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Abstract
The evaluation of the durability of geosynthetics for application in real structures is an important field of investigation. 
Within this field, the interaction between degradation agents that geosynthetics can be subject to, in their different applica-
tions, is an increasingly studied issue, because it can have direct implications in the design of the materials. Thus, this article 
explores a non-conventional test for geosynthetics, to simulate creep under accelerated conditions using a saturation and 
drying procedure simultaneous to the creep process. In this way, the material is closer to the exogenous field conditions as 
in, for example, riverside projects or even in coastal protection. For this, a total of 48 tests of conventional creep and under 
accelerated degradation conditions were carried out in 4 different geotextiles. From these tests, models were proposed and 
presented coefficients of determination greater than 0.84. Additional results indicate an increased strain rate ranging between 
5 and 16 times in creep test from the moment that degradation simultaneous with creep is induced. Reduction factors greater 
than 3 indicated a very aggressive degradation process. In general, the study showed that ensuring the design life of geosyn-
thetics calls for a simulation of degradation conditions that demand more from these materials. By enabling a more precise 
analysis of field conditions the creep test under accelerated conditions presents an excellent tool for project design. The 
significance of this study for geosynthetics design is in providing general knowledge of creep under accelerated conditions 
using equations and models to determine important geosynthetic parameters.

Keywords  Geosynthetics · Geotextiles · Durability · Degradation · Creep

Introduction

Behavior characterization tests are widely used for all con-
struction materials, providing essential data for the design 
and development of engineering projects. Technological 
advances have enabled the development of increasingly 
refined and accurate testing techniques. However, such 
tests are usually subject to limitations, especially related to 
stress–strain state and boundary conditions, which, in some 
cases, may not represent field conditions. This is relevant in 
the case of geosynthetics, given the complexity of modelling 
the intrinsic characteristics of the constituent materials, the 

geometry and the interaction with the soil. The long-term 
behavior of these materials is even more complex, which has 
led the scientific community to search for more representa-
tive procedures to simulate the behavior of these materials.

Geosynthetics are widely used in engineering across 
many types of projects around the world. The variety of 
regional conditions in the application of these materials 
means that there will be different degradation mechanisms 
acting. Understanding the exogenous environment and the 
degradation agents is fundamental to choosing the best form 
of characterization test to apply [1–5].

Solutions using sand-filled geosynthetic tubes, for exam-
ple, are prominent in projects that aim to minimize the 
impact of surface dynamics processes. The main projects 
with these characteristics dated to the 1950s [6, 7]. Stud-
ies by Restall et al. [8] and Hornsey et al. [9] present dam-
age from a common form of drilling in hydraulic projects, 
either through small holes generated by unintended sharp 
elements, or by the occurrence of knife cuts. The technical 
literature also presents problems related to the durability of 
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structures with tubular textile forms compromised by rup-
ture, displacement, damage and clogging [10–12]. Research 
has highlighted the need for more studies on soil–geotextile 
interaction to obtain better solutions for stresses and defor-
mation behavior [13, 14], as well as installation damage 
[15–17]. Elias et al. [18] and Tan et al. [19] describe natu-
ral elements as stress concentrators. For all of these cases, 
the thickness of the geosynthetics is important to prevent 
perforation.

Considering the observations above, this type of demand 
on the geosynthetic is negligible, since with proper design, 
increasing thickness is a practice that minimizes the effects 
of perforation. In another example, as reported by Koerner 
et al. [20], the addition of a second geosynthetic layer for 
protection is a viable solution for materials without ultra-
violet radiation protection. Thus, important variables in 
the design of geosynthetic tubular structures for river and 
coastal protection conditions, such as exposure to radia-
tion and perforation, make clear the need for analyses that 
involve, for example, saturation-drying cycles in the exposed 
environment [21–23], as well as the analysis of creep defor-
mations [15, 24–27].

