
Introduction
Nigeria is one of the most populated countries in
Africa. With approximately 200 million inhabitants
in a country three times the size of Germany and a
massive growth rate, there is a large demand for in-
frastructure. This is also the case in Onitsha, a town
in the centre of Nigeria. The city is located next to
the river Niger. There is only one single two-lane
bridge to cross the river. The bridge was construc-
ted in 1964 and part of the Pan-African highway
system. It provides the access to the massive city
of Lagos, with over 15 million inhabitants in the
south-western part of the country. 

At the time of construction of the bridge, Onitsha
had only 130.000 inhabitants. Currently the city
has over 1.500.000 people. This enormous growth
has resulted in increased traffic intensity, massive
congestions, and an overuse of the not well-main-
tained bridge. A decade after the construction of
the bridge it was already concluded that the capa-
city was insufficient, but it took over 40 years to
start the actual construction of a new 1,590 m long
second Niger bridge and corresponding infrastruc-
ture of 10 km length. In 2018 the locally well-
known contractor Julius Berger Nigeria acquired
the key project as a design and construct contract.

Design
The design of the infrastructure around to the
bridge was done by Kempfert + Partner Geotechnik
(K+G) based in Germany. They faced a considerable

geotechnical challenge as the road connecting to
the bridge had been planned in the swampy soft
soil area just south of Onitsha. This location was
not chosen on its geotechnical conditions but pu-
rely to prevent large demolitions of houses and to
divert the traffic around the town. The soil condi-
tions were very soft with very low undrained shear
strengths (0-15 kPa) in the top meters. Below the
very soft organic clay layer of variable thickness,
the clay gradually improved in consistency and
strength before changing into a consistent sand
layer. The depth of the clay-sand boundary was
found to be highly variable. At the start of the pro-
ject, due to the difficult access to the area, only a
few site investigation points were available. It was
therefore a big challenge to provide a solid design
in the preparation stage. The solution was found in
the use of a number of geosynthetic solutions. 

Solutions
The main ground improvement solution was the use
of Prefabricated Vertical Drains (PVDs) combined
with a basal reinforcement with high tensile
strengths up to 2500 kN/m (type Stabilenka®). The
PVDs allow accelerated consolidation of the weak
layers and generate a more stable subsoil. 
On the sections where PVD’s were not able to fulfil
the design requirements, Geotextile Encased Sand
Columns (GECs, type Ringtrac®) were designed.
The choice for these GECs was initiated by the very
low strength of the clay and the local availability 
of sand. The confinement of the sand column by 

a confining geotextile was required to prevent the
columns to bulge and limit the risk of construction
failure. The design and bearing behaviour of the
GECs is more complex than those for PVDs. In a
PVD design, the soil compresses under a uniform
load and well-known theory is used to calculate 
the duration and settlement that will occur. The
complicating factor in a GEC design is the fact 
that the bearing elements (GECs) are significantly
stiffer than the surrounding soil, therefore attrac-
ting a higher load concentration from the overlying
embankment so that the GECs deform within 
the encapsulation of the geotextile. Conversely,
the pressure acting on the adjacent soil is lowered,
resulting in an overall reduction of the total settle-
ments.

This specific behaviour of the GECs under loading
is modelled by Raithel and Kempfert (2000), using
a unit cell approach of hexagonal areas, which are
derived from the triangular installation grid.
The  settlement design of a GEC is an iterative 
process in which the stresses on the column and
the surrounding soil are distributed in such a way,
that the deformation of the column equals the
settlement of the surrounding soil. The deforma-
tion of the column includes the tensioning and 
horizontal radial deformation of the geotextile 
encasement, together with the vertical deforma-
tion of the sand. This leads to an uneven distribu-
tion of the vertical and horizontal stresses. With
the low confining horizontal stress of the soil 
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Figure 1 – Project overview infrastructural works to the 2nd Niger Bridge project in Nigeria
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and much higher horizontal stresses in the column,
the column wants to bulge. This is prevented by 
the tensioning and straining of the geotextile 
encasement, until an equilibrium has been rea-
ched. In fact, this strain-dependence of the equili-
brium is very specific for the system, the
settlements that will occur and the corresponding
design procedure.
The global stability of the embankment was impro-
ved for both solutions (PVD and GEC) by adding 
additional strength from the horizontal inclusion
of high strength basal reinforcement.

Installation
In 2019, Cofra acquired the contract for the execu-
tion (construct only) of the ground improvement
comprising of 1,400,000 m PVD and 16,000 GECs.
For the PVD installation one single installation
mast was mobilized to site, whilst using a local 
excavator to optimize the mobilization and limit
transports. The PVDs were installed within a 
few months’ time from a working platform of sand
in a triangular grid pattern with spacings between
0.8 and 1.5 m, without specific issues. After the
PVD installation, the GEC installation was started,
using three installation units. Underneath the 
future slopes of the embankment a triangular grid
of 2.30 m was used with a GEC diameter of 800 mm
to reach a replacement ratio of 10%. Under the
main embankment and traffic area, a grid of 2.07
meter had to be installed to reach a replacement
ratio 15% with the same column diameter of 800 mm.
Huesker supplied the GEC geotextiles and high
strength geotextiles. 

Because of the weight of the machines in relation
to the very soft soil conditions, the installation was
performed from wooden mats, founded on the 
already installed columns, to ensure installation
stability conditions. The additional benefit of 
this working method is that the columns are being
prestressed by the weight of the installation 

equipment. This increases the functionality of 
the geotextile encased column system.

Challenges
The GEC installation faced a few challenges to
overcome. The stiffer clay at the bottom, combined
with the highly variable depth of the sand layer,
challenges the quality control of the columns.
A fixed installation depth was not possible with
height differences of decimetres between adja-
cent piles. This made a solid steering mechanism
on installation parameters very important. A set of
handover criteria was determined in cooperation
with the designer and main contractor based on
frequency, installation speed and pull-down force.
The working platform was compacted to a high
density by all the traffic  movements along the
sections, leading to production delays during
installation. Besides these technical challenges

and how to deal with them, the corona pandemic
turned out to be the biggest challenge.

Outlook
The installation of the columns has nearly been 
finished at the time of writing this paper. Ground
improvement has provided a solid base for the 
superstructure. Bridge construction nears comple-
tion. The official opening of the road including 
the bridge is scheduled for 2023, providing a sound
infrastructure base for economic and social traffic
in the decades to come to Nigeria.
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Figure 2 – Installation of high strength basal reinforcement.

Figure 3 – Installation of Geotextile Encased
Sand Columns (GEC) as soil improvement 
technique for the very soft soil conditions 
to create bearing  capacity.

Figure 4 –
Installation of

Prefabricated Vertical
Drains (PVD) 
to accelerate 

consolidation of the
soft layers and  limit

residual settlements.


