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1 INTRODUCTION 
 
In line with the sustainable cities goal, the Agence 
Française de Development (AFD) promotes and sup-
ports their development such that each city dweller 
can enjoy a decent quality of life and the economic 
advantages of controlled urbanization. Sustainable 
cities are developed such that they are safe and open 
to all women and men, enabling access to housing, 
essential services, jobs and efficient means of 
transport (AFD 2016a). 

With the ever-increasing growth and rapid deve-
lopment of cities, engineers are often faced with chal-
lenges of construction in sub-optimal soil conditions. 
The use of imported quality fill materials to improve 
the load-bearing capacity of the subgrade has limited 
benefits and are not often adequately available, which 
often necessitates an alternative design approach to 
optimize on-site conditions within the design para-
meters to ensure long term durability. 

The accumulation of the load as the construction 
process progresses, including the continuous move-
ment of construction machinery on site, and also the 
active loading during the design life of the pavement 
structures, sometimes leads to migration of the fine 
grain particles into the granular fill, and penetration 
of the large granular particles into the soft subgrade 
(Love et al. 1987). The consequence of this tends to 
lead to premature deterioration in the structure of the 
soil layers, resulting in deformations and ultimately 
leading to structural failure. 

Innovative ground improvement approaches are now 
used to solve these unique soil-related problems, and 
are often considered to be the most economical means 
to improve an undesirable site condition. Construction 
with geosynthetics is a method that has progressively 
been incorporated in the design of pavement struc-
tures with an aim to stabilise the soils, making them 
more suitable for engineering applications (Maxwell 
et al. 2005). The inclusion of geosynthetics in soil lay-
ers has shown the benefits of enhan-cing the load-bear-
ing capacity of the soil, and reducing the differential 
settlement undergone by the structures (Kazimi-
erowicz-Frankowska 2007). 

Geosynthetics incorporated at soil interfaces offer 
separation in soils of different grades, thus reducing 
the potential mixing of the particles that would result 
in a reduction in the strength. Geotextile products are 
primarily used in separation of multi-soil layers; how-
ever, they also provide adequate reinforcement to the 
soil through the tensioned-membrane effect. 

 
 

2 BACKGROUND INFORMATION 
 
Due to a lack of adequate road infrastructure, the city 
of Antananarivo suffers from heavy traffic, which 
slows down both its economic development and that 
of the country. This project, which plans to extend the 
current urban bypass, will contribute to easing con-
gestion on the city’s roads. This will facilitate access 
to the capital and improve mobility for users and eco-
nomic operators (AFD 2016b). 

Sustainable growth of the Madagascan transport network using 
geosynthetics 

J.J.O. Oriokot 
Fibertex South Africa, Johannesburg, South Africa 

M. Govender 
Fibertex South Africa, Hammarsdale, South Africa 

ABSTRACT: The La Rocade de Tanà: Antananarivo Highway Bypass Project required construction of a road 
embankment in order to improve the transport network system. The proposed route was however underlain by 
marginal in situ soil and also had a high influx of groundwater. Being a low-lying area, these site conditions 
would further compromise the integrity of the road embankment structure. In order to overcome these condi- 
tions encountered and to improve the design, the recommended ground improvement technique was the incor- 
poration of Geosynthetics for separation and stabilization. The separation geotextile layer required enhanced 
hydraulic properties, as well as suitable mechanical properties. As such, the Technical Research and Develop- 
ment team at Fibertex specially designed and manufactured a geotextile material fulfilling all the prerequisite 
properties. 



17th ARC Conference 2019 

 770 

Travel conditions are extremely difficult in and 
around Antananarivo; the economic and political ca-
pital of Madagascar. This hinders the economic de-
velopment of both the city and entire country, but also 
the daily lives of the 2.6 million inhabitants of the ur-
ban community (AFD 2016b). 

In 2005, AFD financed the construction of part of 
the bypass under the Masay Wetland Development 
Project. However, the existing sections are no longer 
sufficient to meet users’ needs. The urban area in the 
East of the city is highly congested. A number of 
heavy goods vehicles travel on it to go to the capital 
or other regions and their passage damages the road 
surface. This traffic is constantly increasing. It is ne-
cessary to extend the current bypass in order to ease 
city centre congestion (AFD 2016b). 

AFD is supporting the Ministry in charge of Pre-
sidential Projects, Spatial Planning and Equipment 
(M2PATE) for the implementation of the project to 
extend the Antananarivo urban bypass in the East and 
Northeast. The project aims to extend the urban by-
pass in the East and Northeast by building a dual car-
riageway; this will not only improve access inside the 
city, by relieving congestion on other roads, but also 
strengthen its external access by improving the traffic 
flow towards the country’s other provinces and eco-
nomic areas, such as the Port of Tamatave, to the east 
of Madagascar. Figure 1 shows the map of Antanana-
rivo with the converging highways. 

 

 
Figure 1. Map of Antananarivo showing converging highways 

 

3 PROJECT REQUIREMENT 
 
The La Rocade de Tana project entailed construction 
of highway embankments in relatively weak in situ 
soil, varying in height, with sections reaching 4-5 me-
tres. 

In order to ensure there was no loss of imported fill 
material into the marginal in situ soil, identified as 
silty clay, soft clay and peat, geosynthetics were to be 
incorporated at the soil interface. The geotextiles at 
the soil interface would guarantee separation of the 
dissimilar soils, as illustrated in Figures 2-4. 

Further, the inclusion of geogrids would increase 
the stability of the embankment structure, reducing 
the possibility of differential settlement, and thus in-
creasing the overall bearing capacity of the structure. 

