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A modified theoretical model has been proposed to predict the pore size characteristics of nonwoven geotextiles under certain
uniaxial tensile strains, considering the difference between the out-of-plane Poisson’s ratio and the in-plane Poisson’s ratio of
geotextiles. )e pore size distributions (PSDs) and O95 subjected to different levels of uniaxial tensile strains in two needle-
punched nonwoven geotextiles have been investigated by the dry sieving test. )e variation of the fibre orientation with tensile
strains and the corresponding effect on pore sizes has been evaluated by image analysis. )e out-of-plane Poisson’s ratio and the
in-plane Poisson’s ratio of geotextiles have been examined. A comparison has been made between the predictions of the original
and the modified models. It is shown that the modified model can more accurately predict the decreasing rate of the PSDs, O95,
and O98 than the original one.)e corrected theoretical O95 and O98 under certain strains can provide a reference for the filtration
design under engineering strains. )e fibres reorientating to the loading direction result in the increase of the directional
parameter with increasing tensile strains, which leads to the decrease of pore sizes. )e theoretical PSDs are sensitive to the
variation of directional parameter.

1. Introduction

Nonwoven geotextiles are widely used as filtration and
drainage materials in various fields [1]. To ensure the re-
tention of the soil without influencing the flow of seepage
water, the design of geotextiles needs to meet several criteria,
including retention, permeability, and anticlogging capa-
bilities, which are often based on the relationship between
the characteristic pore sizes O95 or O98 and soil grain sizes
[1–7]. )e filtration applications of geotextiles are typically
subjected to tensile strains and result in noticeable variations
of pore size and permeability in nonwoven geotextiles
[8–14]. However, unstrained pore sizes are commonly tested
and used in design, which induces the failure in the engi-
neering application [8–14]. )erefore, accurate determina-
tion of pore sizes at certain tensile strains is essential in the
filtration design of nonwoven geotextiles.

)ere is still limited theoretical model to predict the
effect of uniaxial tensile strain on the pore sizes in geotextiles

[13, 14]. Based on the Poisson Polyhedron)eory, which can
predict a radius distribution of circles inscribed in the
polygons, a series of theoretical models of pore size distri-
butions (PSDs) of unstrained nonwoven structures and
nonwoven geotextiles have been established [15–20]. )e
models have also been extended for uniaxial and biaxial
tensile strain conditions [13, 21]. Silva et al. [22] have de-
veloped image-based technique for measuring pore size
distributions of nonwoven geotextiles depending on the
theory. Furthermore, a three-dimensional structure of ab-
sorptive glass mat separator has been established based on
the theory [23]. Many kinds of porous media have been
employed in the experiments to prove the validity of these
models, including nonwoven heat-bonded geotextiles, hy-
brid needle punched nonwoven geotextiles, spunbonded
nonwoven geotextiles, thermally bonded nonwoven struc-
tures, and glass mat [12, 13, 15–23]. )e fibre orientation
distribution is an important parameter in the model, which
needs to be estimated by image analysis [17–20]. Due to the
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fact that the microscopes can typically focus on limited
layers of the fibres, the samples employed in the literature
were relatively thin, which were generally less than 250 g/m2

[13–23]. If the sample is relatively thick, the fibres in deep
layers will be blurry and cannot be evaluated with an optical
microscope.

In the theoretical models of PSDs, a nonwoven structure
or geotextile is assumed to be an isotropic material [13–21],
which means the in-plane and out-of-plane Poisson’s ratios
are taken as the same value. Also, the directional parameter
Kα at different levels of uniaxial tensile strains was not given
in the literature [13–21].)e strained Kαwas calculated from
an equation instead of the statistical work of reorientated
fibres [13, 17]. And limited experiments of nonwoven
geotextiles have been carried out in validating or improving
the theoretical model.