Because of the importance of durability properties in geo-
synthetics design, this paper explores a non-conventional 
approach to evaluating long-term behavior by taking into 
consideration creep under accelerated degradation con-
ditions. The flowchart in Fig. 1 compares the five phases 
involved in predicting long-term behavior under both the 
conventional and non-conventional approaches. The first 
phase is to obtain the study material. This is followed by the 

production of samples either with accelerated degradation 
induced in the laboratory or with natural weathering in the 
field. After the degradation of the samples, the properties 
that define the characteristic behavior of the material are 
determined: physical, mechanical, hydraulic or performance. 
Then the related parameters that characterize the properties 
of intact and degraded materials are obtained (except for 
the material from non-conventional test that was used for 
the determination of the characteristic behaviors during the 
degradation process—phases 2 and 3 together). Finally, the 
results are analyzed and the long-term behavior of the mate-
rial is predicted.

The established and standardized methods for durability 
tests, referred to here as conventional, are the international 
references ISO/TS 13434 [28] and ASTM D5970 [29]. They 
address durability testing by presenting the necessary proce-
dures for conventional testing methods. However, according 
to Suits and Hsuan [1], these conventional methods can be 
accelerated with special procedures. The ASTM G90 [30] 
describes standard practice for accelerated outdoor weath-
ering of non-metallic materials from natural sunlight using 
concentrator equipment. The methods for accelerated degra-
dation in the laboratory are specified in both ASTM D5819 
[31] and ISO/TS 13434 [28]. For degradation procedures, 
these methods provide a faster variation in the properties 
of materials that are subject to some specific type of alter-
ability or synergy, in a shorter time period. Among them are 
biological degradation, chemical degradation, creep by con-
ventional or the SIM method (Stepped Isothermal Method), 
mechanical damage, abrasion, photodegradation and thermal 
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Fig. 1   Methodologies in projects to predict the long-term behavior of geosynthetics
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degradation. It is important to highlight that there is a pro-
tocol for the execution and analysis of the results for each 
laboratory procedure, based on the principal degradation 
mechanisms related to the application of geosynthetics in 
engineering projects.

Based on established methods, some researchers have 
analyzed the interaction of more than one standardized 
procedure for assessing durability. These methods analyze 
the synergy of the exposure of geosynthetics to more than 
one degradation mechanism. There are numerous combina-
tions of degradation mechanisms and some examples of this 
research include studies with thermal oxidation and ultra-
violet radiation [4, 5, 32], natural exposure and immersion 
in acids at different temperatures [33, 34], with creep and 
natural exposure [27], installation damage [17] or immersion 
in acid and base solutions [35].

The choice of method varies according to the applica-
tion of the geosynthetic in a project, which is typically sub-
ject to more than one degradation mechanism. The specific 
situations studied by the authors cited above generated the 
demand for tests and enabled a better understanding of the 
extent to which synergy contributes to studies on the durabil-
ity of materials. It is important to highlight that in the design 
of structures that use geosynthetics, their long-term behavior 
may be evaluated by taking into consideration the effects of 
installation damage, creep and durability.

This present study was intended to simulate some degra-
dation conditions related to riverside and coastal protection 
projects (tubular structures, erosion control, etc.). Therefore, 
a novel test apparatus was developed to perform laboratory 
experiments, enabling the execution of up to 16 simultane-
ous creep tests under combinations of degradation condi-
tions involving temperature, water and ventilation. The new 
testing device was designed to perform creep tests under 
specific degradation conditions, facilitating evaluation of 
the deformation parameters of the materials simultaneously 
with the induced degradation process. This non-conventional 
approach enables long-term behavior studies that more 
closely approximate real-world application conditions, tak-
ing into consideration various degradation agents and per-
mitting greater control of the variables involved with these 
processes.

Recent published studies have examined interactions 
between degradation agents, however, without considering 
the combined effect of creep and accelerated degradation 

through saturation-drying cycles. Therefore, this study 
aimed to contribute to the understanding of problems in the 
application of geotextiles in structures subject to surface 
dynamics conditions. Evaluation of the synergy between 
creep and accelerated degradation conditions was done by 
employing saturation and drying cycles in four geotextiles 
to simulate more realistic field conditions for tubular textile 
structures.