3.1 Geotextile Specification 

The characteristics of the geotextiles to be used were 
to the recommendations made by the French Commit-
tee of Geotextiles and Geomembranes (CFGG 1986) 
as well as to the technical note no.71 of March 1992 
of the SETRA "Pavements - Dependencies" supple-
mented in its appendix. 

The geotextile should be a non-woven material 
made from 100% polypropylene fibre, and must sa-
tisfy the two following criteria: 
- The geotextiles must have sufficient wettability to 

be able to saturate themselves during operation; 
- The geotextiles must also have sufficient 

flexibility, to conform, without wrinkling, to less 
complex surfaces. 

The project design called for a separation geotextile 
that had the properties as indicated in Table 1. 

 
Table 1. Project Geotextile Specification 

Material Properties Test Standard Units Value 

Tensile Strength EN ISO 10319 kN/m 25.0 
Deformation at maxi-
mum tensile stress 

EN ISO 10319 % 70 

Dynamic perforation EN ISO 13433 mm 15 
Static puncture re-
sistance 

EN ISO 12236 kN 3.85 

Permeability normal 
to the plane 
(Δh=500mm) 

EN ISO 11058 m/s 0.055 

Characteristic open-
ing size 

EN ISO 12956 μm 85 

Flow capacity in the 
plane (20 kPa) 

EN ISO 12958 m²/s 27x10-7 

Flow capacity in the 
plane (100 kPa) 

EN ISO 12958 m²/s 6.8x10-

7 
Mass surface EN ISO 9864 g/m 305 
Thickness under 2 
kPa 

EN ISO 9863-1 mm 2.7 
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Figure 2. Illustration of geotextile position at LI 3 profile without any excavation 

 

 
Figure 3. Illustration of geotextile position at RU 11 profile without any excavation 

 

 
Figure 4. Illustration of geotextile position at PT1-S profile with excavation 
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3.2 Fibertex F50 HL Development 

The Technical Research and Development team at Fi-
bertex South Africa designed a geotextile to meet the 
project requirements by modifying one of the com-
mon-grade products. The improvements in the mate-
rial properties are as shown in Table 2. 

 
Table 2. Properties of the Fibertex F50 HL 

Material  
properties 

Test 
standard 

Units Fibertex 
F50 

Fibertex 
F50 HL 

Tensile strength 
EN ISO 
10319 

kN/m 22.0 25.0 

Deformation at 
maximum ten-
sile stress 

EN ISO 
10319 

% 65 75 

Dynamic perfo-
ration 

EN ISO 
13433 

mm 12 11 

Static puncture 
resistance 

EN ISO 
12236 

kN 3.90 4.25 

Permeability 
normal to the 
plane 
(Δh=500mm) 

EN ISO 
11058 

m/s 0.04 0.06 

Water flow 
EN ISO 
11058 

l/s/m² 43 66 

Permittivity 
EN ISO 
11058 

sec-1 0.87 1.30 

Characteristic 
opening size 

EN ISO 
12956 

μm 70 80 

Mass surface 
EN ISO 
9864 

g/m² 305 310 

Thickness under 
2 kPa 

EN ISO 
9863-1 

mm 1.6 2.7 

 
The resultant developed material had improved hy-
draulic properties, as well as mechanical properties, 
equivalent to the project specifications. This was 
achieved by increasing the fibre Titer (thickness) 
from a 5.5 dtex* to a 6.7 dtex, without compromising 
the quality of the raw material, resulting in a higher 
density material. Also, modifications to the manufac-
turing procedure in terms of cross-lapping and the 
needling intensity allowed for a higher loft in the final 
product, with the observed improved properties. In 
addition, the final product was found economical as 
the quantity of raw material used in the modified 
manufacture process barely changed. As a finishing 
characteristic, the material was cold-calendared, 
which does not allow the joining of fibres but ensures 
an effective tight roll end product for shipping. This 
method is contrary to the usual thermal treatment that 
is conducted on the lighter-grade products. 
*dtex (deci-tex) is grams (0.035 oz.) per 10 kilometres (6.2 mi) 
of yarn. dtex is a direct measure of linear density. 

 
 

4 CONSTRUCTION PROCEDURE 
 
In order to ensure suitable functioning of the geotex-
tile, the correct site preparation and installation pro-
cedures should be followed. However, the site was 
constantly inundated with water due to high rainfall 

occurrences during this stage of the project. This did 
not deter the construction process as the geotextile, 
designed with high hydraulic properties, permitted 
the water to filter through whilst effectively keeping 
the dissimilar soils separated as intended. 

The geotextile was placed directly on the existing 
surface. The recommended overlaps were achieved 
through sewing adjacent rolls together, and the fill 
material overlain ensuring no direct traffic onto the 
geotextile that could have led to damage during con-
struction installation. Figures 5-7 show the progres-
sion of the installation on site, where approximately 
400,000 m² of the Fibertex F50HL has been installed. 

 

 
Figure 5. Deployment of geotextile on severely wet site 

 

 
Figure 6. Placement of embankment fill material onto geotextile 
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Figure 7. Levelled & compacted fill material on geotextile 

 
 

5 CONCLUSIONS 
 
Extension and construction of the urban bypass East 
and Northeast of Antananarivo in Madagascar was 
envisioned to improve the transport network, and the 
social and economic conditions in the capital. 

According to the Agence Française de Develop-
ment (AFD 2016a), the impact of the La Rocade de 
Tanà project would be: 
- Easing congestion in Greater Antananarivo; 
- Improvement in mobility for users and economic 

operators inside and around the city; 
- Acceleration of the economic development of the 

city and country; 
- Strengthening of public actors in the transport sector. 

The development of the Fibertex F50 HL ensured that 
the appropriate separation geotextile was incorpo-
rated in the project with no hindrances. 
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