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Highlights 11 

 Laboratory damage tests were performed on a geotextile, a geogrid and a geocomposite. 12 

 Abrasion damage was the most important mechanism for the tensile response. 13 

 Mechanical damage was the most important mechanism for the hydraulic properties. 14 

 Positive synergy between mechanical and abrasion damage for the tensile properties. 15 

 Traditional approach for estimating hydraulic properties is likely unsafe. 16 

 17 

Abstract: 18 

This paper analyses the existence of synergisms between some endurance durability agents of 19 

geosynthetics – mechanical damage (usually associated with installation) and abrasion damage 20 

(often associated with cyclic actions, for example due to contact with ballast). Three 21 

geosynthetics (geotextile, geogrid and geocomposite) were submitted to mechanical damage 22 

and abrasion damage using index laboratory tests. The geosynthetics were exposed first 23 

individually to each agent (single exposure) and then sequentially to the two agents (multiple 24 

exposures). To ensure the results were statistical representative, each set of tests was performed 25 

three times. The consequences of the damage induced were visible (naked eye). Abrasion 26 

damage was found the most critical damage mechanism for the tensile properties, particularly 27 

for the geogrid and geocomposite tested. The connections between their components created 28 

potential fragility points in the abrasion test. Due to its structure, combined with high mass per 29 

unit area and thickness, the geotextile tested survived well the damage induced. A positive 30 

mailto:M.Pinho-Lopes@soton.ac.uk
mailto:M.Pinho-Lopes@soton.ac.uk
mailto:lcosta@fe.up.pt


2 

synergy between the mechanical and the abrasion damage induced was found for the tensile 31 

properties of the geosynthetics most affected by damage, more important for their tensile 32 

strength than for their secant stiffness. The mechanical damage was the most critical mechanism 33 

for the permittivity of the geotextile and the geocomposite, likely due to clogging of their pores. 34 

For the permittivity and the characteristic opening size of these geosynthetics, negative synergy 35 

between mechanical and abrasion damage was found; the traditional approach was found likely 36 

to result in unsafe estimates of these properties. 37 

 38 

 39 
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1 INTRODUCTION 43 

Geosynthetics are often used in transportation engineering applications, replacing traditional 44 

construction materials or enhancing them and increasing the sustainability of engineering 45 

works. The functions of geosynthetics are drainage, filtration, protection, reinforcement, 46 

separation, surface erosion control, barrier and stress relief (EN ISO 10318-1). Although it is 47 

common to identify a primary function, in many cases geosynthetics perform two or more 48 

functions simultaneously. Geosynthetics are designed for all those functions, considering their 49 

hierarchy. Durability of geosynthetics is one of the key issues affecting their performance and 50 

includes (Koerner, 2005): degradation (oxidation, ultra-violet radiation, hydrolysis and 51 

chemical and biological agents) and endurance (installation damage, creep, stress relaxation, 52 

abrasion and compressive creep). Several studies have focused on the beneficial effect of using 53 

geosynthetics in transportation engineering (for example, Hussaini et al., 2015, Chen et al., 54 

2014, Indraratna et al., 2014, Indraratna et al., 2013, Chen et al., 2012). Examples of such 55 

favourable effects include: providing additional lateral confinement of aggregates, reducing 56 

settlements, increasing stiffness, reducing rutting, providing drainage and filtering fine 57 

particles. However, during service the geosynthetics properties may differ significantly from 58 

their initial values. Therefore, understanding how functional properties of geosynthetics are 59 

affected by the endurance durability agents and mechanisms is essential to achieve realistic and 60 

economic designs. 61 

This paper focus on two endurance durability factors: mechanical damage and abrasion 62 

damage. Mechanical damage resulting from installation procedures (which encompass handling 63 
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and placing the geosynthetics and compaction actions associated with the placement of fill 64 

material) can considerably affect the performance of geosynthetics. Such damage is relevant to 65 

most applications of geosynthetics and its effects on relevant functional properties of 66 

geosynthetics (mechanical and hydraulic) need to be quantified. For some applications, where 67 

there is cyclic relative motion (friction) between the geosynthetic and contact soil during 68 

service, abrasion is relevant. The synergy between mechanical and abrasion damage on 69 

properties of geosynthetics are yet to be studied extensively. Some authors (e.g., Greenwood et 70 

al., 2012) point out the high scatter associated with relevant properties of geosynthetics after 71 

damage (usually after one mechanism only) and the need to increase the number of specimens 72 

tested. 73 

The mechanical damage associated with installation depends on the geosynthetic (its 74 

structure and nature of the constituent polymer; Hufenus et al., 2005), fill material (grain size, 75 

angularity, thickness of layers), procedures and construction equipment and climatic conditions 76 

(Want and Chew, 2002). Adequate selection of the material and control of the installation 77 

conditions can minimise the mechanical damage induced during installation. Nevertheless, 78 

often such damage cannot be avoided. 79 

The consequences of installation damage on the mechanical properties of geosynthetics 80 

have been studied using field damage tests (Pinho-Lopes and Lopes, 2013, Lim and McCartney, 81 

2013, Bathurst et al., 2011, Hufenus et al., 2005, Bräu, 1998, Allen and Bathurst, 1994); 82 

mechanical damage due to installation has been simulated using laboratory tests (ENV ISO 83 

10722-1 or EN ISO 10722); correlations between those two types of tests have also been 84 

attempted (Pinho-Lopes and Lopes, 2013 and Huang and Wang, 2007). According to Huang 85 

and Wang (2007), using an aggregate similar to that of the project and changing the cyclic load 86 

intensity, the standard laboratory test ENV ISO 10722-1 could properly simulate field 87 

installation damage. Pinho-Lopes and Lopes (2013) concluded that, for the set of materials and 88 

conditions considered, the laboratory damage tests was more severe than the field trials. 89 

