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Geotechnics with geosynthetics
Geotechnics with geosynthetics

EDITORIAL
NAUE GmbH & Co. KG’s managing directors are dedicated to keeping our global
manufacturing company oriented with the family owners’ vision and values. We
believe in respecting each other as partners, and that includes respect for our
clients and their goals. We promote the strengths of every employee and we put
our customers and their projects at the center of our activities.
As a family business, we are committed to think and act with a multi-generational
perspective. Our structure and processes, matured over decades of success, combine short-term decision-making acumen with long-term organizational flexibility to achieve exceptional, efficient operational performance.
NAUE’s cornerstones of success are rooted in entrepreneurial foresight, innovative strength, and employee dedication. Our continuous investment in manufacturing technologies and quality control ensure that we provide dependable geotechnical solutions across a broad range of applications, such as environmental
protection, infrastructure, tunneling, hydraulic engineering, and many more.
As an internationally active company, we understand local, regional, and larger
international trade perspectives and goals. We seek to provide you with solutions tailor-made to your challenges.
If there is anything we want all clients to know it is this: new ideas and comprehensive knowledge are the keys to all of us moving forward. NAUE is committed
to providing you with ideas and knowledge - and to learning from you. This commitment is central to many of our long-term client partnerships and repeated
and on-going project successes.

NAUE welcomes you to contact and challenge us!

Dipl.-Kfm. Alexander Naue

„Together and
for each other.“

Dipl.-Betriebswirt Sebastian Naue

Dipl.-Ing. (FH) Ralph-Friedrich Peter
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VALUE
ORIENTED
Trust and Customer Benefits
NAUE’s engineering and materials create value for
future generations. We stand for quality and dependability. We focus on planning, organization,
and execution as we deliver turnkey solutions for
today’s infrastructure needs.
Our experience, know-how, creativity, and innovation enable us to move forward when others hesitate. We offer customized solutions that are reliable
and economical for our customers. These are the
decisive factors that set us apart for new and return customers on large and small infrastructure
projects. We ensure customer satisfaction.
NAUE’s results justify the trust our customers place
in us; and NAUE welcomes the challenges and
responsibilities given to us by our customers. Challenges spur every single employee on a project to
seek exceptional performance. Challenges motivate,
making NAUE a better company and our clients’
projects more successful.
The beneficial impact of these interactions and
project executions can be seen years later in the
continuing performance of the projects and the
longterm satisfaction of our clients. NAUE is
committed to meeting all expectations.
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„Building means trust.“
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RESPONSIBLE
TOGETHER
Employees and Products
One of the key factors in the success of NAUE’s
family business has been the close, personal relationships among its leadership and employees. Today, roughly 500 employees share their passion and
enthusiasm for high-quality work with their company colleagues and clients.
NAUE provides ideal conditions for effective work,
in the office, on support teams, in the field, in the
laboratory, during site installation, and in manufacturing. Our state-of-the-art technology, comprehensive social benefits, and measures to reconcile work
and family ensure a healthy work-life balance.
Our highly qualified specialists are characterized by
competence and many years of service. They are the
guarantor for the success of our customers‘ projects.
The experience of NAUE‘s teams ensure the highest
quality, reliability and excellence in project realization.
The motto „Everyone in his place, a master“ is an
integral part of the holistic and value-oriented
management.
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INGENUITY AND
EXECUTION
A comprehensive product range for
all geosynthetic applications

Bentofix® and
Bentofix® X geosynthetic
clay liners are needle-punched composites used for
containment systems.
PE extruded coatings are
available to enhance performance for certain sites
and applications

Carbofol® geomembranes
are made of high density
polyethylene for long-term
barrier durability and
performance

Combigrid® is a composite
reinforcement material
that combines Secugrid®
geogrid and Secutex®
nonwoven geotextiles in a
single product roll

Secudrain® is a threedimensional, geosynthetic
drainage system for the
management of liquids
and gases
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NAUE’s global workforce develop and produce stateof-the-art geosynthetics as well as identify creative, site-appropriate solutions for geotechnical project planning and implementation. This interplay
between development and application is central to
how NAUE’s employees and products and systems
advance. The approach promotes innovation, and
innovations keeps NAUE one step ahead - such as
through the creation of geosynthetics that meet
multiple project requirements while using less
space, requiring fewer raw materials and minimising construction time frames.
Uniquely, NAUE manufactures all of its products on
its own systems. We engineer solutions for:
- Barrier
- Protection
- Reinforcement
- Stabilisation
- Separation
- Filtration
- Drainage
- Erosions control
- Geotextile sand containment

„German know-how
made by NAUE.“
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CONTINUITY AND
SUSTAINABILITY
Environment and
Responsibility
Secugrid® is a robust,
stable geogrid for soil
reinforcement applications

Secugrid® HS geogrids are
high-tensile reinforcement
elements

Secumat® is a three-dimensional anti-erosion mat

Secutex® is a mechanically
strengthened nonwoven
material for separation,
filtration, protection and
drainage applications

Secutex® Soft Rock is a
geobag or container made
from needle-punched filter
nonwovens for filling with
sand

NAUE believes in sustainable practices as a matter
of corporate responsibility. This includes a dedication to high-quality environmental and occupational safety awareness among our employees. This
mission of sustainability is also backed up in our
economical use of energy.
For more than 60 years, NAUE has been a leader in
sustainability, creating a company culture that believes strongly in how the decisions we make today
impact our future environment. NAUE continued that
path with the introduction of environmental management in accordance with ISO 14001 in 2017. The
protocol helps to minimise the environmental impact
of our own business activities as far as possible and
enhances our ability to continuously improve our
processes and environmental protection. This latest
certification goes hand in hand with our energy management guidance (ISO 50001), which is individually and efficiently tailored to our company.
NAUE products provide responsible solutions for the
environment. The incorporation of geosynthetics in
infrastructure saves natural material resources (e.g.
aggregates), reduces transport emissions and increases the service life of installations.
At NAUE, we take responsibility for the creation of
a livable future.

„Our designs - on land and
water - protect resources
and secure infrastructure
and mobility.“

Secutex® H nonwoven
geotextiles are used for
separation, filtration,
protection and drainage
applications
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EVERYTHING
FROM ONE
HAND
Turnkey Service
With our comprehensive operating divisions and numerous subsidiaries, NAUE is able to provide turnkey
project support to meet each customer‘s and project’s
unique needs while controlling costs and optimizing
efficiency. We have divisions dedicated to geosynthetics manufacturing, design engineering services,
technology, logistics, research and development and
more. These strategic departments have their individual expertises and are fully supported by high-level
IT, quality management and quality assurance systems right down to the process level. Each division is
connected to finance, accounting, controlling, marketing, corporate communication, human resources,
sales and logistics to ensure success.
The end result of NAUE’s corporate structure and
team support is that customers receive a comprehensive range of services, with each division’s
contributions adding up to a total solution from
a single source. We adapt to the respective needs
of our customers, from small regional orders to demanding large-scale constructions and special solutions, anywhere in the world. Our international
client base includes well-known large companies,
strong medium-sized companies and all sizes of federal, state and local governments.

„Our services complete
the product range.“

NAUE‘s application range includes general civil
engineering and foundation engineering, environmental protection, soil reinforcement, tunnel
sealing, dams, landfills, coastal protection and
offshore structure stabilization, mining and many
other geotechnical works. NAUE: Geotechnics with
Geosynthetics.
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RESEARCH,
DEVELOP,
TEACH,
TRAIN
Expertise and Quality
Experts from NAUE participate in numerous national and international standardization and quality
assurance committees. They are involved in research and thus promote the further development
of geosynthetics and their applications not just for
the benefit of the NAUE Group but for the entire
geosynthetics field.
As a modern geosynthetics company, we have committed ourselves to being a valuable partner to our
engineering community, creating and communicating knowledge. We follow the principles of research
and teaching.
The unique combination of strengths and perspectives from our different divisions spurs the development of new ideas, products and approaches.
NAUE attaches great importance to the quality of
its products and constantly checks, monitors and
improves them. Importantly, the quality management for these essential areas of development, production, sales and geosynthetic application technology have been certified according to ISO 9001
since 1994. This process is continuously recertified. Additionally, NAUE geosynthetics meet all CE
marking requirements.
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NAUE GmbH & Co. KG
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Germany

Phone
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INTRODUCTION

Geosynthetics are used in every major sector of civil engineering. One that has grown substantially in importance
is hydraulic engineering. Flooding, coastal erosion, more
frequent and intense storms, tsunami triggered flashfloods, expected sea-level rise, natural disaster prevention
and other infrastructure concerns have prompted a call
for solutions that are extremely durable, minimize a construction’s carbon footprint, require less land disturbance,
and are easier to implement. The sheer scale of needs in
hydraulic infrastructure also puts an emphasis on finding
economical solutions without sacrificing safety and longterm performance.
The performance, adaptable design options, and economics of geosynthetics have brought them into hydraulic engineering projects more each year.
Geosynthetics provide filtration, sealing, protection, containment, separation, reinforcement, and erosion control
solutions for canals, beaches, sea walls, waterside retaining structures, ports, levees, dams, offshore wind turbines, and much more. They replace, improve, or minimize
the need for more costly, older engineering solutions.
The full range of geosynthetics are utilized: geotextiles,
geomembranes, geogrids, geosynthetic clay liners, drainage materials, and others.
NAUE manufactures and supports design with all of these
materials in hydraulic applications.
Sand-filled nonwoven geotextile containers and tubes provide scour protection and stabilize beaches. Weighted materials such as sand ballasting mats and geosynthetic clay
liners may be installed underwater. Geomembranes and
geosynthetic clay liners protect water resources against
pollution and seepage loss. Geogrids, geocomposites, and
turf reinforcement mats strengthen levees.
The range of work is broad and the beneficial impact of geosynthetics in these projects is substantial.
EXPLORATION

PLANNING
AND APPROVAL

DESIGN AND
DURABILITY
IDEA
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COMPLETION

PROJECT
LIFE
CYCLE

SPECIFICATION

INSTALLATION
AND INSPECTION

CONSTRUCTION

MANUFACTURING AND
QUALITY CONTROL

5

Drainage
Drainage materials are required for the surface collection
of precipitation, the subsurface collection and diversion of
groundwater and the general collection of fluids and their
discharge into a drainage system. Drainage systems are typically designed with individual material layers or in combination with other components to create preformed composite
drainage elements. Composite drainage elements consist of
at least one filter layer and one drainage collection layer. The
drainage collection layer is required for the flow and discharge
of fluids at a collection point, without the build-up of hydraulic pressure. Single and multiple component geosynthetic
drainage systems made from high density polyethylene as well
as polypropylene will often replace the conventional thick
mineral drainage layer.

FUNCTIONS

Sealing
Acting as liquid and gas barriers, geomembranes have become
a fundamental component in landfill engineering as well as in
civil engineering, due to the heightened need for groundwater
protection. High density polyethylene (HDPE) geomembranes,
specifically those with a certification by government regulators and thicknesses of more than 1.5mm, are most commonly used. Personnel from those companies that have been approved by the certifying agency, are employed to both deploy
and weld the geomembranes where an area needs to be sealed.
For sealing purposes HDPE geomembranes and geosynthetic
clay liners are gaining use due to the importance of a quality
seal.
Protection
Geomembranes, structures, coated materials as well as related
construction elements must often be protected from potential mechanical damage. Without suitable protection, damage may occur from sharp-edged objects such as stones, from
the unevenness of the subsoil or even by the cover material.
Needle-punched nonwovens as well as composite materials
manufactured from polypropylene (PP) are commonly used for
protection layers. Specific to nonwoven geotextiles, the protection function is directly related to the thickness and mass
per unit area, as a heavier and thicker nonwoven is more likely
to provide better protection.
Containment (Packing)
Geosynthetic containment (packing) applications are those in
which a geotextile in the form of a tube, bag or container, is
used to encapsulate a construction material, such as soil or
sand. They perform project-specific functions such as protection, filtration and separation. Nonwoven geotextiles as well
as geocomposite products are the primary products for these
applications due to their high elongation capacity.

Reinforcement
Geosynthetics are installed beneath or between soil layers to
improve the mechanical properties of soil layers by assuming
the tensile forces and minimizing deformation. Geotextiles,
geogrids and composite synthetic materials are used in applications such as retaining structures according to the principles of "reinforced soil", slope stabilisation or for foundation
reinforcement of earthen dams where the subsoil exhibits poor
bearing capacity. The use of geosynthetics for reinforcement
applications minimizes expensive constructive measures, can
reduce soil intermixing and eliminates the need for additional
soil layers.
Separation
As a separation layer, geotextiles are used to prevent adjacent
soil layers or fill materials from intermixing. Synthetic nonwovens that exhibit an elongation capacity, are the materials of choice in most applications. The selection of a suitable
product is dependant upon the base course grain size and the
operational loads to be expected. The main use of separation
nonwovens are road and railway construction, hydraulic engineering, landfill engineering and sport fields.

Filtration
In filtration applications and drainage systems, nonwoven
geotextiles are employed to retain soil particles while allowing
the vertical passage of liquids through the filter media. There
are two aspects to filtration that should be evaluated when designing. The mechanical filter efficiency (does the fabric have
sufficient soil retention capacity) and the hydraulic filter efficiency (does the water discharge without building up hydraulic
pressure). As with mineral filter layers, the geotextile thickness directly benefits the long-term mechanical and hydraulic
efficiency of the filter.

Erosion control
Geotextiles or three-dimensional open structured geosynthetics can be used to minimize the movement of soil particles
due to flow of water. By preventing soil particles from being
washed off slopes or channels, rapid vegetation is ensured
when erosion control mats are employed.
6
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COASTAL
PROTECTION

The hydraulic engineering sector was actually one of the
earliest adopters of geosynthetics. One of the earliest and
often quoted projects designed with geosynthetics is the
Valcros Dam in France (1970). More than a decade before
that, practitioners in the US and Europe used geotextiles
for coastal protection works.
A common application in coastal works is to use a geotextile, such as NAUE Secutex® H, as a separation, filtration
and erosion control layer. Geotextile underlay, topped with
either sand/soil or stone, prevents wash out of the sediments
below. This ensures that even if a hard storm affects the layer
above, the geotextile prevents further erosion.
Sand-filled nonwoven geotextile bags, containers or tubes
(e.g., Secutex® Soft Rock) provide scour protection for
wave-exposed structures. They protect port walls. They
create artificial reefs and stabilize beaches. Of note, these
highly durable bags, containers and tubes can be filled
with site soils, making them efficient and cost-effective.
In dykes, geogrids and geotextiles strengthen flood defenses. They enable taller, more efficient construction and
long-term strength against daily wave forces and surges.
Geosynthetics are also used to prevent erosion of the core
of a dyke, which can occur in unprotected systems when
water overtops and begins to carve out the dyke’s "dry"
side.
Whatever the application, nearly every coastal protection
application must have a robustness. Seaside environments
are challenging. Loads are frequent and fluctuating. There
is considerable moisture to soften soils. Swift changes in
weather and wave forces can occur and stress different
points of a construction.

UNDERWATER INSTALLATION
In some cases, underwater installation of a geosynthetic
solution is possible. For coastal defense works, NAUE
Secutex® HB 751 sand ballast mats can be used. This
uniquely engineered product features a sand layer encapsulated by two durable geotextiles. The increased density
allows it to sink in water for simplified, more efficient installation and material control during hydraulic engineering
applications.

NAUE’s decades of manufacturing experience and design,
supply, and installation of geosynthetics give a detailed understanding of the challenges in hydraulic applications. Our
materials are designed to survive the difficult environments
and provide long-term protection of coastal infrastructures.

SAND−FILLED GEOTEXTILE CONTAINERS
Secutex® Soft Rock is a geotextile-based system for sandfilled bags, containers, and tubes. The needle-punched
Secutex® filter nonwoven geotextile provides a highly durable solution for the efficient construction of coastal structures, dune security systems, and scour protection designs.

Figure 1
Cross-section of a safe groyne
with NAUE geosynthetics

Armour rock
Average water level
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Geogrid Combigrid® or Secugrid®

Sand Container
Secutex® Soft Rock

Geotextile Secutex® H

Sea bed

Geotextile Secutex® H

Secutex® Soft Rock provides an alternative to conventional
rock materials such as riprap, gravel filters, and other hard
armour and aggregate solutions. The availability of different sizes, weights, and fill capacities makes it a highly
flexible design solution. The decades of performance in applications such as scour protection and the ability to use
local sands and soils makes it a very sustainable solution in
coastal protection.
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OFFSHORE

The Amrumbank West offshore wind farm is located 35km
north of Helgoland, Germany and 37km west of the North
Frisian Island of Amrum. It extends over 34km² and has 80
Siemens 3.6MW class wind turbines and a generating capacity of 288 megawatts. How can offshore installations like
this protect their turbine footings from ocean scour? Nonwoven geotextile containers replace the typically several
meter thick bedding layer of expensive large stones or rocks.
For monopole offshore installations, Secutex® Soft Rock
sand containers have been used, including GPS support for
precise seabed placement. The containers are fabricated
from a Secutex® highly robust, staple fibre, needle-punched
nonwoven geotextile. Containers are sewn together and
closed after sand filling with a high-performance durable
yarn. After sand filling, the container remains flexible and
can adapt to variable seabeds. Secutex® Soft Rock offers
outstanding long-term stability, a high contact angle of
friction, high permeability, and high abrasion resistance.
This geosynthetic solution enables the use of on-site fill,
which provides considerable savings on material acquisition and transportation. It also shortens the construction
window. Additionally, the nonwoven geotextile sand containers allow a decoupled construction process, because
they can be installed before ramming of the monopile and
unlike the rock bed they do not damage the coating of the
monopiles when driven through the protection layer deep
into the seabed.
This construction solution protects the turbine footings
and other offshore structures against seabed washout and
erosion around the structure.
Groyne Construction
Secutex® H filter mats are used in the construction of
groynes. They have even been combined with traditional
willow bundles (fascines) in large mats. For a North Sea
project at the mouth of the Elbe River, fascines were affixed to 30m x 70m geotextile mats. Tugboats pulled the mats
into position in the waters and the mats were weighted with
small stone to sink. The process established the base of the
groyne system. The full installation was completed with the
addition of large stone.

Figure 2
Typical cross-section for a sand-filled
Secutex® Soft Rock geotextile container
protected offshore monopile

Offshore power plant

Offshore monopile
Submarine cable
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Sand Container
Secutex® Soft Rock

Sea bed

OFFSHORE ADVANTAGES WITH NAUE
Offshore installations such as port walls, monopiles for
wind turbines, and groynes can be subjected to significant
and erosive wave forces. Geotextile-based systems can
provide the filter stability and abrasion resistance for true
scour protection of these installations. This ensures that
offshore structures provide the service lives for which they
are designed.
NAUE Secutex® H provides exceptional durability for longterm scour protection. Filter stability is provided by the
durability-enhancing strength of the needle-punch manufacturing process for NAUE’s nonwoven geotextiles.
The selection of Secutex® H geotextiles for offshore installations also provides significant ecological advantages by
way of greater reuse of site soils, decreased transportation
costs for material delivery to site, and simpler, faster, more
affordable constructions that last longer.
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CANALS

NEU

Commercial, agricultural, and recreational canals continue
to be important economic drivers in many countries. A wide
range of geosynthetic products, such as geotextiles, geomembranes, and geosynthetic clay liners (GCL), help create
more efficient waterways. These geosynthetics improve the
long-term performance of canal systems by preventing bed
and slope erosion and by decreasing significantly the risk of
problematic sedimentation. The oldest canal installation carried out with a NAUE nonwoven geotextile is a testament to
the long-term durability and success of geosynthetics in erosion control applications. The Mittelland Canal in Germany
incorporated NAUE geotextiles in 1967. In 2017, the project
marks its 50th anniversary.
Water quality is preserved, water flows more dependably, and
canals continue to operate as intended. When installed below
permeable revetments (e.g., riprap) as a filter layer, needlepunched nonwoven geotextiles (e.g., Secutex® H) prevent
erosion and soil displacement, even under high hydrodynamic
loads. The high elongation capacity and robustness of the nonwoven geotextiles allow them to easily accommodate to irregular and soft subgrades.
Geotextiles are also used in protection applications with
canals, such as to separate a barrier material (e.g., geomembrane) from a cover aggregate. When geotextiles like Secutex® H
are used this way, the canal lining system takes full advantage
of the durability properties of the nonwoven geotextiles. The
lining system is protected against damage dur ing installation,
which is crucial to ensuring its proper performance in service.
Barrier geosynthetics such as Bentofix® GCLs and Carbofol®
geomembranes are used to improve canal performance in
numerous applications.
UNDERWATER INSTALLATION
Bentofix® geosynthetic clay liners can be installed underwater during active canal operations. One type of
Bentofix® (BZ 13-B) uses a composite construction with
a sand ballast mat. For canals undergoing rehabilitation,
this GCL-sandmat composite can give an aging network new
life without taking the system out of service.

For irrigation canals, geosynthetic lining systems prevent
seepage loss into soils. This improves the economics and sustainability of the irrigation system. The geosynthetic barrier
also optimizes water flow in the canal network. Irrigation is
conveyed more quickly and efficiently. For hydroelectric canal
systems, water is delivered to the power generating stations
more dependably and cleanly.
Commercial and recreational canals also benefit from the installation of geosynthetic lining systems. Carbofol® geomembranes and Bentofix® GCL barriers can prevent sedimentation of
waterways from high flow or from propellers stirring up the water along the bed. Where water levels are at an elevation higher
than the natural groundwater level, the seal guards against
seepage loss, thus keeping the canals open to safe navigation.

Figure 3
Cross-section of Bentofix® GCL
lined slopes of a waterway canal

Armour rock
Geosynthetic clay liner Bentofix®

Armour rock
Geotextile Secutex® H
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GEOMEMBRANE OPTIONS
Carbofol® geomembranes are available in smooth and textured varieties to optimize designs for better flow, more
effective transfer of shear forces, and more secure slope
lining. These barriers may be used in water-covered, partially exposed, and fully covered (by soil or concrete)
designs.
ROBUST PROTECTION
Nonwoven geotextiles, such as NAUE Secutex® H, perform
many critical functions for canal systems. They cushion and
protect containment geosynthetics. They prevent erosion
and separate disparate soils. They filter out sedimentation
and guard against washout. Ultimately, their robustness
and versatility help ensure long-term, successful performance for canals.
13

SCOUR
PROTECTION

Flowing water presents significant challenges. Currents
erode banks and stir up sediments. They scour out soils at
the base of bridge piers. Beachfronts get washed out and
infrastructure is weakened. For canals, channels, rivers,
and waterfronts, numerous geosynthetics are used to mitigate the impact of moving water.
Sand-filled geotextile bags (e.g., Secutex® Soft Rock) are
used to provide scour protection for offshore wind turbine
footings, port walls, bridge pilings, and other structures.
Their filter stability and long-term durability resist the
prolonged impact of wave forces and flowing water erosion. They are also an extremely efficient and economical
solution, through enabling a greater re-use of local soils
for filling the scour protection geocontainers, sand bags,
and tubes.
Where cavities have already occurred in a waterway due
to scour, sand-filled containers can be installed to fill the
space. The robust, needle-punched nonwoven geotextile
material (e.g., Secutex® H) is durable against rough site
conditions and prevents further scouring.
Barrier geosynthetics are also used to prevent the wash out
of soils in flowing waterways. In irrigation, commercial,
and hydroelectric canals, geomembranes and geosynthetic
clay liners improve water flow and prevent currents from
eroding canal beds and slopes.
Sites that benefit from lining system protection against
scour include dams, dykes, canals, mining applications,
and many others.
Bentofix® geosynthetic clay liners and Carbofol® geomembranes provide this sealing support. Depending on the force
of water flow and site conditions, additional geosynthetic
support such as a protection geotextile may be used.

ECOLOGICAL AND COST BENEFITS
NAUE’s geosynthetics offer long-term performance for infrastructure in and around moving waterways while reducing the carbon footprint both of the construction and the
lifetime operations. In constructing with geosynthetics like
Carbofol® geomembranes, Bentofix® GCLs, and Secutex® H
nonwoven geotextiles, water quality is improved when scour
is prevented. Removing the threat of scour also improves
the service life and maintenance requirements for the site,
which ultimately reduces site soil disturbance.

Figure 4
Scour protection with NAUE
geotextiles and sand filled
geotextile containers in a
river application

Geotextile Secutex® H
Armour rock

Sand Container
Secutex® Soft Rock

Sand Container
Secutex® Soft Rock
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Geotextile Secutex® H

The durability and filter stability of Secutex® Soft Rock
geocontainers reduce or eliminate the need for special fill
in installations, and the lightweight, efficient character of
these geosynthetics in delivery to site (versus conventional
aggregate) means significantly fewer trucks are needed in
transport.
Some Bentofix® products can even be installed in very wet
conditions or underwater, which can enable a waterway to
remain in operation during rehabilitation or for construction
works to proceed safely despite difficult weather conditions.
The design of NAUE geosynthetics into these sections of infrastructure at risk of scour can eliminate the scour risk while
making construction more efficient, improving water quality
and dependability of water delivery, minimizing long-term
costs, and extending service lives.
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HYDRO−
ELECTRIC
POWER

Hydropower generates roughly 17% of the world’s electricity and 70% of global renewable energy. Canals, dams,
pumped storage stations, and other engineered structures
are all part of the vast hydroelectric infrastructure. Geosynthetics play a strong role in the sector, particularly in rehabilitation of aging hydroelectric facilities and in decreasing
the construction costs and long-term maintenance needs
of new facilities.
For hydroelectric canal systems, which provide operational
waters to generation stations or navigation ways around
generation points, a variety of geosynthetics are used.
Geomembranes can provide cleaner, swifter flow of hydroelectric water supplies, just as geosynthetic clay liners can.
Pumped storage systems are highly efficient means for balancing electrical grids. Water can be stored during non-peak
times and released at peak into the hydroelectric generation system. In this way, strain on the system and the cost
of responding to fluctuating electrical demands decreases.
Geosynthetic barriers, such as Carbofol® geomembranes
and Bentofix® GCLs, are used to provide storage security in
these facilities to increase operational efficiency.
With dams and power stations, geosynthetic reinforcement
can be used to replace more conventional and significantly
more expensive concrete retaining walls. For example, the
use of a NAUE m3 system for the wing walls of a hydropower station in Turkey saved 40% on the originally proposed
concrete wall design. The use of Secugrid® geogrids and
nonwoven geotextiles in the MSE system also replaced what
would have required 700 trucks of special concrete pour.

RENEWED LIFE
While hydroelectric energy continues to develop steadily,
a good amount of the existing infrastructure is quite old
and requires rehabilitation to continue operations. The
Hohenwarte pumped storage facility in Germany is a strong
example. After 50 years of operation, the 320 MW-facility
renewed its safety and relevance by updating the storage
area with Bentofix® GCLs and Secudrain® geocomposites.

Whether construction is new or a site is being rehabilitated,
geosynthetics make hydroelectric power applications more
economical and efficient. Waterways can be deepened, retaining walls can be built with significantly smaller carbon
footprints, erosion can be removed from the system, stored
water supplies can be more sustainable, and much more.

Figure 5
Cross-section of a huge water
pump storage station sealed
with a Bentofix® GCL
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Sealing curtain

Clay/silt layer

Weathering zone

DRAINAGE MANAGEMENT
Geosynthetic drainage systems provide capacity and control. For hydroelectric systems, this is often related to
the slopes of storage facilities. The use of a geocomposite drainage solution such as Secudrain® provides capacity
for removing water and controlling sedimentation. This
combination keeps the overall system cleaner and reduces
the impact of rising water on an engineered slope. The
Secudrain® line includes multiple constructions to accommodate a site’s unique capacity and flow rate requirements.
SAFETY WITH GEOSYNTHETICS
Geosynthetics provide hydraulic engineering with what
they need:
• Excellent filtration properties
• Robustness and long-term performance
• Good interface friction and shear resistance
• Excellent chemical resistance
• Protection of barrier systems with Secutex® nonwovens
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FLOOD
PROTECTION

Geosynthetics provide easy-to-implement solutions for flood
defenses, with project records extending back 40 years or
more.
When waters rise in a levee system, the integrity of the levee
itself may be at risk if the water overtops. The "dry" side of
the embankment often lacks the engineering found at the
expected interface of water and soil/structure. But, if water
reaches the other side of the levee, that embankment − often
earthen − may develop rills. Erosive water might seep into
the core of the levee, weakening it, and precipitate failure.
Geosynthetics resolve threats like this, often in ways that
can be adapted easily to the local conditions. This flexibility
in options is one of the great advantages in incorporating
geosynthetics.
For flood protection designs, Secutex® geotextiles provide
filter stability, drainage performance, and soil separation.
They prevent clogging and guard against piping to maintain
the integrity of a flood defense structure.
Carbofol® geomembranes and Bentofix® geosynthetic clay
liners provide long-term containment protection. Bentofix® X
coated GCL can provide a durable and uniform polyethylene
coating on the material’s woven side, creating an additional
low permeability barrier for exceptional waterproofing.
For earthen embankments and flood plains, Secumat® erosion control materials give roots security and help retain soil
in heavy precipitation. The labyrinth-like, three-dimensional
matrix of the erosion control matting prevents the sliding
and washing out of the soil and cover layer while facilitating
rapid vegetation growth. The reinforcing character of the
matting prevents erosion under heavy rains and water flows.

NAUE SOLUTIONS
Overflow protection for dykes can increase the cost of design, and for this reason many dyke systems have historically not had overflow defenses designed into them. Geosynthetics provide cost-savings through various design,
construction, and performance means to reduce costs
while enhancing safety.

Reinforcement geosynthetics are used too. In poor soil
conditions or on steeper slopes, Secugrid® geogrids can be
used to further ensure slope stability. Combigrid® geogrids
are also an option. The unique construction of the product
embed a nonwoven geotextile within the high-strength bar
of the geogrid, thus providing separation, drainage, and filtration along with the expected reinforcement.

Carbofol® geomembranes and Bentofix® GCLs prevent seepage into the core of an embankment. The special coating
on Bentofix® X GCLs enhances root penetration protection
into a dyke system.