When it comes to the experiments about the influence of
the uniaxial tensile strain on the pore sizes or permeability of
nonwoven geotextiles, the results are still scant [8–14].
Fourie and Kuchena [8] demonstrated that tensile strain can
lead to dramatic decreases in the flow rate through soil-
geotextile systems for needle-punched nonwoven geo-
textiles. Edwards and Hsuan [11] reported that the needle-
punched geotextile shows a decrease in flow rate, whereas
the heat-set nonwoven geotextile experiences an increase,
when subjecting to uniaxial tensile loads. )e PSDs of three
needle-punched geotextiles tested by Wu and Hong [24]
decrease with uniaxial tensile strains in wet sieving tests.
And the results of Wu et al. [10] illustrated the pore size and
the mean flow rate through two heat-bonded nonwoven
geotextiles increase with the increase in uniaxial tensile
strain. It seems that the uniaxial strain results in the decrease
of pore sizes for the needle-punched geotextiles, and the
opposite trend was observed for heat-bonded nonwoven
geotextiles. More experiments still need to be done to verify
the conclusions [8–14, 24].

)erefore, in this study, an existing model of PSDs
subjected to uniaxial tensile strains has been modified,
considering the difference between the in-plane and out-of-
plane Poisson’s ratios of geotextiles. Two needle-punched
nonwoven geotextiles were employed in dry sieving tests
(ASTM D4751-16(A)) [4] to estimate the PSDs under
uniaxial tensile strains. )e directional parameters Kα at
different levels of uniaxial tensile strains have been obtained
from the image analysis of the fibres reorientation. Also, the
in-plane and out-of-plane Poisson’s ratios of geotextiles have
been estimated. Comparisons have been made between the
predictions of the modified model and the original model
with the experimental results. )e modified model can more
accurately predict the decreasing tendency of PSDs, and the
corrected O95 and O98 under certain strain can be used as a
reference in design.

2. Theoretical Model

2.1. Original Model. Depending on an unstrained pore
model of Rawal et al. [12, 13, 17–20], a theoretical model of
the PSDs subjected to uniaxial tensile strains is shown as
follows. )e cumulative probability Ff(d) of a particle with

diameter d passing through the layers of nonwoven is shown
in the following equations [13, 17–20]:

Ff(d) � 1 − 1 + ω d +
ω2d2
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where ω is the coverage parameter; N is the number of
layers; Vf is the total fibre volume fraction; ε is the uniaxial
tensile strain; Kα is the directional parameter; χ(βf) is the
orientation distribution function of fibres; and βf is the
orientation angle of fibres subjected to strains. Df is the fibre
diameter; ] is Poisson’s ratio of the nonwoven. μ is the initial
mass per unit area; Tg is the nonwoven thickness; ρh is the
fibre density. )e details of the parameters were explained in
the literature [12, 13, 17–20].

2.2. Modified Model. In equation (4), the uniaxial tensile
behaviour of a nonwoven geotextile is taken as a plane stress
problem. And the out-of-plane Poisson’s ratio and the in-
plane Poisson’s ratio are taken as the same parameter ].

According to the experimental results in the previous
literature and this study, the out-of-plane Poisson’s ratio of
nonwoven geotextiles seems to be smaller than the in-plane
Poisson’s ratio [13, 18, 24–27]. Rawal and Agrahari [13]
demonstrated that the in-plane Poisson’s ratios in machine
direction range between 2.38 and 3.81 for two thermally
bonded nonwovens. )e relationship of in-plane Poisson’s
ratio and longitudinal strain was determined by Rawal et al.
[18], and the in-plane Poisson’s ratio can increase from 2.1 to
4.0 with increasing strains. )e in-plane Poisson’s ratio of a
nonwoven geotextile tested by Shukla et al. [25] remains 1.75
from zero to 10% strain. Kutay et al. [26] reported that the
lateral strain is always greater than the axial strain for a
needle-punched nonwoven geotextile, and Poisson’s ratio at
failure is equal to 2.1. In the literature, the in-plane Poisson’s
ratios are at least equal to or larger than 1.0.