Mechanical damage due to installation can cause strength reductions and changes in the 90 

hydraulic properties of geosynthetics (Greenwood et al., 2012), as installation in coarse 91 

aggregates and severe handling of materials results in cuts and holes (visible), and poor placing 92 

can create folds and local stresses, enabling initiation of other forms of degradation. Often 93 

strength reductions can be quantified directly. For some applications, strength reductions during 94 

service are neglected, assuming that the mechanical loads in service are much lower than those 95 

induced during the short installation period and that the damage they cause is insignificant. For 96 

other applications (railways and roads), further damage can be caused by continuous dynamic 97 
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loading. Thus, in such cases the lifetime of geosynthetics will be governed by abrasion and 98 

fatigue (Greenwood et al., 2012). 99 

Abrasion damage of geosynthetics has been studied less extensively than mechanical 100 

damage. Van Dine et al. (1982) reported an assessment of abrasion processes on geotextiles, 101 

identifying peeling, splitting and cutting for woven geotextiles and peeling, flattening, 102 

clumping and cutting for non-woven geotextiles. The mass per unit area of geosynthetics and 103 

the volume of traffic were linked with losses of tensile strength of geotextiles due to abrasion 104 

in railways (Hausmann et al., 1990). Focusing on seashore and river bank protection structures, 105 

Huang et al. (2007) and Huang (2008) tried to link potential in-field abrasion damage of a 106 

geotextile to that obtained in laboratory index tests as in EN ISO 13427. Although the abrasion 107 

index test is valid for all geosynthetics, it has been evaluated mostly for geotextiles (Perkins 108 

2007). Perkins (2007) pointed out the need to make available a larger database of results for 109 

other materials, which the present paper also tries to address. 110 

Rosete et al. (2013) studied the effect of mechanical damage and abrasion damage (in 111 

isolation and combined, sequentially) on mechanical and hydraulic properties of six 112 

geosynthetics, using index laboratory tests, accompanied by visual inspections. Woven 113 

materials with a sheet structure were found more sensitive to damage, particularly due to 114 

abrasion. A positive synergy between mechanical damage and abrasion damage was observed 115 

for most geosynthetics. In some cases, the variability of results after damage was important. 116 

In real conditions, mechanical damage and abrasion damage do not act in isolation. 117 

Thus, identifying and quantifying synergisms between them may contribute to better 118 

understating the response of geosynthetics. Identifying the interactions between these agents 119 

can help understanding the durability of geosynthetics and their effects on different functional 120 

properties that geosynthetics have to attain simultaneously, such as in transportation 121 

engineering applications. 122 

2 GEOSYNTHETICS 123 

Three geosynthetics were studied (same nominal tensile strength and different structures): 124 

 a nonwoven geotextile (GTX), with continuous mechanically bonded polypropylene 125 

(PP) filaments; 126 

 a woven geogrid (GGR), comprising high modulus polyester (PET) fibres knitted in a 127 

flat orientation and covered with a protective polymeric coating; 128 

 an uniaxial geocomposite (GCR) constituted by high modulus PET fibres (yarns) 129 

attached to a nonwoven continuous filament geotextile backing. 130 
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 131 

Table 1 summarises some of their (nominal) properties (from their technical datasheets): 132 

peak tensile strength, Tnom, and strain at break, εnom, at machine direction (EN ISO 10319); 133 

permittivity, nom (EN ISO 11058); characteristic opening size, O90 nom (EN ISO 12956); mass 134 

per unit area, nom of the products containing a geotextile (EN ISO 9864); thickness, tnom (EN 135 

ISO 9863-1); and grid spacing of the geogrid (equal for machine and cross machine direction). 136 

3 EXPERIMENTAL PROGRAM 137 

3.1 Test program 138 

The experimental programme consisted of performing laboratory index tests to: 1) do single 139 

and multiple exposures of the geosynthetics to mechanical damage under cyclic loading and to 140 

abrasion damage; 2) characterise the consequences of the damage induced on several properties 141 

of the geosynthetics. The multiple exposures to damage were achieved by sequentially inducing 142 

the effects of mechanical damage and abrasion damage. 143 

A visual observation of the damaged geosynthetics was performed, to identify relevant 144 

damage mechanisms. To assess the tensile properties of the samples wide-width tensile tests 145 

were performed (EN ISO 10319). For characterising the hydraulic properties (permittivity and 146 

characteristic opening size) the test standards used were EN ISO 11058 and EN ISO 12956, 147 

respectively. Each test was performed three times (Table 2). 148 

3.2 Laboratory damage 149 

Index damage tests (using standardised procedures) were chosen, to enable similar test 150 

conditions, ensuring repeatability and minimising the heterogeneity of responses after damage. 151 

Thus, it is expected the mechanisms of damage were similar for all specimens tested under the 152 

same conditions. 153 

The damage laboratory tests do not intend simulating realistic conditions, but only to 154 

enable comparisons between materials tested under the same conditions, for example for CE 155 

marking (where CE stands for Conformité Européenne, in French). CE marking represents the 156 

declaration that a product conforms to all applicable European legislation and is mandatory for 157 

a product to be placed legally on the market in any European member state. 158 

The mechanical damage test equipment consists of a frame to apply cyclic loads and a 159 

container (EN ISO 10722). For the test, a geosynthetic specimen is placed between two layers 160 

of a synthetic aggregate (Figure 1). The aggregate is a sintered aluminium oxide (corundum) 161 
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with grain sizes between 5 mm and 10 mm. During the test, cyclic loading (10 kPa to 500 kPa) 162 

is applied at a frequency of 1 Hz for 200 loading cycles. After the loading (Figure 1b), the 163 

specimen is removed carefully and subjected to a characterisation test (usually to assess 164 

mechanical or, sometimes, hydraulic properties). If necessary the aggregate should to be wet 165 

sieved on a 5 mm aperture sieve after every three uses, discarding any material passing the 166 

sieve. After 20 uses the material should be completely discarded (EN ISO 10722). 167 

For simulating abrasion damage (EN ISO 13427) a specimen is placed on a stationary 168 

platform (upper plate) and rubbed by an abrasive film (P100) placed on the lower plate (Figure 169 

