
DOUBLE-TWISTED (DT) MESH - DURABLE METALLIC GEOSYNTHETIC FOR 
REINFORCEMENT APPLICATIONSE13

Duplex-protected, double-twisted steel wire mesh has been used for many years as a suitable reinforcement material in hydraulic engi-

neering, earthworks, and infrastructure construction.

ABSTRACT
Probably the most demanding application spectrum for geosynthetics is reinforcement. The products used form the basis for durable and 

safe solutions that could not be realized with conventional construction methods, or only with huge technical and economic disadvantages. 

Duplex-protected, double-twisted steel wire mesh has therefore been used for many years as a suitable reinforcement material in hydraulic 

engineering, earthworks, and infrastructure construction. The demands placed on the products used in these application fields require a 

considerable number of physical and chemical tests, which have been carried out for the newly developed high-performance polymer-coat-

ed double twisted steel wire mesh and are presented, summarized, and interpreted within the scope of this paper. With an additional poly-

mer coating next to the zinc-aluminium alloy, the meshes offer a service life of 120 years and combine high ultraviolet (UV) resistance with 

superior chemical and mechanical resistance.

INTRODUCTION
The use of products made of double-twisted steel wire mesh in hydraulic engineering dates back to the late 19th century. Over time, further 

fields of application were developed i.e. earthworks, civil engineering and geotechnics. Today, the spectrum of products based on the use 

of DT meshes ranges from river mattresses, gabions and rockfall protection meshes to asphalt reinforcement and reinforced earth systems 

or mechanically stabilized earth (MSE). In the course of mandate M/107 for the performance of standardization work for the development 

of harmonized application standards for geotextiles, it is planned to include products made of metal. The products made of double-twisted 

steel wire mesh are included under the term metallic geosynthetics and therefore they are covered at par. 6.3.6 in the EN ISO 10319-2015. 

According to the requirements of the intended use, different degrees of corrosion protection have been developed for the double-twisted 

steel wire mesh, ranging from zinc-aluminium alloy coatings to additional polymer coating. Within the scope of this paper, material tests that 

are decisive for durability will be listed and the effects interpreted for the different application areas of the products. Consideration of the 

environmental impact of construction products is becoming increasingly important in the sustainability assessment of a construction type. 

TESTS AND APPROVALS
Abrasion test

Abrasion results from direct frictional contact between two materials. The underlying forms of transport are manifold. Examples include the 

transport of solids in bodies of water and by wind especially on the coast and the filling and compaction of soil. The test method defined 

in par. 13.1.5 of ASTM A975-20 involves the determination of the resistance of polymer-coated steel wire to abrasion caused by a linear 

rubbing action. An anvil moves along a linear path over both sides of the clamped polymer-coated wire until it passes the polymer coating, 

and the test is automatically stopped. The counting of the transitions is automatic. The speed of the test is 14 cycles/minute. The used test 

equipment can be seen in Fig. [1]. 

Figure [1] Test equipment for the abrasion test carried out on high-performance polymeric coated steel-wire
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The abrasion resistance of the high-performance polymeric coating is approximately 10 times higher compared to polyvinyl chloride (PVC) 

coating.

Brittleness temperature

Brittleness temperature is the temperature at which 50% of the tested specimens exhibit brittle failure at specified impact conditions. Brit-

tleness temperature (BT) data may be used to predict the behavior of plastic materials at low temperatures: the lower the BT, the lower the 

ambient temperature at which polymer-coated products can be handled and installed without damages (cracks) on the polymer coating, 

therefore installation can be carried out also in very cold temperature conditions. The brittleness temperature of high-performance polymeric 

coating is -42.5 °C.

Installation damage test

When used as a reinforcement, as in MSE wall applications, polymer-coated wire mesh is embedded in layers of earthwork material. Place-

ment and compaction of backfill in the field can result in installation damage to the soil reinforcement material. Installation damage is deter-

mined by subjecting the wire mesh to a backfill and compaction cycle, exhuming the wire mesh samples and inspecting the wire for nicks 

and scratches in the polymer coating. The material is even robust enough to be driven over directly by wheeled vehicles for the purpose of 

placing the backfill material (Fig. [2, 3]).

