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1 INTRODUCTION 
 
The use of geosynthetics in roads infrastructure is 
acknowledge throughout the world and today stand-
ards are available for the design of geosynthetics (BS 
8006, Netherlands). 

Africa’s road infrastructure is growing since 2005 
at about 7,500 km / year aiming to increase the road 
network to 100,000 km, reducing travelling time, in-
crease safety and most importantly increase the eco-
nomic business of African nations. Just as an exam-
ple, today from South Africa is easier to use sea 
freight to access Rwanda via Dar es Salaam than us-
ing roads. It is not a case that Mitchell (2011) men-
tioned that “…there are some who suggest that effi-
cient transport is second only to education as a 
catalyst for a country’s growth”. 

A trigger for geosynthetics to be used in roads (but 
not only) is the exposure to such technology during 
the academic courses of engineering curricula. The 
International Geosynthetics Society (IGS) has 
launched a programme called Educate the Educator in 
order to cover the gap that geosynthetics suffers at ac-
ademic level. The number of graduates whom have an 
understanding of geosynthetics is minimal and often 
does not carry any technical background but only ac-
quaintance with the products and main applications. 

 

2 GEOSYNTHETICS IN ROADS 
 

There are thousands of many different geosynthetics 
available today in the market with peculiar character-
istics such as mechanical, hydraulic performance or 
combination thereof. Nevertheless, the correct ap-
proach on geosynthetics should not be on the product 
side, but rather on the function side, being based on 
the engineering mechanism of the geosynthetics sys-
tem, from which the properties will be highlighted. 

In roads Zornberg (2016) highlight the use of geo-
synthetics as reported in Figure 1. 
 

 
Figure 1. Geosynthetics function in roadways applications 
(Zornberg 2016) 
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Furthermore, a further function is soil reinforcement 
which sees geosynthetics used in steeping of slopes 
and basal reinforcement to counteract the soft soils al-
lowing embankments to be stable (SANS 8006 2018). 
The paper will focus mainly on ground stabilisation, 
asphalt reinforcement and basal reinforcement as 
those functions directly address soft soils materials 
while filtration and drainage managed the water 
which indeed represent a further influence on the me-
chanical properties of the materials, however it does 
not generate a direct improvement on the material but 
focus more on the ensuring material properties are 
maintained. 
 
 
3 BASAL REINFORCEMENT 
 
Basal reinforcement is the techniques by which em-
bankments are able to withstand over soft soils. Ac-
cording to TRH 9 a first approximation to calculate 
the maximum height of the embankment is given in 
equation 1. 

𝐻 =
#$

%
 (1) 

If the in situ material has a very high percentage of 
clay such in residual soils in Africa (i.e. black cotton 
soil), characterised by a very low undrain shear cohe-
sion (as low as 10 KPa), it is clear that road embank-
ment would not be stable. 

According to SANS 8006 the use of basal rein-
forcement prevents: 
1. Lateral sliding of the embankment 
2. Extrusion of the foundation 
3. Global stability of the slope 
Furthermore, the use of high stiffness reinforcement 
improves the distribution of loading, thus resulting in 
a reduce differential settlement. Where settlement is 
a requirement in the design, such as ramps to bridges 
or very thick soft layers similar to the Netherlands and 
the UK, basal reinforcement can be combined with 
piles. In Africa such technique is not peruse as the 
thickness of the clay layer does not reach such depth 
and competent material can be found at relatively 
shallow depth. 

Considering an embankment 6 m high (Fig. 2), 
usually required to approach bridges, using the design 
approach in accordance to BS 8006, table 1 reports 
design strength (Td) of the geosynthetics varying the 
undrain shear cohesion of the foundation, considering 
the thickness of the layer 6m. 
 

 
Figure 2. Basal reinforcement example 

 
Table 1. Variation of design strength on the geosynthetics with 
undrain shear cohesion 

Cu (KPa) Td (KN/m) 

10 595.31 
20 481.62 
30 367.94 
40 254.26 
50 191.73 

 

The geosynthetics has been designed to strain at 6%, 
maximum strain limit allowable in short-term defor-
mation as well as only one reinforcement was used as 
further geosynthetics would not develop the strength 
required due to the improvement of the soil by the 
layer beneath. 

3.1 Case history on basal reinforcement  

As part of the development of the axis Brazzaville-
Pointe Noire in Congo, a 54km road was designed be-
tween Kinkala and Mindouli. 