Figure 6
Cross-section of a dam
for flood protection with
NAUE geosynthetics
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Dyke defence road

Nonwoven
geotextile filter Secutex®

Bentofix® GCLs provide efficient, long-term lining performance and strong protection in barrier applications. The
polymeric coating on the Bentofix® X series provides additional protection against desiccation and root encroachment as well as enhanced hydraulic barrier characteristics.
SAVING ON SPACE AND TIME
The thin profile of Bentofix® geosynthetic clay liners takes
up considerably less space than conventional compacted
clay. In a flood protection design, this can provide substantial savings, as far less soil may need to be removed to
install the geosynthetic solution versus compacted clay.
The GCL, being a rolled good, can be installed on site much
more quickly than compacted clay, which requires timely
placement and preparation. Bentofix® GCLs can also be
delivered to site in far fewer truckloads than clay, with a
single truckload of GCL rolls.
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QUALITY
CONTROL

The performance characteristics of a geosynthetic are
determined by components such as its polymer, additive
package, fibres, and other raw materials. These components give products their chemical compatibility, UV resistance, durability in exposed or buried conditions, biological resistance, elongation, and other characteristics
needed to provide the proper service life and strength in
an application.
The quality of these raw materials, the manner in which
they are handled and the technology used to manufacture
the final product further influence material performance.
Here, the quality control (QC) program of a manufacturer
is vitally important to ensuring that a geosynthetic enters
service in the field in an optimal condition.
NAUE manufactures geosynthetics in ISO 9001-certified
and audited facilities. All products are subject to a strict
material analysis. Acceptance test certificates, submitted
by base material suppliers, are reviewed and qualified in
accordance with product-specific protocols.
During production, additional quality assurance measures
are performed by highly trained team members who are
part of a special, autonomous division.
ISO 10204 certificates are available for the manufacturing
quality control and assurance measures performed during
the production of materials. Products are released only
once they have passed all quality reviews and checks and
when all supporting documentation is completed.
Continuous manufacturing quality control is at the center
of NAUE’s operations. From the acquisition of raw materials through production and delivery of the final product,
components are thoroughly reviewed, the production process is closely monitored, documentation is constant and
storage and handling follow strict rules for ensuring material integrity. These measures are the best guarantee of
product performance.
NAUE utilizes independent, third-party review of quality processes, material data, and product inventories. In
certain project-specific cases, independent experts are
retained to test project-related geosynthetic properties as
part of certifying test results.
Furthermore, the company has made CE marking compulsory for their geosynthetics since 2002. It is another way
in which NAUE establishes quality and trust at every step.
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Certified energy management
NAUE has dedicated itself to energy efficiency for years, an
organizational effort that led to DIN EN ISO 50001 certification in 2016. The goal of our energy management system
is to continuously optimize energy consumption and reduce
associated CO2 emissions, with respect to regulatory requirements and larger goals in resource conservation. The framework of NAUE’s energy policy establishes energy targets on
an annual basis, utilizing past consumption, production
data, and profitability measures.
Environmental management
Building on quality and energy management, NAUE has
launched an environmental management system and will
achieve ISO 14001: 2004 certification in 2017. Essentially,
the installation of geosynthetics often saves resources, reduces transport emissions, and increases the service life of
construction projects. NAUE’s environmental management
programme is designed to minimize the environmental impact of our own business as far as possible and to achieve
continuous improvements in environmental protection. In
addition to the objectives of energy policy, this includes
the optimization of processes with regard to natural resource consumption and control of environment-impacting
emissions.
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PRODUCTS

The company’s comprehensive range of geosynthetic products serves the diverse geotechnical needs of the hydraulic
engineering industry, providing solutions for coastal defense,
offshore and coastal scour protection, canals, water supply
for hydroelectric power, flood protection, dam constructions and much more.
These materials are engineered for long-term performance,
delivering economy and environmental effectiveness to
landfill operations around the world.
Key products include:
• Bentofix® geosynthetic clay liners
• Bentofix® X polyethylene coated geosynthetic
clay liners
• Carbofol® geomembranes (smooth and friction)
• Combigrid® geogrids (composite reinforcement,
filtration and separation material)
• Secudrain® geosynthetic drainage/venting materials
• Secugrid® soil reinforcement geogrids (R - uniaxial,
Q - biaxial and HS - high strength)
• Secumat® erosion control mats
• Secutex® H filtration, separation, and protection
geotextiles
• Secutex® Soft Rock geotextile sand-filled containers,
bags and tubes (RS with an additional protection
surface)
NAUE geosynthetics are produced with a stringent quality
control programme and supported by independent testing,
ISO 9001 certification and auditing of processes, strong
documentation, and an extensive project and data record.
The company’s portfolio meets all the requirements of geosynthetic functions in civil engineering, such as filtration,
separation, protection, drainage, erosion control, sealing,
containment/packing and reinforcement. The performance
of these products extends service lives, improves project
economics, and enhances sustainability and environmental protection in engineering works.
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HISTORY

Fifty years ago, the waste stream was quite different. Organ
ics were mostly recycled, composted or incinerated. Pack
aging was made of wood or paper. Plastics were still largely
unknown. At that time around the world as well as in Ger
many – where geosynthetics from NAUE were born – waste
legislation had not been established, so disposal practices
were determined by basic administrative bodies. Municipali
ties were concerned more with the appearance of appropriate
practice. The 1960s’ industrial boom, however, created an
unprecedent increase in the volume of waste needing to be
managed. The need for a formal, standardized and engineer
ed disposal system could no longer be ignored.
The experience in Germany is representative of how waste
management regulations have emerged around the world.
More stringent rules have been created to answer the en
vironmental challenge presented by increased volume and
the changing nature of waste streams.
Another common factor throughout the world has been the
addition of geosynthetics as options or required components
for engineered landfill systems.
In Germany, the movement towards geosynthetic protec
tions began with the 1972 passage of the country’s first true
waste management regulations. These provided mandatory
minimum protections for the environment and basic respon
sibilities on how the waste stream needed to be handled. Old
“dumps” needed to be closed.
In the United States, waste management began to change
substantially with the passage of the Resource Conservation
and Recovery Act (RCRA) in 1976. The RCRA Subtitle D code
pertained to municipal solid waste and by the early 1980s
the US Environmental Protection Agency (EPA) was moving
Subtitle D to require geosynthetics for longterm lining pro
tection of soils and groundwater beneath landfills.
Regardless of global region, waste regulations ultimately
can only provide a framework for managing waste, precisely
because the types of waste being collected change, as do
the technologies for and innovation in waste containment
systems. Products utilised to provide the essential protection
must, subsequently, be qualified by standardized processes
to ensure stateofpractice suitability and safety.
Geosynthetics have excelled not only in performance in land
fills but in their amenability to standardized testing and data
collection that can be replicated.
NAUE has supplied geosynthetics into these more stringent
modern landfill projects since 1989. Key products have in
cluded Carbofol® geomembranes, Bentofix® geosynthetic clay
liners, Secudrain® drainage composite products, Secutex®
nonwoven geotextiles, Secugrid® and Combigrid® geogrids
and Secumat® for erosion control.
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These highly engineered materials provide efficient, cost
effective and longterm stability to landfill and contaminat
ed site applications.
In this modern waste management approach, geosynthetics
provide significant advantages, such as cost and time savings
in construction, greater airspace for waste burial, enhanced
environmental performance, service lives exceeding 100
years and a better carbon footprint.
NAUE’s geosynthetics, supported by independent approvals
and suitability assessments, are engineered to meet all of
the waste management and affiliated brownfield remediation
sectors’ stringent requirements and ambitious goals.
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REGULATIONS

Regulatory agencies around the world have long accepted
geosynthetics as an alternative design solution or have out
right required their use in certain applications. The waste
management sector has benefited more than any other sec
tors, through the requirement to use geosynthetics in munic
ipal solid waste containment and closure systems.
Europe, Germany and the United States provide exemplary
cases for the incorporation of geosynthetics into environ
mental regulations to prevent or reduce as much as possi
ble, any negative impact from landfilling on surface water,
groundwater, soil, air or human health. This is achieved by
introducing stringent technical requirements.
Europe: The Landfill Directive
The Landfill Directive on the landfill of waste (Council Direc
tive 1999/31/EC of 26 April 1999) is a directive issued by
the European Union to be implemented by its Member States
by 16 July 2001.
The Directive is applicable to all waste disposal sites and
divides them into three classes: (I) landfills for inert waste,
(II) landfills for hazardous waste and (III) landfills for
nonhazardous waste.
The EU Landfill Directive requires the protection of soil,
groundwater and surface water, achieved by the combina
tion of a geological barrier and a bottom liner (where these
barriers can be completed artificially and reinforced by other
means giving equivalent protection, e.g with a GCL) and in
addition to the geological barrier a leachate collection and
an artificial sealing system (e.g. HDPE 2mm geomembrane)
for hazardous and nonhazardous landfills.
Germany: BAM & LAGA
Since the late 1970s, Germany’s LAGA (State Working Group
on Waste) has issued recommendations for landfill liners.
The administrative provisions of the Technical Guidelines on
Waste (1991) and Technical Guidelines on Municipal Waste
(1993) oversaw, inter alia, federal uniformity in landfill seal
ing system requirements. LAGA’s work has included harmo
nization between 40 relevant approval authorities in Germa
ny to create uniform national quality standards (BQS) and
productspecific suitability assessments.
Alongside LAGA’s work, BAM (Federal Institute for Materials
Research and Testing) released the NRW Directive for Geo
membranes in 1986 and the Niedersachsen Barrier Code in
1989. The 2009 Landfill Directive helped to establish full
governing authority for BAM within the landfill sector’s use
of geosynthetics. Today, BAM oversees the relevant suit
ability assessments for geosynthetics, regulations which are
enforced nationally.
Geosynthetic products in German landfill lining systems must
offer a minimum of 100year service lives.
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USA: Subtitle D Regulations
The passage of the Resource Conservation and Recovery Act
(RCRA) in 1976 was bound to influence international waste
management to some degree, in part because of the enor
mous buried waste sector in the United States. RCRA’s Sub
title D code pertained to municipal solid waste, and by the
early 1980s the US Environmental Protection Agency (EPA)
was moving Subtitle D to require geosynthetics for longterm
lining protection of soils and groundwater. This provided a
strong connection between the fields of waste management
and geosynthetics, one which would provide a significant
scale for projects and study.
Double liner systems (primary and secondary liners) have
become common and highly effective solutions for contain
ment in municipal solid waste and hazardous waste cells.
The effectiveness of geosynthetics in base lining systems
and cover systems has led to waste management being the
most highly rated sector of infrastructure in the United
States (ASCE Report Card on American Infrastructure). Also,
the strong record in solid waste has led the US EPA to re
quire similar geosyntheticbased systems for containing the
nation’s large coal ash deposits.
Overall, the experiences of Germany and the United States
underscore why geosynthetics are so welcomed in regulation.
They are supported by an extensive record of performance,
have demonstrated steady improvements in installation ef
ficiency and techniques and provide quantifiable, repeatable
testing and data to support confidence in the chemical com
patibility, design suitability, economical selection and more
for waste management.
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FUNCTIONS

Sealing
Acting as liquid and gas barriers, geomembranes have become
a fundamental component in landfill engineering as well as in
civil engineering, due to the heightened need for groundwater
protection. High density polyethylene (HDPE) geomembranes,
specifically those with a certification by government regula
tors and thicknesses of more than 1.5mm, are most commonly
used. Personnel from those companies that have been ap
proved by the certifying agency, are employed to both deploy
and weld the geomembranes where an area needs to be sealed.
For sealing purposes HDPE geomembranes and geosynthetic
clay liners are gaining use due to the importance of a quality
seal.
Protection
Geomembranes, structures, coated materials as well as related
construction elements must often be protected from poten
tial mechanical damage. Without suitable protection, dam
age may occur from sharpedged objects such as stones, from
the unevenness of the subsoil or even by the cover material.
Needlepunched nonwovens as well as composite materials
manufactured from polypropylene (PP) are commonly used for
protection layers. Specific to nonwoven geotextiles, the pro
tection function is directly related to the thickness and mass
per unit area, as a heavier and thicker nonwoven is more likely
to provide better protection.
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Drainage
Drainage materials are required for the surface collection
of precipitation, the subsurface collection and diversion of
groundwater and the general collection of fluids and their
discharge into a drainage system. Drainage systems are typi
cally designed with individual material layers or in combina
tion with other components to create preformed composite
drainage elements. Composite drainage elements consist of at
least one filter layer and one drainage collection layer.
The drainage collection layer is required for the flow and
discharge of fluids at a collection point, without the buildup
of hydraulic pressure. Single and multiple component geosyn
thetic drainage systems made from high density polyethylene
as well as polypropylene will often replace the conventional
thick mineral drainage layer.

Reinforcement
Geosynthetics are installed beneath or between soil layers to
improve the mechanical properties of soil layers by assuming
the tensile forces and minimizing deformation. Geotextiles,
geogrids and composite synthetic materials are used in appli
cations such as retaining structures according to the princi
ples of “reinforced soil“, slope stabilisation or for foundation
reinforcement of earthen dams where the subsoil exhibits poor
bearing capacity. The use of geosynthetics for reinforcement
applications minimizes expensive constructive measures, can
reduce soil intermixing and eliminate the need for additional
soil layers.

Separation
As a separation layer, geotextiles are used to prevent adjacent
soil layers or fill materials from intermixing.
Synthetic nonwovens that exhibit an elongation capacity, are
the materials of choice in most applications. The selection of
a suitable product is dependant upon the base course grain
size and the operational loads to be expected. The main use
of separation nonwovens are road and railway construction,
hydraulic engineering, landfill engineering and sport fields.

Filtration
In filtration applications and drainage systems, nonwoven geo
textiles are employed to retain soil particles while allowing the
vertical passage of liquids through the filter media. There are
two aspects to filtration that should be evaluated when de
signing. The mechanical filter efficiency (does the fabric have
sufficient soil retention capacity) and the hydraulic filter effi
ciency (does the water discharge without building up hydraulic
pressure).
As with mineral filter layers, the geotextile thickness directly
benefits the longterm mechanical and hydraulic efficiency of
the filter.

Erosion control
Geotextiles or threedimensional open structured geosyn
thetics can be used to minimize the movement of soil particles
due to flow of water. By preventing soil particles from being
washed off slopes or channels, rapid vegetation is ensured
when erosion control mats are employed.
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BASE LINERS

Landfill base lining systems provide permanent protection
of soils and groundwater from the pollutants in a waste
mass. Lining system requirements are often specified in
national regulations and geosynthetics have become com
mon components of these systems.
Geosynthetics fulfill the stringent containment parame
ters of landfill liner regulations. Geosynthetics provide
an efficient, significantly effective and durable barrier for
longterm environmental protection. But achieving this
effectiveness requires proper design, specification and in
stallation of the geosynthetic system. To remove waste for
repair or remediation of an improperly designed or execut
ed barrier system is technically difficult and expensive.
The geosynthetics utilised in a base lining system must be
made from highquality raw materials. The geosynthetics
must be highly resistant to chemical and biological attack.
For side slopes, the polymeric barrier must have the proper
frictional characteristics for geosyntheticgeosynthetic and
geosyntheticsoil. Understanding how to properly evaluate
and select these materials will prevent unacceptable creep
or the development of tensile stresses in the system. Creep
and unpermitted stresses could lead to slope instability
and possible failure.
The thickness of geomembranes in a base lining system is
generally established in regulations. In the United States,
for example, primary commonly call for 1.5mm HDPE geo
membranes. In Germany, 2.5mm is standard, in other Eu
ropean countries such as the UK 2mm thick HDPE geo
membranes are used. Compared to general construction
solutions like an asphalt layer, both of these geosynthetic
thickness ranges are significantly more costeffective and
they are far more impermeable and durable in containment.

NAUE SOLUTIONS
Carbofol® HDPE geomembranes provide high chemical and
biological resistance and exceptional longterm service
lives for landfill security. Smoothsurfaced Carbofol® geo
membranes may be used on slopes up to approximately
1:9. Structured (textured) Carbofol® geomembranes are
used for steeper slopes.

In many countries, geosynthetic clay liners (GCLs) are
also permitted to be used in a landfill lining system as
an alternative to clay mineral layers. Systems may also in
clude nonwoven geotextiles to protect impermeable barri
er materials from installation damage and ballastrelated
overstressing. Protection layers are determined by the
height of the landfill and the grain size and configuration
of the drainage layer. Nonwoven geotextiles may also act
as a separation and filtration layer between the mineral
drainage layer and the waste.

Bentofix® geosynthetic clay liners are composite materials
made of two layers of geotextile (cover and carrier layers)
that encapsulate a core of highly swellable powder sodium
bentonite. Needlepunching of the geotextiles in manu
facturing firmly bonds the layers across the entire surface
of the GCL. This prevents bentonite erosion and increases
the durability of the material. Bentofix® GCLs are used as a
mineral sealing layer in geosynthetic barrier designs.
Secutex® nonwoven geotextiles are mechanically bonded
(needlepunched) to provide highly durable protection and
longterm separation and filtration functionality. A variety
of geotextile weights, such as 1.200g/m² and 300g/m², pro
vides robust protection and optimal separation and filtra
tion design usage. Secutex® enables engineers to specify
the appropriate nonwoven to meet landfill performance
needs and product approval authority guidelines.
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Figure 1
Base sealing system for municipal
solid waste landfills

Secugrid® and Combigrid® geogrids redistribute loads to
stabilize and strengthen soil layers. This includes enabling
the construction of steep embankments.
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INTERMEDIATE
SYSTEM

An intermediate seal separates adjacent landfill cells. It
is used when the landfill, to be abutted, does not have a
sufficient seal to serve as base or an appropriate fill due
to differing landfill classifications between the neighbour
ing cells. Thus, the intermediate seal can serve upper or
closure layer of one cell and simultaneously, the base seal
for the next.
Intermediate seals are not clearly described in most landfill
regulations, so permitting authorities often call for typical
base liner requirements. Historically, zoning decisions in
municipal solid waste landfills have been issued in which
the intermediate sealing should be constructed with the
current state of the art barriers, e.g. with an approved
geosynthetic clay liner (GCL) serving in place of a tradi
tional mineral seal in combination with an approved geo
membrane.
The advantages of this approach are clear: the geosyn
thetic barrier system is significantly easier to install and
takes up less landfill space than a conventional mineral
seal (e.g., conventional compacted clay or largescale
ground improvement methods). Furthermore, the flexibility
of geosynthetic barriers enables them to adapt to the
sitespecific conditions and far greater strain acceptance
in settlement. Geosynthetics save considerable time and
money here, reduce the need for soil and aggregate har
vesting and disturbance and greatly reduce transport cost
for site materials (as geosynthetics require far fewer truck
loads than heavy aggregates). Also, geosynthetic layers,
in being substantially thinner, open up revenuegenerating
airspace for a landfill.
Where the old waste cell does not provide enough stability
to support the new cells construction, geogrid reinforce
ment may be required. This approach may also create a
more efficient, spacesaving design, such as outlined in
national regulations.
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NAUE SOLUTIONS: BARRIER SYSTEMS
Carbofol® HDPE geomembranes are used with BAM approval
or other national approvals in Class 1rated landfills (inert
waste) as the sole sealing element. In Class II (municipal
solid waste; nonhazardous waste) and III landfills (hazard
ous waste) Carbofol® is used in combination with a mineral/
clay layer. This geomembrane meets the stringent chemical
and physical requirements that are necessary for a safe, long
lifedesigned landfill. The surface of Carbofol® is smooth (for
slopes up to about 1:9) or homogeneously structured/tex
tured (for steeper slopes). This solution provides a strong
barrier against rainwater infiltration and methane migration.

Figure 2
Intermediate sealing system for
municipal solid waste landfills

Bentofix® geosynthetic clay liners (GCL) are composite ma
terials made of two layers of geotextile that encapsulate a
core of highly swellable powder sodium bentonite. Needle
punching of the geotextile in manufacturing and a pro
prietary Thermal Lock process firmly bond the geotextile
fibres across the entire surface of the materials. This prevents
bentonite erosion and increases the durability of the mate
rial. Bentofix® GCLs replace thicker, more complextocon
struct, traditional mineral seals. The geosynthetic approach
provides a barrier that is more resistant to desiccation and
selfseals against installation damage. The internal shear
strength and frictional characteristics of Bentofix® are also
sufficient for steeper slopes.
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LANDFILL CAP
BARRIERS

Upon closure, landfills must be capped. The specific
requirements for permanent sealing systems for Class I (in
ert waste), II (municipal solid, nonhazardous waste) and
III (hazardous waste) landfills are typically outlined in the
national regulations.
High safety requirements are imposed on all components
of the sealing system. Each geosynthetic should typically
be approved by the federal authority or a national agency.
Part of the approval process should show, in testing data,
that sealing system components can provide at least 100
years of service life.
Additionally, interest in potential redevelopment of a for
mer landfill has grown substantially, making the closure
controls even more important. Geosynthetic capping sys
tems provide a safe, costeffective, environmentally sound
solution for repeatable, highquality seals.
Surface sealing of Class I landfills typically needs only a
single geosynthetic component, such as a geomembrane or
geosynthetic clay liner. This underscores the performance
quality of and trust in these materials.
According to several national and international landfill
regulations, e.g. the European Landfill Directive, Class II
designs must have two sealing components. These ele
ments must check one another, so they must be of differ
ent compositions. The combination of a geosynthetic clay
liner (GCL) with a geomembrane is a safe, qualifying, well
established and recognized approach for successful, long
term designs.
NAUE SOLUTIONS

To achieve a better ecological, economical and perfor
mancerelated GCL for landfill applications a multicom
ponent Bentofix® GCL with an impermeable polyethylene
coating can be used in a landfill cap. It helps make GCL
installations even more effective, safer and longer lasting
as two barrier systems are installed in one step. The multi
component Bentofix GCL improves the overall performance
and reduces the risks of a single lining system.
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Carbofol® HDPE geomembranes are used with BAM approval
or other national approvals in Class 1rated landfills (inert
waste) as the sole sealing element. In Class II (municipal
solid waste; nonhazardous waste) and III landfills (hazard
ous waste), Carbofol® is used in combination with a miner
al/clay layer (e.g. compacted clay liner). This geomembra
ne meets the stringent chemical and physical requirements
that are necessary for a safe, longlifedesigned landfill.
The surface of Carbofol® is smooth (for slopes up to about
1:9) or homogeneously structured/textured (for steeper
slopes). This solution provides a strong barrier against
rainwater infiltration and methane migration.

Figure 3
Cap/closure system for municipal
solid waste landfills

Bentofix® geosynthetic clay liners (GCL) are composite
materials made of two layers of geotextile that encapsu
late a core of highly swellable powder sodium bentonite.
Needlepunching of the geotextile in manufacturing and a
proprietary Thermal Lock process firmly bond the geotex
tile fibres across the entire surface of the materials. This
prevents bentonite erosion and increases the durability of
the material. Bentofix® GCLs replace thicker, more com
plextoconstruct, traditional mineral seals. The geosyn
thetic approach provides a barrier that is more resistant
to desiccation and selfseals against installation damage.
The internal shear strength and frictional characteristics of
Bentofix® are also sufficient for steeper slopes.
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LANDFILL CAP
FUNCTIONS

Typically, a drainage layer is required for all major landfill
classes (I, II, and III). This layer sheds precipitation direct
ly, to avoid the buildup of a hydraulic head on the capping
system. The drainage layer must be permanently protected
against clogging from the cover layer’s soil particles. Drain
age geocomposites with threedimensional matrices and
filter geotextile cover layers control seepage and properly
designed fulfil design requirements in landfill caps.
Geosynthetic drainage systems of this nature are sufficiently
protected against the damage risk posed by cover soil instal
lation. This enables the geosynthetic system to ensure the
requisite longterm drainage function.
When installing a mineral drainage layer over a geosynthetic
seal, a needlepunched nonwoven geotextile can replace the
otherwise necessary sand protective layer atop a geomem
brane. In these situations, one should also evaluate whether
a filter/separation geotextile would be an optimal solution
between the drainage layer and cover soil.
In landfill closure projects, it is increasingly important to
utilise steeper slopes to minimize the soildisturbing foot
print of the site. The multilayer nature of sealing systems,
however, complicates this spacesaving goal. It represents
a particular challenge to the shear strength between layers.
Here, textured geomembranes provide enhanced frictional
characteristics for slope stability. Additionally, geogrids can
be used to enable costeffective, safe engineering of steeper
slopes.

NAUE SOLUTIONS: PROTECTION, FILTRATION,
SEPARATION, DRAINAGE, REINFORCEMENT
Secudrain® is a composite material with a polymeric drain
age core and at least one nonwoven geotextile outer layer
to provide filtration functionality. The geotextile prevents
soil particles from disrupting the pressure and flow of drain
ing liquids. Installed atop a geomembrane, the geotextile
side of the composite can act simultaneously as a protec
tion layer. In Germany, the use of Secudrain® has been
approved by BAM for Landfill Directiveguided systems.
Secutex® is a mechanically bonded (needlepunched)
nonwoven geotextile that can be used as protection/
cushioning or as a separation geotextile in landfill sealing
systems. In Germany minimum requirement for the mass
per unit area for a protection geotextile is 800g/m². For
separation and filtration, the nonwoven must be 300g/m².
Secugrid® geogrids minimize or eliminate settlement and
redistribute loads. They also enable the construction of
steeper embankments. For reinforcement applications in
landfill projects, NAUE Secugrid® meets BAM requirements.
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RECLAMATION AND
REDEVELOPMENT
OF CONTAMINATED
SITES

Former landfills and contaminated sites are often capped
and remediated. These engineering works may also include
beneficial reuse of the sites. Onsite contaminants and the
uneven settlement in the ground above these former waste
cells present a number of geotechnical challenges. As such,
capping measures generally are selected for their ability to
isolate and contain contaminants. Closure measures may
also be evaluated on their ability to increase the site’s load
bearing capacity for safer reuse.
Capping systems for former waste cells and contaminated
sites must be of the highest quality. This is especially true
when land reuse is planned (e.g. for playgrounds, public
gardens, sport fields). If a more commercial reuse is tar
geted, such as a parking lot, or if a trafficked route will
pass over any part of the land, a higher load capacity is
required. Not infrequently, steep slopes must be rebuilt to
save space or to properly function within a reuse design.
Geosynthetic capping systems allow for the efficient use
of local soils. When considerable land might need to be
reformed if external soil sources are required, the ability to
use the local site’s soils can provide considerable savings
in the construction process, both from a materials acqui
sition standpoint and in terms of greatly decreased con
struction timelines. Expensive decontamination measures
might be avoided. The reduction or elimination of heavy
transport of external material saves not only on cost but
on a project’s carbon footprint.

NAUE SOLUTIONS
Carbofol® HDPE geomembranes encapsulate contaminat
ed areas. They are chemically resistant to contaminated
soils. Textured (structured) Carbofol® geomembranes allow
strong seals on challenging grades, such as with steep
slopes. Smooth Carbofol® is used in slopes up to 1:9 while
the homogenously textured varieties are used for steeper
installation zones.

Geomembranes and geosynthetic clay liners encapsulate
contaminated areas safely and permanently, mitigating or
eliminating pollutant discharge.

Bentofix® geosynthetic clay liners (GCL) are needle
punched and fixed with NAUE’s Thermal Lock process. This
firmly bonds the two layers of geotextile and the inter
nal core of highswelling sodium bentonite powder. The
bentonite is encapsulated and protected against piping,
as Bentofix® is needlepunched across its entire surface.
Bentofix® replaces more expensive, thicker mineral sealing
components. These GCLs are resistant to drying and instal
lation damage. The bentonite core’s swelling characteristic
gives it a selfhealing property. The internal shear strength
of Bentofix® also enables its use in steeper slope designs.

These geosynthetic barriers, as rolled goods, can be in
stalled efficiently. Their many product variations, support
ed by high quality raw materials, allow them to be targeted
to sitespecific challenges, such as the aggressiveness of
the contaminants to be contained, the site topography,
precipitation variations and much more. And, compared
to traditional sealing solutions (e.g., compacted clay and
other insitu ground improvement measures), geosynthetic
systems are significantly thinner yet provide as great or
more security. This advantage presents savings in capping
costs and enables a site to maximize its storage volume
prior to closure.

Secutex® nonwoven geotextiles protect geomembranes
from damage, such as from improperly coarse and angular
aggregate layers. Secutex® prevents the mixing of differ
ent soil layers and provides filtration of leachate.

Geogrid reinforcement is used on these sites as well to
enable traffic or construction atop soft soils or to stabilize
zones against collapse. Nonwoven geotextiles, including
nonwovens embedded within a geogrid, maybe also be
used to provide separation and stabilization of soils.
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To achieve a better ecological, economical and perfor
mancerelated GCL for encapsulating contaminated sites a
multicomponent Bentofix® GCL with an impermeable poly
ethylene coating can be used. It helps make GCL installa
tions even more effective, safer and longer lasting as two
barrier systems are installed in one step. The multicom
ponent Bentofix GCL improves the overall performance and
reduces the risks of a single lining system.

Secugrid® and Combigrid® geogrids bridge voids in sub
soils and redistribute loads efficiently. They enable space
saving steep slopes and construction atop soft soils.

Figure 4
Cap/closure system over
contaminated material to allow
a future reuse of the site

Combigrid® is a composite reinforcement material, featur
ing a nonwoven geotextile embedded within a geogrid.
This construction provides separation and filtration func
tions of Secutex® and the highstrength reinforcement of
Secugrid® in a single product.
Secudrain® is a powerful, durable drainage material with
additional filtering and protection functions.
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QUALITY
CONTROL

The performance characteristics of a geosynthetic are
determined by components such as its polymer, additive
package, fibres and other raw materials. These components
give products their chemical compatibility, UV resistance,
durability in exposed or buried conditions, biological re
sistance, elongation and other characteristics needed to
provide the proper service life and strength in an appli
cation.
The quality of these raw materials, the manner in which
they are handled and the technology used to manufacture
the final product further influence material performance.
Here, the quality control (QC) program of a manufacturer
is vitally important to ensuring that a geosynthetic enters
service in the field in an optimal condition.
NAUE manufactures geosynthetics in ISO 9001certified
and audited facilities. All products are subject to a strict
material analysis. Acceptance test certificates, submitted
by base material suppliers, are reviewed and qualified in
accordance with productspecific protocols.
During production, additional quality assurance measures
are performed by highly trained team members who are
part of a special, autonomous division.
ISO 10204 certificates are available for the manufacturing
quality control and assurance measures performed during
the production of materials. Products are released only
once they have passed all quality reviews and checks and
when all supporting documentation is completed.
Continuous manufacturing quality control is at the center
of NAUE’s operations. From the acquisition of raw materials
through production and delivery of the final product, com
ponents are thoroughly reviewed, the production process is
closely monitored, documentation is constant and storage
and handling follow strict rules for ensuring material in
tegrity. These measures are the best guarantee of product
performance.