When it comes to the out-of-plane Poisson’s ratio,
Verma et al. [27] tested the out-of-plane Poisson’s ratio of
two needle-punched polypropylene nonwoven NW1 and
NW2. Both of the out-of-plane Poisson’s ratios of the two
geotextiles range between 0.21 and 0.37, when the strains
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increase from 0 to 10%. Also, the decrease of thickness of
three nonwoven geotextiles (referred to as GT1, GT2, and
GT3) with increasing uniaxial strain was tested by Wu and
Hong [24], as shown in Figure 1. )e decrease of the
thickness with tensile strains is approximately linear. Hence,
in this study, the experimental data are linearly fitted, and
the slopes of the fitted lines k are used to calculate the out-of-
plane Poisson’s ratio ]⊥, shown as follows:

]⊥ �
− εt

ε
�

k

t0
, (7)

where εt is the strain in the thickness and ε is the in-plane
uniaxial tensile strain. t0 is the unstrained thickness of a
geotextile. And the ]⊥ for GT1, GT2, and GT3 are calculated
to be 0.17, 0.36, and 0.14, respectively, as shown in Figure 1,
which are smaller than the in-plane Poisson’s ratio in the
literatures [13, 18, 25, 26].

In this study, equation (4) is modified to the following
equation:

Vf(ε) �
Vf

(1 + ε) 1 − ]⊥ε(  1 − v//ε( 
, (8)

where v// is the in-plane Poisson’s ratio, which should be
determined depending on the direction of the uniaxial
tensile strain ε. And the total fibre volume fraction is
influenced by the in-plane lateral strain as well as the strain
in the thickness of geotextiles.

)us, the modified model of PSDs subjected to uniaxial
tensile strains combines equations (1)–(3), (5), (6), and (8).

In the filtration criteria of geotextiles, O95 is a commonly
used characteristic pore size; it indicates that 95% of the
pores are smaller than that size [1, 4], whereas the theoretical
O95 read from the theoretical PSD cannot fit perfectly with
the value of experimental O95 in the literatures [13, 17–20]. If
a strained theoretical O95 needs to be used in the filtration
design under a certain engineering strain, the difference
between the theoretical and experimental O95 should be
corrected. )e experimental O95 of an unstrained geotextile
can be easily tested before applications or be given by the
manufactures. Hence, the difference between the unstrained
experimental and theoretical O95 can be used to correct the
error of the strained theoretical O95, as long as the decreasing
rate can be accurately predicted. )en when the uniaxial
tensile strain is ε, the strained O95 used in design can be
calculated as follows:

O95corrected(ε) � O95 exp(0) − O95theo(0) + O95theo(ε), (9)

where O95corrected(ε) is the corrected theoretical O95 under
the strain ε, which may be used in the filtration design
criteria, O95exp(0) is the experimental O95 of unstrained
geotextile samples, O95theo(0) is the O95 read from the
theoretical PSD under the strain 0%, and O95theo(ε) is the
O95 read from the theoretical PSD under the strain ε.

3. Experimental Procedure

3.1. Materials Used. To verify the rationality of the modified
model, dry sieving test was adopted to test the changes in the

PSDs of two needle-punched nonwoven geotextiles under
uniaxial tensile strains. Due to the fact that the fibre ori-
entation needs to be estimated by image analysis, relatively
thin samples were employed. )e geotextiles were desig-
nated as NW100 and NW200, which indicated that the
masses per unit area of the two geotextiles were approxi-
mately 107 g/m2 and 225 g/m2. Details of the geotextiles used
are described in Table 1.

