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 ABSTRACT 
This study evaluates nonwoven geotextiles’ mechanical and hydraulic properties 
impregnated with asphalt emulsion after simulating installation damage in laboratory 
conditions. Besides the damage method recommended by ISO 10722, this study 
considered two static load applications. Two types of nonwoven geotextiles (polyester 
and polypropylene fibres) were investigated in different conditions regarding i) 
impregnation with asphalt emulsion, ii) loading condition, and iii) bedding material. The 
properties evaluated before and after damage consisted of ultimate tensile strength, 
elongation at break, secant stiffness at 2% strain, and permittivity. The results revealed 
that the impregnation increased the geotextiles’ ultimate tensile strength and secant 
tensile stiffness but decreased their elongation at break and permittivity. Overall, the 
geotextiles show good resistance to the installation damage investigated, but after 
impregnation, the polypropylene geotextile showed to be more sensitive to the 
damage. The asphalt emulsion composition proved to be important to the geotextiles’ 
properties and response after damage. It can be concluded that the impregnation 
improved the geotextiles’ mechanical properties, but the impregnation effects on the 
geotextiles’ permittivity and resistance to installation damage should be carefully 
quantified and analysed for design purposes. 

RESUMO 
Este estudo avalia as propriedades mecânicas e hidráulicas de geotêxteis não tecidos 
impregnados com emulsão asfáltica após a simulação de danos de instalação em 
condições de laboratório. Além do método de dano recomendado pela ISO 10722 (ISO, 
2007), este estudo considerou duas aplicações de carga estática. Dois tipos de 
geotêxteis não tecidos (fibras de poliéster e polipropileno) foram investigados em 
diferentes condições: i) impregnação com emulsão asfáltica; ii) condição de 
carregamento/dano; e iii) material de base. As propriedades avaliadas antes e após a 
simulação dos danos foram resistência à tração, alongamento na ruptura, rigidez 
secante a 2% de deformação e permissividade. Os resultados revelaram que a 
impregnação aumentou a resistência à tração e a rigidez à tração secante dos 
geotêxteis, mas diminuiu o alongamento na ruptura e a permissividade. De modo geral, 
os geotêxteis apresentaram boa resistência aos danos de instalação investigados, mas, 
após a impregnação, o geotêxtil de polipropileno mostrou-se mais sensível aos danos. 
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A composição da emulsão asfáltica demonstrou ser importante para as propriedades e 
a resposta dos geotêxteis aos danos. Conclui-se que a impregnação melhorou as 
propriedades mecânicas dos geotêxteis, mas seu efeito sobre a permissividade e a 
resistência a tração dos geotêxteis aos danos da instalação devem ser cuidadosamente 
quantificados e analisados para fins de projeto. 

1. INTRODUCTION 

Geotextiles can be widely used in geotechnical projects with single or multiple functions. 
However, the impacts of upper- and lower-layer materials associated with the compaction 
process during their installation cause damage that can affect the geotextiles’ properties 
and performance (Izadi et al., 2018). Thus, geosynthetic selection criteria must ensure 
adequate ultimate tensile strength (Tult) values throughout their design life (Pinho-Lopes, 
Paula and Lopes 2018). To consider the most critical damage/degradation agents in 
design, Koerner (2005) proposed Equation 1. 

𝑇𝑇𝑎𝑎𝑎𝑎 = 𝑇𝑇𝑢𝑢𝑎𝑎𝑢𝑢
𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼.𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅.𝑅𝑅𝑅𝑅𝐼𝐼

   (1) 

where: Tal: allowable tensile strength in design; Tult: ultimate tensile strength of 
undamaged specimens; RFID: reduction factor for installation damage; RFCR: reduction 
factor for creep behaviour; and RFD: reduction factors due to chemical/biological 
degradation. 

Since the 1990s, the typical approach to identifying RFID values has been to simulate in-
field installation processes (full scale) and compare the properties of interest (e.g., ultimate 
tensile strength) before and after damage simulations. This method requires large areas, 
workload, and heavy equipment, making it extremely time-consuming and expensive. 
Alternatively, the laboratory test standard ISO 10722 (ISO, 2007) was published to assess 
the mechanical damage under repeated loading, commonly considered to simulate the 
geosynthetics’ installation damage under controlled conditions. 

According to ISO 10722 (ISO, 2007), geosynthetic's samples are confined by a sintered 
aggregate (aluminium oxide) and subjected to a cyclic load application by a rectangular 
steel plate in its upper part. Firstly, the confining material is compacted in two stages 
(pressure of 200 kPa for 60 seconds) in the bottom layer. After arranging the geosynthetic's 
samples over the bottom layer, the upper one is carefully filled with the confining material 
avoiding additional damage while spreading it. Finally, the rectangular steel plate applies a 
cyclic load with values ranging between 5 and 500 kPa, at 1 Hz for 200 cycles. The exhumed 
damaged samples are tested in the following stage, and the properties of interest are 
compared to the undamaged samples. Pinho-Lopes and Lopes (2014) observed that the 
laboratory tests overestimate the installation damage. However, Hufenus et al. (2005) 
found a good correlation between the laboratory test and the in-situ installation damage. 
Huang and Wang (2007) proposed how to adequate the load intensity in the laboratory to 
reproduce the in-field site experimental damage (for flexible geogrids). 