NAUE utilises independent, thirdparty review of quali
ty processes, material data and product inventories. In
certain projectspecific cases, independent experts are
retained to test projectrelated geosynthetic properties as
part of certifying test results.
Furthermore, the company has made CE marking compul
sory for their geosynthetics since 2002. It is another way
in which NAUE establishes quality and trust at every step.
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PRODUCTS

NAUE is an EN ISO 9001certified company. The company’s
comprehensive range of geosynthetic products serves the
diverse geotechnical needs of the landfill industry, provid
ing solutions for containment of waste material landfill
caps and closures, intermediate base sealing liners, on
site water storage, stormwater management, soil structure
reinforcement, access road stability and much more.
These materials are engineered for longterm performance,
delivering economy and environmental effectiveness to
landfill operations around the world.
Key products include:
• Bentofix® geosynthetic clay liners
• Carbofol® geomembranes
• Combigrid® geogrids (composite reinforcement,
filtration and separation material)
• Secudrain® geosynthetic drainage/venting materials
• Secugrid® soil reinforcement geogrids
• Secumat® erosion control mat
• Secutex® filtration, separation, and protection
geotextiles
NAUE geosynthetics are produced with a stringent quality
control program and supported by independent testing,
ISO certification and auditing of processes, strong docu
mentation, and an extensive project and data record.
The company’s portfolio meets all the requirements of geo
synthetic functions in civil engineering, such as filtration,
separation, protection, drainage, erosion control, sealing,
and reinforcement. The performance of these products
extends service lives, improves project economics, and
enhances sustainability and environmental protection in
engineering works.
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Civil engineering

Civil engineering

Geosynthetic functions
Sealing
Acting as liquid and gas barriers, geomembranes have become
a fundamental component in civil engineering, due to the
increased need for groundwater protection. High density
polyethylene (HDPE) geomembranes, specifically those with a
certification by government regulators and thicknesses of
more than 1.5 mm, are most commonly used. Personnel from
those companies that have been approved by the certifying
agency, are employed to both install and weld the geomembranes where an area needs to be sealed.
For sealing purposes in road construction and environmental
protection, HDPE geomembranes and geosynthetic clay liners
are gaining use due to the importance of a quality seal.

Reinforcement
Geosynthetics are installed beneath or between soil layers to
improve the mechanical properties of soil layers by absorbing
the tensile forces and minimising deformation. Geotextiles,
geogrids and composite synthetic materials are used in applications such as retaining structures according to the principles of "reinforced soil", slope stabilisation or for foundation reinforcement of earthen dams where the subsoil
exhibits poor bearing capacity. The use of geosynthetics for
reinforcement applications minimises expensive constructive
measures and can reduce soil intermixing eliminating the
need for additional soil layers.

Separation
Protection
NAUE geosynthetics may be used in various system solutions, such as in road construction
to increase the bearing capacity and to reduce rutting …

Geosynthetics are used in all fields of civil engineering to
increase the safety and life span of structures in addition
to satisfying necessary functions. These may include:

Compared to conventional construction materials, the
use of geosynthetics has continually increased over the
past few decades. Hence they have been included in
several guidelines as state-of-the-practice materials.
Their efficient installation results in rapid and economic
construction and they help to preserve our precious
natural resources. Project specific geosynthetic designs
also ensure long-term performance of the structure.

Geomembranes, structures, coated materials as well as related
construction elements must often be protected from potential
mechanical damage. Without suitable protection damage may
occur from sharp edged objects such as stones due to the
unevenness of the subsoil or even by the cover material.
Mechanically bonded needle-punched nonwovens as well as
composite materials manufactured from polypropylene (PP) or
HDPE are commonly used for protection layers. Specific to
nonwoven geotextiles, the protection function is directly related to the thickness and mass per unit area, as a heavier and
thicker nonwoven is more likely to provide better protection.

Drainage

... on steep slopes to improve slope stability
and erosion control, ...

separation, drainage, filtration, reinforcement, protection, sealing and erosion control. Geosynthetics can
either replace or augment conventional construction
methods.

... in structural engineering to drain localised areas or surfaces
while offering protection for existing waterproofing.

The following chapters will illustrate and explain the
different geosynthetic fields of application as well as
methods used to design with the various geosynthetic
products available from NAUE.

Drainage materials are required for the surface collection of
precipitation, the subsurface collection and diversion of
groundwater, the general collection of fluids and their
discharge into a drainage system. Drainage systems are
typically designed with individual material layers or in combination with other components to create pre-formed composite
drainage elements. Composite drainage elements consist of at
least one filter layer and one collection layer. The percolation
layer is required for the flow and discharge of fluids at a collection point, without the build-up of pressure. Single and
multiple component geosynthetic drainage systems made from
high density polyethylene as well as polypropylene, often
replace the conventional thick aggregate drainage layer.

As a separation layer, geotextiles are used to prevent adjacent
soil layers or fill materials from intermixing.
Synthetic nonwovens that exhibit an elongation capacity, are
the materials of choice in most applications. The selection of
a suitable product is dependant upon the base course grain
size and the operational loads to be expected. The main use
of separation nonwovens are in road and railway construction,
hydraulic and landfill engineering and field construction.

Filtration
In filtration applications such as hydraulic engineering and
drainage systems, nonwoven geotextiles are used to retain
soil particles while allowing the passage of liquids through
the filter media. There are two aspects to filtration that
should be evaluated when designing. The mechanical
filter efficiency (does the fabric have sufficient soil retention
capacity) and the hydraulic filter efficiency (does the water
discharge without a hydraulic pressure build-up).
As with aggregate filter layers, the geotextile thickness
directly benefits the long-term mechanical and hydraulic
efficiency of the filter.

Erosion control

... in the construction of transportation routes to seal the
subgrade in sensitive groundwater protection areas ...
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Geotextiles or three-dimensional open structured geosynthetics can be used to minimize the movement of soil
particles due to flow of water.
By preventing soil particles from being washed off slopes or
channels, rapid vegetation is ensured when erosion control
mats are used.
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Separation with geotextiles

Geotextile types
Depending on the expected formation of ruts, one of the most
important criteria to consider when selecting a separation
nonwoven geotextile is the mechanical load caused by single
grains or stones in the cover material.
The selection of the geotextile types should be based on
a classification of the cover material into the classes AS 1 to
AS 5, and on the determination of the installation load (load
case AB 1 to AB 5). Using these two parameters, the geotextile type can be determined according to table 1.
Elongation capacity
When applying additional earth layers over a soil with a poor
bearing capacity, the elongation characteristics of the
Secutex® nonwoven will minimise damage to itself during the
installation process.
The high elongation capacity of the Secutex® nonwoven
geotextiles ensures excellent resistance to damage. This
characteristic of Secutex® products allows them to easily
accommodate irregular or soft subgrades. Especially when
covered with stone material, the Secutex® nonwoven geotextile fibres are reoriented around the stones, preventing
damage to the nonwoven structure.

Durability
In general, the chemical resistance of the Secutex® nonwoven
geotextile will exceed the expected service life of a structure.
Using polypropylene (PP) resins ensure sufficient resistance
to all natural soil and water chemicals or microorganisms.

Figure 1: Secutex® used as separation geotextile between
a pipe bedding and the silty subsoil
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Stress loading conditions
AB 1:
Manual soil
placement,
no compaction
effects;
no traffic

Immediate covering is the best protection from UV radiation
for all geosynthetic products. For typical German or Middle
European conditions, Secutex® nonwoven geotextiles should
not remain uncovered for longer than two weeks. UV stabilised
Secutex® products are available to provide resistance to UV
radiation damage for longer periods of exposure.
Mechanical filter effectiveness
When used in a separation function, the soil retention capacity (mechanical filter effectiveness) of the geotextile will in
most cases play an important role in successful performance.
Secutex® nonwoven geotextiles prevent interlayer mixing of
dissimilar soils that are not filter-stable and ensures the longterm performance of the cover layer. The product selection
approach is described in greater detail in the chapter titled
"Filtration with geotextiles".
Conclusion
Environmentally durable PP Secutex® nonwoven geotextiles
are used in embankments, for preventing soil exchange, under
roads, along traffic routes, parking areas and wherever a longterm performance of the cover layer is required. With project
specific product selection, the robust characteristics of the
Secutex® nonwoven geotextiles prevent the risk of intermingling and create the necessary filter stability between different soil layers.

The cone drop test (EN 918) can be used to simulate the
deployment of cover stone puncture loads on the separation
nonwoven geotextile (see page 30). The high elongation of
Secutex® ensures a high resistance against dynamic forces.

Design

Table 1
Determination of the
geotextile type

Cross sections

Application

Secutex® needle-punched nonwoven geotextiles (some types
are additionally calendered) are used in civil engineering
applications for the separation of soil layers with different
grain sizes. When correctly dimensioned and specified,
Secutex® prevents soil layers from intermixing or from being
penetrated if a cover is installed over a soil with poor bearing capacity.

AB 2:
Mechanical soil
placement and
compaction;
< 5cm rutting
from traffic

AB 3:
Mechanical soil
placement and
compaction;
5cm - 15cm
rutting from traffic

AB 4:
Mechanical soil
placement and
compaction;
15cm - 30cm
rutting from traffic
see also (b)

AB 5:
Mechanical soil
placement and
compaction;
> 30cm rutting
from traffic
see also (b)

AS 1:
Installation method,
load from cover soil
and usage of the
geotextile does not
influence its selection

R 151 C

AS 2:
Geotextile between
fine and coarse/mixed
soils (DIN 18 196)

R 151 C R 201 C R 201 C

R 251 C

R 301 C

AS 3:
Geotextile between
fine and coarse/mixed
soils with up to 40%
cobbles or crushed
material as defined
in AS 2

R 201 C R 201 C

R 251 C

R 301 C

(a)

AS 4:
Geotextile between
fine and coarse/mixed
soils with more than
40% cobbles and boulders or sharpedged,
crushed material as
defined in AS 3

R 251 C R 251 C

R 301 C

(a)

(a)

AS 5:
Geotextile between
fine and coarse/mixed
soils with more than
40% cobbles and
sharp-edged boulders

R 301 C R 301 C

(a)

(a)

(a)

a) To reduce rutting the thickness of the base course layer can be increased and/or the shear strength of the base course can be improved and/or the base course can be reinforced.
Test trials can be carried out to prove the efficiency.
b) To ensure the separation performance products with a high elongation (≥ 50%) are recommended.

Details

Figure 2: The high elongation capacity of Secutex®
ensures excellent damage resistance

Design

Figure 3: Secutex® nonwoven geotextiles can resist
high dynamic installation forces

Cross sections

Details

Figure 4: Concrete placement over Secutex®, which acts as a
separator, filter and drainage layer between the subsoil and the road
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Filtration with geotextiles

Based on filtration characteristics the grain size distribution
area B from figure 5 is considered as a technically difficult soil
to filter (risk of soil wash-out, failure of grain or geotextile
filters and clogging of drainage layers). To ensure that the
correct engineering approach is used to calculate the mechanical filter effectiveness, it should first be determined whether a hydrostatic or hydrodynamic load is present, and whether there is a soil with high single grain mobility. The criteria
for such a soil are:

For decades Secutex® geotextiles have been used successfully
calculation based on national guidelines may supersede this
as three-dimensional filters in earth and road construction.
easy filter calculation approach.
They are used between fine, coarse or mixed grained soils
Hydraulic
to provide filter stability between two distinct grain
safety
Filtration condition
O90, allow
condition
sizes.
Mechanical filter effectiveness
As with mineral filter layers, soil retention capacity also
plays an important role when using Secutex® nonwoven
geotextiles. Geotextile filters must be engineered such
that the mechanical effectiveness as well as hydraulic filter effectiveness (water discharge without loss of pressure) are equally achieved. In the determination of the
nonwoven geotextile maximum allowable effective opening size O90, allow, product selection is differentiated by
three different hydraulic safety conditions (I, II and III)
for an easy filter calculation. However a detailed filter
Figure 5
Grain size
distributions
for soil types
with distinct
hydraulic behaviour

100

Clay

Silt

Fine

Medium

I

· small water amount
· single sided water flow
· low hydraulic gradient

0.06mm ≤ O90, allow ≤ 0.20mm

II

· small water flow in
changing directions
· medium water flow in
one direction

Cohesive soils:
0.06mm ≤ O90, allow
Coarse silt - fine sand: 0.06mm ≤ O90, allow
Fine sand:
0.06mm ≤ O90, allow
Middle sand:
0.08mm ≤ O90, allow
Coarse sand:
0.12mm ≤ O90, allow

· single sided concentrated
water flow
· large water flow in
changing directions
· failure of geotextile filter
endangers the design

Analysis of the hydraulic conditions
and filter dimensioning carried out by an expert

III

Coarse

Sand

Fine

Medium

Coarse

Medium

10

percentage smaller

B

A
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C
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x = 0.002

0.006
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0.06

0.2

0.6

difficult soils with respect to filter performance

Design

Figure 6: Secutex® as a geotextile filter in a retaining wall
to prevent the washing out of fines at the front face

Cross sections

2.0

6.0

1. large portion of coarse silt and fine sand,
2. U = d60 / d10 < 5,
some recommendations also consider these criteria:
3. more than 50% of the existing soil is in the
range of 0.02mm to 0.1mm,
4. the plasticity index IP for fine grained soils
according to DIN 18196 (40% of the mass is
smaller than 0.063mm) is smaller than 0.15 or
the clay portion / silt portion < 0.5.

Coarse

90

8

0.20mm
0.11mm
0.13mm
0.30mm
0.60mm

The soil retention capacity is sufficient if the allowable opening size of the geotextile filter O90, allow is determined as
follows:

Gravel

Fine

≤
≤
≤
≤
≤

20

transition sections

Details

Figure 7: Secutex® geotextile filter ensures that the
fines are not washed out of the filter dam

mm

a) fine grained soils (d40 ≤ 0.06mm)
O90, allow ≤ 10 • d50
restriction: for filter technically difficult soils
O90, allow < d90
b) coarse and mixed grained soils (d40 ≥ 0.06mm)
−
O90, allow < 5 • d10 • √U, or
O90, allow < d90 (smaller value is decisive)
The highest possible hydraulic efficiency of the Secutex®
filter nonwoven geotextile is achieved when the selected
opening size O90, sel is closest to the largest allowable value
O90, allow (e.g. 0.8 to 1.0 • O90, allow). Under no circumstances
should this value be less than 0.2 • O90, allow as a deposition
of fine soil particles on the geotextile surface could occur.
Allowing a selected opening size O90, sel in the low range of
≥ 0.2 • O90, allow may only be excepted if the above deposition of fine particles as well as soil settlement in the drainage system does not effect the performance of the design.
Another advantage of Secutex® nonwoven geotextiles is that
the effective opening size will change only slightly when

Design

Figure 8: The side rainwater collection pipe and drain
is wrapped with a Secutex® geotextile to prevent fines
from clogging the drain

subjected to elongation stresses. Consequently, the filter
dimensioning is also valid, even if a coarse grained material
causes nonwoven geotextile deformation when being installed
on a soft subgrade.
Hydraulic filter effectiveness
In the long-term, geotextile filters must have the same
hydraulic conductivity as the soil to be drained or at least
1·10-4 m/s. The value should be determined under the site
confining stress and with a hydraulic gradient of i = 1. In
this case a pressure build-up is avoided and free drainage is
achieved. For Secutex® nonwoven geotextiles with a thickness of more than 2.0mm, the laboratory hydraulic conductivity coefficient in the past was reduced with a factor of 50
(η = 0.02), if the soil to be drained was a coarse silt or sand.
In all other cases, a reduction factor of 100 (η = 0.01) was
recommended. In these cases long-term hydraulic conductivity was assured if the geotextile hydraulic conductivity
reduced by η, was larger than the hydraulic conductivity of the
soil to be filtered. Therefore:
η · kgeotextile ≥ ksoil
Geotextile robustness classes (GRK)
Long-term performance can only be assured when the nonwoven filter geotextile is not damaged upon installation. Therefore, the German "Guidelines for the Application of Geotextiles
and Geogrids in Earth Construction of Road Construction
(M GeoK E), 2005" recommends a geotextile robustness class
of at least GRK 3, and as high as GRK 5 for higher installation
loads (see chapter "Separation with geotextiles").
Additional requirements
For Secutex® nonwoven geotextiles for filter applications, the
same elongation capacity and resistance requirements are
valid as those already described in the chapter "Separation
with geotextiles".
Conclusion
Secutex® filter nonwovens are used in projects where filter
stability between distinct soils does not exist. This is the case
mainly in water collection systems, drainage systems, gabion
retaining elements and most separation applications.
Correctly selected Secutex® nonwoven geotextiles with a high
elongation capacity ensure the mechanical and hydraulic
filter effectiveness between two adjacent soils where filter
stability is missing.

Cross sections

Details

Figure 9: Secutex® separates the gravel drainage layer
from the silty subsoil
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Drainage with geotextiles
Secudrain® WD is a three-dimensional geosynthetic drainage
system, which consists of a statically stable drainage layer
(wave-structured monofilament core) and at least one
Secutex® separation/filter nonwoven geotextile. Secudrain® WD
drainage systems as well as special types of Secutex® geotextiles are used in civil engineering applications where the
efficient collection and drainage of precipitation or groundwater are required. All Secudrain® layers are physically connected allowing for the effective transfer of shear stresses.
Drainage capacity calculation
To determine the anticipated drainage capacity of a
Secudrain® drainage system, the total outflow is compared to

the total inflow. The total long-term water outflow (QA)
expected from Secudrain® is calculated from the laboratory
determined drainage capacity Qlab,i,σ (dependant on the
drainage gradient i and the normal stress σ), the slope
inclination (β) and a total reduction factor (ηtotal):
QA = Qlong-term = Qlab,i=1,σ • sinβ / ηtotal
Numerous excavations and laboratory scale creep tests have
generated abundant data on the long-term behaviour of
Secudrain® under constant loads. It is therefore possible to
assume a reduction factor FSCR of 1.0 and to use laboratory
determined discharge capacities under the historical long-

Figure 10
Design chart to
determine the water
discharge capacity of
Secudrain® WD as a
function of the longterm thickness

term thickness when specifying products (Fig. 10). The total
reduction factor may be calculated as:

FSIN = Reduction factor for localised deformation caused by
installation loads.
Recommendation: 1.0 to 1.5.
(With coarser cover material, a higher reduction
factor should be used.)
FSCR = Reduction factor for creep deformation of the
drainage core.
(Long-term pressure-creep-curves for Secudrain®
drainage systems are available. As discharge capacities Qlab,i,σ have been determined for various
Secudrain® thicknesses, and have been correlated with
excavation results, a 1.0 reduction factor FSCR can be
assumed.)
FSCC = Reduction factor for the discharge cross section
decrease caused by chemical sediments.
Recommendation: 1.0 to 1.2.
(Excavation results for Secudrain® drainage systems
buried up to 15 years illustrate, that typical soils
have an insignificant chemical sediment impact.
Therefore, FSCC can be assumed to be 1.05.)
FSCB = Reduction factor for biologically induced decreases to
the flow cross section.
Recommendation: 1.2 to 1.5.
(Similar to chemical sediments, no bacterial influence
could be proven in the excavations. Although low, the
potential influence from roots should be considered,
and the FSCB can be assumed to be 1.3.)
Therefore, by means of the long-term pressure-creep-curves,
reduction factors and the discharge data for various thicknesses (see Fig. 10), the expected long-term outflow (QA) of
Secudrain® can be determined and compared to the inflow
water amount (QE):

Design

Figure 11: Secudrain® in a bridge abutment
ensuring long-term drainage
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Cross sections

Details

Figure 12: In-situ measured thickness of Secudrain®
after over 12 years with a confining stress of 1.20m cover soil

QE, where
= qE • lmax • FSSY
= Maximum length of the Secudrain® drainage system.
= Reduction for typical system faults.
Recommendation: 1.0 to 2.0.
(If the design is based upon the maximum calculated
drainage amount, the FSSY can be assumed to be 1.0.)

Design

Figure 13: Typical cross section of a bridge abutment
according to the German WAS 7

= Expected amount of drainage water.

It is necessary that the Secudrain® total water outflow is
larger than the water inflow over the whole length.

ηtotal = FSIN • FSCR • FSCC • FSCB • FSSY

QA >
QE
lmax
FSSY

qE

Filtration and separation properties
To ensure the long-term drainage performance, the Secutex®
filter and separation nonwoven geotextiles used should be
able to withstand the rigors of the installation without any
damage, thereby maintaining their long-term filtering capabilities. For this reason the approaches described in the
chapters "Filtration with geotextiles" and "Separation with
geotextiles" are used. The filter and separation nonwoven
geotextile must at least have Class-3 geotextile robustness.
Calculation of the drainage capacity
In the WAS 7, the Federal Bridge and Civil Engineering
Commission (BMV Dep. StB) proposed a minimum discharge
capacity of 0.3 l/sm under the existing earth pressure for
the drainage of surfaces and backfilled structures. Moreover,
WAS 7 requires that the drainage system should:
· be highly weather resistant,
· have a thickness of at least 5mm,
· have a separation and filter nonwoven with an effective
opening size which lies between 0.06mm and 0.2mm
· have a separation and filter nonwoven with a water permeability which is at least 100 times as high as the water
permeability of the soil.
Note: With regard to the necessary discharge capacity,
DIN 4095 as well as RAS-Ew allows lower approaches than
WAS 7, in special cases that are dependant on the soil type.
Secudrain® products fulfill all these requirements. Due to their
flexibility and low mass per unit area, Secudrain® products are
easily installed and can accommodate the most challenging
structures.
Conclusion
When creating geotextile drainage systems, it is important to
consider the nonwoven geotextile robustness, filtering capacity as well as separation capabilities, not just the necessary
drainage capacity. The flexibility of Secudrain® drainage systems as well as the easy handling of the 1.9m to 3.8m wide
rolls allow a simple and economic installation.

Cross sections

Details

Figure 14: Secudrain® WD types - creep and creep shear test results
according to ENV 1897
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Geosynthetics in classified
road construction

Soil reinforcement with Secugrid® can eliminate the need to
remove and replace or chemically stabilise subsoils that do
not have sufficient bearing capacity for the intended loading
(ask for the Secugrid® calculation tool).

use of Secutex® geotextiles, please refer to the chapters
"Separation with geotextiles" and "Filtration with geotextiles". The high elongation capacity of the Secutex® nonwoven geotextiles ensures excellent resistance to damage.
This characteristic of Secutex® products allows them to
easily accommodate irregular or soft subgrades. When
covered with stone, the Secutex® nonwoven geotextile
fibers are reoriented around the stones, preventing damage
to the nonwoven structure.

Figure 15
Separation and
filtration with
Secutex® in a car
testing track
(Papenburg,
Germany)

In the "Guidelines for the specification of traffic areas", a set
of standard construction details are given for specific types of
roads depending on their intended usage and service life.
By including separation and reinforcement geosynthetic products in these standard construction details, a technically
equivalent (or superior) design can be achieved by reducing
the expensive mineral base course material thickness. If the
subsoil of the intended road construction does not have
sufficient bearing capacity, geosynthetic reinforcement can
also be used in the stabilisation of the subsoil.
Separation
In the construction of most types of roads which are covered
by national classification systems, a frost protection layer and
a base course layer (typically gravel or crushed stone) are
placed and compacted over a prepared subgrade. National
guidelines also stipulate a bearing capacity requirement,
based upon the long-term deformation module (EV2). To
achieve and maintain the required design performance, the
differing soil types (frost protection, base course and subsoil)
must be prevented from intermixing.
Secutex® polypropylene (PP) nonwoven geotextiles are
specially designed products for use in road construction as
separation components. They are robust, filter-stable products
with high puncture resistance, high tensile strength and high
elongation properties. They are also rated under the GRK (geotextile robustness classification) system for puncture and
resistance to installation damage. For further details on the

Design

Figure 19
Combigrid®
increasing the soil
bearing capacity
(Mersin, Turkey)

Reinforcing
Secugrid® geogrids are reinforcing geosynthetic products
manufactured from high tensile strength extruded monolithic
flat polymer bars with high strength welded junctions.
Secugrid® absorbs tensile forces induced into the soil and
distributes the stresses through the high tensile strength
bars. This transfer of forces takes place by two distinct modes:
interlock of the granular soil into the grid apertures which
physically restrains movement of the granular base course
Figure 16
Use of Secugrid® for
a dam reinforcement
(Loxstedt, Germany)

As the drainage capacities of Secutex® geotextiles are considerably higher than that of engineered soils and as they are
not affected by wash-out or pooling, they protect the integrity of the pavement against hydraulic damage. The thick threedimensional geotextile also acts as a cushion against traffic
vibration, helping to prevent cracking, while the open porous
structure of Secutex® aids the setting and curing of in-situ
cast paving slabs.
Typically, a 500g/m² product (Secutex® type R 504) is used
for this application.
Figure 21
Prevention of
soil failure
with Secugrid®
400/60 R 6
(A 31, Emden,
Germany)

Drainage
On concrete pavements, cracks and damaged joint seals can
allow surface water to penetrate the pavement slab and wash
away the subsoil. The hydraulic undermining of the pavement
slab can weaken the structure and lead to damage of the
Figure 20
Secutex® as
geotextile separator
in a road
construction
(Weißenfels,
Germany)

material and frictional force transfer between the soil and the
wide flat bars of Secugrid®. By absorbing the tensile forces
induced by traffic loading on the road surface, the loading is
distributed over a larger base area, minimizing localised
pressures on the subsoil. An important feature of Secugrid®
geogrids is the very high modulus (i.e. they are able to function at their design tensile loading at very low elongation).
The high modulus minimises the deformation that can occur
at the road surface. Secugrid® also has a very low susceptibility to long-term creep, ensuring the continued integrity of
the road surface against deformation.

Cross sections

Combigrid® (a bonded composite of Secugrid® and
Secutex® geotextiles) can be
used if the geosynthetic product is required to provide
reinforcement functions as
well as separation-filter stability between cover layer and
subsoil. The Secugrid® component of the composite provides reinforcement while the
Secutex® nonwoven geotextile component provides separation and filter stability (see chapters "Separation with geotextiles" and "Filtration with geotextiles").

tal drainage path for water to discharge before it can cause
damage to the road structure.

Long-term resistance
The raw material components used to produce Secugrid®,
Combigrid® and Secutex® geosynthetics are carefully selected
to ensure that their full performance is maintained during the
entire service life.

paving surface. When the subsoil also is low in permeability
and unable to discharge the water that has penetrated the
slab, water can build-up at the interface between the slab and
the prepared subsoil. Cyclic traffic loading can then subject
this water to alternating high and low pressures. This "pumping" action can drive soil out from under the slab, reducing
the structural integrity of the pavement. When installed
between the pavement slab and its subsoil, Secutex® PP
mechanically bonded nonwoven geotextiles provide a horizon-

Details

Design

Conclusion
For the construction of classified roads, geosynthetics are
used to fulfill separation, reinforcement, filtration and
drainage functions. Separation and soil filter stability can be
achieved using Secutex® geotextiles, and the bearing capacity
can be increased with either Secugrid® or Combigrid®.
Other advantages of using Secutex® nonwoven geotextiles for
the construction of concrete pavements include the prevention of cracks upon the casting of the paving slab, cushioning
the slab from vibration damage during service, and protection
against subgrade erosion.
A solid foundation starts with nonwoven geotextile products
from NAUE.

Cross sections

Details

Concrete Pavement
Road pavement
Road pavement

Pavement

Subgrade
"Coarse" cover
"Soft" subgrade

Secutex® separation
nonwoven

Figure 17: Application of a Secutex® separation nonwoven geotextiles
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Drainage pipe
Secutex®
filter nonwoven

Subgrade

Combigrid® base
course reinforcement

Figure 18: Base course improvement with the composite product
Combigrid® for separation and reinforcement

Subgrade
Secugrid® base
course reinforcement

Combigrid® base
course reinforcement

Figure 22: Base course reinforcement for large loads on soils
with poor bearing capacity

Secutex® drainage and
filter nonwoven

Secutex®
separation nonwoven

Base course layer

Figure 23: Drainage beneath concrete pavement
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Geosynthetics for construction
roads and heavily trafficked areas

Figure 29
Pre-stressed
Secugrid® installed
under a base course
for heavy traffic
(Luebeck, Germany)

The coarse grained cover soil interlocks with the
Secugrid® Q geogrid (grid apertures ≥ 28mm) creating
a bond. This immediate interlock provides a horizontal
force transfer which increases the bearing capacity of
the soil due to the high force absorption of Secugrid® even under low elongation. The required bearing capacity
can be achieved without additional expensive soil
exchange, and in some cases, the base course thickness
can be reduced.

Figure 24
Secutex® as a
separation geotextile between
fine and coarse
grained soils

Geosynthetic system solutions are used in the construction of temporary roadways and trafficked areas which
are not classified under national guidelines, such as construction roads, parking lots, forest paths and access
roads.

be avoided. Combigrid® or Secugrid® geogrids can significantly improve load distribution, minimising rutting and
soil intermixing. The selection of the Secugrid® geogrids
is on a project specific basis according to standard guidelines and site specific requirements (ask for the Secugrid®
calculation tool).

Secutex® separation and filter nonwoven geotextiles
are used to prevent the migration of fine particles into
the base course. The design approaches for the nonwoven
are described in further detail under the chapters
Figure 26
Separation and
filtration with
Secutex® in a driveway (Gehlenbeck,
Germany)

Improvement to bearing capacity
In the construction of heavily trafficked areas such as
parking lots, a stable subgrade with sufficient bearing
capacity is required. When installed between the subsoil
Figure 25
Installation of
Combigrid® to
increase the soil
bearing capacity
(Bremerhaven,
Germany)

"Filtration with geotextiles" and "Separation with geotextiles". To facilitate the installation and create shear
strength transfer, Secugrid® and Secutex® components
are pre-manufactured into a bonded composite product Combigrid®. On extremely soft subgrade, the bearing
capacity can be markedly improved by using multiple
layers of Secugrid® geogrids.

and the base course, Secugrid® Q geogrids, made from
high strength, extruded monolithic flat bars, with welded
junctions, are particularly well suited for this application.

Design

Secugrid® base
course reinforcement

Reduction of rutting
When building unpaved roads (e. g. forest paths and temporary construction roads) on soft subsoil, rutting and
intermixing of the cover material into the subsoil should

Cross sections

Figure 30
Soil coverage of
Secugrid® reinforcement in a base
course (Arizona,
USA)

Force-elongation-behaviour
Unlike the separation function of geotextiles, reinforcement requires a product with low elongation characteristics. Secugrid® geogrids have no product manufactured
elongation. With the stiff junctions of the welded reinforcement bars, Secugrid® has less than 8% elongation at
break. For product comparisons and design issues, the
force absorption at 2% and 5% elongation are often used.

well as to reduce the base course thickness in some
instances. Combigrid® can effectively prevent the migration of fine particles into the base course.
Compared to conventional construction methods, the
use of geosynthetics is an economical and effective
alternative.

This design-tool disk performs calculations
for designing load bearing
layers with a "twist
of the rist" for
Secugrid® or
Combigrid®

Secugrid® calculation tool

Installation robustness
When installing and compacting coarse-grained cover soils
and base course materials the reinforcement can be
subjected to high dynamic stresses. Due to the thick,
robust, monolithic reinforcement bars, Secugrid® geogrids
and Combigrid® have a high resistance to installation
loads.