3.2. Apparatus and Procedure. Rowe and Mylleville [28]
demonstrated that the strain imposed on geotextiles in the
direction perpendicular to the long axis of the embankment
can be as much as 10%. Izadi et al. [29] noted that the strains
in a geotextile due to impact loadings were in the range of
3.5–5%. Won and Kim [30] mentioned that there is a 6%
strain in a geotextile of a 5m high soil wall, and Schimelfenyg
et al. [31] found a larger than 7% strain for a geotextile in
warp and fill directions of a containment dyke. Fourie and
Addis [9] concluded that most of the decrease of filtration
opening size has already occurred under the application of
the smallest load. According to the fact that the strain levels
recorded in the literatures are smaller than 10%, the uniaxial
tensile strains of 3%, 5%, and 10% were selected to study the
influence of strains on pore sizes.)e test procedures were as
follows:

(1) A universal tensile test apparatus was used to form
strained geotextile specimens for the dry sieving test.
)e tensile loads were applied along the machine
direction during testing. When a geotextile specimen
was stretched to a designated strain, the specimen
was secured by clamps, as shown in Figure 2(a). )e
internal diameters of the clamps are 200mm, which
can be fitted on the 200mm diameter sieves. )e size
of an unstrained specimen used for dry sieving test is
illustrated in Figure 2(b). )en, the clamped
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Figure 1: Variations in geotextile thickness with tensile strains
(data sourced from reference [24]).
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geotextile specimens were cut free from the appa-
ratus. Grids were drawn on the specimens before
testing as an indicator for the tensile strain and the
strain reversal after cutting.

(2) )e microscopic image of the clamped specimen was
taken by a microscope. )e fibres were recognized
manually by drawing straight lines on the fibres
using AutoCAD@, as presented in Figure 2(c). And
the statistical work was done by calculate the pro-
portion of lines for 10°orientation angle interval with
respect to the machine direction 0° [12, 13, 17–20].
And then, the directional parameter Kα was

calculated by equation (5). More than 120 fibres were
involved in the statistical work of each image.

(3) )e thickness of the clamped geotextile specimen
was tested under 2 kPa normal pressure by thickness
testing instrument (ASTM D5199-12) [32], which is
used to calculate the out-of-plane Poisson’s ratio.
)e standard deviations of the thickness of samples
under a certain strain range from 3 to 23 μm. )e
variations of geotextile thickness with tensile strains
are illustrated in Figure 3. And equation (7) is used to
give the out-of-plane Poisson’s ratios of NW100 and
NW200, which are 0.17 and 0.31, respectively.
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Figure 2: Preparation of strained geotextile specimen. (a) Photograph of strained geotextile specimen secured by clamps. (b) Schematic of
an unstrained specimen for the dry sieving test. (c) Measurement of fibre orientations. (d) Schematic of unstrained specimen for the in-plane
Poisson’s ratio test.

Table 1: Properties of nonwoven geotextiles and structures.

NW100 NW200
Mass per unit area (g/m2) 107 225
)ickness (μm) 863 1690
Density of fibre (g/cm3) 1.32 1.32
Diameter (μm) 23 23
Out-of-plane Poisson’s ratio 0.17 0.31
In-plane Poisson’s ratio (machine direction) 1.17 1.16
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(4) Apply commercially available antistatic spray uniformly
to the geotextile. And the clamped geotextile was fitted
with a pan and a cover and was fixed on a mechanical
sieve shaker to conduct dry sieving tests (ASTMD4751-
16(A)) [4]. Spherical glass beads ranging in size from
0.033mm to 0.425mm were utilized.

(5) )e in-plane Poisson’s ratio of geotextiles was tested
by image analysis in the machine direction. )e size
of an initial specimen used for in-plane Poisson’s
ratio test is illustrated in Figure 2(d). )e geotextile
specimen was clamped to create a 100mm× 100mm
square test area. A 60mm× 60mm square was
drawn on the specimen. Giroud [33] mentioned that
the Poisson’s ratio derived from the lateral strain at
mid-length of the specimen tends to be over-
estimated. Hence, the average lateral strain of lines
AB, CD, and EF of the marked square was used to
calculate the in-plane Poisson’s ratio as equations
(10)–(12). )e standard deviations of in-plane
Poisson’s ratio are 0.003 for NW100 and 0.05 for
NW200, respectively:

ε1 �
A′B′ − AB( /AB +(C′D′ − C D)/C D +(E′F′ − EF)/EF 

3
,

(10)

ε2 �
G′H′ − GH

GH
, (11)

]// � −
ε1
ε2

, (12)

where ε1 is the average lateral strain and ε2 is the longitudinal
extension strain. A′B′ and AB are the strained length and
initial length of the line AB. )e same goes for the other
marked lines.