The literature has reported different test configurations (geosynthetic or soil types) 
over the last decades (Hufenus et al. 2005; Carlos et al., 2015; Carlos, Carneiro and Lopes, 
2019; Carneiro et al., 2013; Norambuena-Contreras and Gonzalez-Torre, 2015; Zamora-
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Barraza et al., 2011; Pinho-Lopes and Lopes, 2014; Gonzalez-Torre et al., 2014). 
Hufenus et al. (2005) assessed the influence of the geosynthetic's structure, mass per unit 
area, and confining aggregate over 38 different materials and compared their 
performance to laboratory damage tests. Carlos et al. (2015) and Carlos, Carneiro and 
Lopes (2019) evaluated the influence of the grain size distribution (nine soil types) and 
the mass per unit area of geotextiles on the damage caused by the laboratory tests. In 
terms of grain-size distribution, the studies reported that the larger the particles are and 
the more uniform the soil is, the damage induced by the geotextiles tends to be more 
severe. Although correlations using a physical index (e.g., mass per unit area) with 
mechanical or hydraulic properties are not recommended (Reinert and Kerry Rowe, 
2021), Carneiro et al. (2013) concluded that mass per unit area influences how damage 
simulations affect geotextile properties. 

Considering geosynthetics in contact with bituminous materials, Gonzalez-Torre et al. 
(2014) investigated the damage according to ISO 10722 (ISO, 2007) and in-field tests. The 
authors concluded that the secant tensile stiffness is a crucial parameter to be analysed for 
geosynthetic reinforcing pavement layers, which follows other studies (Pinho-Lopes and Lopes, 
2014; Zamora-Barraza et al., 2011; Gonzalez-Torre et al., 2014), and that the ISO 10722 (ISO, 
2007) test provides a better repeatability of the results. Several studies (Hufenus et al., 2005; 
Carlos, Carneiro and Lopes, 2019; Norambuena-Contreras and Gonzalez-Torre, 2015; Pinho-
Lopes and Lopes, 2014; Obando-Ante and Palmeira, 2015; Wang et al., 2017; Correia and 
Zornberg, 2014; Correia, Zornberg and Bueno, 2014) point out that damage during installation 
induces changes during geosynthetic performance, and the laboratory simulation method 
helps to understand and forecast how it will happen in the field. Based on the studies 
mentioned, laboratory tests' RFID values range between 1.02 and 9.93. 

When roads are constructed using nonwoven geotextiles combined with asphalt 
concrete, it is essential to impregnate them with asphalt binders to improve their adherence 
to the adjacent layers (Koerner, 2005; Obando-Ante and Palmeira, 2015). Modifiers added 
to asphalt products may enhance specific properties (e.g., stability, stiffness, elongation, 
durability). Therefore, applying asphalt binders to dry, clean, and well-compacted surfaces 
is highly recommended (Wang et al., 2017). In an innovative study, Correia, Zornberg and 
Bueno (2014) found that an amount of asphalt emulsion equal to the geosynthetic retention 
capability improves mechanical performance. It also reduces hydraulic conductivity 
(Correia and Zornberg, 2014). However, there is a lack of assessing the effect of asphalt 
emulsion (present in the cracked overlay or the new overlay) on the geosynthetics' 
installation damage. Thus, the ISO 10722 (ISO, 2007) standard can be a suitable alternative 
to investigate the installation damage of geotextiles impregnated with asphalt emulsion 
when applied as a reinforcement element in pavement rehabilitation. 

Applying a bituminous layer over impregnated geotextile is a way to reinforce low-
traffic roads using an alternative for low-cost pavements. This method applies the 
impregnated geotextile directly over a subgrade or base layer after surface compaction 
and shaping. The lack of studies on this application and the evaluation of geotextile 
damage during the installation procedure have motivated this investigation. 
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2. MATERIALS AND METHODS 

2.1. Geotextiles and impregnation method 

This study investigated two needled-punched nonwoven geotextiles commonly applied to 
reinforce pavement: one manufactured with polyethylene terephthalate (PET; Figure 1a) 
and another with polypropylene (PP; Figure 1b). Another selection criterion was the 
geotextiles' mass per unit area (μa). Since nonwoven geotextiles with μa higher than 
200  g/m2 have shown insufficient impregnation effectiveness (Koerner, 2005; Wickert, 
2003), the study adopted materials with μa equal to 150 g/m2. Table 1 shows the 
geosynthetics’ physical and mechanical properties and the asphalt emulsions’ 
characteristics (the adopted test methods are also presented). 