2a). During the test the lower plate is moved along a horizontal axis, under controlled pressure 170 

conditions and abrasive action. The specimen-abrasive contact area is 220 mm wide and 171 

300 mm long. After securing the specimen and the abrasive film to the respective plates, the 172 

top plate is loaded to enable a pressure of 6 kPa at the geosynthetic (Figure 2b). The test ends 173 

after 750 cycles (1 cycle = 1 double pass); the specimen is removed carefully and subjected to 174 

a characterisation test. For geotextile GTX the test setup was slightly changed (Rosete et al., 175 

2013). 176 

3.3 Characterisation of the geosynthetics 177 

To assess the type and the severity of the damage induced (naked eye) visual inspections were 178 

done. A photographic record was performed, using rulers as a scale reference. 179 

In the tensile tests (EN ISO 10319), a specimen (200 mm wide and 100 mm long) is 180 

submitted to an increasing tensile force at a strain rate of 20% per minute, until rupture. The 181 

jaws used were capstan jaws for geogrid GGR and wedge jaws for geotextile GTX and 182 

geocomposite GCR. The strains were measured with a video-extensometer. For each test a 183 

minimum of five valid specimens should be used. 184 

The water permeability of the geosynthetics normal to their plane was determined (EN 185 

ISO 11058) by submitting specimens to a unidirectional flow of water normal to their plane 186 

under a range of constant head losses. A minimum of five specimens should be used per sample. 187 

To determine the characteristic opening size of geosynthetics (EN ISO 12956) a 188 

granular material is washed through each specimen (used as sieve), without load. The 189 

characteristic opening size of the specimen (O90, μm) is equal to the d90 of the particle size 190 

distribution curve (particle size for which 90% of the mass fraction is smaller than the mass of 191 

measured particles). A minimum of three specimens should be used per sample. 192 

The mean values of the properties were accompanied by the corresponding 95% 193 

confidence intervals (CI). The latter were estimated assuming that the variables studied were 194 
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normally distributed and, therefore, the confidence intervals for the corresponding means could 195 

be determined using the t-Student distribution (Zar, 2009). The 100(1-) percent confidence 196 

interval for the population mean, �̅�, was given by Equation 1 (, standard deviation; n, size of 197 

the sample; , level of significance, taken as 0.05, for a 95% confidence interval; 𝑡
1−(

𝛼

2
)
, t-198 

Student distribution). 199 

𝐶𝐼 = �̅� ± 𝑡
1−(

𝛼
2
)

𝜎

√𝑛
 (1) 

 200 

To quantify the changes due to the damage induced residual values of relevant properties 201 

were determined. RY is the residual value (in %) after damage of the property Y, determined as 202 

the ratio between the mean value of Y for the damaged sample (Ydam) and the corresponding 203 

mean value for the undamaged sample (Yund). 204 

Reduction factors (RF) representing the effects of single exposures to mechanical 205 

damage and to abrasion damage and the successive exposures to mechanical and abrasion 206 

damage were determined (Equation 2) for tensile strength, secant tensile stiffness modulus at 207 

2% of strain, permittivity and characteristic opening size. 208 

𝑅𝐹 =
1

𝑅𝑌
 (2) 

 209 

The presence of synergy between mechanical and abrasion damage was assessed by 210 

comparing the reduction factor for multiple (successive) exposures to damage with the 211 

traditional one (obtained by multiplying the reduction factors for the corresponding single 212 

exposures to damage). The traditional approach is based on the assumption that the different 213 

agents affecting the endurance of geosynthetics are independent and that their combined effect 214 

is equal to that resulting from their superposition. Positive synergy occurs when the 215 

consequences of multiple (successive) exposures to damage are less severe than those estimated 216 

using the traditional approach, while negative synergy corresponds to the opposite situation. 217 

The reduction factors determined can be used for comparative purposes but should not 218 

be used for design, as they result from laboratory simulations of damage. 219 

4 RESULTS AND DISCUSSION 220 

4.1 Visual inspections 221 
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After abrasion geotextile GTX (Figure 3) exhibited partial disaggregation of its superficial layer 222 

(peeling) and preferential reorientation of filaments (clumping). After mechanical damage, it 223 

was possible to observe some incrustation of fine particles resulting from corundum 224 

fragmentation and some puncturing. Multiple exposures to damage GTX resulted in superficial 225 

disaggregation, superficial filament cutting and filament reorientation, originating a 226 

perpendicular accumulation of fibres in the machine direction of the geotextile GTX (which 227 

coincided with the direction of the abrasive action). This indicates that the mechanical damage 228 

(previously induced) enabled the detachment and superficial disaggregation of filaments, 229 

causing fibres to further accumulate perpendicularly to the machine direction (clumping). 230 

The surface of geogrid GGR was affected significantly by the damage induced (Figure 231 

4). After abrasion, there was detachment of the protective polymeric coating, disaggregation 232 

and cut of transversal ribs and splitting of longitudinal ribs. After mechanical damage, besides 233 

the incrustation of fine particles, some fibre cutting and localised damage of the coating were 234 

observed. The multiple exposures to damage enhanced the effects observed for a single 235 

exposure to abrasion damage. 236 

After abrasion, geocomposite GCR (Figure 5a) suffered partial detachment and damage 237 

of its yarns and clumping perpendicular to the machine direction. A single exposure to 238 

mechanical damage (Figure 5b) led to incrustation of fines in the geotextile backing and 239 

localised puncturing; some yarns were cut and detached from the geotextile backing. The 240 

multiple exposures of geocomposite GCR to damage (Figure 5c) resulted in detachment and 241 

superficial disaggregation of the yarns, filament cutting and clumping. After abrasion damage 242 

the specimens of geocomposite GCR suffered lateral contraction. 243 

The visual inspections indicated that after the mechanical damage tests all materials 244 

exhibited accumulation of fine particles on their surface and some puncturing particularly 245 