4. Results

4.1. Fibre Orientation. )e machine direction of the geo-
textiles was set as 0° in the statistics, which is also the di-
rection for the loading in the tensile test. Figure 4 illustrates
the microstructures of the unstrained and strained (10%)
NW100 specimens. )e histograms of the relative frequency
of fibres for NW100 and NW200 under designated strains
are given in Figure 5. With the strain increasing, the ran-
domly distributed fibres reorientate to the loading direction
in Figure 4, which agrees with the histograms of relative
frequency of fibres for NW100, as shown in Figure 5. )e
relative frequency at 0° increases from 0.14 to 0.24 for
NW100 and from 0.08 to 0.16 for NW200, when the strain
increases from 0% to 10%. For NW100, there is an increase
trend for the relative frequency of fibres around 0°, especially
from − 20° to 20°. In Figure 5(a), the relative frequency of
fibres for NW100 at 0° is a little bit larger than the others,
with the relative frequency of the other directions com-
paratively uniform. )at agrees with the conclusion that
most of nonwoven geotextiles are preferentially orientated
[12, 13]. For NW200, the relative frequency of fibres for the
unstrained NW200 is comparatively uniform in Figure 5(e).
With an increase of strain from 0% to 10%, the relative
frequency of fibres increased from 0.09 to 0.12 for − 10° angle
and from 0.01 to 0.05 for 10° angle, respectively.

)e directional parameter Kα is defined as the average
distance between the bonds projected on the planar direc-
tion [17–20].)eKα at designated tensile strains is calculated
from equation (5), which is the integral of the product of
|cos βf| and the corresponding relative frequency of fibres
for βf from − 90° to 90°, as given in Table 2. )e Kα of both
samples increases with uniaxial tensile strains. When the
strain increases from 0% to 10%, the Kα increases from 0.63
to 0.76 for NW100 and from 0.63 to 0.72 for NW200.

A parametric study is performed to calculate the pore
size distributions for different values of Kα, as shown in
Figure 6. When the Kα increases from 0.6 to 0.8 by 33% for
the two samples under 0% strain, the PSDs of NW100 and
NW200 move towards the direction of small pore sizes. )e
O95 read from the theoretical PSDs decreases from 319 to
238 μm by 34% for NW100 and from 223 to 170 μm by 31%
for NW200. )e larger the Kα is, the smaller the theoretical
pore sizes will be. )e theoretical pore size is sensitive to the
variation of Kα. Hence, the accurate determination of Kα is
critical to the prediction of pore size under tensile strains.
)e theoretical results also agree with the phenomenon that
the fibres reorientation to one direction results in narrower
space between the fibres and the decrease of the pore sizes.

4.2. Pore Size Distribution. )e experimental PSDs are
plotted by the cumulated frequency of the pore size versus
the pore size, as presented in Figure 7. )e experimental
PSDs of both NW100 and NW200 move towards the di-
rection of small pore sizes with increasing strain, demon-
strating the decrease of pores of different sizes. )e shapes of
the PSD curves for NW100 and NW200 do not vary reg-
ularly under different strains. Depending on the physical
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Figure 3: Variations in thickness with tensile strains of NW100
and NW200.

Advances in Civil Engineering 5



(a) (b)

Figure 4: Microstructures of an NW100 geotextile specimen. (a) 0% strain. (b) 10% uniaxial tensile strain.
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Figure 5: Continued.
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properties of the geotextiles, the theoretical PSDs are cal-
culated from the original model [12, 13, 18–20] and the
modified model, labelled as “)eo-O” and “)eo-M,” re-
spectively, in Figure 7. Both kinds of the theoretical PSDs
decrease with increasing strains. )e distances between two
adjacent theoretical curves of themodifiedmodel are smaller
than that of the original one. Evaluating the prediction
accuracy of the two models is difficult, because the shapes of
PSDs of the two models cannot fit perfectly with the

experimental PSDs. Hence, the characteristic pore sizes O95
were determined from the PSDs to quantify the variations.