 
Figure 1. View of the structures of geotextiles tested: a) PET and b) PP yarns. 

Table 1: Nonwoven geotextiles’ properties and characteristics of the asphalt emulsion 

Geotextiles’ properties Specification Unit  PET(¹) PP(¹) 
Nominal thickness ASTM D5199 (ASTM, 2012) mm  1.562 (9.1) 1.894 (10.5) 
Mass by unit area ASTM D5261 (ASTM, 2018) g/m2  142 (5.8) 165 (12.6) 
Ultimate tensile strength ASTM D5035 (ASTM, 2011) kN/m  5.47 (13.9) 6.14 (11.6) 
Elongation at break ASTM D5035 (ASTM, 2011) %  59.7 (2.5) 75.8 (8.3) 
Permittivity ASTM D4491 (ASTM, 2017a) s-1  5.29 (3.0) 2.39 (10.1) 
Asphalt emulsions’ characteristics Specification Unit GTX CRS-1 CRS-1S 
Viscosity Saybolt-Furol ASTM D7491 (ASTM, 2017b) s  10.0 19.0 
Residue by evaporation ASTM D6934 (ASTM, 2016) %  47.9 60.9 
Specific mass - g/L  1013.16 752.04 
Penetration grade ASTM D5/D5M (ASTM, 2013) dmm  140.0 63.0 
Asphalt retention rate ASTM D6140 (ASTM, 2005) g/m2 PET 1.69 1.52 
   PP 1.61 1.44 
(¹) Coefficient of variation (COV), in percentage, between parentheses. 

The geotextile impregnation intends to improve its adherence to adjacent layers, and a 
reduction in the material permittivity (Ψ) is expected. The impregnation process followed 
one of the approaches recommended by the ASTM D6140 (ASTM, 2005). The nonwoven 
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geotextile samples (obtained directly from the manufacturer's rolls) were dipped in a 
large amount of asphalt emulsion (until reaching their impregnation) and then air-dried 
for 24 hours to ensure emulsion hardening. 

The study has investigated six impregnation conditions. The first two conditions consisted 
of the geotextiles under non-impregnated conditions (PET-0 and PP-0). The other ones 
comprise both geotextiles impregnated with two asphalt binders (PET-1, PET-1S, PP-1 and 
PP1-1S). Both asphalt binders are cationic asphalt emulsions of rapid setting (CRS-1 and CRS-
1S) and were used as provided by the manufacturer. The CRS-1 consists of a straight-run 
asphalt emulsion, while the CRS-1S was the same CRS-1 emulsion but modified with the 
polymer SBS (styrene-butadiene-styrene) – modification process performed by the 
manufacturer. As the CRS-1 has a higher specific mass than CRS-1S (due to the difference in 
asphalt content proportion presented in each emulsion), the modified emulsion has left a 
higher amount of residue after the impregnation process. The asphalt retention rates (property 
that quantifies the geotextile’s capacity to retain the asphalt emulsion) obtained following 
ASTM D 6140 (2005) for each combination of asphalt emulsion are shown in Table 1. 

2.2. Damage materials 

To represent in-situ work conditions, this study used two natural materials for damage 
simulation: i) sand (SA) and ii) silty clay (SC). Figure 2 shows both materials' grain-size 
distribution curves compared to the standard one. These two materials (SA and SC) were 
adopted in the bottom layer of the experiment to assess how the lower layer could 
influence the geotextiles' properties after damage (once geotextiles are conventionally 
arranged between different aggregates in pavement structure). SA was oven-dried before 
the damage tests, and SC was prepared with moisture content equal to 21.5%. 

 
Figure 2. Grain size distribution of the granular materials and the one recommended by ISO 10722. 

2.3. Damage simulation 

This study investigated three loading conditions: i) cyclic loading (CC), ii) short-static loading 
(SS), and iii) long-static loading (LS). The CC condition followed the ISO 10722 (ISO, 2007) 
loading method (cyclic load ranging from 5 to 500 kPa at 1 Hz frequency for 200 loading cycles). 
The SS condition comprised an applied load of 200 kPa for 60 seconds over the loading plate 
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area. Finally, the LS condition applied a load of 120 kPa (maximum value due to the risk of 
damaging the air-pressure bag) over the upper granular material for 120 seconds. 

Depending on the type of loading method applied in each scenario, a specific box was 
used to perform the damage simulations: i) a square box for the cyclic (CC) and short-
static (SS) load applications and ii) a rectangle box for the long-static (LS) loading. The 
square box used in this study was larger than the one established by ISO 10722 (ISO, 
2007), therefore the loading plate and geotextiles samples were scaled to maintain a 
proportional condition. The square box had the dimensions of 500 mm (long) × 500 mm 
(wide) × 250 mm (high). The load application plate was 333 mm (long) × 167 mm (wide), 
and it was placed centralised to the box and the geotextile sample. Due to the dimensions 
of the rectangle box – 1,500 mm (long) × 700 mm (wide) × 250 mm (high) – three samples 
were tested simultaneously. An air-pressured bag was used to apply the load over the area 
of the rectangular box. 