bellow the load plate. These are in good agreement (qualitatively) with changes reported after 246 

installation field trials by Pinho-Lopes and Lopes (2013). Apparently, the abrasion damage was 247 

the most important and was aggravated by multiple exposures to damage. The main 248 

consequences observed for geotextile GTX and geocomposite GCR after abrasion (single and 249 

multiple exposures) were peeling and clumping, which were in good agreement with those 250 

reported by Van Dine et al. (1982) for exhumed geotextiles. 251 

4.2 Tensile tests 252 
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4.2.1 Summary of results 253 

Table 3 summarises mean values of tensile strength (Tmax, kN/m), strain at break (εf, %) and 254 

secant tensile stiffness modulus at 2% of strain (Jsec 2%, kN/m) and the corresponding 95% 255 

confidence intervals (CI) 256 

Figure 6 summarises the residual values of the tensile strength, peak strain and secant 257 

tensile stiffness modulus at 2% of strain after single and multiple exposures to mechanical and 258 

abrasion damage. Figure 7 illustrates the 95% confidence intervals for the different types of 259 

samples studied, normalised to the corresponding mean value. For each sample (fifteen valid 260 

specimens), a mean load–strain curve was obtained (Figure 8). 261 

4.2.2 Tensile strength and peak strain 262 

The tensile strength of geotextile GTX was little affected by exposures to mechanical and 263 

abrasion (single or multiple), as the corresponding residual tensile strength (Figure 6) was 264 

always higher than 94%. The tensile strength of geogrid GGR and geocomposite GCR were 265 

severely reduced, particularly after abrasion damage (single exposure and multiple exposures), 266 

with residual tensile strength of 22% (abrasion damage) and 25% (mechanical and abrasion 267 

damage), for geogrid GGR, and 23% (abrasion damage) and 22% (multiple exposures damage), 268 

for geocomposite GCR. 269 

The different structures of these geosynthetics played an important role on the responses 270 

observed. Geotextile GTX is manufactured by needlepunching continuous filaments, which 271 

then become entangled (and thus mechanically bonded). Due to its high mass per unit area and 272 

thickness, the damage induced is not likely to affect geotextile GTX over all its thickness; for 273 

example, the peeling observed was mostly superficial. Therefore, during the tensile test, around 274 

damaged areas it is very likely that there are several other elements able to sustain tensile loads. 275 

The fibres of geogrid GGR are knitted into a grid structure and covered with a protective 276 

coating. However, the damage (particularly abrasion) significantly affected both coating and 277 

fibres (Figure 4). If the smaller surface area of geogrid GGR may reduce the possible contacts 278 

with the damage elements (aggregate and abrasive film), when damage occurs (such as the cut 279 

and splitting of ribs), it also reduces the number of elements around which loads can arch during 280 

the tensile test. 281 

Mostly the high tenacity yarns provide the tensile strength of geocomposite GCR. These 282 

are knitted to the geotextile backing and, therefore, such connections are quite sensitive to 283 

contact with sharp-edged materials, such as corundum (or the particles resulting from its 284 

fragmentation). Additionally, the abrasive action induced (in single and multiple exposures) 285 

also promoted cutting and detachment of the yarns. The mass per unit area and the thickness of 286 
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geocomposite GCR are small, increasing the likelihood of the damage to propagate over all its 287 

cross section. 288 

Abrasion damage was the most critical mechanism for the tensile strength, particularly 289 

for geogrid GGR and geocomposite GCR. The different structure of these materials likely 290 

caused the differences: the connections between components (possible weaker points) increase 291 

their sensitivity to abrasion and do not allow for arching around damaged areas (and, thus, 292 

enable propagation of localised effects of damage). 293 

Although the structure of the geosynthetics is likely to be one of the principal factors 294 

affecting their survivability when submitted to mechanical and abrasion damage, additional 295 

considerations are necessary. The setup of the abrasion damage test is likely to affect the results. 296 

For example, abrasion is particularly relevant in railway applications, due to the movement of 297 

ballast in contact with geosynthetics. Although it depends on both the compaction state of the 298 

ballast and on the rearrangement of particles due to loading, the contact area between the 299 

geosynthetics and the ballast particles is likely to be smaller than the surface area of the 300 

geosynthetics, thus reducing the importance of the abrasion. Nevertheless, the number of 301 

loading cycles in railway applications is much larger than that of the index test and currently 302 

there is no correlation between them. 303 

The peak strain of the geosynthetics was less affected by the damage induced than their 304 

tensile strength, single and multiple exposures to mechanical and abrasion damage (Figure 6). 305 

For most samples, the residual peak strain is higher than 78%. The exception is geocomposite 306 

GCR, as its peak strain was reduced significantly, particularly after abrasion damage (single or 307 

multiple exposures). The corresponding residual peak strain measured was 41% after abrasion 308 

damage and 40% after successive mechanical and abrasion damage. 309 

After abrasion damage (single and multiple exposures) geogrid GGR had the largest 310 

variability of results (Figure 7). This can be attributed to the smaller number of specimens 311 

tested. The normalised 95% confidence intervals for geogrid GGR and geocomposite GCR 312 

were wider for damaged samples than for the corresponding reference samples (Figure 7). Such 313 

difference was more important after abrasion damage (single and multiple exposures). A 314 

possible explanation for the scatter of results associated with the abrasion of geocomposite GCR 315 

relates to how the damage affected its structure. The degree to which the reinforcing yarns and 316 

their connections to the backing geotextile were partially destroyed during abrasion had a 317 

significant impact on the tensile response of the specimens tested, thus resulting in a large 318 

scatter of results. For geotextile GTX the scatter of results after single exposure to mechanical 319 

damage and multiple exposures to damage was lower than that of the undamaged samples, 320 
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while after a single exposure to abrasion damage the opposite occurred. This may indicate that 321 

the abrasion damage is likely to introduce some heterogeneity on geotextile GTX. 322 