O95 is not very susceptible to the effect of static electricity
in dry sieving tests, which may result in the uptrend of the
PSDs in the area of small pores and influence the results of
small characteristic pore sizes [1, 4]. )erefore, the O95 were
read from the theoretical and experimental PSDs to compare
the predictions of two models. )e difference between the
theoretical and experimental O95 at 0% strain was used to
calculate the corrected O95corrected(ε) by using equation (9).
)e experimental O95 and O95corrected(ε) are illustrated in
Figure 8. )e experimental O95 values of NW100 and
NW200 decline with strains. )e decreasing tendency of O95
predicted by the modified model agrees better with the
experimental O95 than the original model. )e original
model overestimates the decreasing rate for both NW100
and NW200. It may be attributed to the fact that the original
model overestimates the out-of-plane Poisson’s ratio.

5. Discussion

Rawal and Agrahari [13] validated their model through the
image analysis of two thermally bonded nonwoven struc-
tures labelled as TB1 and TB2. )e physical properties of
TB1 and TB2 are tabulated in Table 3. )e experimental and
theoretical PSDs of the original model are read from the
semi-logarithmic figures. When the figure has a linear scale
on the x-axis, the distances between adjacent theoretical
PSDs are obviously larger than those of the experimental
results, as illustrated in Figures 9(a) and 9(c). Also, the
distances between the strained experimental PSDs and the
corresponding theoretical ones cannot be neglected.)e O98
values subjected to uniaxial tensile strains were given in the
literature. If the theoretical O98 of the original model is
corrected by equation (9) and compared with the experi-
mental results, the theoretical O98 drops faster with in-
creasing strains than the experimental result, as shown in
Figure 10, which is consistent with the overestimation of the
decreasing rate of NW100 and NW200. Furthermore, the
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Figure 5: Histograms of relative frequency of fibres subjected to different uniaxial tensile strain. (a) NW100 0%. (b) NW100 3%. (c) NW100
5%. (d) NW100 10%. (e) NW200 0%. (f ) NW200 3%. (g) NW200 5%. (h) NW200 10%.

Table 2: Directional parameter Kα at different levels of strains.

Strain (%) NW100 NW200
0 0.63 0.63
3 0.68 0.65
5 0.71 0.69
10 0.76 0.72

NW100 0% Kα = 0.6
NW100 0% Kα = 0.8

NW200 0% Kα = 0.6
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Figure 6: Parametric study of Kα at 0% strain.
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theoretical PSDs are larger than the experimental ones for
NW100, NW200, TB1, and TB2.

)e out-of-plane Poisson’s ratios of TB1 and TB2 were
not considered in the test. )e thicknesses of TB1 and TB2
are comparatively small, which are 0.44mm and 0.43mm,
respectively. )e out-of-plane Poisson’s ratios of the thinner
specimen in the literature of Wu and Hong [24] and this
study are both 0.17. If the out-of-plane Poisson’s ratios for
TB1 and TB2 are assumed to be 0.17, the theoretical PSDs
predicted by the modified model are given in Figures 9(b)
and 9(d). And the corresponding corrected O98 by using
equation (9) are shown in Figure 10. )e distances between
two adjacent modified theoretical PSDs are more next to that
of the experimental results than the original model in

Figure 9. And the modified model can give a better pre-
diction of the decreasing rate of the O98 in Figure 10.