The initial solution was to do replace the founda-
tion up to 4 m (Fig. 3). However, once the contract 
commenced, the remaining time was only 32 months. 
It was therefore investigated the use of basal rein-
forcement technique in order to gain time without in-
creasing the budget cost. 

 

 
Figure 3. site conditions prior construction  
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Design analysis performed (Fig. 4) resulted in a rein-
forcement solution at the base of the embankment al-
lowing the contractor to reduce the excavation and 
gain instant access to site. The construction method-
ology was as follows (Fig. 5): 
1. Filler materials were pushed into the saturated wet 

areas and then levelled and compacted 
2. A separation geotextile was installed to prevent 

contamination of the overburden material. 
3. A sand adjustment layer of about 200 mm  
4. Reinforcement geogrid with an ultimate tensile 

strength varying between 200 KN/m for 5 m high 
and 800 KN/m for 8 m high embankment was then 
placed (Fig. 5). 

5. Backfill 
 

 
Figure 4. Global stability analysis of the embankment 

 
The use of this technique has allowed the contractor 
to: 
1. reduce or even avoid removing several thousand 

cubic meters of materials, while reducing con-
struction time. 

2. Reliable design based on design standard (BS 
8006) and long-lasting experience of the designer 

Quality of the material provided in terms of long-term 
performance with a creep strain of less than 1 % at 
120 years, provided by international certifications 
such as CE marking and BBA. 

 

 
 
Figure 5. Details of the construction  

 
Figure 6. Installation of the geosynthetics 

 
 

4 GROUND STABILISATION 
 
Recently the geosynthetics community, mainly from 
Europe as differentiate between reinforcement and 
ground stabilisation. The use of geosynthetics in 
roads layerwork or working platform goes back to the 
1970’s where geotextiles, geocells and geogrids 
where used in marshy areas to stabilised unpaved 
roads. The author proposed the following definitions 
for reinforcement ad ground stabilisation: 
- Reinforcement: use of a geosynthetic as a tensile 

element within soil to ensure a margin of safety 
against a ultimate limit state failure 

- Stabilisation: use of a geosynthetic (or more) to 
improve the mechanical behaviour of a granular 
material to limit deformation at working 
conditions 

Guido et al. (1987) and using the method recently pre-
sented by Giroud & Han (2004), which allowed to 
unify the previous methods of Giroud-Noiray (1981), 
valid for Geotextiles, and the method of Giroud, Ah-
Line & Bonaparte (1985), valid for Geogrids. An 
even more recent method is the one presented by 
Leng & Gabr (2006) which, starting from a concept 
similar to Giroud-Han method, has been developed 
with a theory based on different parameters, in partic-
ular for characterizing the behaviour of reinforcing 
geogrids. 

All methods are based on the CBR of the insitu 
soil, the CBR of the engineering material, the rutting 
and traffic load. Giroud-Han methods allow the elas-
tic moduli E of the material to be increased up to a 
factor of 5.5 for geogrids and 7.6 for geocells, varying 
the reaction of the subgrade for 3.14 to 6.14 for ge-
ogrids and 5.14 for geocells. A consideration is 
deemed necessary, the use of geosynthetics increase 
the stiffness of a layer significantly, just considering 
a G7 material with an E value of 100 MPa could be 
increased up to 500 MPa or even 700 MPa, on a very 
simple correlation the layer will perform better than a 
G1 material (E of 450MPa). What should be kept in 

Fill Material 

Paralink Geogrid 

Sand (variable) 

Separation geotextile 

Insitu soil 
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mind is that in a flexible pavement the load is spread 
by all the layer up to reaching a value allowable for 
the subgrade. TRH4 guideline recommends for very 
low CBR recommends a multi-layer structure about 
1.2 m thick starting with less stiff material (G9-G10) 
all the way up to G1/G2. The inclusion of a geosyn-
thetics should keep in mind that material below as the 
elastic moduli of the layer will not increase by 5.5 or 
7.6 if the ration between the elastic moduli above and 
below is too high. As reference the Pavement Number 
method recommends to not exceed 2.0 for granular 
material, reaching 4 for cemented material (C3) and 9 
for C1 materials. Although this number are very sim-
ilar to the one for geosynthetics, often the benefit of 
using geosynthetics is not only using inferior quality 
material available on site, but also reducing the thick-
ness of the pavement. For instance, a CBR 2 subgrade 
will have a 20 MPa elastic moduli, thus the maximum 
elastic moduli for a G7 granular material will be 2.0, 
reaching 40 MPa. Including a geosynthetic layer if us-
ing the improvement factor of 5.5 as example, will 
mean that the layer will have an elastic modulus of 
140 x 5.5 = 770 MPa giving a ratio of 19.25. This ex-
ample proves that not only the geosynthetics perfor-
mance shall be considered by the entire structure shall 
be sound. 