Materials and Methods

Study Material

Table 1 shows reference values for the nominal characteris-
tics of the four woven geotextiles of different weights, which 
are presented in Fig. 2, that were chosen for the testing pro-
gram. Two tests were carried out on multifilament polyester 
(PET) and two on monofilament polypropylene (PP). The 
samples were cut in the machine direction (MD), and the 
stress–strain behavior of the virgin sample was determined 
using the wide-width strip method test according to ASTM 
D5035-11 [36]. Physical index tests were conducted accord-
ing to the standards for determining mass per unit area [37] 
and nominal thickness [38].

The tensile tests were conducted in a universal testing 
machine, 23 EMIC with 30 kN capacity and a load cell of 
10 kN, in the laboratory with internal temperature controlled 
at 20 ± 2 °C and relative humidity of 65 ± 5%. The width of 
the test specimens was 50 ± 5 mm and length of 100 mm 
between clamps. The elongation was measured by video-
extensometer at a constant rate of deformation of 10%/min 
of the gauge length.

Test Procedure

This research used two test procedures to better understand 
the extent to which synergy contributes to studies of the 
durability of the materials. For the proposed non-conven-
tional procedure, we seek to determine the mechanical and 
durability characteristics of the geotextiles by means of 
the synergy between creep and accelerated degradation 
through saturation and drying cycles. The methodology for 
the development of the study is illustrated in the flowchart 

Table 1   Reference values for 
the nominal characteristics of 
the woven geotextiles

Property Test standard PET340 PP500 PET740 PP925

Ultimate tensile strength (kN/m) [36] 52.5 ± 1.6 106.2 ± 2.0 150.7 ± 5.2 155 ± 1.6
Elongation at rupture (%) [36] 16.5 ± 1.8 20.1 ± 1.3 34.8 ± 1.8 28.5 ± 2.1
Mass per unit area (g/m2) [37] 340 ± 8 500 ± 9 740 ± 23 925 ± 25
Thickness (mm) [38] 0.51 ± 0.02 1.53 ± 0.04 1.17 ± 0.01 2.62 ± 0.06
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in Fig. 1. The path highlighted in the chart represents the 
non-conventional approach used for this study.

This research differs from previous studies in its use of 
the degradation procedure simultaneously with the creep 
test to obtain test parameters in an accelerated way. As 
mentioned in the Introduction, the combination of phases 
2 and 3 used in this methodology reduce the time needed 
to perform durability studies by eliminating the need to 
obtain parameters after first subjecting samples to degra-
dation procedures in the field and/or laboratory.

The testing program consisted of determining the creep 
deformation behavior for loads of 10%, 20%, 30% and 40% 
of the rupture load according to the testing standards [39] 
for the four woven geotextile samples. That is to say 16 
conventional tests, as well as 32 non-conventional creep 
tests under simultaneous degradation, or a total of 48 
tests. For this, the 16 conventional tests were conducted 
in the laboratory with a controlled internal temperature 
of 20 ± 2 °C and relative humidity of 65 ± 5% for a period 
of up to 10,080 h, and up to 336 h for the creep tests with 
simultaneous degradation. The specimens were 50 ± 5 mm 
wide and length of 50 mm between clamps. The elongation 

was measured by dial indicator connected to the clamps 
by tell tales.

The first 16 accelerated tests began in the same way as the 
conventional ones, i.e., until 24 h had passed and the satura-
tion and drying equipment was turned on for the first battery 
of tests. The other 16 accelerated tests consisted of carrying 
out the same tests by turning on the equipment after 12 h.