Conclusion
In the construction of unpaved roads and highly trafficked
areas, geogrid based geosynthetic system solutions
are commonly used - especially on soft subsoils. Secugrid®
geogrids are installed to improve the soil bearing capacity,
to avoid expensive soil excavation and recompaction as

Details

Design

Cross sections

Details

Superstructure
of the parking lot
Base course
Base course
Secugrid® or
Combigrid®
reinforcement

Turf

Combigrid® base
course reinforcement
Substructure

Base course
Subgrade

Figure 27: Base course reinforcement under parking lots
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Base course

Combigrid® base
course reinforcement

Subsoil

Figure 28: Base course reinforcement of a construction road

Secugrid® or
Combigrid® base
course reinforcement

Weak subsoil

Figure 31: Base course reinforcement of an access road

Figure 32: Base course reinforcement for a windfarm
access road over soft subsoils

15

Groundwater protection
in transport infrastructure

Erosion control
In steep slope areas, heavy rainfall may cause erosion
chanels or wash away the young grass seed. Secumat®
erosion control mats prevent surface erosion and rutting
by retaining the soil and seed in a convoluting threedimensional structure. Secumat® is installed directly on
the slope and filled with soil. Roots of the vegetation
gradually enclose the convoluting layer of Secumat®,
efficiently interlocking it with the surrounding soil.

Due to their thin profile, Bentofix® geosynthetic clay
liners consume less airspace than compacted clay and
can require less soil excavation and removal. The
Bentofix® BFG 5000 features a cover geotextile that has
been uniformly impregnated with bentonite powder over
it entire surface area. This bentonite treatment in the
cover geotextile can make the installation more efficient
as the field application of bentonite paste to the overlaps
is not required.

Figure 33
Installation of
Bentofix® with a
spreader bar in a
road ditch (Muenster,
Germany)

Various national guidelines for road construction in
environmentally sensitive areas require the subsoil to be
sealed and effective construction measures to be taken
to protect the groundwater in transport infrastructure
near to water catchment areas. In numerous projects,
Bentofix® geosynthetic clay liners and Carbofol® geomembranes have proven to be effective, economical sealing systems. They are used under roads, railways and for
retention basins.
Sealing
As an alternative to a 60cm thick compacted cohesive soil, Bentofix® geosynthetic clay liner, approximately
10 mm thick and manufactured with high swelling natural
sodium bentonite, is used. The robust cover and carrier
geotextiles used in the construction of Bentofix® are
designed to withstand rough installation loads. Bentofix®
is uniformly manufactured with direction-independent
needlepunching (fibre reinforcement) over its entire surface area, with more than 2 million fibres per square
metre. Depending on the existing soil conditions and
slope lengths, slope inclinations of 2.5h:1v or greater are
possible, due to the surface structure of the needlepunched cover and carrier geotextiles and the large internal friction angle. In poor soil conditions or on steeper
slopes, Secugrid® geogrid can be used to further ensure
slope stability.

Design
Bentofix® geosynthetic
clay liner

Road
pavement

Protection
The encapsulating geotextiles of Bentofix® geosynthetic
clay liners protect the bentonite, as well as providing
sufficient robustness for on-site handling. When higher
than normal installation loads are anticipated, GCLs
should be manufactured with more robust geotextile
nonwovens, typically with ≥ 270g/m².

The Bentofix® encapsulating geotextiles are typically
made from polypropylene (PP) resin and therefore sufficiently resistant to a wide range of conventional chemicals, such as diesel fuel, oil and benzene. Alternatively,
2.0mm thick Carbofol® HDPE geomembranes can be
installed. Carbofol® HDPE geomembranes are best suited
to aggressive conditions due to their wide range of chemical and natural element resistance (e. g. to UV-radiation,
rodents, chemicals). Not only is placement easy, it is also
easy to weld Carbofol® HDPE geomembranes due to the
favourable Melt Flow Index of the base resin.

Conclusion
When constructing roads, railways or retention basins in
groundwater protection areas, Bentofix® geosynthetic
clay liners and Carbofol® geomembranes can be effectively used.
Figure 40
Use of Bentofix® GCL
under railway tracks
for groundwater protection (Dresden to
Leipzig, Germany)

Sealing performance of the Carbofol® HDPE geomembrane is assured when the installation is carried out
by industry experts. Depending on the regulatory
requirements as well as site conditions, needle-punched
protection nonwoven geotextiles, such as Secutex®
(from PP) may be installed both above and below the
Carbofol® geomembrane.

Figure 34
Installation of
Bentofix® GCL as
ground water protection under the
B 82n highway
(Langelsheim,
Germany)

For slightly gravelly sand (gravel portion < 30%), the
Secutex® protection nonwovens with a mass per unit area
of 400g/m² should be used to protect the Carbofol®
geomembrane. Coarser grained soils may require heavier
Figure 39
Carbofol® geomembranes in a
groundwater
sensitve area
(UK)

Needle-punched Secutex® protection nonwoven geotextiles ensure a long-term protection of the Carbofol® geomembranes. Secugrid® geogrids can ensure the stability of
steep slopes while Secumat® helps to prevent surface
erosion. Complete geosynthetic system solutions from
NAUE are economical as well as ecologically superior
alternatives for groundwater protection applications.

Structured and friction Carbofol® geomembranes are available to effectively transfer shear forces on the most challenging of slope locations. Regardless, project specific
direct shear tests should be performed to verify that the
required shear strength parameters are being met by the
components selected for use.

Cross sections

Bentofix® geosynthetic
clay liner
Top soil

styles of Secutex® protection nonwovens, normally with a
mass per unit area of 1,200g/m².

Figure 38
Bentofix® GCL installation in a stormwater retention pond

Details

Design
Secutex® protection
geotextile
Top soil

Top soil

Secugrid®
geogrid

Bentofix® geosynthetic
clay liner

Details

Secugrid® geogrid reinforcement
Secudrain®
drainage system

Top soil
Superstructure made
of crushed stone

Road
pavement

Cross sections

Foundation protection layer

Bentofix®
geosynthetic
clay liner

Secumat®
erosion control mat

Contaminated water
Runway

Top soil
Mineral drainage layer

Top soil

Road
pavement
Cont

amin
soil ated

Percolation pipe
Road drainage
pipe

Subgrade

Secutex®
filter geotextile

Figure 35: Bentofix® road sealing system
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If needed,
stones

Secumat®
erosion control mat
Subgrade

Cover layer
≥ 30 cm

Figure 36: NAUE complete system solution
for retention basins

Percolation
pipe
Road drainage
pipe

Subgrade
Carbofol®
geomembrane

Secutex®
filter geotextile

Figure 37: Carbofol® road sealing system

Percolation
pipe
Drainage
pipe

Subgrade
Secutex®
filter geotextile

Bentofix®
geosynthetic
clay liner

Figure 41: Bentofix® sealing system
in the construction of railways
in groundwater protection

Secutex®
protection
geotextile

Subgrade
Drainage
pipe
Carbofol®
HDPE geomembrane

Drainage
collector

Subgrade
Secutex®
filter geotextile

Figure 42: Encapsulation of contaminated soil

Sand dam
Secutex®
filter geotextile

Biologically
purified water
Bentofix® geosynthetic
clay liner

Figure 43: Groundwater protection
with Bentofix® at the Munich Airport, Germany
(biological in-situ degradation system)
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Geosynthetics in
slope stabilisation

Erosion control
On slopes, especially with fine grained soils, heavy precipitation may erode surface soils. Greater erosion and ruts can
occur if the slope is poorly vegetated. Geosynthetic erosion
control mats are commonly used to address difficult, erosion
prone slope conditions.

geogrids are an economical alternative to modifying the
slope geometry. Made from extruded high strength monolithic flat polyester PET or polypropylene PP bars, Secugrid®
reinforces the soil structure by carrying excess slope forces.

Figure 44
Secugrid® ensures
the slope stability
on a noise barrier
dam (A33 Bielefeld,
Germany)

Secugrid® reinforcing geogrid products are commonly used to
stabilise steep slope soil veneers. Secumat® erosion control
mats are used on slopes to prevent soil erosion, as well as
vegetation or seed wash-out due to rainfall. In either case,
Secugrid® and Secumat® geosynthetic products can be effectively used to help protect slopes from erosion and veneer
failure.

Figure 49
Slope stabilisation
and collection of seepage water with
Secudrain®

With the optimised Secugrid® product design, the flat
Secugrid® bars have maximum interlocking with the
surrounding soil. The junction stiffness and negligible product
construction elongation of Secugrid® allows immediate force
absorption when confining stress is applied. Compared to
other geosynthetic reinforcement products, Secugrid®
geogrids show a steeper increase in the force-elongation
diagram. Higher stress absorption and lower product elongation result in more economical construction methods.

Secumat® erosion control product is virtually identical to
the Secudrain® drainage system. Installed with the convoluting surface side-up, it will then perform two functions separation and erosion control.

Secumat® erosion control mat can significantly reduce soil
wash-out during the heavy rainfalls common to Middle Europe.
The three-dimensional, irregular labyrinth-like structure of
Secumat® is designed to allow both fine grained and gravel
soils to fill the open convoluted structure. The irregular
Secumat® structure holds the soil in position on steeper
slopes and provides the structural support to the vegetation
during the early stages of plant growth.

Figure 46
Erosion control on
a slope. The open
pore structure of
Secumat® allows easy
filling of the top soil

Stability
It is common to design slopes as steep as possible to optimise land use. This can lead to a larger crest area or a reduction of the embankment area. If the frictional and strength
characteristics of the soil cannot provide a stable structure,
special reinforcing measures are required. Secugrid®

Figure 50
Soil coverage of
Secumat® for erosion
control in a rain
water collector
(Albertville, France)

Different national guidelines for slope stability calculations
can be used. The NAUE Secugrid® Design Manual also
contains design and product selection guidelines for proper
use of the Secugrid® geogrid products. These include guidelines for the application of geotextiles and geogrids in the
construction of roads, and recommendations for geosynthetic
reinforcement.

Figure 45
Secugrid® R-geogrids
are suitable for uniaxial reinforcement
applications

The PET and PP resin used in Secugrid® provides excellent
physical characteristics and helps to allow more economical
product selections. Secugrid® can withstand higher long-term
creep stresses than other polyolefin products due to the
unique manufacturing process.

Design

Secumat® erosion
control mat

Cross sections

Design
Secumat®
erosion control mat

Parking lot
superstructure

Cross sections

Secutex®
filter geotextile

Figure 47: Noise barrier slope stabilisation
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Secutex®
separation
geotextile

Details

Secudrain®
drainage system

Top soil

Secugrid® reinforcement

Secudrain® erosion
control mat

Secumat® erosion control mat
Top soil

Surface
water
collector

Road drainage
pipe

Secumat® erosion control products are employed to prevent
erosion on slopes or areas subjected to periodic turbulent
flow. It prevents soil wash-out during heavy rain, and provides
structural support to the vegetation - especially important
during the early stages of plant growth. In drainage trenches,
Secumat® also prevents soil particle wash-out, thus ensuring
the proper performance of the system.

Top soil

Roadpavement

Secugrid®
reinforcing geogrid

Conclusion
Secugrid® geogrids ensure the stability of noise barriers and
retention basins, as well as dams and other steep slopes where
space saving, steep embankments are often necessary.

The use of high quality polypropylene (PP) resins make
Secumat® resistant to naturally occurring soil chemicals, soil
microorganisms and UV-radiation. When used in conjunction
with a carrier nonwoven geotextile, the structure of the

Details

Top soil

Figure 51
Embankment reinforcement with
Secugrid® in a roadwidening project
(Tabing-Duko,
Indonesia)

Subgrade

Figure 48: Erosion control for a surface water collection trench

Road
pavement

polluted material

Bentofix®
geosynthetic
clay liner

If required,
riprap
Secugrid®
geogrid

Soil layer ≥ 30 cm
Subgrade

Figure 52: Sealing and stabilisation of a rentention basin slope

Bentofix®
geosynthetic
clay liner

subgrade
Road drainage
pipe

Secutex®
filter geotextile

Figure 53: Sealing of a noise barrier
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Geosynthetics for retaining walls

vegetated. The outer face/geosynthetic connection is made
with either factory-made connections or with special
clamping or on-site fastening methods.

extremely robust and resistant to dynamic installation loads.
Secugrid® geogrid design and specification recommendations
are available in our Secugrid® Design Manual.

Figure 54
Secugrid®
reinforced
earth wall
(Vignale, Italy)

Figure 58
Absorbing the
earth pressure
against a house
wall with Secugrid®
(Heilbronn, Germany)

Construction of a wall facing
To create low impact structures that blend into the landscape,
there are different types of faces for reinforced steep slopes
and walls that can be constructed. For steep reinforced slopes
with inclinations up to 45°, Secugrid® can be installed horizontally, without special face elements. For protection against
potential wash-out of the fill soil between the reinforcing
layers, a filter-stable soil or Secumat® erosion control mat
infused with grass seed is especially well suited.
With complete geosynthetic system solutions, noise barriers,
retaining walls, reinforced embankments or other structures
with inclinations of up to 90° can be built.

Reinforcement
The use of Secugrid® geogrids for the reinforcement of steep
walls and retaining structures is necessary in cases where the
shear strength of the soil material alone is insufficient to provide the required stability. Uniaxial Secugrid® R geogrids are
designed, and especially well suited, for this purpose. They are
made from high strength polyester (PET) or polypropylene
(PP) resin which has been extruded into flat monolithic bars,
and welded together to create junction stiffness.

Design

Road Pavement

Foundation of massive face elements
Foundation requirements for massive face elements are
described in the different national recommendations for
geosynthetic reinforcement. In principle, the general engineering standards for earth and concrete construction are
valid. In wrap-around walls, a special foundation is not typically required.

On steeper slopes with inclinations up to 60°, the enveloping
method for Secugrid® geogrid installation is necessary. To
facilitate this construction technique, temporary or expendable formworks must first be installed. To prevent erosion or soil wash-out, it may be necessary to use a Secutex®
nonwoven geotextile on the inner side of the reinforcement.
The filter stability calculation of Secutex® is described in
the chapter "Filtration with geotextiles". Using vegetated
Secumat® erosion control mats may also prevent soil washout.

walls. These geosynthetic systems are easy to install compared
to conventional construction techniques and can accommodate differential settlement without any damage. The wall
facing can also be connected to the geosynthetics without
performance complications.

Figure 59
Secugrid® reinforced
gabion wall (Tman,
Czech Republik)
Figure 55
Construction of a
retaining wall using
Secugrid® (Marbella
Hill, Spain)

This special grid design provides an immediate interlocking
with the surrounding soil. Its frictional properties further
enhance the structural strength of the application. Secugrid®
is designed to accept high construction stresses with low
elongation, as it is necessary to minimise unacceptable deformation. A tensile strength of up to 400kN/m can be achieved
with an extremely low strain at failure of ≤ 8%.
In addition to bearing capacity as well as frost and drainage
behaviour, the bond strength and robustness of the reinforcement should also be taken into consideration when installing
the backfill. The required compaction of the backfill material
will typically create high installation loads. Due to their
large surface area and as demonstrated in numerous tests as
well as field trials, the flat monolithic bars of Secugrid® are

Figure 60
Secugrid® reinforced
wall with a rock
facing (Egypt)

The facing of steep walls with inclinations of up to 90° can
also be designed to use natural stones, gabions, broken rocks
and prefabricated concrete units. If one of these methods is
desired, it should first be determined if these materials can be

Cross sections

Conclusion
The robust Secugrid® products excel with their superior chemical resistance, low creep tendency, and their extremely low
elongation (high initial modulus). Secugrid® geogrids,
Secutex® filter nonwovens and Secumat® erosion control mats
are all used for the construction of reinforced steep slopes and

Details

Road pavement
Top soil

Design

Block facing

NAUE m3 provides
a system approach
to slope reinforcement,
including design.
Contact info@naue.com
for more details.

Top soil

Secumat®
erosion control mat

Cross sections

Details

filling material

Vegetation

Fixation, e. g.
staples

Back-anchored
block facing

Secugrid® slope
reinforcement

Soil Material

Secumat erosion
control mat

Figure 56: Secugrid® reinforced slope with 45° inclination
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Secugrid®
slope reinforcement
Figure 57: Secugrid® reinforced slope with 70° inclination,
using enveloping method and free standing block facing

Secugrid® reinforcement

Figure 61: Secugrid® reinforced slope with 70° inclination,
using enveloping method and spray-on vegetation

Secugrid® reinforcement

Figure 62: Secugrid® reinforced retaining wall with 87° inclination
and back-anchored block facing
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Geosynthetics for
drainage of structures

installed. For filter stability between drainage soils and fine
grained backfill, a filter-stable Secutex® nonwoven geotextile
should also be used. When used in conjunction with geosynthetic sealing systems, Secudrain® offers an efficient replacement to mineral drainage layers and filter stabilising geotextiles, whilst also providing protection to the sealing system.

textile. Due to the high void ratio of the drainage core (at
least 95%), Secudrain® has a high water discharge capacity
in all directions.

Figure 63
Secudrain® basement
drainage and protection layer to waterproofing membrane

Figure 68
Secudrain® as
precipitation and
groundwater collector
on a tunnel
(Pustertal, Italy)

The relationship between the water discharge capacity
and confining stress has been examined in laboratory
tests and is documented in pressure-creep-curves. Secudrain®
flow capacities are determined based upon the thickness
expected under the specific confining stress, which can be
correlated to long-term laboratory test results. Therefore, no
special reduction factors are required in the drainage calculations (see chapter "Drainage with geotextiles").
To avoid damage caused by the build-up of hydraulic pressure
in retaining walls, bridge foundations, basement walls and
other subterranean structures, an effective drainage system is
often necessary.

Figure 65
Backfilling against
Secudrain® system

Secudrain® geosynthetic drainage systems consist of a statically stable three-dimensional, wave-structured drainage core,
manufactured from polypropylene (PP) monofilaments combined with at least one filter-stable Secutex® nonwoven geo-

Design

Wall

Conclusion
Using Secudrain® drainage systems ensures the long-term
controlled discharge of percolation water from subterranean
structures. Secudrain® drainage systems minimise hydrostatic
pressure on sealing systems reducing seepage. When using
Carbofol® geomembranes or Bentofix® geosynthetic clay lin-

Resistance
Secudrain® and Secutex® products are used for the drainage
and filtration of subterranean structures. Carbofol® geomembranes and Bentofix® geosynthetic clay liners are commonly
used for the sealing of these structures. All of these products
are non-rotting and resistant to typical soil chemicals.
Installation
Secudrain® is quick and easy to fix and install to structures.
The flexible, multi-functional drainage material can accommodate corners, edges and complicated geometric structures,
without impacting the performance characteristics.
The pre-manufactured overlap configuration of Secudrain®
provides a simple and quick junction of the panels in the

Filtration
The PP Secutex® nonwoven geotextiles in Secudrain® should
be selected in accordance with the filtration guidelines
(see chapter "Filtration with geotextiles). With proper selection, the geotextile component will prevent clogging of the
three-dimensional drainage core by fine particles while also
providing filter stability to the surrounding soil. The physical
structure of the three-dimensional, labyrinth-like core, in
combination with the Secutex® filter nonwoven maintains
the water discharge capacity.

Cross sections

Even in complicated structures, the use of Secudrain®
drainage systems ensures a simple, fast and economical installation.

Figure 69
Longitudinal and
cross overlapping of
the Secudrain®
drainage system

Details

Design

Cross sections

Details

Concrete edge cover
Wall connection cross section

Carbofol®
HDPE geomembrane

Secudrain®
drainage system

Backfill soil

Concrete roof

Secumat®
erosion control mat

Backfill material
Bridge
abutment

Drainage pipe

Drainage gravel

Backfill
material
Secudrain® drainage system

Figure 66: Drainage of the structure (wall connection detail)

Secudrain®
drainage system

Top soil
Wall
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ers, Secudrain® also acts as a protection layer, preventing
mechanical damage of the sealing system caused by the backfill material.

Protection
To protect sealing systems when using coarse-grained
drainage soil, mechanically bonded Secutex® nonwoven geotextiles with a mass per unit area of 1,200g/m² should be

Gravel material

Carbofol®
HDPE geomembrane

The standard roll dimension of 0.70m in diameter (width of
2.0m and length of 35m) makes Secudrain® rolls simple to
handle and easy to install. For special projects, Secudrain®
can be manufactured to a width of 6m.

Figure 70
Installed Secudrain®
on a bridge structure
(Grossen-Marpe,
Germany)

Drainage
Secudrain® is used for the drainage of areas or structures
which are in contact with soil, including excavation backfill.
It will discharge percolation water, thereby reducing the
hydrostatic pressure on the structure and its sealing system.
Figure 64
Drainage of a
retaining wall with
Secudrain®

longitudinal direction. This structure ensures the continuous
discharge of water within the drainage core. In the transverse
direction, the panels are installed with a simple overlap.

Concrete
foundation

Secutex®
protection
geotextile

Cover soil
Secudrain® drainage
and protection system

Subgrade

Figure 67: Drainage of the structure (drainage connection detail)

Carbofol® HDPE
geomembrane

Wall

Figure 71: Geosynthetics for flat roofs

Drainage pipe
Figure 72: Drainage of a bridge abutment
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Geosynthetics for building
over soft subsoils

stones present in the mineral cover soil/drainage layer, a
heavyweight mechanically bonded nonwoven cushion geotextile (1,200g/m² or above) can be installed directly over the
geomembrane.
Figure 78
Welding of the gas
barrier Carbofol® on
a sludge pond
(Rositz, Germany)

When used in conjunction with a nonwoven geotextile, the
robust monolithic flat bars of the Secugrid® geogrids distribute point loading homogeneously through the grid to a
larger surface area. This load distribution results in a reduction in local deformation and improves the bearing capacity of the soft subsoil.

Figure 73
Placing of cover soil
over the Combigrid®
and Secugrid®
reinforced structure
(Nordenham,
Germany)

Sealing
In sludge lagoon capping applications where highly contaminated substances must be controlled, geosynthetic solutions by NAUE GmbH & Co. KG will ensure their long-term
containment.

Reinforcement
When reinforcing large areas of very soft subsoils, one of
the most challenging engineering aspects is to make the
area suitable for traffic or construction. Combigrid® can be
placed directly on soft subsoils to immediately improve
soil bearing capacity (ask for the Secugrid® calculation
tool). Combigrid® offers the advantages of two materials
with the simplicity of installing a single product, as it is a
composite product combining the reinforcing properties of
Secugrid® geogrids with the separation and filtration properties of Secutex® nonwoven geotextiles.
Figure 74
Soil placement over
Combigrid® and an
extreme weak soft
soil (Germany)

Bentofix® geosynthetic clay liners are well suited to sealing
subsoils that are susceptible to large settlement. Bentofix®
uses high quality, natural sodium bentonite encapsulated
between two geotextiles. Once hydrated, the high swelling
bentonite creates a seal against liquid and gas flow.
Figure 75
Welded Carbofol®
geomembrane
(Allmannsweier,
Germany)

Vertical drains
Consolidation is a slow process where excess pore water is
released in relationship to an applied stress. However, as the
pore water must have a path to escape, Secudrain® vertical
drains are commonly installed into the consolidating soil.
Secudrain® vertical drains are approximately 100mm wide and
are made from a coarse-fibre nonwoven geotextile drainage
core encapsulated between two nonwovens. With this flexible
composite structure, Secudrain® vertical drains have longterm filter stability (see chapter "Filtration with geotextiles"),
and are especially suitable for use in soft subsoils that may be
susceptible to settlement. With installation equipment termed
"stitchers", Secudrain® vertical drains are rapidly positioned
and "stitched" into the saturated soil. Secudrain® vertical

To protect Carbofol® geomembranes from excessive deformation as well as the possibility of puncture by sharp edged

Secutex® separation and
filter geotextile

Pavement layer

Cross sections

Secugrid® soil
reinforcement

Details

Design
Cover layer

Drainage elements for
collection of consolidation
water and precipitation

Combigrid® bearing
reinforcement

Collection
pipe

To accelerate consolidation, filter-stable, flexible Secudrain®
vertical drains can be "stitched" into the soil. Gas as well as
rainwater can be discharged by Secudrain® synthetic drainage
systems depending on where it is deployed.
Geosynthetic solutions are often the only option for the rapid
capping and sealing of soft subsoils. NAUE is the ideal choice
when geosynthetic solutions are required.

Cross sections

Details

Cover soil
Secugrid®
base course
reinforcement

Base course

Soft subsoil

Combigrid® soil
reinforcement

Subgrade
Sludge pond

Pavement layer

Figure 76: Construction over a sludge pond (systematical drawing)
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Figure 79
Two layers of
Secugrid® reinforcement as base course
reinforcement of a
federal road
(Loxstedt, Germany)

The installation of Bentofix® in a rain-lap orientation will
ensure that the seal is not compromised, even after consolidation induced settlement.

High density polyethylene (HDPE) Carbofol® geomembranes
provide a virtually impermeable seal to water and gases. They
are inert to the aggressive chemicals that are most often present and can be securely welded to form a uniform barrier to
the intrusion of rainwater or the escape of gases.

Top soil

Secutex® nonwoven geotextiles offer excellent protection for
Carbofol® geomembranes. Where differential settlement is
expected, the more flexible, Bentofix® geosynthetic clay
liners can be used in place of Carbofol® geomembranes.

Using high elongation, mechanically bonded cover and
carrier nonwoven geotextiles, the uniform needle-punched
structure of the Bentofix® can endure deformation of over
30%.

Similar in concept to soft soil applications, Combigrid® products offer load-distributing characteristics, enabling lightweight equipment to traffic the liquid surface.

Design

Gases beneath the sealing system can also be collected and
discharged with a cost-efficient Secudrain® drainage system.
Secudrain® is effortlessly unrolled by one man and can be
covered with Carbofol® or Bentofix® liner. When used above
the Carbofol® or Bentofix®, Secudrain® is also a cost efficient
alternative, offering protection, separation, filtration and
drainage - all in one product.
Conclusion
With their superior soil reinforcement characteristics, Secugrid®
and Combigrid® products improve soil bearing capacity, permitting traffic and construction to occur over soft subsoils.

The load distribution characteristic (snow shoe) of Combigrid®,
enables placement of a mineral soil cover layer, while at the
same time the separation properties of the integrated Secutex®
geotextile ensure that two differing soil types do not intermix.
Geosynthetics can be used in a variety of ways for capping,
covering, sealing and reinforcement of soft soils. They offer an
economic, lightweight solution to different environmental
conditions.

drains substantially reduce the consolidation time of soft,
relatively impermeable soils.

Combigrid® or
Secugrid® columns
Secudrain® vertical
drain strips

Figure 77: Bearing reinforcement and improvement of consolidation
with geosynthetics

Stable subsoil

Figure 80: Base course reinforcement in areas with soft subsoils

Figure 81: Secugrid® reinforcement over weak and/or collapsing subsoils
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Geosynthetics in
pipeline construction

for additional soil replacement, such that the necessary
EV2-value of the bearing capacity can be economically
achieved with little soil material.

Figure 86
Installation of
Combigrid® to increase the pipe foundation (Wismar,
Germany)

lines etc. Wrapping pipes with Secutex® also provides a barrier that prevents intimate contact between the pipe and the
soil, helping to reduce electrolytic corrosion. Upon request,
Secutex® protection nonwoven geotextiles can also be
supplied in various pre-cut widths. The finished product is
easy to handle and quick to install, allowing pipes to be
wrapped prior to placement in the pipeline trench.

Figure 82
Protection wrapping
of a pipeline with
Secutex® (Arnstorf,
Germany)

During pipeline construction, geosynthetics such as Secutex®
protection nonwovens and robust Secugrid® geogrids can be
used in several ways to prevent damage to the system at all
stages of the project.
Protection
In the construction of pipelines, protection sand has become
a substantial cost factor due to the volume of material
required and associated transportation and installation costs.
Secutex® protection nonwovens are a cost effective alternative to this conventional construction method. Depending on
the grain size distribution and the existing confining stress,
various Secutex® protection nonwoven geotextiles can be
used.
For soils with a maximum grain size of 8mm, a 4.5mm
thick Secutex® protection nonwoven would be suitable,
whereas for more gravelly cover materials, a 20mm thick
protection nonwoven may be necessary. As a reference
value to aid in the selection of the correct geotextile, the
achieved elongation of the geomembrane (as determined
in the plate load bearing test) with a minimum confining
stress of 2.5 times higher than the on-site final confining
stress after 100 hours can be assumed. The actual permissible elongation depends on the requirements of the
pipe and can lie between 0.25% and 1%.
Secutex® is resistant to all naturally occurring soil chemicals as
well as microbiological deterioration. It also has high thermal
resistance, which can be particularly important for heating

Design

Alternative economic solutions for soil stabilisation can be
achieved using Combigrid®, a bonded composite product produced with Secugrid® high strength low elongation geogrids
and with the excellent separation and filtration properties of
Secutex® GRK rated geotextiles. The Secugrid® portion of the
Combigrid® product evenly distributes the pipeline loading
over a much larger base area resulting in a lower soil bearing
capacity requirement.

The stability of a pipeline against flotation in soils that are
subject to alternating groundwater conditions should also be
considered. Where this is the case, concrete U-channels are
often placed over the pipes to provide greater resistance to
the uplifting forces. To protect the pipes from the rough surface of the concrete U-channel, as well as high point loading,
Secutex® polypropylene (PP) nonwoven protection geotextiles
with a mass per unit area of > 1,700g/m² are used to line
the U-channels, providing a cushion effect even under high
pressure. The PP raw material has a high long-term chemical
resistance, even to the alkaline concrete, and it can be
bonded to the concrete with suitable adhesives.
Figure 83
Increasing the soil
bearing capacity
in a pipe ditch
with Combigrid®
(Briesen, Germany)

Figure 87
Concrete U-channels
with Secutex®
protection nonwovens
to avoid uplifting

The long-term performance of the base course can only be
ensured if the fine particles of the fine-grained subsoil do not
intermingle with the coarse-grained layer. As Secutex® filter
nonwoven geotextiles are manufactured from long-term resistant PP, filter stability is assured (see chapter "Filtration with
geotextiles") when the geotextile has a robustness of class 3
(see chapter "Separation with geotextiles").

Secugrid® is a monolithic laid geogrid of extruded flat bars
that is welded at the crossing points. It makes differential
settlement in the soil more homogeneous through its high
force absorption at low elongation. The interlocking of
Secugrid® with coarse-grained base course material provides
optimum horizontal force absorption. This eliminates the need

Details

Design

Road pavement
Pavement
superstructure

Secugrid® base course reinforcement

Soft subsoil

Subgrade
Concrete U-channel
protected with
Secutex® nonwoven
protection geotextile

Combigrid® base
course reinforcement
Road drainage pipe
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Details

Fill material

Fill soil

Figure 84: Pipe trench reinforcement (constructed at the side)

Cross sections

Combigrid®

Fill soil

Combigrid®

Conclusion
Secutex® nonwoven geotextiles provide protection to pipeline
systems against mechanical puncture and abrasion damage.
Settlement that can occur in soft subsoil conditions can be
controlled using either Secugrid® geogrids or Combigrid®
composites. Secugrid® geogrids and Combigrid® also enables
installation over soft subsoils possible, making expensive soil
replacement unnecessary.