The damage tests were conducted using sand on the upper layer for all scenarios 
investigated. The SC was compacted as recommended by ISO 10722 (ISO, 2007) and 
reached a compaction degree of 88.6%. The SA was placed into the test box and reached 
a relative density close to 70.0%. The schemes of both boxes used in this study are shown 
in Figure 3. The short-static (SS) loading condition was only investigated for the 
geotextiles under non-impregnated conditions. The other loading procedures (LS and CC) 
were investigated testing all six impregnation conditions. 

 
Figure 3. Scheme of the damage equipment: (a) square box: short-static (SS) and cyclic (CC) load applications, 
and (b) rectangle box: static-load (SL) application. 

2.4. Damage quantification 

The damage quantification occurred by assessing the geotextile mechanical and hydraulic 
properties before and after the damage simulations. Each nonwoven geotextile sample 
provided five specimens (50-mm wide and 200-mm long) for the tensile strength test and 
four (80-mm diameter specimens) for the permittivity test. The specimens were 
maintained during 24 hours in the testing room (before testing) provide a uniform 
temperature during testing - room temperature of 22 ± 2 °C. The standard ASTM D5035 
(ASTM, 2011) was used to measure the ultimate tensile strength (Tult), elongation at break 
(εrup), and the secant tensile stiffness at 2% of elongation (J2%). Tensile tests were 
performed (five specimens for each scenario) using a universal testing machine with a 
load cell of 30 kN and a strain rate of 10%/min. Pneumatic jaw clamps were used to 
ensure that no slipping occurs during loading enabling the strain measurement based on 
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the top clamp displacement. The permittivity (Ψ) was measured following the ASTM 
D4491 (ASTM, 2017a) recommendations, using the falling head test method. 

To quantify the damage caused due to the laboratory simulations, a confidential 
interval was established for each property of interest (Tult; εrup; J2%; and Ψ) using the 
Student’s t-distribution statistical analysis. The confidential intervals were calculated for 
the non-damaged samples under the non-impregnated and impregnated (with CRS-1 or 
CRS-1S) conditions. The maximum and minimum value of a property of interest were 
determined based on Equation 2. 

𝑋𝑋𝑚𝑚𝑎𝑎𝑚𝑚 𝑜𝑜𝑜𝑜 𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑋𝑋𝑣𝑣 ± 𝑢𝑢.𝑠𝑠
√𝑚𝑚

   (2) 

where: X: property of interest; Xmax: maximum value of the property of interest; Xmin: 
minimum value of the property of interest; Xv: mean value of the property of interest; s: 
sample’s standard deviation; n: sample size; and t: Student’s t-distribution variable. 

The confidential interval indicates the range of values representing each property of 
interest in its undamaged condition. Thus, a damaged scenario that resulted in a mean 
value inside its respective confidential interval indicates doubt about damage occurrence 
as it can be considered inside the variability of the undamaged scenario. Otherwise, values 
outside the confidential interval indicate a significant change in the property’s mean value 
due to the damage simulation investigated in the scenario. 

Reduction factors for installation damage (RFID) were also calculated based on the 
results of the ultimate tensile strength (Tult) and the Student’s t-distribution statistical 
analysis. For mean damaged values inside or above the confidential interval, an RFID equal 
to 1.00 was attributed. For mean damaged values below the confidential interval, the RFID 
was calculated as follows (Equation 3): 

𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼  =  𝑇𝑇𝑢𝑢𝑎𝑎𝑢𝑢_𝑢𝑢𝑚𝑚𝑢𝑢𝑇𝑇𝑢𝑢𝑎𝑎𝑢𝑢_𝑢𝑢
   (3) 

where: Tult_und: mean undamaged ultimate tensile strength; and Tult_d: mean damaged 
ultimate tensile strength. 

3. RESULTS AND DISCUSSION 

In this section, the results were summarised in figures where the vertical columns indicate 
the mean value of the analysed property of interest, and the error bars represent the samples’ 
maximum and minimum values (for the same property). The horizontal dashed lines indicate 
the confidential interval of each geotextile based on the results obtained with the reference 
specimens tested (undamaged non-impregnated, or undamaged impregnated) and the 
Student’s t-distribution statistical analysis. Unfortunately, the PET geotextile specimens tore 
during the test in the scenario PET-0-SA-SS, which means non-impregnated PET geotextile 
was tested with SA on the bottom layer and submitted to the SS loading condition. 
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3.1. Ultimate tensile strength (Tult) 