Isochronous creep curves, obtained using the model 
equation from Dias Filho et al. [40] for representation of 
strain–time relationships, were calculated with the test 
results for all samples and load levels, according to Eq. 1:

It is possible to calculate the behavior of the strain ε (%), 
over time t (days). Parameter c is a coefficient which cor-
relates the deformation with the load level T (kN/m) raised 
to the power d (%/Td) and the slope coefficient e, which 
correlates the deformation with the load level (%/kN/m). 
According to Dias Filho et al. [40] the first portion of the 
equation is a potential function and the second part is linear, 
which produces a good representation of the behavior of the 

(1)� = cT
d
ln (t) + eT .

Fig. 2   Visual characteristics of 
the four geotextiles in the study: 
a PET340; b PP500; c PET740; 
d PP925
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creep tests, where the inclination of the curves gradually 
changes with the increase in the load applied to the test sam-
ple. When the time varies between 0 and 1, the data range is 
not excluded, the second part of equation corrects the data 
according to the applied load.

Particularly for the accelerated test, the equation only 
applies for times greater than 12 or 24 h depending on the 
time the equipment was turned on. The method allows for 
extrapolation of test data to obtain deformations over time, 
even for load levels different from the values applied in the 
tests. This study was primarily concerned with the use of 
geotextile and can be applied to geogrids as well.

Equipment

The analysis of the samples using the accelerated degrada-
tion procedure in the laboratory and simultaneously obtain-
ing the parameter of the material altered was performed 
using equipment specially built for research at the Durabil-
ity Testing Laboratory—GeoLED, which is part of the Civil 
Engineering Laboratory at Darcy Ribeiro State University 
of Northern Rio de Janeiro—UENF.

The laboratory's saturation and drying equipment 
(Fig.  3) was adapted with components for the special 
creep tests, as shown in Fig. 4. The first adaptation was a 
rigid base with 32 dial indicators attached to four panels 
to measure the displacements for the 16 simultaneous tests 
and the cover (Fig. 4a). The cover was produced in such 
a way that it was possible to insert the rods necessary to 
carry out the specimen deformation measurements. The 
control panel in Fig. 4b shows the time, saturation, dry-
ing and ventilation counters, and the temperature displays 

corresponding to the two thermocouples inside the tank. 
This control panel is used to set the cycles and tempera-
ture limits, for the test to automatically happen under con-
trolled conditions. Below the control panel are two pumps. 
The first one, with white hoses, is responsible for suction-
ing water from the water tank and directing it to the tank 
for saturation of the specimens. The second, with blue 
hoses, drains the storage tank in Fig. 4c.

After the saturation process in the tank, the drying cycle 
begins. At this time, the heat resistor is switched on and 
remains so for the established time. The next step is to cool 
the tank with ventilation so that there is no thermal shock 
between the cycles (Fig. 4d). After the established time, the 
tank saturation process is resumed. In summary, the fol-
lowing times were established: 120 min of saturation of the 
specimens with water at room temperature, 120 min of dry-
ing with a maximum temperature of 70 °C and 20 min of 
ventilation. The total time of the test cycle also includes an 
additional 20 min, of which 8 min are needed to fill the tank 
and 12 min to empty. The saturation and drying equipment 
complete a cycle with a total time of 280 min.

The saturation and drying times were based on tests 
evaluating the saturated and dry weight of samples of the 
geotextiles studied over time. Measurements of the weight 
in the test samples were taken at preset times of 1, 2, 4, 8, 
15, 30 and 60 min, then at 2, 4, 8 and 24 h. Thus, samples 
dried in an oven for 24 h were immersed in water and, at the 
recommended time intervals, were weighed and returned 
to immersion after reading their weight. On the other hand, 
other samples of geotextiles saturated for 24 h were sub-
mitted to drying in an oven and, at the recommended time 
intervals, they were weighed and returned to the oven after 

Fig. 3   Schematic and automatic saturation and drying equipment at UENF
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reading their weight. Two hours were enough to reach with 
95% confidence the saturated or dry weight of the samples.