Although the out-of-plane Poisson’s ratios for TB1 and
TB2 are assumed, the results indicate that the consideration
of the out-of-plane Poisson’s ratio may lead to more accurate
predictions. )e prediction of the values of O95 and O98 by
the model is not terribly accurate, whereas the decreasing
rate predicted by the modified model is acceptable, and the
values of O95 and O98 can be corrected depending on the
precisely measured unstrained values. )en the O95 under a
certain strain can be predicted from the modified model and
may be used in the filtration criteria. In this study, only two
relatively thin nonwoven geotextiles have been tested to
validate the model. Additional experiments on thicker
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Figure 7: Experimental and theoretical PSDs of dry sieving test. (a) Experimental and theoretical PSDs of the original model for NW100. (b)
Experimental and theoretical PSDs of the modified model for NW100. (c) Experimental and theoretical PSDs of the original model for
NW200. (d) Experimental and theoretical PSDs of the modified model for NW200.
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Figure 8: Experimental and theoretical O95 tested by dry sieving test. (a) NW100. (b) NW200.

Table 3: Properties of nonwoven structures [13].

TB1 TB2
Mass per unit area (g/m2) 30 30
)ickness (mm) 0.44 0.43
Density of fibre (g/cm3) 1.38 1.38
Diameter (μm) 16.6a 28a

Kα 0.81 0.77
Out-of-plane Poisson’s ratio 0.17b 0.17b

In-plane Poisson’s ratio in machine direction
2.90 (4%) 3.81 (4%)
2.64 (8%) 2.92 (8%)
2.38 (12%) 2.61 (12%)

Note: a)e diameters of fibres were calculated depending on the parameters given in the literature [13]. TB1 and TB2 were produced by blending the homofil
and bicomponent polyester fibres in equal proportions by weight; hence, the diameter of fibres is taken as the average diameter of the two fibres, as mentioned
by Rawal and Agrahari [13]. bAssumed value.
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Figure 9: Continued.
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nonwoven geotextiles and other test methods of pore size
measurement are required to verify the conclusion. More-
over, other loading directions except for the machine di-
rection should be examined.

6. Conclusions

In this study, the existing model of pore size distributions
of nonwoven geotextiles subjected to uniaxial tensile
strains has been modified, considering the effect of the out-

of-plane Poisson’s ratio. )e experimental PSDs move
towards the direction of small pore sizes with increasing
strain, indicating the decrease of pore sizes. )e shapes of
the experimental PSDs do not vary regularly with strains.
)e modified model can more accurately predict the de-
creasing rate of O95 and O98. And the original model may
overestimate the decreasing rate and the value of O95 and
O98. )e corrected O95 predicted by the modified model
under a designated strain can provide a reference for the
filtration design.
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Figure 9: Experimental and theoretical PSDs of TB1 and TB2. (a) Experimental and theoretical PSDs of the original model for TB1. (b)
Experimental and theoretical PSDs of the modified model for TB1. (c) Experimental and theoretical PSDs of the original model for TB2. (d)
Experimental and theoretical PSDs of the modified model for TB2 (data of experimental and theoretical PSDs of the original model sourced
from reference [13]).
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Figure 10: Experimental and theoretical O98 of image analysis. (a) TB1. (b) TB2 (experimental O98 sourced from reference [13]).
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)e randomly distributed fibres reorientate to the
loading direction with the increasing uniaxial tensile strain.
)e relative frequencies of fibres at the loading direction
increase from 0.14 to 0.24 for NW100 and from 0.08 to 0.16
for NW200, when the strain increases from 0% to 10%. Also,
there is an increase trend for the relative frequency of fibres
around the loading direction. )e larger the uniaxial tensile
strain is, the larger the Kα is, and the smaller the theoretical
pore size will be, which agrees with the experimental results.
)e theoretical PSD is sensitive to the change of Kα. When
the Kα increases by 33%, the O95 read from the theoretical
PSDs decreases by 34% for NW100 and by 31% for NW200.

)e experimental results indicate that the out-of-plane
Poisson’s ratio of nonwoven geotextiles is smaller than the
in-plane Poisson’s ratio. )e out-of-plane Poisson’s ratio
needs to be taken into consideration in the model of geo-
textiles. Additional experiments are required to verify the
conclusions.
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