The impregnation significantly increased (between 40.6% and 117.8%) the mean Tult 
value of undamaged non-impregnated specimens (Figure 4a). The increases occurred 
regardless of the geotextile type and asphalt emulsion. The asphalt emulsion inside the 
geotextiles’ structure acts as an extra binder between the fibres (beyond the bonds caused 
by the fibres interweaving and its friction) and enhances the geotextile’s strength. The 
improvement of the PET geotextile’s Tult values found in this study (66.5% for CRS-1 
emulsion and 40.6% for CRS-1S emulsion) are close to the ones reported by Correia, 
Zornberg and Bueno (2014) – values between 40 and 62%. Unexpectedly, even with the 
smallest asphalt retention rates (Table 1), PP geotextile exhibited an increase of 117.8% 
and 82.4% when impregnated with the CRS-1 and CRS-1S, respectively. 

Figure 4a also indicates that the non-modified asphalt emulsion (CRS-1) increased Tult 
values more than the modified asphalt emulsion (CRS-1S). Due to the incorporated 
polymer (SBS), the CRS-1S emulsion exhibited less specific mass, and after the 
impregnation process, it was evident that this emulsion (CRS-1S) had difficulty 
incorporating into the geotextiles – leaving more residues after the impregnation process, 
as previously mentioned (Section 2.1). The difficulty of CRS-1S to incorporate into the 
geotextile structure, identified by the lower asphalt retention rate of CRS-1S compared to 
CRS-1 (Table 1), validates this assumption. 

 
Figure 4. Changes in the (a) ultimate tensile strength, (b) elongation at rupture, (c) secant-tensile stiffness at 2% 
strain, and (d) permittivity after impregnation process. 

For the PET geotextile, a damaged mean Tult value below the material’s confidential 
interval (indicated by the horizontal lines in Figure 5a) occurred when the specimens 
were tested in the PET-0-SC-CC scenario (reduction of 13.7% compared to the mean Tutl 
value of undamaged non-impregnated specimens). In the case of the PP geotextile, the 
reduction below its undamaged non-impregnated confidential interval only occurred for 
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the PP-0-SA-LS scenario (decrease of 18.0%). These results rise from the high variability 
of the geotextiles’ mean Tult values (COV values higher than 11.5% for both materials) and 
the slight decreases caused by the damage procedures. The discussion of the results 
shown in Figures 3b, 3c, and 3d are presented in the following sections (3.2, 3.3, and 3.4). 

As shown in Figure 5a, the installation damage did not cause significant changes to the 
undamaged geotextiles’ Tult mean values. The results reported in the literature 
(Hufenus et al., 2005; Pinho-Lopes and Lopes, 2014), using the standard material for ISO 
10722 (ISO, 2007) (a sintered aggregate; aluminium oxide), have shown a significant 
decrease in this parameter from undamaged to ones obtained by this study. The sharp 
grain-format and stiffness of the sintered aggregate result in a more aggressive confining 
material. Moreover, the dimension of the particles used in the study is smaller than the 
minimum size of corundum particles (see Figure 2). 

 
Figure 5. Ultimate tensile strength after the installation damage procedures under a) non impregnated condition, 
b) impregnated with CRS-1 and c) CRS-1S asphalt emulsions 

Considering the short-static (SS) loading condition, the damaged PP geotextile specimens 
experienced a significant increase (higher than 50.0% regardless of the material present in 
the bottom layer – SA or SC) in the mean Tult value compared to the undamaged non-
impregnated one (Figure 5a). Other studies related to geosynthetics’ durability also exhibited 
this phenomenon, which has been explained by: i) the specimens’ storage and temperature 
condition before testing (Kondo et al., 1992; Rowe, Rimal and Sangam, 2009), ii) a possible 
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rearrangement of the geosynthetics fibres (Paula, Pinho-Lopes and Lopes, 2004; Ching-Chuan 
and Shuay-Luen, 2006) and iii) a strain hardening phenomena caused by the damage 
procedures (Allen and Bathurst, 1994). Possibly, the higher loading stress (200 kPa) applied 
for 60 seconds (SS condition) was able to compress the geotextile’s structure and may 
enhance the friction between the fibres, increasing its strength. Similar results were found by 
Domiciano, Santos and Silva (2020) for geogrids tested under higher confining stresses (300 
and 600 kPa applied for 300 seconds). This phenomenon may not occur under lower 
confining stress (120 kPa) and when applied for a shorter period (120 seconds; LS condition). 

The results of the impregnated specimens submitted to installation damage simulation 
are present in Figures 4b and 4c for the CRS-1 and CRS-1S asphalt emulsion, respectively. 
As can be seen, under the impregnated condition, the PP geotextile is more sensitive to 
the damage investigated than the PET geotextile. The impregnated PET geotextile 
specimens did not present a reduction (below the confidential interval) in its undamaged 
impregnated Tult mean value for all scenarios investigated regardless of i) the material 
present in the bottom layer (SA or SC), ii) the loading condition (CC or LS), and iii) the 
asphalt emulsions. The loading conditions (CC or LS) may have made the PET geotextile 
structure (comprised of the fibres and the asphalt emulsion) more compacted and 
increased its strength. Further studies of the physical characteristics of damaged 
impregnated samples are required to confirm the aforementioned assumption. 