4.2.3 Secant stiffness  323 

The secant stiffness modulus has been identified as a more rational quantity to represent the 324 

resistance to damage of some geosynthetics, particularly when defined for low strain levels 325 

(Pinho-Lopes and Lopes, 2013, Allen and Bathurst, 1994). 326 

The load-strain curves of geogrid GGR (Figure 8b) and geocomposite GCR (Figure 8c) 327 

after a single exposure to mechanical damage were very close to those of the corresponding 328 

undamaged sample. The reductions of stiffness for 2% of strain measured after single exposure 329 

to mechanical damage were 0.3% for geogrid GGR and 4.5% for geocomposite GCR; after 330 

abrasion damage (single and multiple exposure) such reductions ranged between 39% and 47%. 331 

This means that the abrasion damage induced (if representative or related to that in relevant 332 

applications) could affect not only the strength of these geosynthetics but also their performance 333 

in service. 334 

Although the nominal peak strain of geotextile GTX is very high (nom=105%), for most 335 

applications such strains are never achieved. The load–strain curves of geotextile GTX were 336 

not affected significantly by the damage induced, particularly for lower strains (Figure 8a). The 337 

stiffness for 2% of strain (Table 3) decreased after damage: 13% and 2%, after a single exposure 338 

to abrasion and to mechanical damage, respectively, and 17% after multiple exposures to 339 

mechanical and abrasion damage. 340 

4.2.4 Reduction factors for damage 341 

Table 4 summarises the reduction factors for single and multiple exposures to mechanical and 342 

abrasion damage obtained from the tensile tests results: tensile strength, RFTmax; and secant 343 

tensile stiffness modulus at 2% of strain (RFJsec2%). The minimum value for these reduction 344 

factors is 1.0. It is important to reemphasise that these reduction factors can be used for 345 

comparative purposes but should not be used for design, as they result from laboratory index 346 

tests. 347 

For geogrid GGR and geocomposite GCR the reduction factor for the tensile strength, 348 

RFTmax, for multiple exposures to mechanical and abrasion damage was smaller than that 349 

estimated using the traditional approach. These results indicate a significant positive synergy 350 

between mechanical and abrasion damage of geogrid GGR and geocomposite GCR. For these 351 

geosynthetics, abrasion damage was the most conditioning mechanism. When combined with 352 

abrasion, the effects of mechanical damage on the reduction factor for the tensile strength of 353 



12 

GGR and GCR were very small. Data for RFJsec2% confirmed the positive synergy, though less 354 

important. This indicates that using the peak parameters to represent the effects of damage can 355 

be too conservative, particularly considering that the strain levels in geosynthetics are usually 356 

limited. 357 

For geotextile GTX the traditional approach (assuming mechanical and abrasion 358 

damage as independent) can be slightly unsafe, as the corresponding reduction factor 359 

(RFTmax=1.05) was smaller than the reduction factor obtained from multiple exposures 360 

(RFTmax=1.06). A similar trend was found for the secant tensile stiffness modulus as the RFJsec2%  361 

was 1.17 for the traditional approach and 1.21 considering multiple exposures to mechanical 362 

and abrasion damage. These results indicate that using the tensile strength to represent the effect 363 

of damage of geotextile GTX can be unsafe, as the stiffness reductions observed were most 364 

important. 365 

The results showed a positive synergy between mechanical and abrasion damaged 366 

induced for the two geosynthetics most affected by such damage (geogrid GGR and 367 

geocomposite GCR). 368 

4.3 Hydraulic tests 369 

4.3.1 Summary of results 370 

The hydraulic tests results are summarised in Table 5: mean values of permittivity (, s-1) and 371 

characteristic opening size (O90, µm), and corresponding 95% confidence intervals (CI). 372 

Figure 9 summarises the residual values of the permittivity (res) and characteristic 373 

opening size (O90res) after single and multiple exposures to mechanical and abrasion damage. 374 

Figure 10 illustrates the 95% confidence intervals for the different types of samples studied, 375 

normalised to the corresponding mean value. 376 

Figure 11 represents the relationships obtained from the hydraulic tests between head 377 

loss and flow velocity at 20°C for GTX and GCR before and after laboratory damage tests. The 378 

data and the fitted quadratic regression curve plotted according to EN ISO 11058 correspond 379 

to the mean curve for each sample. 380 

The damage induced can have contradicting effects on the permittivity of geosynthetics. 381 

On the one hand, if there are holes or openings in the materials or if their thickness is reduced 382 

(decreasing the number of constraints to the flow of water normal to the geosynthetics) the 383 

permittivity is likely to increase after damage. On the other hand, if aggregate particles become 384 

trapped in the geosynthetics or if the surface abrasion leads to obstruction of superficial pores, 385 
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then the permittivity is likely to decrease. In some cases, a mixed behaviour may be found. The 386 

characteristic opening size is expected to have an opposite evolution. 387 

4.3.2 Permittivity and characteristic opening size 388 

The permittivity (Table 5, Figure 9) of geotextile GTX and geocomposite GCR increased 389 

slightly after abrasion (4% and 1%, respectively), whereas the characteristic opening size (O90) 390 

increased about 18% for GTX and 21% for GCR. After mechanical damage the permittivity of 391 

GTX and GCR decreased 10% and 3%, respectively, when compared with the undamaged 392 

sample; O90 increased about 13% for GTX, while for GCR it decreased 7%. After multiple 393 

exposures to damage the permittivity of GTX and GCR decreased about 13% and 14%, 394 

respectively, whereas for the O90 values there was an increase (about 22% and 25%, 395 

respectively, for geotextile GTX and geocomposite GCR). 396 

The variability of the results, represented by the normalised 95% confidence intervals 397 

(Figure 10), was acceptable (always lower than 9%). For the undamaged sample, they ranged 398 

between 4.2% (permittivity of GTX) and 2.7% (characteristic opening size of GCR). If these 399 

values were representative of the inherent variability of the materials, it would be expected that 400 

they would increase after damage. This was observed for the permittivity of both geotextile 401 

