for site specific testing* ____________________________________________ 
           Friction angle                                     ___________________________ 
            Peak         Long  

Displacement ____________________________________________ 
GCL versus text. GM    33.3°     5.8° 
Site clay material     25.3°    25.4° 
versus text. GM ____________________________________________ 
*  Note the above testing was conducted at a normal stress 
range of 10KPa to 150KPa. 

 
A note of precaution: from the same case study, a 
GCL was placed in contact with the secondary 
textured geomembrane (see Fig. 1). A shear interface 
test was carried out with the supplied GCL and the 
geomembrane – see Table 1. Under low normal stress 
(< 50 KPa), the interface had a sufficiently high 
friction angle to ensure stability. Under a slightly 
higher stress of 150 KPa, internal shearing of the 
reinforcing fibres occurred leading to a very low large 
displacement shear friction value of 5.8°. 

Using a GCL within an application where shear 
strength is a requirement must always be tested to 
ensure good internal shear strength for the stress 
range anticipated. This is specifically important for 
higher normal loads. 
 

 
Figure 1. Typical cross-section of lining system  

 
A GCL is, however, a good option for introducing a 
very low permeability layer into your design. The 
permeability of a GCL can be as low as 5 x 10-9cm/s 
(Rowe 2012). It’s versatility as a flexible 
geosynthetic means that it can be shipped to any site 
where clay material may be scarce and is much easier 
to install than constructing conventional compacted 
clay layers . 

 

Table 2. Clay material characteristics used in liner system _______________________________________________ 
        Red Clay  Yellow Silt                                   ___________________ 
Characteristic    Reddish     Light 

brown      brown 
sandy      silty 
lean clay     sand 
(CL)      (SM)  ____________________________________ 

Liquid Limit  
(LL >20%)       42     37  
Plasticity Index  
(PI >7%)       18     12 
% Fines  
(%F >30%) (75µm)   52     49 
% Clay  
(%C >15%) (2µm)    15     8 
Maximum Particle  
Size  (%>4.75mm)     6     2 ____________________________________ 

 
Nevertheless, there are some caveats: GCLs do suffer 
from some compatibility and design aspects that need 
careful consideration. One is stability under high 
stresses as is discussed above, another is cation 
exchange between the liquid flowing through the 
GCL and its internal bentonite that may affect the low 
permeability of the layer (Jo et al. 2005). Thirdly, the 
right amount of confining pressure on top of the GCL 
is required in order to achieve the low permeability 
discussed above (Rowe 1998). 

The GCL used in the case study was tested for 
permeability which was found to be in the region of 
1.9 x 10-9cm/s. This was an excellent result as the 
conventional clay layers only had a permeability in 
the range of 1.3 x 10-7cm/s, which would have been 
insufficient in their design application if used without 
the GCL. The effective permeability of the combined 
clay and GCL layer was calculated to be 4.5 x 10-8 
cm/s and would result in approximately 3 times less 
leakage with comparison to the clay layers alone. If a 
GCL alone was used, approximately 1.35 times more 
leakage would be expected than the combined layer. 

2.2.3 Second case study – a geosynthetic ballast 
layer 

Another geosynthetic application that is worth 
mentioning, in this context of applying geosynthetic’s 
good flexibility, is referred to as the “geosynthetic 
ballast layer” or GBL which was researched and 
developed for a specific project and is further 
discussed in detail (Cilliers 2016). 

International good practice for design of liner 
systems requires a ballast layer to be constructed 
above the top primary liner system. This is typically 
a sand layer or similar, which protects the 
geomembrane from UV degradation as well as 
mechanical damage over its lifespan, while ensuring 
intimate contact is ensured between the 
geomembrane and under layers. Ironically, the 
placement of this ballast layer over the geomembrane 
leads to up to 78 % of liner damage (Nosko & Touze-
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Foltz 2000), which ultimately renders the barrier 
system less effective. 

The GBL is formed from two woven geotextiles 
that have been entwined together during 
manufacturing to create tubes of varying sizes. A 
number of tubes form each panel which are delivered 
to site in approximately 5 by 150 m sheets, rolled up 
for ease of manoeuvring. The tubes are filled with the 
same material that will eventually be stored in the 
facility, in this case tailings, thus ensuring no loss of 
storage space that would result from the typical sand 
ballast layer. The filling procedure involves the 
tailings slurry being pumped into the tubes through a 
bespoke manifold. The grading of the tailings is very 
fine and the apparent opening size of the GBL needs 
to be designed to ensure that a sufficient proportion 
of the tailings solids remain in the bag. In the case 
described. the D50 of the tailings material is 
< 25micron which was used by the manufacturer to 
limit the opening size to ensure the retention of the 
GBL by restraining through flow to about 30l / m2 / s. 