The impregnated PP geotextile has shown some scenarios with a mean Tult value 
smaller than its undamaged impregnated confidential interval. When impregnated with 
CRS-1 (Figure 5b) and tested with SC in the bottom layer, the PP geotextile’s Tult mean 
value reduced by 21.5% and 26.5% for the CC and LS conditions, respectively. The 
reduction in the Tult mean value caused by the SA in the PP geotextile impregnated with 
CRS-1 was equal to 21.2% for the CC condition, and it was negligible for the LS condition 
(2.9%). Considering the modified asphalt emulsion (CRS-1S; Figure 5c), only the LS 
condition caused significant changes in the impregnated Tult mean value of the PP 
geotextile: a reduction of 31.0% was experienced when tested confined by SA, and the SC 
in the bottom layer resulted in a decrease of 12.2% of Tult. 

There is a significant difference between the results obtained for PP geotextile when 
impregnated with CRS-1 and CRS-1S. The geotextile flexibility after the impregnation may 
explain these results. The higher asphalt pavement rate obtained with the CRS-1 emulsion 
makes the geotextile structure less flexible and reduces the capacity to absorb the effort 
caused by the damage process. On the other hand, after being impregnated with the CRS-
1S asphalt emulsion, the structure of the PP geotextile remained flexible and could absorb 
the load from the CC condition. The PET geotextile possibly did not exhibit the same 
behaviour as it proved more resistant to installation damage. 

3.2. Elongation at rupture (εrup) 

After the installation damage under non-impregnated condition, both geotextiles 
experienced reductions in their mean εrup values below the confidential interval of the 
undamaged non-impregnated specimens (Figure 6a). The PET geotextile experienced 
higher decreases in the εrup values than the PP geotextile (except when tested confined by 
SA under the LS condition). For this property, the CC condition showed to be the most 
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aggressive loading condition, followed by the SS and LS conditions, in this order – 
regardless of the geotextile investigated. The εrup values of the impregnated PET geotextile 
were more affected when the SC was present in the bottom layer. 

Even under the impregnated condition, the geotextiles kept on experiencing a 
reduction in its mean εrup values after damage (Figures 5b and 5c). The CC loading 
condition proved to be more aggressive to this property (reductions ranging from 16% to 
35%) than the LS loading condition (reductions ranging from 6% to 25%). It can be noted 
that the level of reduction of εrup when the geotextiles were impregnated are similar to the 
reduction experienced by the geotextiles under non-impregnated conditions. Unlike the 
damaged non-impregnated specimens, the mean εrup value of the PP geotextile specimens 
was more affected than the PET geotextile ones (for most of the evaluated scenarios), 
similar to the results reported by Fleury et al. (2023). 

3.3. Secant tensile stiffness at 2% strain (J2%) 

The geosynthetic’s secant tensile stiffness is another important parameter when 
analysing its mechanical performance for pavement application. Both nonwoven 
geotextiles presented similar results of J2% for undamaged specimens (PET = 5.8 kN/m 
and PP = 5.4 kN/m). The impregnation enhanced the values of J2% approximately by ten 
times compared to the undamaged specimens, revealing values higher than 60 kN/m 
(Figure 4c). Both geotextiles experienced a similar improvement in the J2% value, but when 
impregnated with CRS-1, J2% was slightly greater (increases of 1250% and 1453% for PP 
and PET, respectively) than with CRS-1S asphalt emulsion (increases of 1169% and 959% 
for PP and PET, respectively). These results rose due to the bonding between the asphalt 
emulsion and the geotextile structure, increasing the overall stiffness. The impregnation 
increased the mechanical properties of nonwoven geotextiles mainly at low elongation 
levels, which is crucial for pavement applications. 

After the installation damage procedures, the mean J2% values significantly increased 
(above the materials’ confidential interval for this property) for the CC and SS loading 
conditions (Figure 7a). The LS loading condition was responsible for significantly 
decreasing the analysed property after the damage in non-impregnated specimens. 
Interestingly, for this loading condition, the material in the bottom layer has minimal 
importance as each geotextile exhibited a very similar reduction (17.7% and 52.2% for 
the PET and PP ones). 

When impregnated, the geotextiles experienced similar results to those under non-
impregnated conditions. The LS loading can be considered the most aggressive condition 
as all mean J2% values were smaller than those obtained after the CC loading condition, 
and it resulted in some mean J2% values smaller than the geotextiles confidential interval 
(Figures 6b and 6c). The scattered results obtained did not enable us to identify which 
material present in the bottom layer is the most aggressive and which asphalt emulsion 
provides better resistance to the installation damage procedures. 
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Figure 6. Elongation at rupture after the installation damage procedures under a) non impregnated condition, b) 
impregnated with CRS-1 and c) CRS-1S asphalt emulsions. 