GTX and geocomposite GCR. The variability of the characteristic opening size reduced after a 402 

single exposure to mechanical damage of GTX and after a single exposure to abrasion damage 403 

of GTX and GCR. 404 

Figure 11 shows that, as expected, the flow velocity at 20°C increased with the 405 

increasing of head loss. For both GTX (Figure 11a) and GCR (Figure 11b) the curves for 406 

undamaged samples and after a single exposure to abrasion damage were very close to each 407 

other, compared to the curves for the mechanical damage (single and multiple exposures). The 408 

mechanical damage induced in single and multiple exposures reduced the mean permittivity of 409 

both geosynthetics. This indicates that, for the permittivity, the mechanical damage was the 410 

most conditioning damage. 411 

After mechanical damage there are two opposite consequences affecting the hydraulic 412 

properties of the geosynthetics: on the one hand, the aggregate in contact with the geosynthetics 413 

induces puncturing, likely to create small cuts and openings on their surface, and, on the other 414 

hand, the aggregate fragments and small particles are trapped in the geosynthetics. These effects 415 

were confirmed by visual observations. Submitting geocomposite GCR to a single exposure to 416 

mechanical damage decreased both the permittivity and the characteristic opening size, 417 

compared to the undamaged sample. This is likely to indicate that the second phenomenon 418 
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(clogging) is prevalent relatively to the first (cuts and openings). As the thickness of 419 

geocomposite GCR is small (2.1 mm), this geosynthetic is likely to be more affected by the 420 

damage than geotextile GTX. For geotextile GTX the permittivity decrease indicated the 421 

prevalence of clogging, while the characteristic opening size increase indicated the prevalence 422 

of cuts and openings. Rosete et al. (2013) found similar trend, which were likely to be a 423 

consequence of the different test procedures used in the tests. 424 

A single exposure to abrasion damage changed the superficial layer of the geosynthetics, 425 

likely decreasing the number of constrictions to the passage of water. This explains the slight 426 

increase of permittivity observed for both geotextile GTX and geocomposite GCR, compared 427 

to the undamaged samples. 428 

The results obtained for samples submitted to multiple exposures to damage showed the 429 

permittivity increased and the characteristic opening size decreased when compared to those of 430 

the corresponding undamaged samples. Again, likely to be a consequence of the different test 431 

procedures used in the tests. 432 

The comparisons between geotextile GTX and geocomposite GCR have to be 433 

contextualised, as these materials have different nominal hydraulic properties: they are not 434 

alternative solutions to be used as a filter, for example. 435 

4.3.3 Reduction factors for damage 436 

Table 6 summarises the reductions factors for single and multiple exposures to mechanical and 437 

abrasion damage using results from the hydraulic tests for permittivity (RF) and characteristic 438 

opening size (RFO90). These reduction factors can be used for comparative purposes. For a 439 

conservative design, lower values of the permittivity and higher values of the characteristic 440 

opening size should be considered.  441 

When the permittivity and the characteristic opening size of geosynthetics tend to 442 

increase after damage the corresponding reduction factors will be smaller than 1.0. Thus, they 443 

need to be carefully analysed. Nevertheless, for coherence, the same formulation (Equation 1) 444 

was used for all the properties analysed. 445 

In terms of permittivity, for both geotextile GTX and geocomposite GCR, the multiple 446 

exposures to mechanical and abrasion damage were more severe than the estimates from the 447 

traditional approach (Table 6). This indicates the existence of synergy between mechanical and 448 

abrasion damage and that the traditional approach is likely to result in unsafe values for the 449 

permittivity. 450 
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For geotextile GTX the traditional approach represented a decrease of the characteristic 451 

opening size (compare to that for the multiple exposures), while for geocomposite GCR it led 452 

to an increase of the characteristic opening size obtained considering synergy, on the safe side 453 

for design. Again, for geotextile GTX the traditional approach is likely to result in unsafe 454 

values. 455 

These conclusions, if confirmed for real conditions, indicate that, where relevant, the 456 

multiple effect of these damage mechanisms should be considered (particularly for geotextile 457 

GTX), other than their traditional superposition (considering them as independent). 458 

4.4 Number of tests 459 

Each characterisation tests was performed three times to ensure the data obtained was 460 

statistically representative. On the one hand, the inherent variability of geosynthetics and their 461 

properties is less likely to affect the results and the conclusions from the tests. On the other 462 

hand, the heterogeneity of the damage induced is less important. 463 

For the mechanical damage test the number of particles in contact with the surface of 464 

the geosynthetics and the fragmentation of the aggregate play a crucial role on the damage 465 

induced. Therefore, by repeating the tests their variability is reduced significantly. The low 466 

normalised 95% confidence intervals for the properties analysed (Figures 7 and 10) confirmed 467 

it. As mentioned before, most likely the exceptions observed for the mechanical properties of 468 

geogrid GGR after abrasion damage (single and multiple exposures) were related to using a 469 

smaller number of specimens. 470 

5 CONCLUSIONS 471 

In this paper three geosynthetics were subjected to laboratory index tests of mechanical and 472 

abrasion damage (using single and multiple exposures) to assess the existence of synergisms 473 

between the two types of damage, typical for geosynthetics in transportation engineering 474 

applications. Laboratory tests were carried out to determine mechanical and hydraulic 475 

properties of the geosynthetics. To ensure the results were statistical significant each test was 476 

performed three times. From the results the main conclusions are: 477 

 The consequences of the damage induced were visible (naked eye). The mechanical 478 

damage induced was (qualitatively) in good agreement with reports from installation 479 

field trials. For the materials with a geotextile the observations after laboratory damage 480 

tests were in good agreement with those for geotextiles exhumed from railways. 481 
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 Visual inspections indicated that the abrasion damage was the most important and was 482 

aggravated by multiple exposures to damage. The abrasion damage laboratory test 483 