Benefits of geosynthetics used in roads are: 
- Thickness reduction; 
- Increase of traffic; 
- Use of inferior quality materials. 

4.1 Geosynthetics properties and design methods 

A recent study done by the Montana transport (2017) 
has highlight that the strain incurred in a geosynthet-
ics in a pavement layer are between 0.5 % and 2.0 %. 
Compared to soil reinforcement such as basal rein-
forcement, the strain are in the order of 4 - 6 % which 
takes the geogrid to work at a very high percentage of 
its ultimate tensile strength, thus both tensile and 
strain creep shall be considered; whereas for the 
ground stabilisation such low order of strain results in 
very low percentage of strength utilised as well as 
most of the load is cyclic, therefore not affecting 
creep properties. 

In ground stabilisation the following properties 
shall be considered: 
1. Stiffness of the material at low strain (2 %); 
2. Mesh opening size (for geogrids); 
3. Opening size and permeability (for geotextiles); 
4. Installation damage and durability. 
Often times, more than one geosynthetic is recom-
mended in the road if the layerwork allow it. Accord-
ing to research by Kiptoo (2017) it was demonstrated 
that a combination of geotextiles and geogrid increase 
the performance of the pavement even more than only 
one (Fig. 7). 

Furthermore, the research highlighted that a ge-
ogrid with a lower stiffness than a geotextile (47 % of 
the geotextile stiffness) gives similar results as it is 

known that the geogrid over and above the membrane 
affects and bearing capacity increasingly, it also de-
velops lateral restraint. The lateral confinement due to 
a reinforcing geosynthetic produces a decrease in verti-
cal stresses applied to subgrade and an increase of com-

pressive horizontal stresses (Fig. 8), thus decreasing the 
possibility of crack formation 
 

 
Figure 7. Deformation vs. loading cycles (Kiptoo 2017) 

 

 
Figure 8. Lateral restrain mechanism 

 
Several designs methods are available for the design-
ing of geosynthetics in roads based on empirical tests 
although some of them are mechanistic empirical. 
The formulations take into account the improvement 
of the bearing capacity coefficient Nc and the strength 
in the geosynthetics. In the Giroud-Han method, 
widely used the strength in the geosynthetics is func-
tion of the torsional stability which only applies to ge-
ogrids, while for the Leng-Gabr method where is 
more robust, the influence is related to the stiffness of 
the geosynthetics at 2 % strain as reported in Table 2. 
 
Table 2. Influence of geosynthetics on ground stabilisation 

 Bearing capacity (Nc) Lateral restrain 

G-H no gsy 3.14 - 
G-H gtx 5.14 - 
G-H ggr 5.71 Jggr 

L-G no gsy 3.80 - 
L-G gtx 5.69 T2% 

L-G ggr 6.04 T2% 
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Beales (2016) reported of plate load tests undertaken 
in a ground stabilisation of a foundation by the har-
bour in Cape Town where due to space restrictions 
and presence of water the foundation was stabilised 
with several geosynthetics and reduced its thickness 
by 50 %. The plate load test results showed the im-
provement not only of the granular material, but it is 
evident the effect of geosynthetics (Fig. 9). 
 

 
Figure 9. Plate load test on geosynthetic foundation (Beales 
2016). 

 
 

5 ASPHALT REINFORCEMENT 
 
The upper layers are the most important as well as the 
most expensive as they shall be characterised by a 
long-term durability, preventing permanent defor-
mation, ensuring the user’s safety, providing a barrier 
system to avoid ingress of water. 

In Africa, asphalt layers are generally not as thick 
as other parts of the world, as the temperature seldom 
drops below 0, it is not necessary to have thick bound 
layers, generally replaced by granular bases. Never-
theless, asphalt reinforcement is often utilised when 
the thickness is above 30mm, where the asphalt rein-
forcement acts as a life improvement, rather than re-
duction in thickness. 

