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Reinforced Embankment
"Marina Isla de Valdecañas", Spain

solution it was decided to construct the
slopes as 70° inclined steep geogrid
reinforced soil structure.

Fig. 1
Secugrid® as
reinforcement
layer on the
side strip of
the railway

The island „Valdecañas“ is located in the
middle of a 7,200 hectare water reservoir
at the foot of an imposing mountain range,
the Sierra de Gredos in Spain.
The site is located approx. 160km south-west
of Madrid. The island is developed as 135
hectare big tourism complex, which consists
of a golf resort, sailboat marina, holiday
village, villas, sports complex and a congress
centre. Figure 1 shows the location of the
island in the water reservoir. In the area of

Fig. 2
Cross section of
monitored geogrid reinforced
embankment

a planned access road, located in the northeastern part of the island, it was required
to fill up the island up to 21m high to reach
the desired height. To create as much space
as possible for construction on top of the
created plateau, the slope sections needed to
be built as steep as possible.
Conventional concrete retaining walls as
slope stabilisation measure were not an
option as they would not create an attractive
impression from a landscaping point of
view. As economic and ecologic alternative

To create an aesthetically more appealing facing, horizontal planting zones
were embedded in the reinforced slope
by 2m wide berms, which were distributed over the slope in vertical intervals
of approx. 3m. The facing of the reinforced embankment was built using the
soil reinforcement system NAUE Steel T
so called „wrap around method“ in
combination with steel mesh facing
elements, which were used as formwork
during the installation and compaction of
the fill soil. To be able to analyse the realistic
stresses developed in the constructed reinforced slope and to compare those to the
stresses determined in the design, a monitoring programme was carried out using
strain gauges, which were applied to a
selected geogrid layer in the lower part of
the reinforced soil structure. In Figure 2
a typical cross section of the geogrid
reinforced embankment is shown as well
as the location of the monitored geogrid
together with the applied strain gauges.
The strain measurements started immediately after installation
of the geogrid. Currently
a period of approx.
25 month is covered,
whereby the embankment of this section was
completed in a period
of approx. 5 month. The
development of strains in all 8 individual
applied strain gauges over time (Figure 3)
and the strain development across the
embedment length of the monitored geogrid (Figure 4) is shown. The results show
clearly that the largest deformations have

taken place during the construction process
of the Secugrid® reinforced soil structure.
The development of the measured strains
across the monitored geogrid also shows that
the peak strain is developing with a distance
of approx. 4m from the slope facing into
the reinforced soil construction for the
monitored geogrid layer. The main stresses
are transfered into the reinforced soil construction as already determined in the design
calculations. Interpretation of the present
data and ongoing measurements will be
made at a later stage. In total 123,500sqm
of Secugrid® geogrid soil reinforcement
were installed in this project.

Fig. 3
Secugrid®
strain measurement in gauges
dependent on
distances from
facing and time

Fig. 4
The strain development of
monitored Secugrid® geogrid

Noise Protection
Barriers

Noise pollution is often considered as unfortunate but unavoidable byproduct of necessary developments, such as transportation
infrastructure. Still, noise pollution is more
than just noise; it impacts public health.
Long-Term Design, Exceptional Strength
The primary geosynthetic element utilized in
the construction of noise protection barriers
and embankments is the geogrid. The transverse and longitudinal bars of the geogrid,
firmly bonded in the manufacturing process,
redistribute tensile forces acting upon a
structure, such as a mechanically stabilized
earth (MSE) wall, an earthen levee, or a
roadside noise protection mound.
Thus, the strength of the structure and
the design factor of safety are increased.
Secugrid® geogrids possess uniform strength
in all of the material’s bars due to a manufacturing process that uses extruded flat
polyester or polypropylene bars. The result is
superior stress/strain characteristics, especially in the key elongation range for reinforced soil structures of less than 1%. The
tensile strength of Secugrid® is excellent at
low elongation. For noise barriers, the
strength of Secugrid® geogrids can enable
even nearvertical construction, which greatly
extends the amount of space that can then
be used for transit corridor construction
(such as wider, higher traffic volume roads).
Various facings can also be vegetated, thus
offering natural aesthetics to what is otherwise a highly functional engineered barrier.
Project Story: Noise Mitigation
Between Amsterdam and Utrecht, the A2
joins with European Road 35, which runs
via Frankfurt am Main (Germany) to Rome
(Italy), an important stretch for commercial,
political and personal connections. When
the European roadway stretch of the A2
was being expanded to five lanes in each

direction, reinforced noise protection
barriers were designed into the project to
provide some noise pollution relief to the
communities based around what has become one of Europe’s busiest transportation
stretches. Rijkswaterstaat and a group of
private infrastructure firms, operating
jointly under the name Trajectum Novum for
the contract have managed the A2 work
as an alliance, of
equals.
It has been a firstof-its-kind project
in the Netherlands
with public and private entities operating in such heavy
cooperation at all
project levels.
Early on, Trajectum
Novum specified
NAUE geogrids for
use in the reinforced noise protection barriers. BBG Bauberatung Geokunststoffe supplied the technical support for the
planning department of the alliance on this
aspect of the project. The noise protection
design was unique. The 4km-long network
features numerous steep embankments, all
of which are being constructed with geosynthetic-reinfoced mechanically stabilized
earth (MSE) structures. These structures
have been built in part on solid ground, but it
is ground that historically has been prone
to sub-sidence. Partial areas thereof needed
to be consolidated ahead of construction
by means of hydraulic fill sand and vertical
drains. The MSE facings were constructed
in part with a protective wrap-around geo
grid reinforcement approach that could be
planted with grass or vegetation and in part
with a non-galvanized steel grid backfilled
with stone. In order to achieve the required

stability for these structures, and to secure
a high factor of safety, long-term performance and economical construction, geosynthetics from NAUE have been installed.
Today, the roadway is flourishing, as are the
vegetated faces of the geogrid-reinforced
MSE noise barriers. NAUE supplied more
than 200,000sqm of Secugrid®.