(single and multiple exposures) was found very severe for the geocomposite and geogrid 484 

tested, as the connections between their components create potential fragility points in 485 

the abrasion test (laboratory index test). Further research is necessary, to assess whether 486 

this is representative of or can be related to the damage mechanisms resulting from 487 

abrasion due to cyclic loading of aggregates in contact with geosynthetics. 488 

 Due to its structure, combined with high mass per unit area and thickness, the geotextile 489 

tested survived well to the damage induced, maintaining high residual values for all 490 

properties assessed (tensile strength, strain at break, secant stiffness, permittivity and 491 

characteristic opening size). 492 

 A positive synergy between mechanical and abrasion damaged induced was found for 493 

the tensile properties of the two geosynthetics most affected by such damage (geogrid 494 

GGR and geocomposite GCR). This was more important for their tensile strength than 495 

their secant stiffness. This indicates that, if the damage mechanisms in the laboratory 496 

tests are proved to be representative of those in field, more economic and realistic 497 

designs can be achieved by considering the combined effect of mechanical and abrasion 498 

damage (multiple exposures). 499 

 For the permittivity of geotextile GTX and geocomposite GCR the mechanical damage 500 

was the most conditioning damage, due to clogging of their pores. The abrasion damage 501 

likely decreased the number of constrictions to the passage of water, with a slight 502 

increase of permittivity, compared to the undamaged samples. 503 

 The different trends observed for the characteristic opening size and the permittivity of 504 

the geosynthetics may be caused by differences in the corresponding test set-ups. 505 

 Negative synergy between mechanical and abrasion damage was found for the 506 

permittivity of the geotextile and the geocomposite and for the characteristic opening 507 

size of the geotextile; the traditional approach was found likely to result in unsafe 508 

estimates of these properties. 509 

NOTATION 510 

Basic SI units are given in parentheses. 511 

d90 
particle size for which 90% of the mass fraction is smaller than the mass of 

measured particles (m) 

Jsec 2% secant tensile stiffness modulus at 2% of strain (N/m) 
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Jsec 2% res residual secant tensile stiffness modulus at 2% of strain (dimensionless) 

n size of the sample 

O90  characteristic opening size (m) 

O90 nom nominal characteristic opening size (m) 

O90 res residual characteristic opening size (dimensionless) 

RF reduction factor (dimensionless) 

RFJsec2% 
reduction factor for the secant tensile stiffness modulus at 2% of strain 

(dimensionless) 

RFO90 reduction factor for the characteristic opening size (dimensionless) 

RF reduction factor for the permittivity (dimensionless) 

RFTmax reduction factor for the tensile strength (dimensionless) 

RY residual value of property Y (%) 

𝑡
1−(

𝛼
2
)
 t-Student distribution 

tnom nominal thickness (m) 

Tnom nominal peak tensile strength (N/m) 

Tmax maximum tensile strength (N/m) 

Tres residual tensile strength (dimensionless) 

VIH50 water flow velocity for a head loss of 50 mm (m/s) 

Ydam mean value of property Y for the damaged sample 

Yund mean value of property Y for the undamaged sample 

�̅� population mean 

 level of significance 

εnom nominal strain at break (dimensionless) 

εf strain at break (dimensionless) 

εres residual strain at break (dimensionless) 

 standard deviation 

 permittivity (s-1) 

nom nominal permittivity (s-1) 

res residual permittivity (dimensionless) 

nom nominal mass per unit area (kg/m2) 

ABBREVIATIONS 512 

CI confidence intervals 

GCR geocomposite 

GGR geogrid 

GTX geotextile 

PET polyester 

PP Polypropylene 
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TABLES 591 

 592 

Table 1 - Properties of the geosynthetics studied. 593 

Geosynthetic GGR GTX GCR 

Structure Woven geogrid 
Nonwoven 

geotextile 

Non-woven 

geotextile, high 

tenacity yarns 

Constituent polymer   PET PP PET 

Tensile strength1 Tnom kN/m 55 55 55 

Strain at break1 εnom (%) 10.5 105.0 10.0 

Permittivity2 nom (s-1) - 0.16 1.40 

Characteristic opening size3 O90 nom (µm) - 75 95 

Mass per unit area4 nom (g/m2) - 1000 321 

Thickness5 tnom (mm) 1.7 7.2 2.1 

Grid spacing  (mm) 25 - - 
1 Determined according to EN ISO 10319 594 
2 Determined according to EN ISO 11058 595 
3 Determined according to EN ISO 12956 596 
4 Determined according to EN ISO 9864 597 

5 Determined according to EN ISO 9863-1 598 

 599 

Table 2 – Test program implemented and number of specimens tested. 600 

 Tensile properties Permittivity 
Characteristic 

opening size 

 EN ISO 10319 EN ISO 11058 EN ISO 12956 

Geosynthetic GGR GTX GCR GTX GCR GTX GCR 

Undamaged 15 15 15 15 15 9 9 

Abrasion damage 8* 15 15 15 15 9 9 

Mechanical damage 15 15 15 15 15 9 9 

Mechanical + Abrasion damage 10* 15 15 15 15 9 9 

* The number of valid results available was lower 601 
 602 

Table 3 – Mean values of tensile tests results, with 95% confidence interval. 603 

Geosynthetic Sample 
Tmax  

(kN/m) 
 

CI 

(kN/m) 

εf 

(%) 
 

CI 

(%) 

Jsec 2%  

(kN/m) 
 

CI 

(kN/m) 