The tailings form the ballast layer of the 
geomembrane, replacing the typical sand ballast layer 
and removing the risk of damage to the 
geomembrane. The geosynthetic facilitates the 
transport of the tailings into place.  

However, due to the GBL being a new product on 
the market, it is recommended that a site trial be 
performed to ensure suitability of the geosynthetic 
and the material to be used as a ballast layer.  There 
may also be challenges of applying experience gained 
in a small trial to the full installation. In the case study 
discussed, a number of different manifold prototypes 
were required to be developed to optimise the filling 
process. Also, a larger than expected volume of fines 
have flowed out of the bags during filling and have 
accumulated in the low spot of the facility, leading to 
difficulties of filling the bags in these areas. Pressure 
distribution is not equally spread over the width and 
length of the bag, resulting in uneven filling. 
However, no leakage has been experienced in the 
facility to date, and these challenges are being 
managed over time. 

2.3 Groundwater Cut-off Structure  

2.3.1 Overview 
The reason this project is selected is to demonstrate 
how geosynthetics, in this case geotextiles, can add to 
a viable and economic design solution which would 
not have been possible without considering 
geosynthetics in design. The following sections are 
describing the solution, and share experience gained 
during the construction phase. Design aspects are 
well researched and understood and therefore only 
briefly discussed. 

In detail, prefabricated geotextile socks (GRI 
GT13 Class 2 polypropylene non-woven needle-
punched geotextile) were used as separation and filter 
medium in combination with conventional drilling. 

This combination allowed the construct of a 
continuous, 240 m long and approximately 12 m deep 
groundwater cut off trench within a restricted 
construction area, at the same time ensuring filter 
stability of the drainage medium (O’Donovan 2017).  

The above-mentioned project is discussed within 
the context of this paper. 

2.3.2 Design Intention, Site Conditions and 
Restraints 

In order to detect and intercept potential 
contamination, a groundwater cut-off intercepting the 
groundwater flow stream approximately 12m below 
surface, was required. In addition, it was requested 
that the design separated the cut-off into panels so that 
monitoring of discreet areas can be conducted. 

 

 
Figure 2. Typical soil profile   

 

The site is founded on compacted fill material to 
depths of 1.7 m to 3.2 m below ground level (BGL). 
The fill material was placed over reworked residual 
sandstone. Below the reworked residual sandstone is 
residual sandstone and soft rock sandstone to depths 
of up to 9 m BGL. Layers and lenses of soft rock 
siltstone and water bearing fractured siltstone were 
present to depths of up to 13 m BGL with an average 
depth of roughly 12 m BGL. A distinct carbonaceous 
siltstone horizon was present below the soft rock 
siltstone and water bearing fractured siltstone layers. 
The carbonaceous siltstone layer was expected to 
have a low permeability due to the rock’s fine 
constituent grain size. Geohydrological modelling 
determined the carbonaceous siltstone layer to be an 
aquiclude to the groundwater in the area and was 
specified as the target depth of the cut-off.  
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The carbonaceous siltstone horizon was surveyed 
by a series of small diameter boreholes drilled along 
the expected alignment of the drain and was found to 
lie at between 10m to 13m BGL. A typical soil profile 
is shown in Figure 2 above. 
 

 
Figure 3. Restricted construction area  

 
Space on site was extremely restricted. The area 
demarcated for construction was a single lane access 
road with infrastructure on both sides, on average 
roughly 8 m wide but with a minimum width of 
around 5 m in certain areas as shown in Figure 3. The 
space available for construction was further restricted 
by a railway line and pipe rack on the north side of 
the road and a pipe rack on the south side of the road 
as well as a pipe bridge crossing over the road. In 
addition to the site space restriction, strict safety 
protocols were enforced by the client - the most 
prominent being that no person would be allowed into 
any excavation.  

There are numerous groundwater cut-off 
construction techniques that are practiced in the South 
African market. All of them have initially been 
considered. Due to the restricted space on site, 
vibration sensitive plant equipment and the soil 
conditions encountered, only piling was considered as 
a feasible technique going forward, in actual fact the 
preferred methodology was to adopt the secant piling 
techniques to construct a fully contiguous ground 
water cut-off curtain drain to specified depths. While 
secant piling techniques are commonly used in South 
Africa for instance to construct lateral support 
structures for the excavation of deep basements on 
restricted sites and to construct mine shaft 
compression rings there have been few projects to use 
this technique to construct groundwater monitoring, 
cut-off structures. There is, however, nothing 
stopping the local market from using the available 
equipment and expertise to build groundwater 
monitoring structures.  