Fill material

Subgrade

Road drainage pipe

Figure 88
Secutex® protection
nonwovens for pipelines (Arnstorf,
Germany)

The physical interlocking between Secugrid® and the coarsegrained fill material absorbs horizontal forces while the
Secutex® component of the composite functions as a membrane,
separating the finer grained subsoil from the coarse-grained fill
soil. This membrane allows the passage of groundwater without
the build-up of hydraulic pressures that may damage the
pipeline (see chapter "Filtration with geotextiles").

Sub-base reinforcement
When constructing pipelines over soft or unstable soils,
where differential settlement is expected, soil stabilisation
measures will be required to ensure a homogeneous load
distribution. Traditionally, soil stabilisation has been
achieved by replacing soft soil layers with higher strength
soils (often up to 1m), or by the construction of reinforced
concrete pads.

Cross sections

Depending on the subsoil and the loads, various construction
variations are possible. A structure with either one or two
layers may be necessary. Where small or uniform settlement is
expected, single or double layers of Combigrid® or Secugrid®
may be placed along the base of the trench to provide planar
reinforcement. If the settlement stability requirements are
particularly high or in case of very soft subsoils, the U-shaped
concrete forms with Secutex® protection are preferred over
the planar construction method. The vertical layers of
Secugrid® with their "disc-effect", substantially augments
the bearing capacity of the pipe trench and creates a kind of
rigid beam of crushed stone. At the same time, a connection
between the backfill soil and trench wall is created, further
reducing settlement.

Combigrid®

Secugrid®

Figure 85: Pipe trench reinforcement

Soft subsoil

Pipeline
Figure 89: Protection against pipe floatation

Secutex®
separation
nonwoven geotextile
Pipeline

Pipe bed

Secutex® protection coating

Figure 90: Pipe protection with a geotextile wrap
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Quality assurance and control
…the continuous monitoring of raw materials, components, production and products

All incoming raw materials, fibres or components, needed for
the production of our geosynthetics, are subject to a strict
material analysis. Acceptance test certificates, submitted by
base material suppliers, are reviewed and qualified in accordance with our product specific protocols.

During production of all geosynthetics, additional quality
assurance measures are performed. To ensure personnel
effectiveness, the quality assurance staff is assigned to a
separate and autonomous division from the production division.

After all quality assurance measures have been performed as
defined in the quality assurance plan, an acceptance test
certificate will be issued according to ISO 10204 when
requested. Material will only be released once it has passed
all quality reviews, checks and has all supporting documentation completed.

Quality management according to ISO 9001
Since December 1994, the geosynthetics development, production, sales and geotechnical engineering divisions
of NAUE GmbH & Co. KG have been certified according
to ISO 9001. This certification is regularly validated by
scheduled audits.
Raw material identification according to the

Determination of the strength and elongation properties

DSC method (EN ISO 11357)

of single fibres (EN ISO 5079)

Static puncture test according to (EN ISO 12236)

Tensile strength test of Secugrid® geogrids (EN ISO 10319)

With the aid of this integrated quality management system,
the requirements of the customer and/or the projects are
understood and fulfilled. While we continually strive to
improve the quality level of our existing products and
services, a high quality foundation is guaranteed by our
ISO 9001 standards.

Compulsory CE-marking
From 1st October 2002, CE-marking for geosynthetics was
made compulsory (except for erosion control mats). The
CEmarking certifies that a product corresponds to the productspecific European guidelines for specific applications and
functions (separation, filtration, reinforcement, sealing,
protection and drainage). NAUE has taken all necessary
steps to put into effect the compulsory CE-marking.

These quality assurance measures are conducted for all of
our products according to the current standards and guidelines in effect at that time. This continuous manufacturing
quality control guarantees product performance characteristics and enables complete documentation from the raw
material to the final product.

NAUE geosynthetics also undergo third party quality process
checks that are typically performed twice a year.
Independent experts obtain test specimens from the
different NAUE production facilities as well as from the
various product inventories. The properties of the geosynthetic products are tested and documented in detail, including the notation of production processes, the type and
extent of the manufacturing quality control and any other
relevant observations.

Project specific product properties
In special cases, independent experts are retained to test
project specific product properties and to certify the test
results. This testing is in addition to and completes the
manufacturing quality control carried out on the raw materials as well as the finished products.
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Tensile test on Carbofol® geomembranes (EN ISO 527)

Determination of water flow
capacity in their plane (EN ISO 12958)

Load plate-bearing test for the qualification

Direct shear device for the determination

of geotextile protection layers (EN 13719)

of friction coefficients (ISO 12957-1)

Determination of the montmorillonite content of bentonite

Determination of the bonded peel strength

via the methylene-blue-adsorption (titration) method (VDG P69)

of Bentofix® geosynthetic clay liners (ASTM 6496)
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Products
The innovations of NAUE are leading the geosynthetic industry into the future. We offer project specific product
development, geotechnical engineering support, and provide solutions to complicated challenges, simplifying your project.

Carbofol®

Bentofix®

Secumat®

Combigrid®

Carbofol® geomembranes are made with high density polyethylene (HDPE). They are available in different thicknesses as
well as with different surfaces for all of your sealing tasks.

Bentofix® is a needle-punched reinforced geosynthetic clay
liner (GCL) that uses two geotextile layers to encapsulate a
layer of natural sodium bentonite. The needle-punched fibres
transmit shear forces through the bentonite core. It is used as
a sealing barrier against liquids and gases in various civil and
environmental applications.

Secumat® is a three-dimensional erosion control mat consisting of a UV-stabilised labyrinth-like polymer core. Secumat®
controls surface erosion by ensuring rapid vegetation growth
on slopes while preventing soil erosion during heavy rains and
water flows.

Combigrid® is a firmly bonded composite of a high strength,
low elongation Secugrid® and a needle-punched Secutex®
nonwoven geotextile for soil stabilisation and filtration
applications.

Secutex®

Secudrain®

Secugrid® R

Secugrid® Q

Secutex® is a needle-punched staple fibre nonwoven geotextile (some types are additionally calendered) used for separation, filtration, protection and drainage. Secutex® can be used
in many civil engineering applications such as hydraulic engineering, landfill engineering, road construction as well as
tunneling.

Secudrain® is a three-dimensional drainage system designed
to discharge liquids and gases. It consists of a drainage core
and one or more filter layers on the outer surfaces to protect
the drainage core from clogging. All layers are uniformly
bonded together to ensure high internal shear strength.

Secugrid® R geogrids have rectangular-shaped grid openings.
As a rule, machine and cross machine strength are not the
same. The numbers in each of the product names e.g. 200/40
for Secugrid® 200/40 R6 define machine and cross machine
ultimate strength values [kN/m]. Typical applications of use
are reinforced walls and slope stabilisation.

Secugrid® Q geogrids are biaxial geogrids with uniform, squareshaped grid openings. With these geogrids the machine and
cross direction extruded polypropylene straps exhibit uniform
strengths in each direction. The numbers in each of the product
names e.g. 30/30 for Secugrid® 30/30 Q1 define machine and
cross machine direction ultimate strength values [kN/m].
A typical application of use is base reinforcement.

Data

Cone drop behaviour (according to EN 918) of thermally bonded and
needle-punched nonwovens
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NAUE has decades of experience in the development and production of high quality geosynthetics, offering complete
geosynthetic solutions.

Facts

Figures

Typical stress/strain curves for geogrids during tensile strength tests
according to ISO 10319 and ASTM 6637

Data

Facts

Combigrid® and
Secugrid®
traffic benefit
ratio over a
very weak
subsoil,
compared to
an unreinforced
design

Figures

Radial secant stiffness of geogrids at 0.5% elongation
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Further information on the subject geosynthetics are available
through our website or from our:
•

Corporate brochure

•

Application-related brochures:
· Civil engineering
· Groundwater protection
· Hydraulic engineering
· Landfill engineering
· Tunnel construction
· Waterproofing manual

•

Application-related flyers and technical
flyers with project-specific solutions

NAUE GmbH & Co. KG
Gewerbestrasse 2
32339 Espelkamp-Fiestel
Germany

Phone
Fax
E-Mail
Internet

+49 5743 41-0
+49 5743 41-240
info@naue.com
www.naue.com

Memberships of the NAUE Group
Member

Member

Member

Approvals for the NAUE Group
Member

Member

Member

Member

Member

Member

Member

Bentofix® BFG 5000
Bentofix® X2 BFG 5300
Member

Member

Member

Member

Member

Member
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Member
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Secugrid® Q6 and R6

Member

®
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The information contained herein is the best to our knowledge, true and accurate. There is no implied or expressed warranty.
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ECONOMY AND ECOLOGY
speak in favour of geosynthetics

Introduction

Facts & Figures

minimum of 75 cm of crushed material 0/80 mm

Increased awareness of our environment leads to "eco-

The key benefits discussed previously are very much

(Figure 3) to allow this value. An alternative solution

logy" being taken more seriously in civil engineering.

in evidence in the following comparison of energy

from the awarded contractor suggested a Secugrid®

But in continuing changing economic conditions, eco-

costs for the landfill site at Hillern in the Soltau-

geogrid and only 50 cm of fill material (Figure 3)

logical aspects should not be ignored.

Fallingbostel district of Germany. For a temporary land-

and saved the owner roughly 10,000 Euros.

fill cover, a Bentofix® geosynthetic barrier (GCL) and
On the other hand, economy and ecology aspects

The use of Combigrid® - a firmly bonded composite of

Secudrain® drainage system was used.

should not be allowed to mutually exclude each other.

Secutex® nonwoven and Secugrid® geogrid - was

They have to be considered together. This is possible

The comparison (Table 1) shows the differences

if the two aspects are balanced against each other. It

between Bentofix®/Secudrain® on the one hand and

is achieved by analysing the entire lifetime of a

mineral-based barriers and gravel rainwater collection

product and its effects on the environment and the

systems on the other.

extent to which the materials and energy are consumed throughout its product lifetime.

Table 2: Economy: Comparative costing of retaining walls in US$/m²

Application: Temporary Road
in Espelkamp, Germany

Table 1: Comparison of energy consumption per square meter between
GCLs/geosynthetic drainage systems and compacted clay liner/gravel collection system
using the Hillern landfill as an example (values are in kWh)

Gravel
Collection
system

Drainage
membrane

Compacted
Clay Liner

3.40E-03

-

0.68

Transport

4.25

-

-

(GCLs) and Secudrain® drainage systems in compari-
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The benefits of Bentofix® geosynthetic clay liners

both economy and ecology are:
• less air space

Mining

• less confining stress

A temporary roadway had to be built over a length

Application: Landfill
Neu Wulmstorf, Germany

of 1 km over a soft soil with an CBR 3 %. The design

The original design required a composite lining system
comprising a 50 cm thick compacted clay liner and an

2.60

Installation

0.89

0.63

6.19

5.69

Total

13.03

18.63

30.70

22.59

428,065

612,073

1,008,598

742,149

Total for landfill
(A=32,853 m²)

HDPE geomembrane.

Over a surface area of 32,853 m², the use of mineral

greater

based materials instead of Bentofix® geosynthetic clay

• installation requires only light-weight equipment,
which saves costs and time

barriers in conjunction with Secudrain® drainage systems would have resulted in 70 % more energy costs.

• valuable resources are protected
Figure 1:
Cross section of the
municipal landfill
Hillern, Germany
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BAM-certi
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geomemb
rane
Figure 2:
Combigrid® as
reinforcement and
filter between base
course and subsoil

asked for a CBR for the top level of the road of

Bentofix®

CBR 24 %. The first approach therefore requested a
Figure 3: Calculation diagram
for crushed gravel and gravel subbase - unreinforced and
Secugrid® reinforced (EV2, top = 120 MN/m², resp. CBRtop = 24 %)

Calculation diagram

NAUE system solution (landfill class 1)

After reconsidering technical and economical aspects,
the owner decided to allow the proposed geosynthetic
alternative with a Secudrain® rain water collection

Additional information on this topic is available

system, BAM certified HDPE geomembrane and needle-

from the publication entitled "Ecology and energy

punched Bentofix® geosynthetic clay liner (GCL).

comparison for geosynthetics and collection mineral

Design

Figure 5:
Original design for
the landfill cap Neu
Wulmstorf according
to the German landfill guidelines TASi

barrier and collection systems for landfill cover
systems" by Dr. Thomas Egloffstein, Gerd Burkhardt
Top soil (≥ 1 m)

Secudrain®
drainage
system

and Phillip Franz (SKZ 2001 congress in Wuerzburg,
Cover Soil 1 m

Germany).

A Further Cost-saving Comparison ...

Leveling layer

during the 14th GRI Conference in Las Vegas. He

Mineral rain water
collection
Nonwoven protection
2.5 mm BAM certified
geomembrane
Compacted clay
liner 50 cm
Levelling layer

Waste

concluded that geogrid reinforced veneer walls

Waste

Bentofix®
geosynthetic
clay liner

... (Table 2, from the Proceedings of the 14th GRI
Conference, December 2000) was presented by
Dr. Robert Koerner of Drexel University, Philadelphia,

can save up to 403 US$/m² compared to gravity
walls.

Figure 4:
Placement of top soil
over the geosynthetic
system solution

Secudrain

• transport costs to the site are far lower due to the
lower transport volumes, even if the distances are

filter stability between the road base course and the
fine grain subsoil (in average CBR ≤ 3 %).

GCL

The Benefits

necessary to ensure the soil reinforcement and the

* CBR on top of compacted gravel layer

Compared to an unreinforced slope with a maximum

Finalized

Figure 6:
Geosynthetic system
solution installed
in the landfill cap
Neu Wulmstorf

slope of 1.5:1 (H:V) in accordance with the German
guide line ZTVE-StB, the geogrid reinforced solution
Cover soil 1 m

required at least 35% less property due to a steeper

Secudrain®
drainage composite

slope design.

2,5 mm BAM certified
geomembrane
Bentofix® GCL
Levelling layer

Geogrid
reinforced
retaining wall

Waste

With the use of a geosynthetic system as an alternative to the German landfill regulations the total cost
savings were: 11 Mio. €.

Supply and placement of cover soil
Supply of fill material, placed
and compacted in layers
Secugrid® geogrid
Steel facing
Foundation
Concrete cast in-situ
Joint filling
Insulation and drainage
Construction site equipment
Total cost (without site clearance,
parapets and facing brick)

Application: Steep Slope
Idstein, Germany

Costs per m² wall facing area
(compare e.g. Koerner, 2000)

Steel concrete
retaining wall
(poured in-situ)

25,000 €

-

49,703 €

75,775 €

42,362 €
103,023 €
15,000 €

80,325 €
300,210 €
5,422 €
8,880 €
31,200 €

235,088 €

501,812 €

285 €

608 €

The city of Idstein decided to build the by-pass

BBG, a German geosynthetic consultant, designed the

"Gänsbergspange" as a vegetated, geogrid reinforced

geogrid reinforced slope in cooperation with all parties

steep slope. The original planned retaining wall with

involved with this construction. By utilising economic

concrete cast in-situ was rejected along with others

and high-quality Secugrid® geogrids, the building pro-

due to costs. The features of the by-pass are

cess was simplified and a structure with hardly any

• a reinforced slope with a similar inclination

deformation was achieved.

Table 3:
Cost comparison
between a geogrid
reinforced steep
slope and a steel
concrete retaining
wall

to the existing terrain
• a length of approx. 150 m

The solution with Secugrid® reinforcement was 53%

• a road inclination of 12%

more cost-effective than the original plan. The

• an average height of 5.5 m.

Secugrid® geogrids cost including installation were
only 9% of the overall cost for this challenging

The finished vegetated structure with a 60° facing

project.

slope fits perfectly into the natural scenery.
Figure 8:
Steep slope
„Gänsbergspange“
4 years after
construction

Figure 7:
Steep slope
„Gänsbergspange“
during construction
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SECUTEX®

geotextile introduction

INTRODUCTION
Since the early 1960's, nonwoven geotextiles have been
used in various fields of civil engineering for separation,
filtration, protection and drainage applications. Since
then, numerous national and international guidelines
have been published that enable project-specific specifications and product selection, based on established
performance requirements.
NONWOVEN GEOTEXTILE MANUFACTURING
The basic characteristics of a nonwoven geotextile can
be categorised by the geotextile structure, the bonding
method and the raw material - the most prevalent of
which are polypropylene (PP) and polyester (PET). Nonwoven geotextiles are manufactured by bonding loose,
randomly orientated short staple fibres or continuous
filament layers (fleece). Depending upon the desired or
required civil engineering characteristics, the bonding
of these fibre layers into a finished product can be a
mechanical (needlepunching) or thermal (by cohesion)
process. Regardless of the bonding process, the finished
nonwoven geotextile product is wound onto cores and
supplied in rolls.
NEEDLEPUNCHING/MECHANICAL BONDING
This process (figure 2) involves forcibly entangling
layers of loose staple fibres or filaments into a threedimensional structure (figure 1) by alternately punching

needlepunching strong yet flexible and comparably
thick nonwovens are produced. Some Secutex® products
are additionally calendered.

Figure 7
Cone drop behaviour
(according to EN ISO
134333) of thermally
bonded and needlepunched nonwovens

THERMAL/COHESIVE BONDING
During this nonwoven production method (figure 3)
the junctions of the loose fibres or filaments are thermally bonded together (figure 4) or "calendered" when
the fleece surface is compressed with heated rollers

Figure 7 illustrates and compares the cone drop behaviour of several thermally bonded and needle-punched
nonwoven geotextiles from the Geotextile Manual of
the SVG (Swiss Association of Geotextile Experts) [2] as
well as several other NAUE nonwoven products such as
Secutex® and Secutex® H.

Figure 4
Thermally bonded
nonwoven [1]

FILTER PROPERTIES
Needle-punched nonwovens are also well suited to filtration applications due to the typical thickness (d) and
opening size ratio (O90,w,select) (figure 8), as required in
several national filtration calculations.

(drums). Occasionally low melt temperature fibres are
incorporated into the fleece. The thermal bonding method creates a relatively thin, less flexible nonwoven with
a comparably flat, smooth surface and lower elongation
characteristics than needle-punched nonwovens.
STRENGTH PROPERTIES
Needle-punched nonwovens have high elongation characteristics due to the "flexible", non-brittle fibre junctions created by the manufacturing process. Due to
thermally

needle-punched

Figure 1
Magnified
mechanically
bonded
nonwoven [1]

needle loom

Figure 5
Typical behaviour
of 200g/m² needlepunched and
thermally bonded
nonwovens in the
plunger puncture
test (simulation of
a stone puncture)

thermally

needle-punched

needle loom

Figure 6
Typical behaviour
of 200g/m²
needle-punched and
thermally bonded
nonwovens in the
cone drop test
(simulation of a
puncture load)

Figure 8
Recommended opening
size and thickness
correlation for a filter
geotextile (DVWK,
Vol. 221/1992)

Unique to the manufacturing process, needle-punched
nonwovens can be produced in greater thicknesses
than other bonded nonwovens. Hence they can be produced in compliance with the recommended minimum
thickness (d) according to the "DVWK guidelines, Vol.
221/1992" (page 5) [3] where
dgeotextile ≥ (25 to 50) * O90,w,select

Figure 3
Thermally bonded
nonwoven process

heat calender

- thereby ensuring the long-term filter eﬀectiveness of
the nonwoven.
nonwoven

and pulling out "beds" of barbed needles. Using select
crimped staple fibres in our nonwoven products,
Secutex® and Secutex® H are produced with a firm interlocking bond and exhibit high abrasion resistance. With

their superior high elongation characteristics, needlepunched nonwovens are more capable of accommodating soil irregularities, and are more resistant to
puncture from imbedded stone (figure 5) or similar potentially damaging sources (figure 6) than geosynthetic
products with low elongation properties, such as thermal bonded nonwovens or woven geotextiles.

To minimise soil pore water pressure, national guidelines
recommend that nonwovens have a water permeability
coeﬃcient which is at least 50 to 100 times higher than
the soil to be drained (η = 0.02 - 0.01). Long-term performance is assured if the nonwoven geotextile water
permeability coeﬃcient (kV), when reduced by η is still
greater than or equal to the permeability coeﬃcient of
the soil to be filtered (k).
Hence:
η · kV ≥ k
To demonstrate the superiority of needle-punched
nonwovens for filtration, figure 9 compares a needlepunched nonwoven to thermally bonded nonwovens.
In this example the needle-punched nonwoven has
a much greater thickness and a higher vertical water
permeability - which are both important properties for
maximising filtration behaviour. The substantial performance diﬀerences can be attributed to the benefits of
the needle-punched bonding process.
As illustrated in figure 9, the water permeability coeﬃcient of the needle-punched nonwoven and the
needle-punched calendered nonwoven is significantly
higher than that of the thermally bonded product. In
general, the superior long-term water permeability performance permits the use of the needle-punched nonwoven (even additionally calendered) for a much larger
range of soils than with the thermally bonded nonwoven.

nonwoven

Figure 2
Needle-punched
nonwoven process

geotextile surface) could occur. Allowing a selected
opening size O90,w,select in the low range of ≥ 0.2 • O90,w,allow
may only be excepted if a colmation of the geotextile
filter as well as soil settlement in the drainage system
does not eﬀect the performance of the design. Another
advantage of mechanically bonded Secutex® nonwoven
geotextiles is that the eﬀective opening size will change
only slightly when subjected to elongation stresses.
Consequently, the filter dimensioning is also valid, even
if a coarse grained material causes nonwoven geotextile
deformation when being installed on a soft subgrade.

The highest possible hydraulic eﬃciency of the Secutex®
filter nonwoven geotextile is achieved when the selected
opening size O90,w,select is closest to the largest allowable
value O90,w,allow (e.g. 0.8 to 1.0 • O90,w,allow). Under no circumstances should this value be less than 0.2 • O90,w,allow
as a colmation (deposition of fine soil particles on the

needle-punched
(Secutex® R 201)
mass per unit area
thickness
pore value
vertical water flow rate H5O

200g/m²
2.2mm
90%
100m/s

needle-punched
and calendered
(Secutex® 201 GRK 3 C)
200g/m²
1.2mm
82%
60m/s

SHEAR PROPERTIES
As a result of the multi-dimensional surface structure,
needle-punched nonwovens will typically achieve a much
higher interface friction angle to adjacent soils than is
capable with thermally bonded products. In general, the
transferable friction angle tan δ/tan ϕ between the geotextile filter and the soil can be assumed, as illustrated
in figure 10 (δ = interface friction angle between soil and
geotextile; ϕ = friction angle of the soil).

Figure 9
Comparison of
needle-punched and
thermally bonded
nonwoven
properties

thermally
bonded
190g/m²
0.57mm
46%
35m/s

220g/m²
0.59mm
60%
18m/s

Figure 10
Comparison of
predicted interface
friction angles
between geotextile
and soil [4]

tan δ/tan ϕ for:

needle-punched
nonwoven

thermally bonded
nonwoven/woven

clay

~ 0.92

~ 0.84

fine sand

~ 0.92

~ 0.80

coarse sand

~ 0.95

~ 0.83

While this discussion typifies the interface shear characteristics that can be expected, actual per formance
levels should be predicted through project and productspecific shear tests modelling the conditions of the
wapplication.

geotechnical fields, including landfill, civil and hydraulic
engineering as well as groundwater protection. Through
years of research, testing and experience, needlepunched nonwovens have proven their capabilities in
landfill engineering when employed for separation,
filtration, drainage as well as protection applications.
Figure 11 contrasts needle-punched and thermally bonded nonwovens for a number of other important geotextile properties.

CONCLUSION
Needle-punched (mechanically bonded) nonwovens
are robust geotextiles capable of withstanding harsh
installation conditions and challenging construction
loads. Their unique flexibility and elongation properties
combine to provide high puncture resistance without
sacrificing frictional of filtration properties. When properly selected, needle-punched nonwovens can provide
superior long-term filtration and achieve higher interface friction angles than comparably weighted nonwovens manufactured through alternative processes.
Needle-punched nonwovens can be employed in many
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Figure 11
Comparison of
needle-punched and
thermally bonded
nonwovens
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Secutex®
Green
The biodegradable nonwoven geotextile

Secutex® Green is a 100% biodegradable, mechanically bonded nonwoven.
Due to its certified biodegradability, residues of the product do not harm the environment.
Secutex® Green is UV-resistant. The nonwoven can therefore be used in uncovered applications.

Figure 1:
Separation and filter layer
in gardening and landscaping

TYPICAL APPLICATIONS FOR SECUTEX® GREEN

ADVANTAGES OF SECUTEX® GREEN

Gardening and landscaping

Secutex® Green is suitable for all applications where a temporary solution is required.

Secutex® Green can be used in gardening and landscaping under paths for the protection of soils or
as erosion protection. At the end of its service life, vegetation and their roots take over the desired
filter properties and ensure soil retention.

Expected service life
The range of applications and the maintenance of the function depend on the site factors such as soil, water and climate conditions of
the respective project. As a rule, a service life of three years can be assumed. The product-specific service life depends largely on the
biological activity of the environment as the following schematic illustration shows:
Abschätzung des Erhalts der Funktionsdauer nach Anwendung und erwartbaren Randbedingungen
temperature

APPLICATION

biological
activity

scour protection at OWP

Temporary road and path construction

glacier/snow ﬁeld protection
alpine path construction

Figure 2:
Separation and filter layer
in construction roads

Secutex® Green is suitable for separating soils, as a filter layer against unwanted soil particle transport
and as a protection layer, especially for sensitive areas such as footpaths in landscape protection areas
and nature reserves.

slope stabilisation/erosion control
temporary and rural roads
dune protection
coastal protection
scour protection in harbours
forestry road construction
gardening and landscaping

Bank protection/natural watercourse development,
coastal protection and scour protection
Figure 3:
Separation and filter layer
in hydraulic engineering

Behind fascines, Secutex® Green serves to retain soil until vegetation takes over this function.
Secutex® Green can also be used as a filter layer between different grain sizes until the roots stabilise
the soil. Secutex® Green is also available as geotextile sand container Secutex® Green Soft Rock.

river embankment protection

0 1
Figure 4:
Estimated preservation of service
life according to application and
expectable environmental conditions

5

3

7

9 10 years

Maintaining the function
legend
in general

under favourable
conditions

in exceptional
cases only
(Status: 16.11.2020)

Geotextile robustness classes

Application advantages of Secutex® Green
• Remaining onsite or composting after renaturation
• No entry of plastic into the environment during installation,
operation or renaturation
• UV-resistant

The industrial production of the fibres and the constant needling process ensure a continuous and reproducible quality of the nonwoven.
Therefore, it can be assigned to one of the geotextile robustness classes GRK (according to the leaflet on the use of geosynthetics in
earthworks for road construction). Secutex® Green is available in the robustness classes GRK 2 to GRK 5 and in widths of 2m, 4m and 6m.

Certificates
SEEDLING Logo
confirms the conformity of the product with Euronorm EN 13432,
„Requirements for the recovery of packaging by composting and
biodegradation“.

Compostable
7H2040

Official certificates of TÜV Austria
OK compost HOME guarantees complete biodegradability in garden compost.
OK biodegradable WATER guarantees biodegradation in a natural freshwater environment.
OK compost INDUSTRIAL guarantees biodegradability in an industrial composting plant.
OK biodegradable SOIL guarantees complete degradation in natural soil.
OK biodegradable MARINE guarantees biodegradability in a natural seawater environment.
2

3
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Approvals for the NAUE Group

Memberships of the NAUE Group
Member

Member

Member

Member

Member

Member

Member

Member

Member

Bentofix® BFG 5000
Bentofix® X2 BFG 5300
Member

Member

Member

Member

Member

Member

Member

Member

Member
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Secugrid® Q6 and R6

Secugrid® HS R6
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SECUTEX

®

Geotextile separation and filter nonwovens

SECUTEX®
Secutex® is a single-layered, mechanically bonded, nonwoven geotextile. Some products are additionally
calendered. Secutex® is used for the separation of soil layers with different grain sizes as well as to
establish the missing filter stability.

Since the early 1960s, nonwoven geotextiles have
been used in various fields of civil engineering for
separation, filtration, protection and drainage applications. Since then, numerous national and international guidelines have been published that enable
project-specific specifications and product selection,
based on established performance requirements.
Multifunctional Product

Excellent filtration properties

Long-term hydraulic performance

In filtration applications such as hydraulic engineering and drainage systems, Secutex® nonwoven
geotextiles are used to retain soil particles while
allowing the passage of liquids through the filter
media.
ADVANTAGE 1
When applying additional earth layers over a soil
with a poor bearing capacity, the elongation characteristics of the nonwoven geotextile will minimise
damage during the installation process. To ensure
the separation function under high rutting, Secutex®
nonwoven geotextiles with high elongations are the
first choice.

Powered by Performance
High elongation and therefore
adjustable to soil deformations

Very good interface shear resistance

High puncture resistance

Resistance to chemical and
biological degradation

Robust against on-site conditions

Needle-punched (mechanically bonded) nonwovens
are robust geotextiles capable of withstanding harsh
installation conditions and challenging construction
loads. Their unique flexibility and elongation properties combine to provide high puncture resistance
without sacrificing frictional or filtration properties. When properly selected, needle-punched nonwovens can provide superior long-term filtration and
achieve higher interface friction angles than
comparably weighted nonwovens manufactured
through alternative processes.

ADVANTAGE 2
As with mineral filter layers, soil retention capacity also
plays an important role when using Secutex® nonwoven
geotextiles. Geotextile filters must be engineered such
that the mechanical effectiveness and hydraulic filter
effectiveness (water discharge without loss of pressure)
are equally achieved.

Needle-punched nonwovens can be employed in
many geotechnical fields, including landfill, civil
and hydraulic engineering as well as groundwater
protection for separation, filtration, drainage and
protection.

Quick and cost-effective installation

Highest quality control standards

Figure 1
Site condition
and stress/strain
impact on Secutex®
nonwoven
σ = Load on stone
ε = Strain

The high elongation capacity of Secutex® nonwoven
geotextiles ensures excellent resistance to damage. This characteristic of Secutex® products allows
them to easily accommodate irregular or soft subgrades. Especially when covered with stone
material, Secutex® nonwoven geotextile fibres are
reoriented around the stones, preventing damage to
the nonwoven structure.

Unique to the manufacturing process, needlepunched Secutex® nonwovens can be produced in
greater thicknesses than other bonded nonwovens.
Hence they can be produced in compliance with the
recommended minimum geotextile thickness [d] of
25 · O90 < d < 50 · O90 („DWA-M 511, 2017“) thereby
ensuring the long-term filter effectiveness of the nonwoven.