There are many different geosynthetics which can 
be used, from polypropylene geogrids, to glass and 
steel, characterised by different stiffness as well as 
bonding, providing a tensile element at the bottom of 
the asphalt layer, absorbing the tensile strains which 
are the ones dictating the failure of the layer, therefore 
given the traffic load or the design life, the designer 
can seek to reduce the thickness of the asphalt layer, 
increase the design life or utilise a inferior quality ma-
terial. The cost saving is usually between the 5 % to 
20 % of the total cost of the project. 

5.1 Geosynthetics properties and design methods 

The main requirements for an asphalt reinforcement 
geosynthetics are: 
1. Stiffness: the strain in a pavement are in the order 

of the 0.1 % strain, therefore it is not important the 
tensile strength but the strength at low strain. 

2. Installation damage: the installation of asphalt re-
quires a paver machine and trucks driving onto the 
geosynthetics. this is the only application where 
machineries are allowed on the geosynthetics, 
therefore if the geosynthetics is made of fibres, 
which should be protected with a coating compat-
ible with the asphalt to ensure bonding. 

3. Geometry: the geometry is one of the most crucial 
parameters as shear forces are generated at the in-
terface of the asphalt layer, especially when such 
layer is thin, therefore bonding is paramount. If a 
geosynthetics has a low percentage of opening, it 
will mean that the asphalt layer needs to perfectly 
bond on the geosynthetics, reducing the interlock-
ing mechanism. This is clear in research done by 
Nottingham (2001) in Figure 10, where geogrid 
with low area coverage outperforms ones with 
high one (ie. Geotextiles). 

 

 
Figure 10. Repeated shear box tests interface movement vs. max 
shear stress (Brown 1999) 

 
Installation: most geosynthetics allow for some mar-
gins in terms of installation, in basal reinforcement 
and ground stabilisation the installation is fairly sim-
ple and straight forward. In asphalt reinforcement this 
is not the case and more often than not, asphalt rein-
forcements are challenged by asphalt contractors as 
they delay the process and creates issues such as skid-
ding of the pavers, delamination of the overlay, 
movement of the reinforcement during installation. 

As in every technology, installation methodology 
and awareness are paramount and asphalt reinforce-
ment are not excluded. In Figure 11, it is shown the 
repercussion of incorrect installation which could be 
installation the reinforcement other way around, or 
not following installation guideline. 

In order to avoid such results, training is para-
mount and especially in Africa, where technologies 
are thrown in without following through, the installa-
tion of asphalt reinforcement shall be carried out by 
experience personnel, which are able to transfer their 
skill and knowledge in order to ensure the right instal-
lation is followed. 
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Figure 11. failure of asphalt due to incorrect installation of geo-
synthetic  

 
In terms of design methods, most of them are based 
on product specific as mentioned above, the geosyn-
thetics affects the end results from several inputs. 

The most common method is by Thorn (1999) 
from the Nottingham Research on Asphalt reinforce-
ment. The design considers the crack propagation 
through the asphalt (both bottom-up and top-down) 
using the Paris Law. The modelling of the reinforce-
ment, which required to calibrate the model, required 
over and above the tensile strength and geometry of 
the reinforcement, also a fatigue factor of shift factor 
which was introduced to consider the effect of the re-
inforcement to the top layer and the bottom layer. 
This parameter is directly related to the geometry and 
how much the reinforcement disturbs the bonding. 

A further model which only applies to steel meshes 
given is the use of the equivalent layer, characterised 
by a thickness and elastic moduli based on the rein-
forcement used, which can be used in M-E models 
setting the equivalency between the elastic moduli 
and the moment of inertia (Table 3). 
 
Table 3. Equivalent layer for steel reinforcement  

 Roadmesh S 

Esteel 200,000 
Isteel 1,210 
Easphalt 2,600 
Iasphalt 452,123 
Eeq 3,127 
Ieq 453,333 

 
 
6 CONCLUSIONS 
 
Geosynthetics should be a key product in pavement 
layerwork has their improvement on the performance 
of the layerwork is unique. 

Even more when good quality materials are not 
readily available or expensive, geosynthetics have 
proven to enhance the mechanical performances with 
a significant cost benefit. 

Nevertheless, geosynthetics technologies shall be 
supported by thorough knowledge of the product, de-
sign principles and installation methodology in order 
to develop successful projects, especially on the im-
provement factor of the geosynthetics which can var-
ies from 10 % to 100 % depending on the design con-
ditions. 
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