 
Figure 7. Secant tensile stiffness at 2% strain after the installation damage procedures under a) non impregnated 
condition, b) impregnated with CRS-1 and c) CRS-1S asphalt emulsions. 
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3.4. Permittivity (Ψ) 

After the impregnation, the asphalt emulsion tends to fill the voids in the geotextiles’ 
structures and reduces their permittivity (Ψ; Figure 4d). It was observed that PET 
geotextile specimens experienced more impact than the PP specimens: CRS-1 and CRS-1S 
decreased the PET geotextile permittivity by 71.3% and 58.8%, respectively. On the other 
hand, PP geotextile permittivity was also reduced, showing a significant difference for 
each asphalt emulsion adopted. CRS-1S did not cause substantial changes (reduction of 
6.7%) in the geotextile’s Ψ value as the mean value was within the confidential interval of 
the undamaged non-impregnated specimens. The less adherence capability of this asphalt 
emulsion to the PP geotextile (confirmed by the smallest asphalt retention rate value in 
Table 1) can be considered the reason for these results. A reduction of 27.6% occurred in 
the PP geotextile Ψ when CRS-1 was used. 

The specimens impregnated with the CRS-1S presented mean Ψ values higher than 
those impregnated with CRS-1. Due to the difficulty of CRS-1S to incorporate into the 
geotextile structure (as previously mentioned in Section 3.1) the specimens impregnated 
with this asphalt emulsion have more voids in their structure, resulting in a more 
permittivity structure (compared to the impregnated with CRS-1). Moreover, it must be 
pointed out that the variability in the Ψ values obtained with CRS-1S were higher than the 
ones obtained with CRS-1. Under the impregnation with CRS-1S emulsion, due to the 
nonwoven geotextiles' heterogeneous structure, the emulsion may have better adherence 
where there are agglomerated fibres, inducing a high variability in the permittivity values. 
Due to the better CRS-1 adherence, this effect was not so expressive. Further studies are 
required to validate this assumption. 

Considering the adoption of impregnated geotextiles between the surface course (or 
binder course) and the base layer, when the pavement is not in contact with water, the 
decrease in the permittivity will not affect the pavement performance. However, when the 
water seeps into the pavement through cracks in its surface, the smaller permittivity of 
the impregnated geotextile may contribute to water accumulation (increase the pore-
water pressure when the pavement is loaded) and accelerate the development rate of 
cracks due to pumping. For this reason, the designers must be encouraged to quantify and 
analyse if the reduction in the geotextile’s permittivity after the impregnation can 
compromise the pavement performance. 

An increase in mean Ψ values can be expected after the installation damage procedures 
since the rupture of the fibres may occur with local damage that open the geotextile structure. 
However, the installation damage affected the permittivity of the geotextiles in different ways 
(Figure 8). The non-impregnated PET geotextile exhibited close reductions in the undamaged 
mean Ψ values regardless of the material in the bottom layer and loading condition (ranges 
between 14.2% and 21.9%; Figure 8a). Moreover, the tests performed with SC in the bottom 
layer have resulted in slightly higher damage than those confined by SA. 

After damage under the impregnated condition, the PET geotextile presented mean Ψ 
values inside its confidential interval (except for the scenario PET-1S-SC-CC; reduction of 
36.3%). It is worth mentioning that the confidential intervals obtained for impregnated 
PET geotextile is very wide as this property exhibited a huge variability when 
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impregnated (28.4% and 33.6% for CRS-1 and CRS-1S asphalt emulsions, respectively). 
In the case of the PP geotextile, different permittivity results were observed for each 
asphalt emulsion. When impregnated with CRS-1S, all scenarios resulted in a reduction 
close to 17.6% (except for PET-1S-SA-LS). When impregnated by CRS-1, the results 
showed discrepant behaviours, sometimes increasing or decreasing the permittivity. 

 
Figure 8. Permittivity after the installation damage procedures under a) non impregnated condition, b) 
impregnated with CRS-1 and c) CRS-1S asphalt emulsions. 

3.5. Reduction factors 

A quantitative way to consider the damage when designing with geotextiles, impregnated 
or not, is by computing the reduction factors obtained from damage simulations tests 
performed in laboratory conditions. Table 2 shows the reduction factors for installation 
damage (RFID) related to the ultimate tensile strength (Tult) following the methodology 
described in Section 2.4. It is worth mentioning that the RFID reported in the present study 
can be taken as a reference in design if the field condition applies the same materials used 
in the research and the same compaction effort. 