Figure 2
Recommended
opening size
and thickness
correlation
(range: green recommended;
yellow application-related
possible; red critical) for a filter
geotextile (DWA-M
511, 2017)

SECUTEX®

Secutex® Applications:
- Railways
- Landfills
- Road constructions
- Environmental protection
- Pipelines
- Infrastructure engineering
- Tunnels
- Hydraulic engineering
- Access roads
- Wind parks

Several Secutex®
products certified
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Advantages of

CARBOFOL

®

geomembranes

Material science – Engineering – Innovation
®

CARBOFOL geomembranes

CARBOFOL®
Carbofol® geomembranes are manufactured using high quality polyethylene resins. Carbofol® is
manufactured in various thicknesses and up to 7.50m width. For sealing applications on slopes,
Carbofol® is produced with an embossed structure.

versatile sealing applications possible

free from leaching plasticiser

excellent chemical resistance due
to selected raw materials

extreme high elongation during uni-axial
and multi-axial deformation

high stress crack resistance

very high UV-resistance

isotropic shear stress transfer due to
embossed structured surfaces

installation advantages with up
to 7.50m wide liner

high Melt Flow Rate allows an
excellent welding performance

smooth edges with removable plastic
tape for clean welding surface and
overlap lines

NAUE has more than 40 years’ experience in developing, manufacturing, installing and designing with
high-grade geomembranes. Carbofol® geomembranes
provide a seal against the most toxic substances.
Carbofol® is typically used in sealing applications for
landfill base seals as well as caps, in environmental
sealing applications for the protection of groundwater from contamination and in water conveyance
structures, canals, tunnels or ponds.
High durability
Functional waterproofing is an important criterion
for a geomembrane. Aging and inadmissible stresses
endanger this function. Carbofol® geomembranes
have a high durability, because they are manufactured from well-chosen resins with a very low stress
crack resistance. These resins consist on hexene or
octene copolymer. Testing with the Notched Constant Tensile Load Test according to DIN EN 14576 or
ASTM D5397 verifies the high stress crack resistance
of Carbofol® geomembranes. Long term tensile tests,
especially on structured material, prove the durability as well.
Slope security
The surface structure of Carbofol® is responsible for
the stability on slopes. The special manufacturing
process with embossed and chrome-plated rollers
make sure that the embossed profile of the geomembrane creates a homogeneous connection from the
same resin between the liner and the structure. This
is the basis for a safe and durable construction of a
slope.
Optimised for installation

ADVANTAGE 1: CARBOFOL® LONG-TERM
DURABILITY
Durability and high chemical resistance are ensured
by carefully selected resins and a special stabilising
system, which is aligned with the resin type. An
enormous amount of field and lab data supports this
performance.

Figure
Figure 11
Chemical resistance
resistance from
from Carbofol®
Carbofol® HDPE
HDPE geoembranes
geoembranes
Chemical
based
based on
on German
German DIBt
DIBt regulations
regulations

ADVANTAGE 2: SPECIAL EMBOSSED SURFACE
STRUCTURE ALLOWS A SAFE CONSTRUCTION
ON STEEP SLOPES
New optimised BF/TF (bottom friction/top friction)
embossed surface structure has been developed to increase shear strength towards typical shearing partners.

Liquids
Liquids
Automotive
Automotive petrols
petrols DIN
DIN EN
EN 228
228

complete quality control from the
resin to the final product

also available according to GM-13
and with BAM, ASQUAL and DIBt
approval

Decades of installation experience have also influenced product characteristics, which ensure efficient
and precise installation: protection strips on the
welding areas, lateral marking, meter scaling, and a
high melt flow rate (MFR: 1-3g/10 minutes tested at
190°C/5kg).

1,
1, 1a
1a

Aviation
Aviation fuels
fuels

22

-- Heating
Heating oil
oil grade
grade EL
EL DIN
DIN 51603-1
51603-1
-- unused
unused internal
internal combustion
combustion motor
motor oils,
oils, unused
unused automotive
automotive transmission
transmission fluids
fluids
-- mixtures
mixtures of
of saturated
saturated and
and aromatic
aromatic hydrocarbons
hydrocarbons with
with aromatic
aromatic contents
contents

33

Diesel fuel
fuel DIN
DIN EN
EN 590
590 containing
containing aa maximum
maximum of
of 55 vol
vol %
% biodiesel
biodiesel DIN
DIN EN
EN 14214
14214
Diesel

3b
3b

Hydrocarbons
Hydrocarbons

44

Benzene and
and mixtures
mixtures containinq
containinq benzene
benzene
Benzene

4a
4a

Crude
Crude oil
oil

4b
4b

Used internal-combustion
internal-combustion molar
molar oils
oils and
and used
used automotive
automotive transmission
transmission fluids
fluids with
with
Used
flashpoint >> 60°C
60°C
flashpoint

4c
4c

All
All alcohols
alcohols and
and glycolic
glycolic ethers
ethers

durable product with more than
40 years of project experience

Substance
Substance Group
Group

6a
6a

Aromatic halogenated
halogenated hydrocarbons
hydrocarbons
Aromatic

6b
6b

All
All organic
organic esters
esters and
and ketones
ketones
Aliphatic aldehydes
aldehydes and
and their
their aqueous
aqueous solutions
solutions
Aliphatic

77
8, 8a
8a
8,

Organic acids
acids (carbonic
(carbonic acids,
acids, except
except for
for formic
formic acid
acid in
in concentrations
concentrations >> 10%)
10%)
Organic
and
and their
their aqueous
aqueous solutions
solutions

99

Mineral acids
acids (carbonic
(carbonic acids,
acids, except
except for
for formic
formic acid)
acid)
Mineral

9a
9a

Inorganic
Inorganic acids
acids (mineral
(mineral acids)
acids)

10
10

Inorganic
Inorganic bases
bases

11
11

Aqueous solutions
solutions of
of inorganic
inorganic non-oxidizing
non-oxidizing salts
salts
Aqueous

12
12

Amines
Amines

13
13

Aqueous solutions
solutions of
of organic
organic surfactants
surfactants
Aqueous
Cyclic
Cyclic and
and acyclic
acyclic ethers
ethers

14
14
15,
15, 15a
15a

ADVANTAGE 4: HIGH MELT FLOW RATE
Carbofol® geomembranes feature a melt flow rate
(MFR) between 1 and 3g/10 minutes tested at
190°C/5kg and thus have the advantage of a large
welding window. This is a factor which makes the
Carbofol® geomembranes flexible and easy to handle
dur ing on-site installation. The speed at which
welding processes can be carried out on Carbofol®
geomembranes is distinctly higher than that of other
liners with an MFR less than 1g/10min. This gives
Carbofol® yet another major benefit during on-site
installation and welding.
Figure 3
Welding on-site is
improved by the high
melt flow rate

5,
5, 5a,
5a, 5b
5b

Halogenated
Halogenated CC11 hydrocarbons
hydrocarbons

ADVANTAGE 3: WELD PROTECTION STRIPS AND
LATERAL MARKING
The Carbofol® geomembranes are provided with a
white edge mark on both sides. These edge marks
indicate the recommended areas of overlapping and
are a visual aid during the installation. Furthermore,
a thin protective sheet (~150mm wide) is attached
to both edges and is peeled off immediately prior to
the welding process to provide an absolutely clean
welding area.

Resistant
Resistant at
at
high
high
contact
contact Intensity
Intensity

CARBOFOL®

Carbofol® Sealing Applications:
- Landfill caps and base seals
- Canals, ponds and reservoirs
- Tunnels and buildings
- Mining
- Storage, filling, handling,
manufacturing, treatment and
use of contaminated liquids
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Bentofix® geosynthetic clay liners (GCLs) are industrially manufactured composite materials combining high

Figure 3
Automatic
tilt-table
and
shear box

swelling bentonite clay and geosynthetics for sealing
applications. The low-hydrated midplane friction angle
of the bentonite alone (peak approx. 9°, residual about

case installation conditions or an underwater installa-

4° to 5°) is overcome by the needlepunching (Figure 1)

tion. The Bentofix® GCLs also varied in the quality con-

of all components, creating a uniform shear stress trans-

trol peel value so that the shear stress results could all

mitting GCL. Bentofix® GCLs have been employed world-

be plotted against the peel value by converting shear

wide for nearly two decades. They are generally used to

stress into a confining stress (cover soil with a density

replace or augment compacted clay liners. The GCL per-

of 20kN/m³) and slope inclinations (Figure 2). A cohe-

meability is typically in the range of ≤ 5 x 10-11m/s.

sion intercept was not taken into consideration so that

One main advantage of needle-punched GCLs is that

the obtained values are on the conservative side.

they can be installed in steep slope applications (e.g.,

It can be seen from Figure 2 that a relationship exists

Bentofix® on a 45m long slope in a landfill cap appli-

between the peel value and the confining stress. The

cation on a 1:2 (26.6°) slope). For such applications it

shear plane is outside of the Bentofix® GCL if the given

is important to evaluate the interface shear stress of

peel strength value is above the chosen slope inclina-

the GCL and prove that the internal shear stress of the

tion for the selected cover soil depth. The value A in Fi-

GCL is sufficient to meet design criteria.

gure 2 indicates that no internal failure occurs for

Slope design with Bentofix® GCLs · TN-BFX 2

Introduction

Bentofix® NSP 4900 on 1:1.5 (33.7°) slopes with a con-

Figure 1
Schematic
cross-section of a
needle-punched
Bentofix® GCL

Theoretical background and design diagram

fining stress of 4m cover soil (80kN/m²) but could occur

From theory, approximately 2.5 million fibres per m²

with 5m cover soil.

reinforce the bentonite clay layer as they are needle-

It can be shown that the achieved manufacturing qua-

punched from the cover geotextile to the carrier

lity control (MQC) peel values for the Bentofix® GCLs

geotextile.

satisfy the design needs for most low confining stress
The needle-punched fibres have

applications.

a typical tensile strength of
40cN so that the reinforcement

General shear behaviour of GCLs

can create a short-term shear

To examine the general shear behaviour of GCLs in a hy-

stress of approx. 1,000kN/m².

drated condition, tests on different GCL types were con-

Assuming the fibre reinforce-

ducted after 24 hours horizontal prehydration with no

ment interlocks completely, a

confining stress in the laboratories of NAUE GmbH & Co.

safety factor for polymer creep

KG, Germany. On an automatic tilt-table (1m x 1m), the

should be taken into considera-

GCLs were sheared between textured geomembranes

tion. Using a safety factor of 4,

(GM). The set-up (Figure 3) was then loaded with a

a theoretical long-term shear stress of 250kN/m² is

300mm thick gravel layer (approx. 6kN/m²). The box

obtained.

was constructed in such a way that the shear plane
could only occur between one of the geomembranes and

Figure 2
Bentofix® peel
correlationship
for design issues

In several hundred shear tests, the internal shear stress

the GCL or in the GCL itself.

of Bentofix® GCLs was evaluated after a 24-hour-prehydration without confining stress to simulate worst

After a short-term consolidation time of 0.5 hours,
the tilt-table was inclined at a rate of 1°/min. Some
representative results from the conducted tests are
shown in Table 1.
The test results highlight two significant factors in the
behaviour of GCLs:
a) The peel strength of needle-punched GCLs has a decisive influence on the shear behaviour.
b) At a sufficient internal shear strength transfer, the
selection of the adjacent geosynthetics is significant
for interface shear transfer.
2

Table 1
Results of the
tilt-table tests
for determination
of the general
shear behaviour
of GCL types

shear plane shear angle

5kg bentonite between two
geotextiles, fixed with
water-soluble glue

internal

8°

4.5kg bentonite between two
geotextiles, needle-punched
with 8N/10cm peel strength

internal

18°

4.5kg bentonite between a
200g/m² nonwoven and a 100g/m²
woven, needle-punched with a peel
strength of 65N/10cm

external
(woven)

4.5kg bentonite, stitch-bonded
between two nonwovens
(200g/m²)

external

4.5kg bentonite between two
nonwovens 300g/m²,
needle-punched with a peel
strength of 30N/10cm

applications. The testing program included the
measurement of differential creep movement as well as
additional post-test shear testing on the GCL material.
The material tested was the Bentofix® BFG 5000, a

22°

"sister product" within the NSP series of Bentofix® GCLs
(woven carrier, nonwoven cover geotextile). To ensure
applicability of this data to all NSP series needle-

29°

punched Bentofix® products, the specimen selected
exhibited a peel strength at the lowest end of the

external

33°

typical peel value.
The Bentofix® GCL being tested was mounted to a
1m x 1m test apparatus in the following cross section

Low-weight needle-punched nonwovens (~ 200g/m²)

(top to bottom):

and wovens show lower shear angles than heavier

· 25kN/m² steel plates

needle-punched nonwovens (~ 300g/m²).

· 300mm of 2 - 8mm crushed gravel contained in a

Slope design with Bentofix® GCLs · TN-BFX 2

Structure

steel box
Examples of interface shear values
Upon selecting a GCL, not only is the reinforcing internal

· Bentofix® GCL with carrier geotextile anchored to the
bottom steel plate

shear stress relevant but the interface shear behaviour is
just as important. For a first assumption, the relationship

Prior to the initiation of the test, the entire apparatus

between the interface friction angles of geotextiles to

was gradually tilted to reflect a slope angle of 25°

soils can be assumed by the given equation λ = tan δ’ /

(1:2.14), resulting in a constant strain of 14kN/m²,

tan ϕ’ in Table 2 and on comparable shear box test re-

under a confining stress of approx. 30kN/m². To ensure

sults. The internal soil friction (tan ϕ’) and the interface

thorough saturation, the sample was hydrated daily.

friction (tan δ’) provide a friction coefficient λ [-] as

Testing was initiated on April 17, 1994 and continued

comparable parameter. In any case these estimations can-

until December 1, 1998 for a total lapsed time of over

not replace shear box tests with site soils.

40,800 hours. Upon the initial loading of the specimen
with the confining stress, a small amount of movement

Table 2
Assumed
interface friction
relationship of
geotextile and
soil

was measured in the system, associated with the settling of gravel in the steel box. While movement occurred, it was not creep or elongation in the
Direct shear test with on-site soils should follow as close

needle-punched GCL. Regardless, it has been included in

as possible on-site conditions, including for example con-

the final displacement figures to ensure the most con-

fining stress and hydration of GCL. Table 3 summarises

servative picture.

the range of shear angles which have been achieved in

With an initial value of 2.5mm of movement, the final

various interface shear tests against geosynthetics and

value shortly before dismantling the box was a total dif-

soils, and clearly show that the woven component of the

ferential movement of 2.9mm (includes the shifting)

GCL in general achieves lower friction angles than needle-

during the over 40,000 hour period (Figure 4).

Figure 4
Creep behaviour
of Bentofix® GCLs
in correlation
to time

punched nonwoven components of a GCL.

Table 3
Evaluated
interface shear
angles of GCL
geotextile
components
against
geosynthetics
or soils

Long-term laboratory shear behaviour
In April of 1994, NAUE constructed several large-scale

The Bentofix® GCL was tested for its peel and shear

creep shear devices to evaluate the behaviour of NSP

strength after dismantling the device to more fully eva-

style needle-punched woven/nonwoven Bentofix® GCLs,

luate the specimen. The minimum peel strength was

under simulated insitu conditions of low normal load

still within certifiable limits for the standard Bentofix®

3

360 N/m according to ASTM D6496. Three direct shear

Figure 5
EPA field
study on
2:1 slopes

tests performed under full hydration and a normal load
of 25kPa showed a maximum shear stress of 64.8kPa,
78.4kPa and 84.1kPa after over 40,800 hours of creep

GCL and the textured geomembrane. In direct shear

testing.

tests it was determined that this interface only appeared to have a friction angle of approx. 20° to 24°, too

The Bentofix® NSP style GCLs, including the BFG 5000

low for a 1:2 slope. In slopes 1:3 (18.4°) or steeper, it

and NSP 4900 products are not prone to creep distortion

is therefore recommended to use needle-punched GCLs

under conditions replicating low-load/low stress appli-

with needle-punched nonwovens on both sides.

cations described herein. While the creep resistance of
a material is directly related to the needle-punched fi-

Conclusion

bres themselves, similar testing on other Bentofix® va-

Bentofix® needle-punched geosynthetic clay liners show

riations reflects the same conclusion, that the

many technical advantages. Besides the low hydraulic

Bentofix® woven/nonwoven style GCLs are resistant to

conductivity, the self-sealing capability and the elon-

the long-term affects of constant strain under low nor-

gation properties, the peel value and the shear strength

mal loads.

are important criteria for the long-term efficiency of

Slope
Solpedesign
designwith
withBentofix®
Bentofix®GCLs
GCLs· ·TN-BFX
TN-BFX2 2

NSP style material (greater than 60N/10cm) resp.

GCLs. The requirement for a minimum peel strength is
Long-term field study

necessary for every slope application. It is important

This long-term shear performance of needle-punched

that the proof of long-term stability is conducted. In

Bentofix® GCLs was also confirmed in the Cincinnati EPA

order to achieve necessary interface friction angle

slope stability study (Figure 5), where, amongst other

against the adjacent interfaces (e. g. textured geo-

GCLs, Bentofix® GCLs were installed on 1:2 (26°), 30m

membrane or soil), mechanically bonded nonwovens are

long slopes. The Bentofix® GCLs have not failed inter-

especially suited. With a mass per unit area of

nally or interfacially. One non-reinforced GCL failed in-

≥ 200g/m² good interface shear performance is achie-

ternally in the bentonite layer due to hydration of the

ved. The existing examinations on the long-term perfor-

bentonite. In two other slides, the cover soil, the drai-

mance of Bentofix® GCLs show that needle-punched

nage net, and the geomembrane overlaying the GCL slid

Bentofix® geosynthetic clay liners are predictable sea-

at the weaker interface between the woven side of the

ling barriers and provide long-term stability.

References
[1] Von Maubeuge, K.P., Eberle, M.A. »Can geosynthetic clay liners be
used on slopes to achieve long-term stability?«, 3rd International
Congress on Environmental Geotechnics, Lisboa, Portugal, Sept. 1998,
375-380.

[3] Grett, H.D. »Das Reibungsverhalten von Geotextilien in bindigem
und nichtbindigem Boden« Heft 59, Mitteilungen des FranziusInstitut für Wasserbau und Küsteningenieurwesen, Hannover, 1984.

[2] Heerten, G.; Saathoff, F.; Scheu, C.; von Maubeuge, K.P.; »On the
long-term shear behaviour of geosynthetic clay liners (GCLs) in
capping sealing systems«; Proceedings of the International Symposium
Geosynthetic Clay Liners, Nuernberg, April 1995, 141 - 150.

NAUE GmbH & Co. KG
Gewerbestrasse 2
32339 Espelkamp-Fiestel
Germany

Phone
Fax
E-Mail
Internet

[4] Koerner, R.M., Carson, D.A., Daniel, D.E., Bonaparte, R. »Update of
the Cincinnati test plots«, Geo-Bento ‘98, Paris, February 1998.

+49 5743 41-0
+49 5743 41-240
info@naue.com
www.naue.com

Memberships of the NAUE Group
Member

Member

Member

Approvals for the NAUE Group
Member

Member

Member

Member

Member

Member

Member

Bentofix® BFG 5000
Bentofix® X2 BFG 5300
Member

Member

Member

Member

Member

Member

Member

Member

Member

Secugrid® Q6 and R6

Member

®

and Bentofix® are registered trademarks of NAUE GmbH & Co. KG in various countries.
The information contained herein is, to the best of our knowledge, true and accurate. There is no implied or expressed warranty.
© 2015 by NAUE GmbH & Co. KG, Espelkamp-Fiestel, Germany · All rights reserved. · TN-BFX 2 · Status 09.06.2015

4

back

BENTOFIX®

Geosynthetic Clay Liners (GCLs)

BENTOFIX®
Bentofix® Thermal Lock geosynthetic clay liners (GCLs) - also known as geosynthetic clay barriers (GBR-C) are needle-punched, reinforced composites that combine two durable geotextile outer layers and a
uniform core of high-swelling powder sodium bentonite clay. This forms a uniform, multi-directional,
shear-resistant hydraulic barrier with self-sealing and re-healing characteristics.

Bentofix® geosynthetic clay liners (GCL) exemplify
how geosynthetics perform best: by interacting with
natural elements to create something stronger or
more secure.
Needle-punching revolutionised
Versatile sealing applications possible

Excellent sealing efficiency due to high
swellable sodium bentonite powder

Immediate sealing and long-term
performance with sodium bentonite
powder

More cost-effective and withstands
differential settlement better than
compacted clay liners

Robust geotextiles encapsulate
and contain the bentonite

Uniform needle-punching provides
multi-directional shear strength

Thermal Lock process increases
internal shear strength and
interface friction angles

Self-sealing length overlaps; with BFG
types all overlaps self seal

Installation advantages with up
to 5.0m wide rolls

Quick, easy and cost
effective to install

The needle-punched manufacturing technology
greatly increases the internal and external shear
strength of GCLs and expands the range of applications in which GCLs can be used. The needlepunching process firmly bonds the three unique
layers of Bentofix® – two outer encapsulating geotextiles and the core of sodium bentonite. This bond
creates a single, engineered barrier that utilises the
best of both synthetic and natural materials.

SELECTED ADVANTAGES OF BENTOFIX®
ADVANTAGE 1
Bentofix® Thermal Lock replaces other GCLs as well as
other soil barriers on steep side slopes and assures
low permeability without sacrificing slope stability.
Explanation: Bentofix® is uniformly needle-punched
with over 2 million fibres/m². This results in a uniform, directionally-independent shear stress transfer. Thermal Lock additionaly improves the pull-out
resistance and the interface friction.

The power of powder bentonite
Bentofix® GCLs outperform significantly thicker layers of compacted clay. The exceptional, immediate
swelling characteristic of powdered sodium bentonite provides a long-term barrier that can “self-seal
and re-heal” (e.g., swell to fill potential punctured/
damaged zones) and rehydrate to renew the barrier even if it has been exposed to desiccation. The
highly engineered geotextile outer layers provide
outstanding protection against piping of the bentonite, durability to resist damage, and strength to
manage the challenges inherent in barrier designs,
such as for security on slopes and against fluctuating heads.
The Thermal Lock process permanently locks the
needle-punched fibres of the nonwoven geotextile
layer with the Bentofix® carrier layer of GCL-types
without PE coating and improves the hydraulic conductivity performance at low confining stresses. It
also increases the pull-out resistance of the fibres a durability-improving measure that increases interface friction, ensures long-term shear resistance and
immediate fibre-strength during hydration.
Bentofix® X types are additionally extrusion-coated
with a polyethylene liner ensuring an immediate and
enhanced barrier to gas and radon while protecting
against desiccation and critical substances.

(1) The nonwoven protects against installation stress
and increases the interface friction performance.
(2) The bentonite powder acts as an immediate barrier.
(3) The slit-film woven gives the product the dimension
stability and makes the product stable for installation
handling. The result of this trio, combined with the
needle-punching and Thermal Lock: a durable, lowpermeable sealing system.

Figure 1
Conservative
correlation
of internal
shear stress,
dependent on
the Bentofix®
peel strength
(hydrated under
low confining
stress)

ADVANTAGE 2
Bentofix® acts immediatetly as a sealing element. The
explanation: high-swelling bentonite powder, uniformly distributed bentonite powder, large bentonite swelling surface and smaller air voids to close.
ADVANTAGE 3
Bentofix® utilises the advantages of three high-performance components in one geocomposite:

Figure 2
Performance of
powdered Bentofix®
bentonite compared
to granular bentonite
in correlation to
water content and
gas permittivity
Figure 3
Precipitation,
drainage run-off and
permeation values
of GCLs under 1m
cover soil in German
climate

BENTOFIX®

Bentofix® sealing applications:
- Landfill caps, closures and base seal
- Environmental protection under roads,
railways, airports
- Dams and dykes
- Water containment and pond applications
- Structural waterproofing
- Secondary containment
- Mining applications
- Tunnels

LAGA application assessment
for use as mineral sealing
system in German landfill caps
and closures for the landfill
class I and II for Bentofix®
types: BZ 6000 LAGA, B 4000
und NSP 4900

Bund/Länder-Arbeitsgemeinschaft Abfall

BBA certified waterproofing
systems (Bentofix® BFG 5000 +
Bentofix® X2 BFG 5300)
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BENTOFIX®
X
Multicomponent Geosynthetic Clay Liner (GCL)

Embossed friction surface
Bentofix® coating

Slit film woven

Nonwoven

Bentofix® X multicomponent geosynthetic clay liner (GCL) - also known as geosynthetic clay barrier (GBR-C)
- is a needle-punched, fibre-reinforced composite that combines two durable geotextile outer layers and a uniform core of high-swelling sodium bentonite powder with an additional polyethylene extrusion-coated barrier.
This forms a multi-directional, shear-resistant, hydraulic, multicomponent barrier with self-sealing and rehealing characteristics.

DESIGN ISSUES

TYPICAL APPLICATIONS FOR BENTOFIX® X
GEOSYNTHETIC CLAY LINERS

ADVANTAGES OF BENTOFIX® X
GEOSYNTHETIC CLAY LINERS

Improves permeation resistance against high water heads in hydraulic engineering applications,
storage ponds/lagoons and waterproofing

Bentofix® X GCLs exemplify how geosynthetics perform best: by interacting with natural elements to create something stronger
or more secure. The main advantage of Bentofix® X is that it can be used for versatile sealing applications.

Two independent sealing barriers

Fig. 1: Hydraulic head

Provides improved and immediate gas resistance in landfills, containment and waterproofing applications

The PE extrusion-coated barrier improves the sealing performance and acts as a protection for the bentonite against ion
exchange and against more challenging chemicals, and as an immediate gas barrier.

Less cover soil, better performance

Fig. 2: Gas permeation

Prevents piping if subbase is a coarse aggregate in hydraulic engineering applications and storage
ponds/lagoons

Bentofix® X now achieves an increased resistance against desiccation while requiring less cover soil when compared to standard
GCL applications.

Durable long-term shear strength
Fig. 3: Piping

Ca+

Ca+

Ca+

Ca+

Ca+

Protects against ion exchange in the following applications: landfill engineering, containment,
groundwater protection, soil encapsulation and brownfield/contaminated land developments, hydraulic engineering, mining, tank farms, storage ponds/lagoons and waterproofing

Bentofix® X is available with smooth (X2) or textured (X5F and X10F) PE coating, offering unique advantages regarding slope
stability. The coating is also homogeneously extruded and firmly bonded to the GCL. No shrinkage or delamination caused in
climates with high temperatures.

Fig. 4: Ion exchange

Keeps bentonite moist and prevents bentonite dehydration in landfill applications, containment,
groundwater protection, soil encapsulation and brownfield/contaminated land developments, hydraulic engineering, mining and tank farms

Test Results

Test Results

Balancing layer: Sand
Estimated beginning of desiccation cracks (at 20kPa)
Temperature T = 40°C

Relative humidity of air = 40%

GCL Laminated (granular bentonite)
GCL Bentoﬁx® X (powder bentonite)

1,00E-06

140

Fig. 6: Roots

Improves the barrier performance and acts as a chemical protection in landfill applications, groundwater protection, soil encapsulation and brownfield/contaminated land developments, mining and tank
farms
Fig. 7: Barrier against
critical liquids

2

1,00E-07

120

preliminary prehydration radial ﬂow measurement

100

Flow rate, Q [m3/s]

Prevents root penetration in landfill applications, containment, groundwater protection, soil encapsulation and brownfield/contaminated land developments, hydraulic engineering and storage
ponds/lagoons

GCL bentonite - water content [%]

Fig. 5: Desiccation
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Fig. 8:
Desiccation behaviour of geosynthetic clay liners in a laboratory test
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Fig. 9:
Flow rate among multicomponent GCL interfaces
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Advantages of

SECUDRAIN WD

Material Science – Engineering – Innovation
®
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SECUDRAIN WD - Drainage geocomposites

SECUDRAIN® WD
Secudrain® WD drainage geocomposites consist of a wave-extruded monofilament drainage core and at
least one Secutex® nonwoven geotextile as separation / filtration layer. All components are made of
polypropylene and are firmly bonded with each other.

Secudrain® WD is used extensively to drain water or
gas in various applications. In multi-layered sealing
systems, Secudrain® WD fulfills multiple functions.
Filtration, Protection, Drainage

Filtration, protection and drainage
in one product

Excellent in-plane ﬂow properties

Long-term hydraulic performance

Secudrain® WD safely discharges seepage water of
the covering soil layer. Additionally, it also filters
the soil by means of the firmly attached nonwoven
cover geotextile.
Sealing elements such as geomembranes are protected by Secudrain® WD against coarse particles of the
adjacent soils.
Economic and efﬁcient

Replaces mineral drainage aggregate

Very high creep resistance

Resistance to chemical and biological
degradation

Firm bond between geotextiles and
drainage core

SELECTED ADVANTAGES OF SECUDRAIN® WD
ADVANTAGE 1: LONG-TERM BEHAVIOUR
The long-term behaviour of Secudrain® WD has been
extensively investigated in both, laboratory and
field tests. The wave structure of the drainage core
ensures a high hydraulic capacity in the long term.

The 1.90m or 3.80m wide and typically 35m or 70m
long Secudrain® WD rolls are quick and easy to install. The pre-manufactured overlap configuration
of Secudrain® WD provides a simple and quick butt
jointing of the geocomposite panels in the longitudinal direction.
The use of Secudrain® WD in earth construction
requires less excavation of in-situ material and, in
the case of a landfill liner, the containment volume
is increased.

Figure 2
Easy handling and
installation of
Secudrain® WD

ADVANTAGE 3: THERMALLY FUSED COMPONENTS
Secudrain® WD geocomposites achieve high
inner shear strength due to thermal fusion of
the geotextile components to the drainage core.
This shear resistant bond also simplifies installation of geocomposite panels.

Using Secudrain® saves time and natural resources
since 10,000m² of the Secudrain® system can replace
the extraction, transport and installation of approximately 3,000m³ of granular drainage material.

Perfectly suited for steep slope
application due to very good
shear properties

Robust against on-site conditions

Quick and cost-effective installation

Highest quality control standards

Figure 1
Creep behaviour of
Secudrain® WD under
compressive load

ADVANTAGE 2: ECONOMIC AND EFFICIENT
Conventional drainage layers consist of several decimeters thick gravel or similar coarse material.
Secudrain® WD replaces mineral material equivalently
at significantly reduced work assignment and machinery application due to easier transportation and
installation.

SECUDRAIN® WD

Secudrain® WD Applications:
- Drainage of recultivation/cover
soil layers on sealing systems
- Gas drainage under sealing systems
or buildings
- Leachate detection in multi-layered
sealing systems
- Seepage water drainage at building
structures such as bridge abutments,
cellars etc.
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®
SECUTEX
Soft
Rock
Geotextile sand containers

Secutex® Soft Rock are geotextile sand bags or containers manufactured from needle-punched Secutex® nonwoven filter geotextiles. Geotextile sand containers (GSC) are made for encapsulating granular material and are
used as building element.
In addition to single-layer nonwoven GSCs for covered applications, double-layer nonwoven GSCs are available.
They have an integrated surface protection made of rough fibres for exposed conditions and are visually well
suited for a sandy environment.