The test temperature was based on the work of Prellwitz 
et al. [23], which evaluated the degradation of geotextiles 
by saturation-drying cycles. The difference between the 
strength results obtained between samples under drying 
conditions at 75 °C and 100 °C was negligible. Therefore, 
to optimize the operation of the equipment, drying was set 
at approximately 70 °C. Under these conditions, it is pos-
sible to obtain parameters of degraded geotextiles in a short 
period of time, evaluate the results and propose better cor-
relations of the study parameters for field applications. It is 
important to highlight that temperature variation and water 
contact are predominant situations in riverside and coastal 
protection projects.

Figure 4e shows the monitoring system, which records 
the images from the cameras positioned in front of the dial 
indicators panels. The images were recorded to acquire 

data at any time during the test and to record movement 
around the equipment and Fig. 4f is a general overview of 
the complete structure for the test. Figure 5 shows the cali-
bration of the saturation and drying chamber with the tem-
perature variation over several hours during the saturation 
and drying cycles to guarantee the imposed limits. The 
entire process was monitored, allowing the temperature 
to be monitored over time and its behavior with little vari-
ation until the end of the tests, which ended in 72 cycles.

Figure 6 shows a schematic drawing of the system for 
measuring the displacements between the clamps of the 
top and bottom of the test specimens, which are inside 
the degradation chamber of the saturation and drying 
equipment. This system consists of plates screwed tightly 
around the sample. The steel rods at each end contain the 
communication system with the dial indicators by tell 
tales, which are part of the peripherals needed for execu-
tion and data collection.

Fig. 4   Equipment for creep test with simultaneous degradation: a degradation chamber and dial indicators; b panel; c emptying system; d venti-
lation chamber; e monitoring; f general overview
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Results and Discussion

Figure 7 shows the results of the battery of creep defor-
mation tests, 12 per material tested, completed in up to 
14 days or 336 h. It presents the conventional creep tests 
and the non-conventional creep test with simultaneous 
degradation. Thus, each graph in Fig. 7 contains 3 creep 
test results by loading level, one as a conventional test, 
one under accelerated degradation after 24 h and the other 

under accelerated degradation after 12 h. The boundary 
between the two phases of creep in the figure was defined 
according to the first portion of the equation, that is, the 
moment at which the tangent of the creep became con-
stant, which occurred after 8 h of testing.

As can be seen in the figure, the deformations are 
directly proportional to the variation in the test time dur-
ing the primary creep stage. In the secondary stage there 
is strong evidence of the effect of simultaneous accelerated 
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degradation with a marked increase in the deformation rate 
over time for the four load levels applied.

The slopes relating to saturation and drying showed a 
high deformation rate that reached values close to rupture. 
According to Dias Filho et al. [40], it is possible to generate 
models with these data to estimate the deformations during 
the beginning of the test with the parameters obtained from 
the curves and which are shown in Table 2.

Based on the creep parameters, it was possible to assess 
the consistency of both the conventional creep data and the 
accelerated tests, which are indicated by the model. It is 

evident that there is little variation between the trends gener-
ated by the coefficients of determination (R2). The correla-
tions between these data were generated and are presented 
in Table 3. Most of creep curves for the samples show little 
scatter (R2 > 0.973). The first battery of conventional creep 
tests for PET340, even with an R2 around 0.85, showed good 
correlation between experimental and modeling data col-
lected for each load.

To determine the durability of the geotextiles based 
on creep test and load levels varying between 50 and 
90%, extrapolation of the data was done using the models 
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Fig. 7   Comparison between the experimental data and the extrapolation model for the accelerated creep deformation tests at four loading levels 
for each geotextile tested: a PET340; b PP500; c PET740; d PP925

Table 2   Coefficient statistics 
creep curve parameters 
calculated from experimental 
data collected over time for each 
geotextile tested

M mean, CV coefficient of variation in %, c multiplication coefficient (%/Td), d dimensionless power of the 
power behavior, e slope coefficient (%/kN/m)