Table 2 shows a predominance of values equal to 1.00. As previously mentioned in 
Section 3.1, values lower than those obtained using the standard material (10722 ISO, 
2007) can be expected due to the sintered aggregate’s high aggressive characteristics 
(format and stiffness). However, the RFID values obtained in the present study were also 
lower than the ones obtained by Pinho-Lopes and Lopes (2014) and by Hufenus et al. 
(2005) considering the results related to non-woven geotextiles of both studies, which 
tests were performed with natural aggregates. The grain size distribution curve may be 
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the reason for these different results since the test conditions of such studies were quite 
the same – following ISO 10722. The RFID values are also lower than the ones presented 
by Gonzalez-Torre et al. (2014) testing geotextile with the same mass per unit area and 
the aggregate recommended by ISO 10722 (ISO, 2007). 

Table 2: Reduction factors for installation damage – related to the ultimate tensile strength – for the scenarios evaluated 

Impregnation condition Confined Material Loading condition PET PP 
Non-impregnated Sand CC 1.00 1.00 
  LS 1.00 1.05 
  SS N.T 1.00 
 Silty Clay CC 1.16 1.00 
  LS 1.00 1.00 
  SS 1.00 1.00 
Impregnated with CRS-1 Sand CC 1.00 1.27 
  LS 1.00 1.00 
 Silty Clay CC 1.00 1.28 
  LS 1.00 1.36 
Impregnated with CRS-1S Sand CC 1.00 1.00 
  LS 1.00 1.45 
 Silty Clay CC 1.00 1.00 
  LS 1.00 1.14 
Note: CC, cyclic load; LS, long-static load; SS, short-static load; PET, poly(ethylene) terephthalate; PP, polypropylene; N.T, not tested. 

5. CONCLUSION 

This study reported laboratory installation damage performed in geotextiles under non-
impregnated and impregnated (with asphalt emulsion) conditions. Results of tensile and 
permittivity tests performed in virgin and exhumed specimens have led to the following 
conclusions: 

• The asphalt emulsion intruded into the geotextile structure, and it makes the 
impregnated geotextile stiffer and less flexible after the drying period. As a result, the 
geotextiles increased their ultimate tensile strength and secant tensile stiffness. 
These increases caused a loss in deformability. As the asphalt emulsion (inside the 
voids) tore during the tensile test, some adjacent fibres also tore, decreasing the 
elongation at rupture. In terms of permittivity, a significant decrease occurs since the 
voids of the structure are filled with asphalt emulsion. Moreover, the modifier 
(polymer SBS) proved to decrease the asphalt emulsion’s adherence to the geotextile 
and affects the properties after impregnation. The effects of the asphalt emulsion 
with the modifier (polymer SBS) on the impregnated geotextiles’ properties were 
smaller than the ones obtained with the non-modified asphalt emulsion. 

• Under the impregnated condition, the PET geotextile maintained its resistance to 
the installation damage. Unexpectedly, the PP geotextile presented to be more 
sensitive after impregnation. It shows scenarios with a significant decrease in the 
ultimate tensile strength leading to reduction factors between 1.14 and 1.45. 
However, in most scenarios, the geotextiles exhibited values inside the reference 
value's confidence interval, leading to a reduction factor equal to 1.00. The small 
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size of the particle, its format, and its stiffness are considered as the reasons for the 
low values of reduction factors compared to the ones found in previous studies. 

• The elongation at rupture significantly decreased after the installation damage for both 
geotextiles under the impregnated and non-impregnated conditions. Moreover, the 
decreases when impregnated were more significant than the geotextile ones that were 
not impregnated. However, the results were very scattered, and no clear trend could be 
seen. Under the non-impregnation condition, the PET geotextile was the most affected, 
and the opposite occurred when impregnated (PP geotextile was the most affected). 

• The secant tensile stiffness significantly increased after the installation damage 
procedure when the short-static and cyclic loading conditions were adopted. The 
long-static loading condition as responsible for significant decreases to the 
geotextiles’ secant tensile stiffness regardless of the impregnation condition. 

• The geotextiles’ permittivity has shown contradictory results for either non-
impregnated or impregnated conditions. After the installation damage, the PET 
geotextile presented decrease in the permittivity for most scenarios evaluated 
regardless of the impregnated condition. Despite the PP geotextile showed an increase 
in the permittivity values after the installation damage under non-impregnated 
condition, when impregnated it has shown different results for each asphalt emulsion 
and material present in the bottom layer – sometimes increasing and other decreasing. 

The investigation shows that the geotextiles experienced an increase in their ultimate 
tensile strength and secant tensile stiffness after the impregnation, compounded by a 
reduction in its elongation at break and permittivity. Extreme caution must be taken due to 
the decrease in permittivity as it can help the development of water pressure inside the 
pavement structures. Moreover, the impregnation tends to increase the resistance of the 
geotextiles to installation damage, which acts on behalf of its application. However, designers 
must correctly consider the changes experienced by the geotextiles due to impregnation. 
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