Figure [2] Metallic Geosynthetic positioned over compacted base course and covered.

Figure [3] Backfilling of MSE with direct override on the reinforcement.

UV-resistance test 

UV radiation causes photooxidation degradation which leads to polymer chain breakup, generates free radicals, and reduces the molecular 

weight causing deterioration of mechanical properties. High-performance polymeric coating shows no effect after UV exposure of 2,500 h 

as per EN ISO 4892-3. In the test, the material is exposed to UV fluorescent lamp radiation, and the mechanical properties of the material 

are tested afterward according to ISO 527.
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Rodent-protection 

Beavers, nutria, badgers, rabbits, and other rodents and burrowing animals can cause fairly severe damage on bank slopes, along dykes, or 

in earth-filled embankments. Depending on the animal species, burrows in levee embankments tend to form tunnels, galleries, and dens that 

can form complex interconnected systems extending for hundreds of meters. These voids then pose a threat to the integrity of the levee in 

several ways. The large voids can provide a preferential seepage path during high stages on adjacent water bodies, altering the saturation 

front through the embankment and potentially generating higher water tables and/or through seepage that triggers suffusion and surface 

erosion of the landside levee slope. 

Chemical resistance

The hexagonal double twisted steel wire mesh has a service life expectancy of 120 years even in very high aggressive and wet conditions, 

according to Table A.1, EN 10223-3, Tab. [1]:

Tab. [1] Table A.1, EN 10223-3.
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Furthermore according to the Technical Note “Resistance of Polimac to Chemicals”, the polymer coating of the steel-wire shows very good 

performances against the most common chemical aggressions. The results are shown in the Tab. [2]:

Tab. [2] Polymer coating resistance to chemicals
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Kesternich test

The Zn/Al5% metallic coating ensures a high corrosion resistance; when subjected to tests in a sulfur dioxide environment according to the 

procedures in EN ISO 6988 after 28 cycles of discontinuous test, the mesh samples do not show more than 5 % of dark brown rust (DBR).

pH Test

The high-performance polymeric coating has proven to be chemically not attackable when used in environments with 3<pH<13: this means 

that DT-Mesh products can be used safely even in aggressive environments such as cement or lime-stabilized soils.

Salt spray test

The salt spray test is one of the most widespread and long-established corrosion tests. Salt spray testing is an accelerated corrosion test that 

produces a corrosive attack on coated samples to evaluate the suitability of the coating for use as a protective finish. The appearance of 

corrosion products (rust or other oxides) is evaluated after a pre-determined period. High-performance polymeric coating shows absolutely 

zero effect after 6000 hours of salt spray exposure when tested in accordance with test method ISO 9227 (Fig. [4]).

Figure [4] Sample of high-performance polymeric coated wire-mesh after 6000 h of salt spray exposure.

Corrosion spread for polymer coating

The corrosion spread test is relevant for polymer coatings to assess any subsequent corrosion of the outer surface of the steel wire core 

in the event of localized damage to the polymer coating, and to ensure that the corrosion effect is confined to the very limited damaged 

area of the coating. This test is fully described in the standard ASTM A975-21. For high-performance polymeric-coated wires, the maximum 

corroded length is less than mesh repetition (mesh opening size).

APPLICATIONS
Effective rodent protection and erosion control 

Erosion control products serve to retain the topsoil layers until they are stabilized by complete root penetration. Especially in the riverbank 

area or in coastal protection and dyke construction, high demands are placed on the products in terms of robustness and durability. Since 

they are laid close to the surface, UV resistance and resistance to rodents are also crucial. Combined products of DT-Mesh and a three-di-

mensional extruded geomats offer burrowing resistance, high UV resistance and durability until a full vegetation layer fixes the topsoil, as 

shown in Fig. [5,6].

Figure [5] High-performance polymeric coated steel-netting for rodent protection (Germany)
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Figure [6] High-performance polymeric coated steel-netting for rodent and erosionprotection on a dyke slope (Germany)

Gabions and river mattresses in hydraulic engineering

Gabions and river mattresses offer the possibility of a displacement-stable, durable, and resource-saving construction method by encapsulat-

ing armoring stones for slope, bank, and riverbed stabilization and protection. River mattresses are cages, engineered from double-twisted 

hexagonal woven steel wire mesh. Due to their high abrasion resistance, corrosion resistance, durability, and a highly stabilizing 3-dimen-

sional connection between the body and lid, DT mesh products offer a durable solution (Fig. [7]).