Parameter PET340 PP500 PET740 PP925

Conventional test
(M/CV)

c (0.140/3.9) (0.088/1.7) (0.014/4.5) (0.024/3.2)
d (0.219/6.4) (0.457/1.2) (0.826/3.0) (0.740/1.4)
e (0.376/0.3) (0.241/0.9) (0.382/0.9) (0.284/2.3)

Accelerated test
(24 h/12 h)

c (1.535/1.480) (0.588/0.584) (0.675/0.664) (0.663/0.759)
d (0.177/0.192) (0.403/0.416) (0.404/0.407) (0.359/0.348)
e (0.360/0.450) (0.220/0.260) (0.380/0.427) (0.247/0.280)

Tensile load
(T—kN/m)

10%T 5.25 10.60 15.07 15.50
20%T 10.50 21.20 30.14 31.00
30%T 15.75 31.80 45.21 46.50
40%T 21.00 42.40 60.28 62.00
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generated by the creep equations for loads of 10, 20, 30 
and 40% of the rupture load of the studied materials. The 
criterion used to define the rupture event was the elongation 
at rupture. The value was obtained with Eq. 1, based on the 
elongation at rupture determined from the wide-width strip 
test, to assess the limits at which the results could be reached 
without conservative data.

Figure 8 shows the trend generated by the rupture data 
derived from the model, the equations and coefficients of 
determination. As can be seen, the significant variation in 
the tensile strength over time can be evaluated based on the 
weight and base polymer of the geotextiles. Based on 50% of 

rupture load, PET340 and PP500 exceed 1000 years before 
reaching failure. Whereas the PP925 geotextile reached a 
value of 982 years and the PET740 reached 337 years. In 
fact, similar durability was expected for the materials with 
the same polymer. This highlights a limitation related to the 
constructed equipment, which was the difficulty of manu-
ally applying loads greater than 10 kg to the PET740 and 
PP925 test levers. An automatic system or load application 
control over the first minute may be a future solution to this 
problem.

Using the test results, several reduction factors were cal-
culated. The aim was to compare the influence over the years 
for the creep durability prediction. The creep reduction fac-
tor was determined as the inverse of the tensile strength of 
each sample. The most conservative value for 10 years of 
service time was 1.91 for the PET740 sample, while the 
PET340 sample yielded a value of 1.40.

Similarly, Fig. 9 presents results of the rupture model and 
durability prediction method using data from the accelerated 
degradation procedure based on the test data reflected in 
the secondary stage of the curve after the saturation-dry-
ing equipment was turned on and higher deformation rates 
occurred.

As can be seen, some reduction factor values for 2, 5 and 
10 years are not presented. The time scale for the accelerated 
test was not representative, because the degradation process 
was very accelerated. The results enabled evaluations over 
time for up to 5 years. The predictions of the creep rup-
ture response after degradation using the results seem to be 
unsafe, with reduction factors greater than 3. In the case of 
sample PP925, for example, the accelerated creep reduction 
factor was 2.2 times greater than the conventional creep test 
result at just 3 months and reaching 14.5 times for 5 years.

The extrapolations from the predictions of accelerated 
creep rupture resulted in a useful life of less than 1 year of 
use for material under 50% of rupture load. Koerner and 

Table 3   Coefficient of determination between experimental and mod-
eling data collected for each load level of the geotextiles tested