Fig. 5
Aerial view
of the construction site

Sustainable Benefits
Geosynthetics in embankment and noise
barrier design greatly increase the ability
to utilize local fill. Not only does this save
on project construction costs, it also reduces the carbon footprint of construction
activities both through decreasing necessary heavy haulage traffic - since less or no
fill needs to be acquired from elsewhere and through the decreased demand on harvesting fill. Soil and aggregate mining can
be an intensive process. Construction
activities in general contribute greatly to

the production of greenhouse gases. Simple
soltions such as the installation of geosynthetics in noise barrier designs (and in
road and railway reinforcement) quickly
reduce the environmental damage of those
activities.

On the Waterfront in Slovakia

NAUE BLOCK’s functional, economical,
high-strength solution
A steep-slope retention structure with concrete blocks and NAUE Secugrid® reinforcement enabled the latest section Slovakia’s R1
highway to be built at Zarnovica... despite a
difficult footprint along the banks of the
Hron River.

perform the work - a fact that was greatly
appreciated in the project’s tight footprint.
Also, the use of Secugrid® for the reinforcement provides true long-term strength and
performance that further enables greater
design flexibility in the exterior facing choice.

to the wall’s hydraulic pressure, a 30-cm-high
gravel drainage layer was installed between the
soil body and the wall block. A nonwoven geotextile (Secutex®) separated the soil and
drainage layer, retaining fines and ensuring
long-term permeability performance.

The R1 is one of Slovakia’s central transportation arteries. The R1’s planning and construction began in the 1970s, and since then it has
been regularly expanded and is now a major
thoroughfare. It starts in the western part of
Slovakia (in Trnava) and goes to Banská
Bystrica. The road’s central stretch, between
Nitra and Zvolen, runs along the Hron River. At
Zarnovica, the river bank encroaches so closely
upon the road in some portions that only 6 to
7m of space is available to support construction. This fact makes natural banks along the
road impossible, both for logistical and cost
reasons and flood concerns. A flood event on
traditional embankments might lead to road
slipping and failure.

For Zarnovica, the 20-cm-high wall blocks
feature a hollow interior zone that is filled with
gravel upon installation. The Secugrid®
geogrids panels then interlock with the front
of the concrete stones to create a strong connection. The insertion of plastic mounting pegs
between successive wall blocks provides further
security against block movement. Ultimately,
the total system transfers the pressure bearing
down on the outer face of the construction
to the geogrid reinforcement within.

During construction, a unique situation was
also dealt with. The pile footings for a noise
barrier wall were being retrofitted, and this
construction in the tight project zone meant
that they needed to be driven one metre behind
the NAUE BLOCK wall and through the Secugrid®
layers.Tensile issues were not a concern,however, as punch-through zones were figured into
the relevant Secugrid® geogrid layers.
The concrete piles absorb the ground pressure
in front of the exterior block face.

The Secugrid® geogrid layers were installed
60cm from one another, creating a uniform
system with three gravel-filled concrete

blocks along the front face of each reinforced
layer. The anchored lengths of Secugrid® were
between 4.5 and 6 metres.

Altogether, more than 5,000m² of Secugrid®
40/40 Q1, 20,000m² Secugrid® 80/20 R6 and
1,200m² of KB concrete blocks were installed.
The customer decided on using Secugrid® due
to its high absorption of tensile forces at very
low elongation, its basic robustness and the
high cost-benefit efficiency. In fact, the
Zarnovica project team had initially designed
the site for reinforcement zones to be 40cm
thick. The selection of the NAUE BLOCK system
with the outstanding reinforcement strength
of Secugrid® allowed the geogrid layers to be
installed every 60cm.This adjustment,enabled
by NAUE’s materials, provided an enormous
savings during installation in terms of

material shipping, handling, labour and time.

Simple, yet highly functional
To address the Slovak Traffic Ministry’s (NDS)
concerns, the NAUE BLOCK system was selected.
Two 120-m-long reinforced wall structures with
a grade of almost 90° were constructed. The
NAUE BLOCK system utilized KB-Block concrete
blocks for the front elements and Secugrid®
geogrid for the primary reinforcement. Not only
is this construction technique more economical
than traditional concrete construction, but
it can be carried out in simple, efficient
steps with a minimum of machines required to
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The block face in a construction of this nature
provides essential UV protection for the geosynthetics, which ensures the long-term durability of the system. It also protects against
vandalism and provides soil erosion control
in the event of flooding.
As the fill material immediately available in
Zarnovica did not have the required permeability to drain off precipitation without adding
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