Figure[7] High-performance polymeric-coated steel river mattress for river embankment (Germany)

Reinforcement in MSE structures 

The increased demand for infrastructure and development sites has become an important aspect of civil engineering in recent decades. The 

primary objective of MSE is to ensure the stability of overstep constructions by inserting reinforcement layers (Fig. [8]). 

Figure [8] Detail of pre-assembled steel-based reinforced earth system for MSE application (Germany)
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All statically relevant components of a reinforced earth system should achieve a service life of 100 years according to the German regulation 

ZTV-ING Part 2 Section 4. The dimensioning of the material is done by static verifications of the planned retaining structure. The tensile 

strength of the reinforcement material measured on the raw product must be reduced by the installed condition, the acting stresses, and its 

service life. Some of the reduction factors are directly related to the durability of the product. With reference to the technical certification 

HAPAS Certificate 16/H247 product sheet 2 issued by BBA 11 March 2019 for the pre-assembled steel-based reinforced earth system and 

HAPAS Certificate 16/H247 product sheet 3 issued by BBA 11th March 2019 for the pre-assembled steel-based reinforced earth system, the 

reduction factors to be applied during the design phase are shown in the table below (Tab. [3]):

Tab. [3] Reduction factors: Pre-assembled steel-based reinforced earth system and pre-assembled gabion system (high-performance polymeric coating)

Pull-out test 

The pull-out coefficients derive from experimental results performed by Maccaferri on double twist wire mesh reinforcements at the Bath-

rust, Clarabut Geotechnical Testing, Inc. (Canada 2001) and at Ismes Geo (Italy 2002) [25] in accordance with EN ISO 12957-1 [26] or ASTM 

D 6706-01 [27]. The maximum necessary force to get the pull-out of the reinforcement Fpo in granular soils ignoring cohesion is given by 

the relation:

Formula (1): 

From the previously quoted pull-out tests, the following pull-out factors a’ for the pre-assembled reinforced earth system have been ob-

tained. For clay the factor is 0.3, for silt 0.5, for sand 0,65 and for gravel 0.9 (Fig. [9]).
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Figure [9] The pre-assembled steel-based reinforced earth system with two possible facings. Bottom layer with gabion front, on top the greenable front facing. (Germany)

POLYMERIC-COATED STEEL WOVEN WIRE MESHES IN THE NEW EUROCODES
The new Eurocode EN 1997-3 (at present under discussion in CEN TC 250) will include provisions for polymeric-coated steel woven wire 

meshes within Section 9 on Reinforced fill structures. With reference to the topic of the present paper, the most important provision requires 

that the representative tensile resistance Rt,rep,el of a polymeric-coated woven wire mesh reinforcing element shall be determined from 

Formula (2):

Formula (2)

The value of the reduction factor for tensile strength of steel woven wire meshes, ηpwm shall be determined from Formula (3):

Formula (3)

CONCLUSIONS
Steel wire mesh is suitable for use in reinforcement applications due to the robustness and durability of the material, the evidence of which 

can be summarised as follows:

•	 High physical resistance i.e., against abrasion, UV Radiation, temperature, and rodents 

•	 High chemical resistance i.e., against salt-spray, corrosion, and a variety of chemical aggressors

•	 Thus, a high degree of safety and long service life for a variety of applications

Both the extensively tested physical and chemical resistance of the duplex-protected material mean that it is highly versatile and can often 
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be subjected to direct stresses that would not be possible with conventional purely synthetic products. In hydraulic engineering, the use of 

double-twisted steel wire mesh looks back on a history of almost 120 years, with the oldest structures still serving their purpose today (Fig. 

[10 and 11]). The use of DT-Mesh products contributes to the construction of durable and long-lasting structures, further implementing the 

idea of sustainability in the construction industry.

Figure [10] Gabions at Casalecchio Dam from 1893, Italy

Figure [11] DT-Gabion from approximately 1900, Italy
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