Geotextiles Load level Conventional test Non-conven-
tional test

24 h 12 h

PET340 10%T 0.847 0.996 0.996
20%T 0.843 0.998 0.994
30%T 0.845 1.000 0.995
40%T 0.849 1.000 0.997

PP500 10%T 0.999 1.000 0.998
20%T 0.999 0.986 0.999
30%T 0.997 0.998 0.999
40%T 0.998 0.999 1.000

PET740 10%T 0.973 0.990 0.991
20%T 0.998 0.999 0.998
30%T 0.996 1.000 0.988
40%T 0.995 0.997 0.990

PP925 10%T 0.992 0.991 0.989
20%T 0.995 0.998 0.998
30%T 0.997 1.000 0.984
40%T 0.997 1.000 0.984

Fig. 8   Rupture model and 
conventional creep durability 
prediction for each geotextile 
tested
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Koerner [21] presented temperature monitoring in their data-
base for the geosynthetic studied, where temperature condi-
tions varied between 20 and 45 °C with a temperature gradi-
ent of approximately 25 °C. Regarding the values used in the 
present study, the equipment temperature limits are between 
30 and 70 °C with a gradient of 40 °C. This may explain the 
sharp increase in deformations under constant load during 
cycling. This indicates that these materials exhibit a high 
susceptibility to the degradation procedure, which can be 
changed with an alteration in the cycling time intervals and 
temperature gradient.

The micrographs of the materials tested before and after 
the accelerated creep test are shown in Fig. 10. Only images 
of the PET340 polyester and PP500 polypropylene materials 
are provided, as they similarly characterize the surface of the 
two polymer bases of the analyzed geotextiles. In comparing 
the micrographs of the degraded material with the intact one, 
the surfaces of the both polymers exhibited higher density 
relative to surface roughness. The PP laminates also revealed 
parallel superficial micro-cracks, with linear patterns and a 
decrease in the number of loose fibers. These micrographs 
demonstrate that degradation by saturation and drying cycles 
in geotextiles generated the observed changes. Therefore, 
it is to be expected that these changes have influenced the 
behavior of the increase in deformation after the accelerated 
degradation procedure.

Conclusions

This paper focused on the long-term performance and ser-
vice life of geosynthetics by comparing laboratory results 
from conventional creep tests to a non-conventional test pro-
cedure. To better approximate exogenous field conditions, a 
test was developed to simulate creep under accelerated con-
ditions using a saturation and drying procedure simultaneous 

to the creep process. Thus, four woven geotextiles were char-
acterized by means of 48 creep tests, and a methodology 
applied to the data provided a direct parameter of durability.

From the results, there are a number of main conclusions.

•	 The methodology for creation of creep curve models 
got coefficients of determination greater than 0.84. In 
addition, extrapolations were generated to predict the 
deformation by combination of creep and saturation 
and drying cycles of structures designed for the woven 
geotextiles yielding estimates exceeding 300 years, with 
reduction factors ranging between 1.50 and 2.05.

•	 After simulate creep under accelerated conditions, the 
potential for creep rupture decreased when compared 
to conventional creep test. The accelerated conditions 
increased the strain during the creep test reflecting in 
a reduction factor ranging between 3.69 and 80, which 
would make it impractical to design structures with these 
geotextiles. Evaluations were limited to projections of up 
to 5 years. The low predicted life expectancies are not 
representative.

•	 The test equipment can be reconfigured to better charac-
terize the exogenous geotextile exposure environment, 
thereby representing results in accordance with the sus-
ceptibility to degradation, as well as the intensity of the 
degradation agent, and, consequently, better represent 
any environment for the application of geosynthetics. The 
time and temperature variables used for the equipment 
cycles should be better studied to conduct more tests and 
better understand the behavior of the materials studied.

•	 The long-term response of the four geotextiles were 
affected by saturation and drying cycles. The changes 
in mechanical response observed could be related to the 
visual changes observed by the micrographs due altera-
tions in the geotextiles after the accelerated degradation 
procedure.

Fig. 9   Rupture model and 
accelerated creep durability 
prediction for each geotextile 
tested
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As the creep behavior of geosynthetics may lead to 
failure of a geosynthetic application, it is essential to 
realistically estimate the influence of simultaneous deg-
radation. The results from these accelerated degradation 
tests yielded high reduction factors indicating that current 
design approaches could be unsafe for geotextiles under 
the test conditions considered in this paper. It is important 
to highlight that the proposed accelerated degradation pro-
cedure should be studied further.
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