Figure 1:
Erosion/river
bank protection

TYPICAL APPLICATIONS FOR SECUTEX® SOFT ROCK

ADVANTAGES OF SECUTEX® SOFT ROCK

River bank protection

Secutex® Soft Rock is the first choice when looking for soft and adaptable erosion and scour protection systems. Secutex® Soft Rock
GSCs provide the filter and ballast function in one element. Secutex® Soft Rock GSCs, made from filter-stable nonwovens, are robust,
flexible construction elements that resemble the natural coastal and marine environment and provides an excellent erosion protection. They are an alternative solution to conventional revetment systems with granular filters, rip-raps and/or armourstones.

Secutex® Soft Rock sand containers provide an alternative solution to conventional erosion control systems or revetments made of rocks or concrete. With the use of GSCs and an underlying filter nonwoven
Secutex® H an effective erosion protection system can be achieved. Secutex® Soft Rock sand containers
made of single or double-layered nonwovens can be applied with or without an additional protection layer
for covered or uncovered applications.

Application advantages of Secutex® Soft Rock

A convincing advantage of Secutex® Soft Rock constructions lies in the ability to fill them with locally available sand. This can result
in significant cost savings compared to conventional revetment solutions due to reduced construction time, lower material costs and
shorter transport distances.

•
•
•

Stability under hydraulic load

Long-term abrasion resistance and robustness for a long service life
Soft and flexible construction elements adopt very well to surrounding conditions
More economical and ecological solution in comparison to conventional revetment systems
made of stones

Coastal and dune protection

Figure 2:
Coastal and
dune protection

Secutex® Soft Rock is installed in front of or above soil materials in order to retain the soil material behind
or underneath while providing sufficient resistance to hydraulic loads. In consideration of their soft and
adaptable properties, GSCs are best suited for coastal protection systems, for example inside sand dunes
or in front of steep coasts.

Application advantages of Secutex® Soft Rock
•
•
•
•

Stability under dynamic load (wave run-up, wave overflow, etc.)
Erosion stable encapsulation of the fill material in the GSC
Long-term abrasion resistance for durable applications
Long-term filter function leads to the prevention of water pressure developing behind the structure

Scour protection
GSCs are installed as scour protection system in the water around structures, e.g. offshore wind turbine
foundations or bridge foundations.
Figure 3:
Scour protection

In-situ soil as fill material

Application advantages of Secutex® Soft Rock

The dynamic interaction between waves and/or currents and the soils and structures at the water‘s edge makes the selection of a suitable protection system difficult. Coastal sections or banks (e.g. with buildings close to the coast) must be protected from erosion in
the long term. The solution must be flexible and durable, and the impact on the marine environment must be minimal. Lightweight,
robust nonwovens make it possible to encapsulate the local sand and thus create efficient geotextile containers for erosion control
measures in the long term.

Secutex® Soft Rock as building material
The roughened surface of the needle-punched nonwovens of Secutex® Soft Rock offers a better friction behaviour than comparable
systems made of woven fabrics. Thus, Secutex® Soft Rock reduces the sliding between stacked sand-filled containers or bags when
subject to currents and waves. In addition, sand and sedimentation are embedded in the nonwoven structure, providing a natural
protection layer for the nonwoven.

CO2 reduction
Geosynthetics can replace the use of conventional construction materials such as armourstone, gravel or sand. This means that fewer
stones or soil must be removed and transported and thus, less CO2 is produced and emitted.
Product type

Theoretical fill volume

Enviroment of
the application

Secutex® Soft Rock R 601

1.0m3

Covered

Secutex® Soft Rock R 801

1.0m3
1.5m3

Covered

Secutex® Soft Rock RS 801a

1.0m3

Covered

Secutex® Soft Rock RS 1001a

1.0m3

Uncovered

Secutex® Soft Rock RS 1201*

1.0m
1.5m3
2.0m3
2.5m3

Uncovered

3

•
•
•

GSCs provide the function of a filter and a ballast in one element
No additional cover layer required
No scouring during construction phase as installed prior to monopile installation

*Special equipment is required for filling and transport.

Table 1: Typical Secutex® Soft Rock sizes

2

Figure 4: Advantages of Secutex® Soft Rock GSCs
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®
SECUGRID
HS
High Strength Geogrid

Secugrid® HS geogrids are laid geogrids made of high tenacity polyester filaments with an extruded
polyethylene protective coating and welded junctions. Secugrid® HS combines high tensile strengths and
low creep tendency with extreme robustness and resistance.
Secugrid® HS was developed specifically for geotechnical applications in earthworks where tensile strengths
of more than 400 kN/m are required.

TYPICAL APPLICATIONS FOR SECUGRID® HS

ADVANTAGES OF SECUGRID® HS

Embankment on soft soil

Secugrid® HS is the choice for all applications where high tensile strengths over a long service life is required.
The selection of the polymers used in combination with the applied product technology guarantees a robust and durable reinforcement product.

The high-strength Secugrid® HS basal reinforcement increases the stability of embankment structures
on soft soils - during construction phases and in the final state.
Figure 1:
Embankments
on soft soils

Application advantages of Secugrid® HS

Low creep tendency

•
•
•
•

All geosynthetics that are exposed to permanent loads experience loss of
tensile strength over time as a result of creep effects. The degree of tensile strength reduction depends on the stress level, time, temperature and
molecular composition of the polymer used. Table 1 shows a comparison
between the usual reduction factors for polymer-specific geosynthetics
(see EBGEO 2010) and the result for Secugrid® HS. The comparison documents the high quality of Secugrid® HS with regard to its very low creep
tendency.

Increased stability of embankments due to high tensile strengths of up to 1200 kN/m
Faster construction progress due to shorter consolidation periods
Mitigation of differential settlements in case of a heterogeneous subsoil
Long-term stability (low creep tendency/high long-term resistance)

Load transfer platforms over piles

Figure 2:
Load transfer platforms
over piles

•
•
•
•

Larger pile spacings (due to high tensile strength)
Absorption of lateral thrust forces eliminates the need for raking piles
Mitigation of differential settlements
No waiting time for consolidation processes

1)
2)

Usual values for RFCR

von

bis

Aramid (AR)

1,51)

21)

Polyester (PET)

1,51)

2,51)

Polyvinyl alcohol (PVA)

1,51)

2,51)

Polypropylene (PP)

2,51)

41)

Secugrid® HS (PET)

The design of reinforced load transfer platforms over piles is used to control embankment stability and
settlements. The piles are transferring the load of the embankment through the soft compressible soil
layer to a deeper, firm foundation. The relief of the soft soil is achieved by load distribution within the
reinforced base course towards the loadbearing elements.

Application advantages of Secugrid® HS

Raw materials

1,472)

EBGEO; 2nd Edition, Deutsche Gesellschaft für Geotechnik e.V. (2010)
Reduction factor RFCR for Secugrid® HS, Expert Opinion,
Dr.-Ing. J. Retzlaff (12/2015)

Table 1:
Usual reduction factors (EBGEO 2010) vs. Secugrid® HS

Robust against damage during installation
Installation of soil and the subsequent compaction mean high stresses for geogrids during the installation phase. Robust
reinforcement products largely retain their strength during installation. The very high robustness of Secugrid® HS was documented
in field trials. For Secugrid® HS 1200/100 R6, for example, a reduction factor of only 1.03 can be expected when installed below
crushed stone (d85 < 35 mm).

Bridging of sinkholes and mining voids

Figure 3:
Bridging of sinkholes
and mining voids

Secugrid® HS is installed below embankments or fill layers in order to limit the amount of surface
deformation caused by subsidence. These voids can be the result of natural processes (e.g. subrosion in
karstic areas) or artificial processes (e.g. groundwater extraction or underground mining).

Application advantages of Secugrid® HS
•
•
•

Reduced risk of accidents in the event of occurring sinkholes/mining voids
Increased safety due to high ductility of the system
Economic and ecologic alternative to rigid raft foundations
Figure 4:
Field trial with Secugrid® HS to determine the installation damage ( RFCR )
reduction factor

2

Figure 5:
Uncovering of Secugrid® HS to determine the installation damage ( RFCR )
reduction factor
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®
SECUGRID
PET/PP
Geogrids

Secugrid® PET/PP uniaxial and biaxial geogrids are laid geogrids made of stretched, monolithic polyester (PET)
or polypropylene (PP) flat or profile bars with welded junctions.
Secugrid® PET/PP geogrids combine high stiffness and low creep tendency with extreme robustness.

TYPICAL APPLICATIONS
Bridging of sinkholes and mining voids

Secugrid® biaxial PP/PET geogrids stabilise and reinforce unbound granular layers through lateral
confinement and mobilisation of tensile resistance. Typical applications are e.g. temporary roads,
permanent traffic areas, railways and working platforms.

Secugrid® PET uniaxial geogrids are installed below embankments or fill layers in order to limit the amount
of surface deformation caused by subsidence. These voids can be the result of natural processes (e.g. subrosion in karstic areas) or artificial processes (e.g. groundwater extraction or underground mining).

Application advantages of Secugrid®

• Minimising lateral movement within aggregate base course
• Improvement of bearing capacity
• Extension of maintenance cycles/design life

Walls and Slopes
Secugrid® biaxial and uniaxial PET geogrids interact with the surrounding soil to make earth structures
stronger and more durable against applied loads.
Figure 2:
Walls and Slopes

Application advantages of Secugrid®
•
•
•
•

Inclinations between 45° and 90° achievable
Large variety of facing systems (vegetation, gabions, concrete blocks/panels)
Use of locally available soils possible
Fast and economic solution vs. conventional methods (concrete retaining walls)

Embankment on Soft Soil
Secugrid® uniaxial PET geogrids increase the stability of embankment structures on soft soils - during
construction phases and in the final state.
Figure 3:
Embankment
on soft soil

Application advantages of Secugrid®
•
•
•
•

Increased stability of embankment
Faster construction progress due to shorter consolidation periods
Mitigation of differential settlements in case of a heterogeneous subsoil
Long-term stability (low creep tendency/high long-term resistance)

Figure 5:
Bridging of sinkholes
and mining voids

Application advantages of Secugrid®

• Reduced risk of accidents in the event of occurring sinkholes/mining voids
• Increased safety due to high ductility of the system
• Economic and ecologic alternative to rigid raft foundations

ADVANTAGES OF SECUGRID® PET/PP
Secugrid® PET/PP geogrids are the choice for all applications where high tensile strength over a long service life is required. The
selection of the polymers used in combination with the applied product technology guarantees a robust and durable stabilisation and
reinforcement product.

High stress absorption at low strains

100
90

Shear stresses in granular soils are substantially reduced when comparatively small axial strains (< 2%) are achieved. Geogrids reduce deformation and increase the stability, safety and serviceability of reinforced soil
structures. The stress-strain behaviour of geogrids influences the available
strength absorption capability of soils especially at low strains thus, reducing rutting, bulging and crack formation, and other mechanisms of failure
within roads and other reinforced soil structures. Secugrid® achieves a high
modulus (high tensile strength at low strains (Fig. 1)) and exhibits a low
creep tendency. This is essential for safe, economically durable engineering
work and high serviceability.

% of Ultimate Tensile Strength

Figure 1:
Base Course Stabilisation
& Reinforcement

Base Course Stabilisation & Reinforcement
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Figure 1:
Stress/strain curves of Secugrid® and selected geogrids

Efficient interaction between soil and geogrid
Load transfer platform over piles

Figure 4:
Load transfer platforms
over piles

Secugrid® uniaxial PET geogrids are used to reinforce load transfer platforms over piles to control
embankment stability and settlements. The piles are transferring the load of the embankment through
the soft compressible soil layer to a deeper, firm foundation. The relief of the soft soil is achieved by load
distribution within the reinforced base course towards the loadbearing elements.

Application advantages of Secugrid®
•
•
•
•

2

Larger pile spacings (due to high tensile strength)
Absorption of lateral thrust forces eliminates the need for raking piles
Mitigation of differential settlements
No waiting time for consolidation processes

Secugrid® geogrids absorb tensile forces applied to the soil and distribute
the stresses via its flat and stiff bars. This transfer of stresses takes place by
two distinct mechanisms: interlock of the granular soil with the grid apertures (a.k.a. stabilisation) and friction between the soil and the textured
surface of the Secugrid® bars.
The apertures allow full or partial penetration of the soil particles, which
then abut against the ribs (flat bars) providing confinement of the overlying granular/soil material due to the stiffness and strength of the ribs.
Furthermore, the high torsional rigidity provides the essential durability
for long-term interlocking performance. The combined effect of the interlocked soil and the high tensile stiffness of the geogrid minimises soil
deformation and ensures the integrity of the reinforced structure.

Figure 2: Interlocking effect demonstrated by a Secugrid reinforced gravel column supporting a van (see http://www.naue.
com/naue-videos.html)
3
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COMBIGRID

®

COMBIGRID®
Combigrid® is composite of a laid geogrid made of stretched, monolithic flat bars with welded
junctions and a mechanical bonded geotextile welded within the geogrid structure.

Combigrid® geocomposites benefit from NAUE’s
decades of reinforcement experience. Continuous
improvement of the manufacturing process,
stringent quality control in raw material selection and expert engineering support ensure safe
and economical constructions.

Firmly bonded composite product
Biaxial tensile strength up to 120kN/m
Immediate interlock with fill material
(no construction-related strain)
Cost saving with reduced aggregate
thickness
Excellent stress strain behaviour (high
tensile stiffness)
High torsional rigidity
High radial stiffness
High cyclic tensile stiffness
Robust against installation damage
and chemical and biological attack
4.75m wide rolls facilitate quick,
easy and cost-effective installation
Verified and proven design methods
with user-friendly design tools
Mitigation of settlements and extension
of project service life
Ecological preservation of resources
with reduced soil excavation

140

The geocomposite additionally embeds a Secutex®
nonwoven geotextile within the streched bars.
The welding process that strongly joins the longitudinal and transverse bars, creates a firm and
robust geocomposite for use in stabilised and
reinforced foundation layers.

The geogrid / nonwoven geotextile composite
is used primarily on soft soils with low bearing
capacity, such as unbound, dynamically loaded layers that require filtration and separation support. Typical applications include base
and subbase stabilisation and reinforcement for
temporary and permanent roads, railways, storage yards, container terminals, temporary
working platforms, airport runways, sludge
lagoons and tailings ponds.

Figure 1
Stress-strain curves
of different geogrids.
Scaled up detail outlines typical working
strain levels (≤ 2%
elongation).
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The performance of the geogrid at a stress-strain
ratio in the range of 2% is therefore important
and here Combigrid® shows its strength. Combigrid® has excellent tensile strength properties
at low elongations and demonstrates its advantages in this important strain range.
ADVANTAGE 2: SOIL SEPARATION
The three-dimensional fibre matrix of the needlepunched Secutex® nonwoven, acts as separation
layer between fine grained subgrade soil and
coarse aggregate base course layers and ensures
long-term filter stability. The properties of separation, filtration and reinforcement are combined in
the product Combigrid®.

100

Rut depth (in)

Rut depth (mm)

SELECTED ADVANTAGES OF COMBIGRID®
ADVANTAGE 1: STRESS / STRAIN BEHAVIOUR
Geocomposites like Combigrid® are used wherever high strength is required at low elongation.
The stress-strain behaviour (also known as tensile stiffness) of the geogrid is important when
selecting which type of geogrid is to be used. Geogrids will typically have a maximum elongation at
break of 6% up to 15%, depending on the choice of
polymer and manufacturing technology. However,
the internal angle of friction of medium to densely compacted soils is reduced when the soil is
subjected to an elongation of less than 2%. It is
necessary to align the stress-strain behaviour of
the installed geogrid with the elongation behaviour of the soil.

5

4

100

Combigrid® is a geocomposite reinforcement solution. The unique manufacturing process produces structured, high strength, monolithic,
pre-stressed polypropylene or polyester bars with
a continuous molecular structure. The extraordinary high extensional stiffness of Combigrid®
efficiently reduces deformations in the subgrade
which extends the service life of modern infrastructure.

This combination provides reinforcement stabilisation, filtration, separation and drainage in a
single product.

Control
Secugrid 20/20 Q1
Combigrid 30/30 Q1 GRK3

rut filled

120

% of Ultimate Tensile Strength

Reinforcement/stabilisation, filtration, separation, and drainage in
just one product

Permanent Deformation: CBR = 1% (cu = 30 kPA), Wheel load = 9 kips (40kN)

Tests to simulate the traffic passages on an unreinforced base course resulted in 3 inch (75mm)
deep ruts after 20 load cycles, and it took 540 load
cycles when Secugrid® 20/20 Q1 was used. However, when Combigrid® was used, the maximum
rut depth of 3 inches was not reached even after
100,000 load cycles. Using a composite product
made of a geogrid and a nonwoven needle-punched
geotextile firmly bonded between the longitudinal
and cross bars at the interface between soft subgrade and base course layer worked really well.
Combigrid® - not just a geogrid. THE solution for infrastructure projects on low bearing capacity
subsoil.

Figure 2
Combigrid® and
Secugrid® traffic
benefit ratio (TBR)
over a very weak
subsoil, compared to
an unreinforced design
(for subsoils CBR 1 %,
for details see EuroGeo4, paper 229)

COMBIGRID®

Combigrid®
Soil reinforcement applications:
- Base and subbase course stabilisation and
reinforcement
- Basal reinforcement for embankments
- Load transfer platforms over piles
- Bridging of mining voids and sinkholes
- Reinforced foundations
- Airport runways and graded portions
- Working platforms
- Pipe trenches
- Sludge lagoons/Tailing ponds
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®
SECUGRID
PET/PP
Geogrids

1

What are geogrids
and how are they made?

Fig. 1
Geogrid
definitions

2

The second method is to take high tenacity polyester

Where are geogrids used?

or polypropylene yarns that are typically twisted

There are several major markets for geogrids. These

Geogrids are polymeric products formed by joining

together. The single yarns are then weaved or knitted

intersecting ribs. They have large open spaces also

forming flexible junctions. Typically these products

are base reinforcement, earth retaining wall construc-

known as "apertures". The directions of the ribs are

are additionally coated,

tion including veneer stabilisation, the segmental re-

referred to as machine direction (md), orientated in

depending on the manu-

taining wall market, embankment reinforcement and

the direction of the manufacturing process or cross

facturer, with polyvinyl

pile cap platforms. Biaxial geogrids are primarily used

machine direction (cmd) perpendicular to the machine

chloride (PVC), a bitumi-

in base reinforcement applications, while the uniaxial

direction ribs. Geogrids are mainly made from poly-

nous material or latex.

geogrids are often used in the other markets. This
document will only be concentrating on base

meric materials, typically polypropylene (PP), high
density polyethylene (HDPE) and polyester (PET).

Fig. 8
Base course
reinforcement on
a very soft subsoil
with Combigrid®
(bottom) and
Secugrid®

reinforcement and biaxial geogrids.

Fig. 3
Knitted/woven geogrid

Fig. 4
Stretching process
of Secugrid® ribs

Fig. 7
Installed Secugrid®
as a base course
reinforcement

The base reinforcement market is just what the name
implies. These are applications where an engineer
is trying to improve the performance of a gravel base
over poor soils, trying to minimise the amount of
gravel in the base course design, or increasing the
life of the surface cover, concrete or asphalt. Geogrids are used under parking lots, airport runways,
gravel construction roads, highways, dam levees and
railroad tracks.

The third method which produces Secugrid® is to
extrude flat polyester or polypropylene ribs (also
known as straps or bars) that are passed over rollers,
Geogrids are manufactured as either biaxial or uniaxial.

Fig. 5
Secugrid®
manufacturing
process

Biaxial geogrids are those that exhibit the same

3

Fig. 10
Demonstration of
the interlock effect
with a car standing
on a Secugrid® reinforced gravel column

How do geogrids work?

Geogrids work by interlocking with the granular or
soil material placed over them. The apertures allow

strength in both the machine and cross machine direc-

for strike-through of the cover soil material which

tions while uniaxial geogrids exhibit the primary
strength in the machine direction with minimal

Fig. 9
Secugrid® works
because of an
interlocking with
the soil aggregate
(here schematic
demonstrated with
golf balls)

strength, enough to maintain the aperture structure,
in the cross machine direction.

Presently geogrids are manufactured
in three manners.
The first is a manufacturing method consisting of
extruding a flat sheet of plastic, either high density

running at different speeds that stretch the ribs

polyethylene or polypropylene, punching a controlled

and orientate the polymers into high tenacity flat

pattern of holes (the apertures), and stretching

bars (figure 4). These ribs are fed into the welding

the sheet in both direc-

equipment where cross

tions, orienting the poly-

machine direction ribs are

mers, developing tensile

introduced and are welded

strength. However, there

together (figure 5) for-

is a little orientation in

ming dimensioned aper-

then interlocks with the ribs (flat straps/bars) provi-

the junction.

tures (figure 6).

ding confinement of the overlaying granular/soil

Fig. 2
Extruded geogrid

2

Fig. 6
Welded Secugrid® geogrid

material due to the stiffness and strength of the
ribs (figure 9 and 10).

3

4

What are geogrid
physical properties?

5

Advantages of
Secugrid®

For a more detailed explanation of physical properties with a simple explanation of the test method,

Geogrid physical properties are the characteristics of

please contact a NAUE representative.

the geogrid that provide it with its strength and ability

Fig. 12
Tensile strength
testing of
Secugrid®

to act as soil reinforcement. The following properties
are those that the majority of the geogrids can be

Wide rolls will translate into less overlaps. In
a large flat area this will result in less material

There are several features of Secugrid® that make

required and save overall costs.

it the choice to use for base stabilisation appli-

Resistance to installation damage - Installation

cations. Some Secugrid® advantages are:

damage testing is performed on geogrids to see

True biaxial geogrid with equal strengths in both

what, if any, damage occurs to the geogrid during

tested for and will provide a means to compare the

the machine and cross machine direction which

installation. In this test the geogrid is installed and

various geogrids against each other. The test methods

allow stress transfer in all directions, e.g. in road

covered with, typically, three types of cover mate-

to determine these properties are nearly all standardi-

curves.

rial, exhumed and wide width tensile (wide width

sed by ISO, CEN, ASTM, Geosynthetic Research Institute

Strength - Higher strengths than most other geo-

strength) testing is performed on the exhumed ma-

(GRI) or national standards. The properties typically

grids @ 1%, 2% and 5% strains.

terial. These test results are compared to "control"

listed are as follows:

Modulus - Very high modulus which means this

tests performed on the same material not buried

1. Tensile strength @ ultimate

product will pick up the stresses quickly with little

and the percentage of retained strength is calcula-

2. Elongation @ ultimate

or no movement in the overlying base materials.

ted. A reduction factor can then be calculated and

3. Tensile or true tensile strength

taken into account by an engineer when designing

Fig. 13
Stress/strain
curves of
Secugrid®
and selected
geogrids

@ 1%, 2% and 5%
4. Elongation
5. High radial secant stiffness values

with geogrids. Current Secugrid® installation
damage results are listed in the table below and
are compared to published competitors values in

6. Initial or true initial modulus

the same test (e.g. SPRAGUE et al., Geosynthetics

7. Aperture size or dimensions

Conference 1999). The results show that Secugrid®

8. Junction strength

is as durable if not better than other geogrids.

9. Junction efficiency
10. Flexural rigidity or stiffness

Fig. 11
Geogrid properties
affecting base
reinforcement

Extruded
geogrids

Secugrid®
20/20 Q1

Secugrid®
30/30 Q1

Coated PET
geogrids

11. Aperture stability

Most of these properties will impact the level of

12. UV Resistance

performance of the geogrid as a base reinforcement

Flexural rigidity - Secugrid® is a very stiff geogrid.

13. Rib thickness and width

material. Table 1 identifies the property, the geogrid

It is generally accepted that a stiff geogrid will per-

14. Resistance to installation damage

characteristic and the generally accepted belief

form better for base reinforcement, as the geogrid

15. Resistance to long term degradation

this property has on the performance of the geogrid

will hold its shape, maintaining a horizontal plane

Soil pull-out testing - For soil reinforcement with

15. Creep behaviour

to reinforce the base material.

versus flexible geogrids when installed. As a result,

geogrids, the comparison of the stress-strain beha-

there is no movement when the loading from the

viour of the soil and the geogrid is very important. To

overlaying gravel is transferred to the geogrid,

determine the strength of a geogrid in a soil that will

GEOGRID ITEM
Rib
Rib
Size
Aperture

PROPERTY
Stiffness
Aperture shape

GENERAL BELIEF

+

83%

98.6%

98%

89% average

90%*

98.6%

91%

84% average

Coarse gravel

70%

91.3%

90%

82% average

* Clayey sand

whereas the flexible geogrids have to move to lie

also indicate the ability of the aperture to interlock

in a horizontal plane and be placed in tension.

with the soil, pull-out tests are typically carried out.

The stiffer geogrids pick up the transferred loading

Recent research publications of soil pull-out test

Square or rectangular is better then curved or rounded

quicker with little or no deformation in the over-

with Secugrid® have shown that Secugrid® is again,

laying gravel.

as good if not better than comparable geogrids.

Aperture stability - Based on the Kinney test method,

Rigidity

Stiffer is better (Property # 9 and 10)

test trials carried out by WES and Kinney, a geogrid

Strength

Need some minimum strength. Need to look at
strength @ ≤ 2% strains

torsional stability) will allow more traffic passes

High value shows good potential for improved traffic
performance relationship (Property # 9)

Therefore, they have a higher Traffic Benefit Ratio

The higher the better (Property # 5)

an area with geogrid compared to an area without

Aperture size

Sand
Sandy gravel

Stiffer is better. Need good test to measure stiffness
(property # 5, 9 and 10)

Related to base aggregate size. Optimum size not determined
but should be minimum of 25mm to 40mm (1.0in. to 1.5in.)

Fig. 15
Soil pull-out results
with 3 geogrids

Secugrid® has very high test values. According to
with a high aperture stability (also referred to as

Junction
Junction
Rib

Aperture stability
Initial modulus

than products with lower aperture stability.
(Relationship between number of truck passes over
geogrid).

+ fulfilled by Secugrid®
4

Fig. 14
Installation
damage tests

5
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solution is the overall reduction of the base course

In figure 18 the bearing capacity values are summari-

strengths of 30kN/m (for higher soil strength CBR

thickness because the Secugrid® geogrid reinforces the

sed by cross section and after compaction. Using only

values), 40kN/m or 60kN/m (for the weakest soil

Secugrid® base course reinforcement

base course allowing for uniform stress distribution

a 300mm thick crushed gravel base course resulted in

strength CBR values). To achieve the recommended CBR

over loess loam

across the base course.

a bearing capacity improvement to the subsoil. In

value of the bearing layer, without allowing any long

addition the cross sections using the three geogrids

term rutting, the designer recommended two different

all showed an additional improvement in the bea-

bearing layer thicknesses using available recycled

ring capacity of the subsoil. However the test plot

materials to keep the overall project costs low:

References

The growing amount of traffic on roads increases stress
conditions to the road structure resulting in the

A test trial was made on an access road to a landfill

necessity to improve the strength of the structures.

where various cross sections of base courses were

The long-term stability of the pavement depends

constructed over a loess loam (EV2 = 27.6MN/m²,

primarily on the structure of the base course.

approximately CBR = 6%). These various sections were

Fig. 16
Truck tire
creating rutting
on weak subsoil

Fig. 18
Performance of
Secugrid®
compared to other
geogrid reinforced
sections as base
course stabilisation

reinforced with Secugrid® 30/30 Q1 achieved the
highest improvement in bearing capacity values. The

Fig. 17
Placement of
base course gravel
over the Secugrid®
section

200mm crushed tile material, 300mm crushed
recycling concrete
300mm crushed tile material under 100mm B2
recycling concrete
Fig. 19
Crushed base course
material over
Secugrid® for base
stabilisation in
access roads

bearing capacity results (EV2) with Secugrid®, averaged
Typically the base course under roadways is made of

then tested using a plate load test to determine

at 95.2MN/m² (CBR: 14.5 - 19%), ranging approxima-

crushed gravel that must ensure efficient load distri-

the resulting bearing capacity of the subsoil. Control

tely 18.9 to 29.8% higher than the other geogrid

bution of the stresses transferred from traffic. In all

sections were also built where the thickness of

sections.

cases it is important that the shear strength of the

the base course, without geogrid reinforcement, were

subsoil is exceeded, which in general can be very

300mm and 400mm thick. Three different geo-

Soil reinforcement with Secugrid®/Combigrid®

low, by the base course material. Plate load tests, such

grids were incorporated in the study and were in-

In the community of Neuenkoop-Koeterende, Germany

The Secutex® needle-punched nonwoven geotextile, an

as described in DIN 18134 (similar to AASHTO T

stalled in the geogrid reinforced base course sections

several farm access roads required improvement

integral part of Combigrid® geogrids, ensured adequate

222 and ASTM D 1196) allow a means for determining

as follows.

because the roads could not withstand the stresses

filter and separation performance between the bearing

developed from current traffic levels. The roads were

layer of recycled materials and the subsoil.

the bearing capacity of the subsoil and the compacted
base course which can then be correlated to a CBR

F35 - A PVC coated polyester geogrid with a biaxial

several decades old and had only very thin bearing

The load bearing tests performed after placement of

(California Bearing ratio) value.

ultimate tensile strength of 35kN/m (2400lbs/ft)

layers (approx. 30cm). In addition these roads were

the geogrid and the base course showed that the CBR

in both machine (md) and cross machine direction

built over very soft peat with a CBR value of approxi-

results had variation, due to the very different subsoil

In Germany and many other parts of the world there are

(cmd)

mately 1%.

conditions which was expected. While the newly instal-

subsoils very similar to loess loam, requiring additional

T30 - A stretched polypropylene geogrid with a bia-

measures for base course construction if roads are built

xial ultimate tensile strength of 30kN/m (2055lbs/ft)

The local design engineer used test results from

of 50% in all cases the results from areas not meeting

over this type of soil. Often the thickness of the base

in both md and cmd

an investigation in 2001 of the nearby wind mill

50% were very close and determined to be adequate.

course is simply increased. This requires more excava-

Secugrid® 30/30 Q1 - manufactured of extruded,

Neuhuntorfer Moor project, which had similar subsoil

Based on the performance of the new base course from

tion of subsoil and additional material in the thicker

stretched, monolithic, structured flat bars with wel-

conditions, as the basis for re-designing the farm

construction traffic as well as a few weeks of farming

base course resulting in increased labor, equipment

ded junctions and a biaxial ultimate tensile strength

access roads. The new design increased the base course

traffic it was concluded that the proposed solution

and material costs. An alternative and cost effective

of 30kN/m (2055lbs/ft) in both md and cmd

bearing layer and incorporated geogrids for additional

fulfilled the expectations of the design. The design

strength. The designer recommended new cross

engineer, as well as the owners, concluded that a huge

method to achieve a long term safe solution for low

led base course did not achieve the expected CBR value

strength subsoils is to use polymeric geosynthetic geo-

It was assumed that the bearing capacity of the

sections to the existing road which included the in-

improvement was achieved using the Secugrid® and

grids, such as Secugrid®, between the subsoil and the

unreinforced control section would exceed a value

stallation, depending on the soil CBR values, either

Combigrid® in the design and expectations are that

overlaying base course. The additional benefit of this

of 45MN/m² (CBR 12.5%).