GGR 

Undamaged 47.5 ± 1.7 8.6 ± 0.3 516.7 ± 17.0 

Abrasion damage 10.2* ± 1.6 7.8* ± 1.9 273.0* ± 17.5 

Mechanical damage 40.2 ± 2.1 8.2 ± 0.4 515.2 ± 15.0 

Mechanical + Abrasion damage 11.9* ± 1.5 6.7* ± 1.2 315.9* ± 27.1 

GTX 

Undamaged 68.4 ± 2.5 99.5 ± 5.1 229.0 ± 15.2 

Abrasion damage 66.1 ± 3.0 104.0 ± 4.9 198.9 ± 16.3 

Mechanical damage 67.5 ± 2.0 95.7 ± 5.6 224.4 ± 20.9 

Mechanical + Abrasion damage 64.3 ± 1.2 98.2 ± 3.8 189.4 ± 14.6 

GCR 

Undamaged 44.5 ± 1.3 15.9 ± 0.8 457.0 ± 32.6 

Abrasion damage 10.2 ± 0.7 6.5 ± 0.6 241.2 ± 25.3 

Mechanical damage 31.2 ± 1.3 12.6 ± 1.1 436.5 ± 45.2 

Mechanical + Abrasion damage 9.6 ± 0.7 6.3 ± 0.4 242.0 ± 21.4 

* The number of valid results available was lower (Table 2) 604 
 605 
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Table 4 – Reduction factors for the tensile strength (RFTmax) and for the secant tensile stiffness modulus for 606 

2% strain (RFJsec2%). 607 

Geosynthetic Sample RFTmax RFJsec2% 

GGR 

Abrasion damage 4.66 1.89 

Mechanical damage 1.18 1.00 

Mechanical + abrasion damage 4.00 1.64 

Mechanical damage X abrasion damage (traditional) 5.51 1.90 

GTX 

Abrasion damage 1.03 1.15 

Mechanical damage 1.01 1.02 

Mechanical + abrasion damage 1.06 1.21 

Mechanical damage X abrasion damage (traditional) 1.05 1.17 

GCR 

Abrasion damage 4.37 1.89 

Mechanical damage 1.43 1.05 

Mechanical + abrasion damage 4.64 1.89 

Mechanical damage X abrasion damage (traditional) 6.23 1.98 

 608 

Table 5 – Mean values of permittivity () and characteristic opening size (O90), with 95% confidence 609 

interval. 610 

Geosynthetic Sample 
 

(s-1) 
 

CI 

(s-1) 

O90 

(µm) 
 

CI 

(µm) 

GTX 

Undamaged 0.27 ± 0.01 176.5 ± 6.4 

Abrasion damage 0.28 ± 0.02 207.5 ± 4.3 

Mechanical damage 0.24 ± 0.01 199.4 ± 5.0 

Mechanical + Abrasion damage 0.24 ± 0.02 215.2 ± 9.8 

GCR 

Undamaged 1.31 ± 0.05 167.0 ± 4.4 

Abrasion damage 1.33 ± 0.08 202.0 ± 3.9 

Mechanical damage 1.27 ± 0.07 155.2 ± 7.0 

Mechanical + Abrasion damage 1.13 ± 0.08 208.5 ± 8.6 

 611 

Table 6 – Reduction factors for the permittivity (RF) and for characteristic opening size (RFO90). 612 

Geosynthetic Sample RF RFO90 

GTX 

Abrasion damage 0.96 0.85 

Mechanical damage 1.11 0.88 

Mechanical + abrasion damage 1.15 0.82 

Mechanical damage X abrasion damage (traditional) 1.07 0.75 

GCR 

Abrasion damage 0.99 0.83 

Mechanical damage 1.03 1.08 

Mechanical + abrasion damage 1.16 0.80 

Mechanical damage X abrasion damage (traditional) 1.02 0.89 

 613 

  614 
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FIGURES 615 

 616 

Figure 1 – Equipment used for the mechanical damage laboratory tests: a) lower box with the first sublayer 617 

of aggregate; b) container in the test frame after a mechanical damage test. 618 

  619 

a) b)
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 620 

 621 

Figure 2 – Equipment used for the abrasion damage laboratory tests: a) abrasive film on the lower plate 622 

(220 mm wide and 385 mm long); b) test equipment assembled. 623 

 624 

  625 

a) b)
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a) 

 

b) 

 

c) 

Figure 3 – Visual effects on geotextile GTX after: a) single exposure to abrasion damage; b) single exposure 626 

to mechanical damage; c) multiple exposures to mechanical and abrasion damage.  627 
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a) 

 

b) 

Figure 4 – Visual effects on geogrid GGR after: a) single exposure to mechanical damage; b) multiple 628 

exposures to mechanical and abrasion damage.  629 
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a) 

 

b) 

 

c) 

Figure 5 – Visual effects on geocomposite GCR after: a) single exposure to abrasion damage; b) single 630 

exposure to mechanical damage; c) multiple exposures to mechanical and abrasion damage. 631 

  632 
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 633 

Figure 6 – Residual values of the tensile strength (Tres), peak strain (res) and secant stiffness for 2% strain 634 

(Jsec2% res) after single and multiple exposures to mechanical and abrasion damage. 635 
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 637 

   638 

Figure 7 – Normalised 95% confidence intervals for the tensile strength (Tmax), peak strain (f) and secant 639 

stiffness for 2% strain (Jsec 2%). 640 

 641 
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a) 

 
b) 

 
c) 

Figure 8 – Mean load–strain curves after the laboratory damage tests: a) geotextile GTX; b) geogrid GGR; 643 

c) geocomposite GCR. 644 
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   646 

Figure 9 – Residual values of the permittivity (res) and characteristic opening size (O90 res) after single and 647 

multiple exposures to mechanical and abrasion damage. 648 
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 650 

   651 

Figure 10 – Normalised 95% confidence intervals for the permittivity () and characteristic opening size 652 

(O90). 653 

  654 

0

1

2

3

4

5

6

7

8

9

Undamaged Abrasion
damage

Mechanical
damage

Mechanical +
Abrasion
damage

Undamaged Abrasion
damage

Mechanical
damage

Mechanical +
Abrasion
damage

GTX GCR

N
o

rm
al

is
e

d
 9

5
%

 c
o

n
fi

d
e

n
ce

 in
te

rv
al

 (
%

)

y O90O90



33 

 
a) 

 
b) 

Figure 11 – Water flow velocity at a temperature of 20°C for different head losses after laboratory tests 655 

(mean curves): a) GTX; b) GCR. 656 
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