A series of 1050 mm diameter secant auger piles, 
spaced at 950 mm intervals was chosen in the design 
phase. This resulted in a nominal width for the drain 
of 447 mm. A system of mass concrete primary piles 

in combination with a drainage medium and filter 
sand filled secondary piles was devised to construct 
the cut-off curtain structure as shown in Figures 4 and 
5. The mass concrete primary piles, installed first, in-
hibit the collapse of the side walls of the secondary 
piles into which the permeable filter sand drainage 
medium of the groundwater cut-off is installed. In or-
der to drain the water from the structure, in-line ex-
traction points had to be constructed where submers-
ible pumps could be used. Extraction wells were thus 
located at low points of each panel of the cut-off cur-
tain. These low points were determined from survey 
of the carbonaceous siltstone horizon. To compart-
mentalise the cut-off curtain into isolated panels solid 
mass concrete primary piles without any drainage me-
dium were installed at the start and end of each panel. 

In order to place the drainage medium into the bot-
tom of the piles, a method using prefabricated geotex-
tile socks was devised. Each sock would be sewn into 
a cylindrical tube, roughly the diameter of the receiv-
ing pile hole – generally the socks had a larger diam-
eter to create room for the geotextile to fill cavities 
caused by minor collapsing of the pile’s wall. The ge-
otextile socks were to be lowered into the bottom of 
every pile and filled from surface with the drainage 
medium using a specially designed jig on the end of a 
tremie pipe. The primary piles were then filled with 
low strength concrete to the surface using a second, 
small geotextile sock with a layer of sand at the bot-
tom to separate the concrete from the 19 mm stone so 
that the cement slurry could not affect the permeabil-
ity of the 19 mm stone. For the secondary piles a sec-
ond geotextile sock was placed above the first sock, 
filled to surface with a specifically graded filter sand.  

 

 
Figure 4. Plan view of the secant piling solution selected  

 
In order to extract the water, extraction well points 
were positioned at low points in the carbonaceous 
siltstone layer, as determined by the geotechnical sur-
vey. The bottom elevation of the individual piles was 
then designed to slope towards the extraction well 
points. The extraction wells were constructed 1 m 
deeper than the adjacent cut-off curtain and were 
filled from the bottom to surface with 19 mm stone 
inside a geotextile sock as well. Well screens were to 
be installed centred in each of the extraction wells for 
the installation of submersible pumps.  
One of the main challenges facing the design was to 
ensure that the drain does not block over time. A GRI 
GT13 Class 2 geotextile for separation was specified 
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as the primary geotextile to be used for the fabrication 
of the geotextile socks. Due to concerns over the 
durability of the geotextile socks during construction 
the contractor opted to use the geotextile with higher 
survivability specification. 

 

 
Figure 5. Cross section of the secant piling solution selected  

 
The geotextile used to fabricate the geotextile socks 
was a GRI GT13 Class 1 polypropylene non-woven 
geotextile. The apparent opening size of 60 μm of the 
specified non-woven needle punched geotextile 
satisfied the appropriate filter criteria and long-term 
stability for the surrounding in-situ soil and the 
drainage medium according to the Designing with 
Geosynthetics handbook (Koerner 2005). This 
required compatibility between a wide range of 
particle size distributions from silt to gravel. The 
grading of the filter sand specified was determined 
according to Terzargi’s and Peck’s filter criteria 
(Terzarghi & Peck 1948). This was done to ensure 
that if the geotextile socks were to tear, the risk of 
blocking of the filter sand component is minimized. 

 
 

3 CONCLUSIONS 
 
The projects discussed show that there is a place for 
geosynthetics in various geotechnical design aspects. 
From ensuring slope stability, to preventing leakage 
or assisting in the capture of ground water, the flexi-
bility introduced by the polymeric nature, allows for 
geosynthetics to adapt to the requirements of the ge-
otechnical challenges and thus provides a unique so-
lution. But it also shows that there are aspects to be 
considered which are unique to geosynthetics. These 
are excellently described in the references provided.  

Further, the authors want to point out that the local 
chapter of the IGS (GIGSA), of which the authors 
currently form part, is offering frequent and continu-
ous training. 
Where difficulties in terms of geotechnical design 
projects are experienced or one is considering being 

innovative, the next innovation of geosynthetics in 
geotechnics is one project away.  
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