Secugrid® or Combigrid® geogrids with tensile

the road would perform successfully for a long time.
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Quick and simple installing

Secugrid® storage

Two layers of Secugrid® as road dam reinforcement

Railroad slope stabilisation

Mechanically stabilised earth (MSE) wall construction

Compaction
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Reinforced Embankment
"Marina Isla de Valdecañas", Spain

Noise Protection
Barriers

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

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.

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

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-reinforced 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 geogrid 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

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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TOP materials for
A1 motorway

Geogrids Enable 160km/h
for Deutsche Bahn
the Spreewald have presented a particular challenge to the project.

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

NAUE Combigrid® and Secugrid® reinforce
the railway base course on damp, marshy
ground.
The railway line between Berlin and
Cottbus is being completely refurbished.
The challenge: upgrade eight wet,
boggy sections in the Spree Forest
(Spreewald) between Königswusterhausen
and Lübbenau to support train speeds
of 160km/h. The solution: base course
reinforcement with a combination of
Combigrid® 40/40 Q1 151 GRK 3 and
Secugrid® 40/40 Q1.
Since 2008, the German Railway Authority
(Deutsche Bahn) has been reconstructing
the major rail link between Berlin and
Cottbus. Currently, the nearly 60-km-long
section between Königswusterhausen and
Lübbenau is being redeveloped, which
means that train traffic along this stretch
will probably be halted until April 2011.
The work will be worth it.
Once reconstruction is complete, the new
route will allow speeds of up to 160km/h,
which will shorten the journey by approximately 20 minutes. Simple, but with high
functionality. The wet-marshy subsoils of

Site investigations confirmed that the base
course would need to
be built up through
eight marshy sections
on the rail line in order
to support the new
speed. Four design options were available,
one of which involved
a combination base
reinforcement system utilizing both
Combigrid® 40/40 Q1 151 GRK 3 and
Secugrid® 40/40 Q1 geogrids. Important
criteria for choosing a solution included:
- Costs
- Construction feasibility in terms of
local conditions (e.g., water table,
space constraints)
- Regulatory
approval of both
the project design
and individual materials to be used.
The use of durable
geogrid reinforcement in the sub-base
would provide the
necessary permanent
protection and stability where the noncohesive soils have
a high degree of
overlap and/or are
relatively thin. For
the
geogrid-reinforced base course,
no special approval
was required.

The base layer is 50cm high and has two
reinforced layers.
The lower reinforcement is provided
by Combigrid® 40/40 Q1 151 GRK 3, a
geotextile-geogrid composite material
with additional separation and filtration
efficiency. The material's characteristics
and application specification are in
accordance with the Federal Railway
Authority's (Eisenbahn-Bundesamt [EBA])
"Test Conditions for Geosynthetics in
Approval Procedures of the EBA."

One of the main arteries running through
Poland, the A1 motorway features a new
section that has been constructed with the
help of products from NAUE Geosynthetics.
This new section, running between the
Swierklany junction on the A1 and the
Polish-Czech border in Gorzyczki, is built
on land where much underground mining
has taken place. The possible settlement
of this land made it imperative that a suitable and reliable geogrid was selected
for this project - a demand met by the Secugrid® range from NAUE. In total, some
200,000sqm of Secugrid® 100/100 Q6 has
been selected, along with over 1 million
sqm of Secugrid® 120/120 Q6.

Above the Combigrid®, a reinforcement
layer of Secugrid® 40/40 Q1 was installed
along with another 25cm of cover soil.
Secugrid® geogrids are also manufactured
in accordance with the EBA's guidelines.
This use of Combigrid® 40/40 Q1 151
GRK 3 and Secugrid® 40/40 Q1 has been
installed in all eight problem soil zones
for base course reinforcement. Approximately 160,000m² of Combigrid® and
Secugrid® have been installed along
this important, refurbished rail line.

low elongation. This results in an immediate
force connection and interlocking with the
fill soil, without primary deformation.
Aperture size on both of the Secugrid®
options selected is 28mm square, and elongation at nominal strength is no more than
6% in either direction. UV resistance is
as high as 96.3%, and offer high weather
resistance characteristics. Secugrid® is a
lightweight but strong product.
Secugrid® 100/100 Q6 has a mass of
800g/m2, and a tensile strength of 100kN/m
in both machine direction and cross machine
direction. With Secugrid® 120/120 Q6 the

Fig. 3
View over
Secugrid® reinforced floating
foundation

Fig. 2
Placement of
cover soil on
Secugrid®

These Secugrid® flat geogrids are made from
interlaced extruded PET or PP polymer bars.
The high strength monolithic welded junctions provide soil reinforcement for all civil
engineering applications, including environmental, infrastructure and marine engineering projects. These geogrids offer superior
soil reinforcement elements because they
resist surface tensile force loading with very

mass is 875g/m2, and the tensile strength is
139kN/m in either direction. One of the key
advantages of using this material is that
it can save natural mineral resources by
reducing base course thickness - reducing the
need for large volumes of stabilising soil fill,
involved construction time, and transportation costs. The ability of Secugrid® to offer
similar performance credentials to a PVA

alternative also being considered, along with
distinct price advantages, were other factors
in the specification for this project. This section of the motorway is the third stage of
construction - or the southern section - connecting the cities of Ṡwierklany, Mszana,
Godów and Gorzyce. Lead contractor is Alpine
Mayreder Bau, with Alpine Bau Deutschland
and Alpine stavebni spolećnost acting as
partner contractors.
As it passes through the Rybnik Plateau,
the opportunity was taken to integrate
the route into the local environment in
'an efficient and environmentally-friendly
design'. However, the mining work of
decades passed brought with it particular
challenges, dictating that geogrids be employed and the adoption of alternative,
stage-based gradeline solutions. The motorway's path takes in a variety of terrains,
and has avoided city centres wherever possible (minimising the need for demolition
work). It also passes through wastelands
and arable land, as well as partly through
forests.
Once again, NAUE products have shown
their versatility and dependability in a project that represents a significant investment from Poland's General Directorate
for National Roads and Motorways. Drivers
using this section of motorway will almost
certainly be unaware of the legacy left by
the mining industry in that country, but
can be confident that the roads they drive
along will remain stable and dependable.

Scout Moor
Windfarm soil
reinforcement
with Secugrid®
Scout Moor Wind Farm is situated in the
West Pennine Moors in Lancashire, Northwest England. Like many Wind farms, the
space and weather conditions are ideal for

shallow mine workings. Altogether 12km of
roads were planned to ensure access. Germanybased geosynthetic consultant "BBG Bauberatung Geokunststoffe GmbH & Co. KG"

harvesting wind power, but site access
and establishing firm turbine footings is a
challenge.

carried out the design of the roads and 26
crane pad construction areas. A 'floating
road' construction - essentially, a linear
Load Transfer Platform proved to be the
right solution, as it took into consideration the various site constraints as well
as issues of constructability, design life
and economics, all of which played a
significant role in the final decisions.

Fig. 4
Placement of
crushed gravel
over installed
Secugrid®

The 65MW, 26-turbine Scout Moor farm was
constructed upon an extensive peat bog
that is underlain by six coal seams and a
number of abandoned, shallow mines.
It was also anticipated that very soft
to soft glacial clays would underlie a significant proportion of the blanket bog. Geological records indicate that the site is
underlain by a total of six coal seams.
Limited records held by the Coal Authority indicate approximately thirty abandoned mine entries within the vicinity of
the shallow cropping seams. It was anticipated that the vast majority of the site
was underlain by extensive unrecorded

The very low shear strength parameters of
the subgrade, together with the potential
collapse of mining voids in the area, required road reinforcement to prevent bearing failure. Geogrids were selected as the
most suitable reinforcement material. They
provided a relatively low cost solution
when measured with constructability and
ecological impact on the peat bog environment. The improved load-distribution
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behaviour of the geogrid-reinforced aggregate layers meant stress concentrations
over the soft peat layers were reduced. This
minimised differential settlements at the
road surface. Also, it reduced the quantity
of aggregate needed. In the United Kingdom, aggregate taxes can heavily affect
project budgets, much in the way that
suitable aggregate availability impacts
project budgets elsewhere. For the 4.5mwide access roads, two layers of 4.75mwide Secugrid® were installed along the
length of the road. This represented a significant time (and cost) savings over the
original design, which had called for 4mwide geogrids that would be installed
across the road width. Secugrid® was
identified as a technically equivalent and
economically superior alternative; and the
project was built within the scheduled
time frame.
Fig. 5
Buildup of
a windmill

Approximately 500,000sqm of Secugrid®
geogrids (tensile strengths from 30kN/m
to 400kN/m) were used for the project.
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Road Construction over Peat with

COMBIGRID®

Ontario’s Highway 62 runs through numer
ous swampy areas. Significant stretches of
the road, like the province itself, overlie
peaty soils. Properly maintaining roads in
these areas has historically been difficult
due to settlement issues. This has led to
subgrade breakdowns, roadway cracking
and failures.
A separation, reinforcement and drain
age/filtration solution was needed that
would address and counter the typical
problems of road construction over the
area’s peat.

an individual geotextile and a geogrid
layer, the site crews only needed to in
stall Combigrid®, which consists of the
nonwoven geotextile firmly welded be
tween the Secugrid®‘s reinforcement bars.
In one layer, soil stabilisation, separation
and filtration/drainage is provided. For
weak soils such as those with a CBR value
less than 3%, the solution is ideal. This
held true along Highway 62. The selection
of the multifunctional Combigrid® saved
the project team time and money on in
stallation while ensuring the long-term
strength and performance desired in the
project.

Project engineers selected Combigrid®
geogrid/nonwoven composites for road
way reinforcement. This unique NAUE
product is composed of the high-strength
geogrid Secugrid® and the needle-punched
nonwoven geotextile Secutex® - all in one
single material.

Combigrid® allowed for a shallow excava
tion (to the peat depth) and easy recon
struction. The reinforcing element re
duced the need for excessive aggregate
and the geotextile component ensured no
mixing of disparate subgrade material.

This is the only composite product of its
type in the market. Rather than installing

Ultimately, the pavement structure was
able to be constructed as thin, light

weight and economically as possible with
out sacrificing roadway liability. The risk
of differential settlement was dramatical
ly reduced.
Also of note: the 4.75m wide Combigrid®
rolls helped reduce waste on site and
expedite construction. Only two rolls of
product were needed to cover the entire
roadway width as well as provide a 300mm
overlap for maximum assurance of cover
age and long-term strength.
During construction, one lane was rein
forced at a time while the other was left
open to traffic. The geogrid/nonwoven
composite rolls were unrolled in place
and covered quickly to reopen the lane as
soon as possible.
Roughly 10,000sqm of Combigrid® were
installed. For commuters on Highway 62
the journey will now be somewhat quieter
for a long time.

Project Name:
Highway 62, South of Bancroft, Ontario
Client:
Ontario Ministry of Transportation
Design Engineering Firm:
Golder Associates
Products:
Combigrid® 30/30 Q1 151 GRK 3
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Base Course Reinforcement
for a Wind Farm with

COMBIGRID®

Romania’s 
Dobrogea region near 
Tulcea
is one of the best places in Europe for
the construction and operation of a wind
farm. Its open lands possess some of
the continent’s most dependable, strong
winds. In Phases I and II of Sãlbatica,
70 2-MW turbines were constructed. The
annual production of the site (85.5 mil
lion kWh/year) has been enough to power
29,000 homes.
Equally important is the site’s reduced
carbon footprint. Sãlbatica’s turbines produce power that, if produced by tradition
al means, release 48,000 metric tons of
CO2 per year. In the construction of Phase
II, 35 2-MW Moline Gamesa G 90 turbines
were to be added. The construction
logistics involved in this construction are
not simple. The towers are 100m high and
built of 5 segments that weigh roughly
50 tons each.
For every wind turbine eight transport
stages are needed: 5 for the tower segments, 1 for the blades, 1 for the nacelle,
and 1 for the propeller axle. Erect
ing
them requires heavy cranes. 750t L iebherr

cranes were used, assisted
by auxiliary cranes of 150,
200 and 500 tons. Without
the aid of reinforcement,
just getting the materials
and equipment to the prop
er places on site would be a
significant challenge. Site
access roads are subject to
tremendous loads and must
be properly designed and
supported.
The existing resilient mod
ulus at the roadway excavation level was 40-50MPa.
This would not be sufficient
to support the de
signed
loads. Approximately 40km
of access roads were to
be constructed and each
turbine would require its
own crane hardstanding.
Rough
ly 80 truckloads of
crushed stone were deliv
ered each day, and each
truck carried 25 to 30 tons of aggregate.
The roads needed to resist 10,000 traffic
cycles, and all of the oversized transports
meant that additional loads of 65 to 95
tons per truck were regularly on site.
Furthermore, the foundations of the wind
turbines required another 20 to 80 truck
loads of concrete per day. To maximise
access, road performance, and survivability, engineers specified the installation of
Combigrid® reinforcement
168,000m² of 
geogrids in Phase II.
Combigrid® is a unique reinforcement
uct that delivers four key geosynprod
thetic func
tions in one composite material. NAUE’s patented manufacturing
techniques combine the reinforcement
strength of a geogrid (Secugrid®) with
the filtration, separation and drainage
of a nonwoven, needle-punched geotextile (Secutex®). The result is a 
robust,
long-term reinforcement material that
significantly improves soil bearing caing of
pacity while preventing any mix
fines that might destabilise heavily-
loaded roads.
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The placement of a 200mm crushed stone
(0 to 45mm) over Combigrid® produced a
modulus of 90 - 130MPa. The placement of
a second 20cm crushed stone layer (0 to
63mm) obtained a modulus of 130 - 170MPa –
more than safe for this design.
The 4.75m wide Combigrid® rolls also
made construction more convenient.
Greater coverage per roll and easy installation meant a more efficient, more economical process. Less down-time, quicker
access. The use of Combigrid® saved time
and money and 
guaranteed immediate
and long-term safety and quality.

Project Name:
Sălbatica Wind Farm, Romania
Client:
G.E.S. - Global Energy Service
Project Developer:
Enel Green Power
Products:
Combigrid® 30/30 Q1 151 GRK 3C
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Renewable Wind Energy

Secugrid® geogrids are produced with a new dimension of manufacturing
technology. The reinforcement element is a highly-oriented polypropylene or polyester bar that is uniformly extruded and drawn to achieve a high modulus and high
strength at low elongations. This is combined with the NAUE-patented welding technology to
provide a structurally sound and stable geogrid. Secugrid® is used mainly for base reinforcement,
mechanically stabilised earth (MSE) wall construction including veneer stabilisation, the segmental retaining wall (SRW) market, embankment reinforcement, load transfer
platforms over pile caps and other soil reinforcement applications. Combigrid®, a composite product
where a nonwoven Secutex® geotextile is
firmly bonded between Secugrid® reinforcing bars, is mainly used for designs with soft
and low CBR soils where reinforcement, combined with filtration and separation, is needed.

Summary of Renewable
Wind Energy and Geosynthetics
From wind farms to biomass, methane
conversion to hydro, geosynthetics are
providing environmental protection and
cost and operational efficiencies to help
realize sustainable goals and responsible
development around the world. Global
new investment in renewable energy increased during 2008 to 2010 dramatically
from USD $130 billion to $211 billion [1].
Wind energy is the fastest growing renewables sector, adding nearly 40 GW in
2010 alone. With leading adopters including India, China, Spain, Germany, the
United States, and others, it is a true,
global success story. Many of these projects are being made possible, technically
and economically, through the utilisation
of geosynthetics in their construction. In
particular, wind farms are succeeding
upon geogrid reinforcement.

»A big wind farm
attracts the wind.«
Accessing Renewable Energy: Wind Power
Greenhouse gas-emitting sources of energy, such as our steadily depleting fossil
fuel sources, share an interesting engineering challenge with clean, renewable
energy resources: both are generally found
in areas and environments that complicate
tapping into these sources. Wind energy,
which is one of the oldest and most dependable sources of renewable power, typifies this problem of access.
Modern wind farms require a great deal of
operating space. Further, they often require
significant, additional open space across
which those powerful winds can develop.
Many of the most ideal wind farm sites have
become the way they are - less developed because of soil characteristics that complicate construction in those areas.
The key to wind farm development often becomes one of access and soil stability. Roads
must be built to the giant wind turbine pads,
and both the roads and pads must be strong

enough to support transportation and longterm siting of those giant turbines.
NAUE geosynthetic reinforcement is frequently
utilised to bring these projects online.

Figure 1
Typical cross section of an access road to a windfarm

Strength in the Grid
Typically, the base course under these
roadways is made of crushed gravel that
must provide efficient load distribution
of the stresses transferred from traffic.
In all cases it is important that the
shear strength of the subsoil, which in
general can be very low, is exceeded by
the base course material.
To achieve a long-term, safer solution for
these low strength subsoils, geogrid reinforcement is installed between the subsoil and the overlaying base course (fig. 1).
NAUE Secugrid® and Combigrid® geogrids provide high strength at low
strains - an absolute necessity for this
type of application. These geogrids possess uniform strength in all of their hightenacity, flat, welded bars, which creates
a rigid, stable, two-dimensional grid that
is as strong in its longitudinal direction
as in its tranverse direction. Additionally,
the embossed bars provide frictional performance-improving surface.
The end result is superior stress/strain
characteristics, especially in the key elogation range (less than 2%).

[1] Global Wind Report Annual Market Update 2010 [published April 2011 by the Global Wind Energy Council;
Global Status Report, published by the Renewable Energy Policy Network for the 21st Century (REN21)].

Roadway aggregate interlocks with this
high-strength geogrid (fig. 2). Secugrid®,
with its extraordinary torsional rigidity,
prevents lateral movement of the aggregate. When stresses are induced from
above, the Secugrid® bars redistribute the
load throughout the interlocked system. Not only is
lateral movement of aggregate constrained, the risk of
vertical movement is also
greatly reduced. This is crucial to maintaining roadway
integrity.
The Sălbatica Wind Farm is
located in one of Europe's
best locations for a wind
park: Romania's Dobrogea
region. Its open lands are
characterised by strong, dependable winds. The site operator, an
Italy-based firm with successful installations around the world, foresees developing 500MW of renewable energy in
Romania.
In its first stage, Sălbatica involved the
construction of 35 turbines. Another 35
followed in stage two, with each turbine
generating 2MW of power. Currently, the
annual production of the site is 85.5 million kWh/year, which is enough to power
29,000 households. From an environmental standpoint, the carbon footprint reduction is impressive: Sălbatica's turbines
produce power that if produced by traditional means would have released 48,000
metric tons of CO2 per year.

Figure 2
Demonstration
of the interlocking effect
under a 2.2t van

Case Study:
Whitelee Wind Farm,
Eaglesham Moor,
Scotland
Situated just 17km outside of Scotland's
second largest city, Glasgow, the 5.5ha
Whitelee Wind Farm at Eaglesham Moor has
emerged as one of the most important renewable power sites in the United
Kingdom. With 140 turbines, the site is
capable of providing 322MW, which is
enough to power 180,000 homes.

»Whatever the wind brings
is converted to energy.«

The geosynthetic reinforcement was imperative if these roads
were to be realised
and economical.
In the construction, Secugrid® 40/40 Q1
geogrids were installed in the 600mm-thick
separator layer at 200mm intervals (fig. 3).

Figure 3
Placement
of aggregate
on Secugrid®

The region's soils are extremely challenging
for this type of construction, however, with
depths of up to 7m and overlying 2-3m of
glacial till. Roughly two-thirds of the site
is set upon these types of soils and unable
to support conventional concrete gravity
foundations for the pads.
The soils in some zones were so difficult
that the peat was collapsing as base foundations for pads were being dug. As the geotechnical issues of the turbine pads were
being managed through varying concrete
base sizes, pile work and other methods,
the access roads were being constructed
with a combination of geosynthetics.
The volume of peat required floating road
constructions with geotextile and geogrid
separation. On site personnel reported
that some zones were so significantly soft
that after breaking through the crust
they found 2.5m of settlement occurring.

Economics & Environmental Benefits

Above this, Secugrid® 30/30 Q1 geogrids
were installed. Both types of Secugrid® are
designed for high strength, high modulus,

excellent interlocking with aggregate, and
long-term designs. Delivered in easy-toinstall rolls and highly durable (so that installation and other construction activities and handling procedures do not
damage the grids before they are placed to
function as designed), the Secugrid®
helped site workers complete more than
1.5km of road per week. With-in a month,
the site was ready for large-scale installation of the turbines (fig. 4).

Close to 40% of the world's energy consumption and greenhouse gas emissions
are related to construction. This provides
the construction industry an enormous
opportunity to improve and provide more
sustainable solutions.
Figure 5
Calculation
diagram
for crushed
rock and gravel
subbase unreinforced
and Secugrid®
reinforced

The NAUE group is committed to protecting the environment. Our manufacturing
techniques and our engineering solutions
are designed to provide economical and
environmental benefits for our clients.

In total, more than 1.4 million m2 of
geosynthetics were installed. The Eaglesham Moor site has also become an attractive nature escape. A visitor centre has
been constructed, entry to the land is free
and visitors may take part in an interactive
exhibition. More than 70km of trails have
been opened at this exemplary wind farm.

With a Secugrid® 30/30 Q1 geogrid installed in the subgrade as soil reinforcement, only 63cm of gravel would be needed
to achieve the same strength (fig. 5).
Applied under the entire 30,000m²
road project, it amounts to a huge reduction in cost and materials. Further the
entire Secugrid® geogrid material can be
delivered in just one truckload.

reduces the amount of time needed for construction, which also reduces cost. Furthermore, a significant amount of CO2 pollution
associated with heavy truck traffic and aggregate mining and processing is prevented. Therefore the use of a Secugrid®
soil reinforcement is far more economical
and environmentally responsible than a
design with lime stabilisation (fig. 6).

The aggregate volume demand saved on
this project by using that layer of geogrid
is equal to 8,100m³
(14,580t) - approximately 608 truckloads
of aggregate. Cost
saving estimations
are very much project
dependent but in a
case like this the potential cost saving
with the Secugrid®
soil reinforcement can
be several 100,000€.

For wind farms, which require large
amounts of land and are often constructed
on weak soils or soils that need to be reinforced in order to accommodate heavy
turbines, the savings can be considerable.

The choice to use Secugrid® saves a considerable amount on
aggregate delivery and
Figure 4
Finalised
windfarm
with Secugrid® soil
reinforced
areas

Additional expensive and extensive
measures like establishing piling foundations for safe crane footings can be replaced by geogrid-reinforced working
platforms in most cases. Geosynthetic
reinforcement allows for more efficient
land use through less land disturbance
and the reduced need for aggregate. Secugrid® reinforced roads and crane pads
are stronger and installations enjoy
longer site service lives with decreased
maintenance needs. The carbon footprint
of construction activities is reduced.

Figure 6
Environmental savings based on accumulated energy and CO² consumption, when comparing Secugrid®
soil reinforcement with lime stabilisation (project: district road K34, Aachen, Germany)

Secugrid® and Combigrid® products are the
latest generation of geogrids, and their
utilisation can significantly reduce the
demand on natural resources such as
aggregate in construction.
For example, for a soft subgrade (CBR 0.5%)
and an expected road surface of CBR 15%,
90cm of crushed rock would be required to
achieve the appropriate strength without
geogrid reinforcement (fig. 5).

Secugrid®
Soil Reinforcement Technical Back-up
Secugrid®
Secugrid® geogrids are manufactured
from high-quality polypropylene (PP) or
polyester (PET) bars which are welded
firmly together, providing a structurally
sound and stable geogrid.

Combigrid®
The Solution on Soft
Soils

Combigrid®
Reinforcement alone is not
always enough. Additional engineering functions may be
required in the reinforcement
layer, such as separation, filtration and drainage. Combigrid® combines all of these
requirements in a single product. This composite product
combines a Secugrid® geogrid
with a needlepunched Secutex® nonwoven geotextile.

Highly orientated bars of Secugrid® that
are uniformly extruded and drawn, enable
high tensile strength at low strains. And
the roughened surface of these individual
bars increases frictional properties, which
allows fine-grained materials to transfer
loads to the Secugrid® reinforcement.

Figure 9
Base course
reinforcement
with Secugrid®
and Combigrid®
(bottom)

The geotextile is firmly welded between the reinforcement bars, providing exceptional support for soil
stabilisation, separation and filtration
applications in addition to the geogrid's reinforcement strength.

This exceptional stress/strain behaviour
at low elongation is vital to reinforcement
success and long-term performance, such
as in roadway subgrades (fig. 7).
As loads are applied, the aggregate interlocks with the Secugrid® geogrid layer.
The superior junction strength of Secugrid® creates excellent aperture stability to support an aggregate layer
with high lateral restraint.
The high torsional stiffness of
Secugrid® provides greater resistance against twisting stresses
and pullout, so the interlocked aggregate layer
remains confined not

Figure 8
Radial Secant
Stiffness of
Secugrid® and
other geogrids at
0.5% elongation

Figure 7
Typical tensile strength/elongation
curves for Secugrid® and market available geogrids

only laterally but vertically. The radial
strength at low elongations prevents deformations in the subgrade and preserves
the reinforced roadway's surface.

The unique manufacturing process leads
to an interlocking behaviour equal to
Secugrid®. The unique addition of separation, filtration and drainage characteristics means that, in general,
Combigrid® is used in subsoils with a
CBR value of less than 3%. Typical areas
of application include reinforcement of
base courses, foundations, access roads,
pipeline trenches and roads.

The bearing capacity of the road is
increased. The maintenance needs
are greatly reduced and the service
life of the road is extended.
Independent testing has
shown the beneficial impact of Secugrid®'s high
adial stiffness (fig. 8)
when compared to similar
available products in base
course structures.
NAUE manufactures Secugrid® in various common
and pro-ject-specific tensile
strengths to meet individual
project design and specification requirements. Easy
installation on the jobsite
and a high resistance to installation damage complete
the high performance quality of Secugrid® geogrids.

Figure 10
Combigrid® and
Secugrid® traffic
benefit ratio over
a very weak subsoil,
compared to an
unreinforced design
in a simulating test

Tests in the U.S. to simulate the traffic
passages on an unreinforced base
course resulted in 75mm deep traffic
ruts after 20 load cycles, and it took
540 load cycles when Secugrid® reinforcement was used. However, when
Combigrid® (fig. 10) was used, the corresponding traffic rut depth was not
reached even after 100,000 load cycles.

Advantages of Secugrid® and Combigrid®
- Very high strength at low strains
- Immediate interlocking effect
- High angles of friction due
to textured geogrid surfaces
- High aperture stability
- High radial stiffness

- Uniaxial geogrid strengths up to 400kN/m
- Available with bonded Secutex®
nonwoven (Combigrid®)
- Quick and easy to install
- High resistance to
installation damage

- Made from uniformly extruded solid
PET or PP bars
- High resistance against biological
and chemical attack
- ISO 9001 certified
- CE marked
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Cost savings with

COMBIGRID® AND SECUGRID®

COST COMPARISON
How cost eﬀective the use of a Secugrid® reinforcement
can be compared to a conventional method is proven by
the following cost analysis. The comparison was carried
out on a standard road design with an asphaltic overlay
over a soft subsoil with an insuﬃcient CBR value (total
road length 1,000m; width 9.50m). The conventional

PRODUCTS
Secugrid® is a geogrid made of flat extruded monolithic
bars with welded junctions. It is used for soil reinforcement in earth works, road constructions, segmented
wall constructions, as well as in landfill and hydraulic
engineering.
Figure 4
Secugrid®

Figure 1
Base course
reinforcement
with Secugrid®

Combigrid® is a combined product of Secugrid® and a
needle-punched Secutex® nonwoven geotextile. This
multi-tasking product fulfills three functions at once:
separation, filtration and reinforcement.
method considered a soil replacement with crushed
gravel material, whereas the alternative method recommended the use of a Secugrid® reinforcement. The
Secugrid® reinforcement alternative was calculated with
Figure 2
Summary
(in Euro)
of tender for
considered
solutions

a cost saving of 100,000 Euro compared to the conventional method, and this with at least the same performance. The fast installation process of the geogrids and
the reduced costs for the soil replacement material were
the main cost savings. The cost comparison allows a
clear statement for the use of Secugrid® reinforcements.

Figure 5
Combigrid®

REFERENCE PROJECT:
Temporary Road in Espelkamp, Germany
A temporary roadway had to be built over a length of 1km
over a soft soil with a CBR of 3%. The design asked for a
CBR on the top level of the road of 24% CBR. The first
approach therefore requested a minimum of 700mm of
crushed material 0/80mm to allow this value. An alternative solution from the awarded contractor suggested
a Combigrid® geogrid and only 450mm of fill material,
based on the NAUE calculation diagram. This saved the
owner roughly 10,000 Euros just on the fill material.
Figure 6
Combigrid®
over very
soft soil
(Espelkamp,
Germany)

Figure 3
Combigrid® as soil
reinforcement and
separation layer for
the bus terminal
Melle, Germany

INFO
For more information about our Secugrid® and Combigrid®
reinforcing products please check our website:
www.secugrid.com.
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CERTIFICATE
Management system as per
DIN EN ISO 9001 : 2015
In accordance with TÜV NORD CERT procedures, it is hereby certified !hat
Si

NAUE GmbH & Co. KG

Gewerbestraße 2
32339 Espelkamp
Germany

NAUE

with the locations / sites according to the annex
applies a management system in line with the above standard for the following scope

Development, production, sales
and engineering of geosynthetics

Certificate Registration No. 44 100 000000
Audit Report No. 3500 0000
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Valid from 2018-05-07
Valid until 2021-05-06
Initial certification 1994

Essen, 2018-04-05

cation Body
V NORD CERT GmbH

This certification was conducted in accordance with the TÜV NORD CERT auditing and certification procedures and is subject to
regular surveillance audits.
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Langemarckstraße 20

TÜV NORD CERT GmbH
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Deutsche
Akkreditierungsstelle
D-ZM-12007-01-01

45141 Essen

www.tuev-nord-cert.com

to Certificate Registration No. 44 100 940655
DINENISO 9001 : 2015

NAUE GmbH & Co. KG

^ä

Gewerbestraße 2

32339 Espelkamp

AUE

Germany

Certificate Registration No.

Location

Scope

44100940655-002

NAUE GmbH & Co. KG

Development, production and sales
of geosynthetics

Markneukirchnerstraße 2-4

08626Adorf/Vogtland
Germany

44100940655-004

NAUEASIASDNBHD
Lot 8599

Development, production, sales and.
engineering of geosynthetics

Batu 11 Jalan Segenting
42500 Telok Panglima Garang
Selangor Darul Ehsan
Malaysia
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End of the List
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Essen, 2018-04-05

ertification Body
atTÜV NORD GERT GmbH
TÜVNORDCERTGmbH
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Deutsche
Akkreditierungsstelle

D-ZM-12007-01-01

45141 Essen

www. tuev-nord-cert. com
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