Mansoura Engineering Journal (MEJ), Vol. 18, No.2.June,1993. T. 10

A STUDY OF SEPARATION EFFICIENCY OF GEOTEX TILES
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ABSTRACT - The present investdgation deals with the study of separation efficiency
of uveotextiles used for-'civil engineering works by means of the comparison between
pore size distribution of fabrics and particle size analysis of used soil. For plotting
the integral and differential distributions of fabrics pores, a special apparatus was
designed. This apparatus was used to characterize water wickability behaviour of geotex-
tile fabrics. The method is based on the determination of the volumatric absorbed water
and water height penetrated through multi-layers of geotextfle fabrics using capillary
phenomena at equilibrium condition. And conseguently pore size distribution of fabrics
could be plotted. Also an experimental technigue (dry sieving of soil with and without
fabric) used to evaluate fabric separaton efficiency is investdgated. The experimental
results are compared to the calculated separation efficiency obtained using the pore
size distribution. The calculated values of separation efficiency (passage percent of
soil} was found to be fairly close to those observed experimentally.

1. INTRODUCTION

Geotextiles are defined as permeable fabrics which act compositely with seils
and rocks. They are products of the textile industry and include woven and nonwoven
fabcics {1]. In civil engineering there acre many different applications for geotextiles.
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However, the products perform only four basic Tfunctions. The four bhasic functions
are separavon, filtration, drainage and reinforcement. A geotextile functions as 3 sepera-
tor when It is placed between a fine soil and coarse material and prevents the two
matertals from mixing. A geotextile functions as a filter when placed in contact with
a soil, it allows water to pass through while preventing the passage of soil particles.
Both permeability {requiring an open fabric structure} and soil retention {requiring a
tight Ffabric structure} are required simultaneously. A geotextile functions as a drain
when it collects a liguid or a gas and conveys it towards an outlet. The flow of water
into the drain is controled by the geotextie which must also perform a filter function
to prevent loss of capacity due to sofl entry into the drain. A geotextile functions
as a reinforcement when it improves by its tensile hehaviour, the mechanical properties
oF an earth structure by interacting with soil throuyn interface shear [2-4). In the many
applications of geotextiles, the product rarely serves only one function. However, in
most situations one particular functica usuaily predominates with the others performing
secondary functions.

2. MEASUREMENT OF PORE-SIZE DISTRIBITIOM

In selecting a geotextile for civil engineering works, one must consider the
different characteristics of the fabric as they relate to the type of applicaton. To
evaluate the performance of a geotextile with respect to some of its applications in
separaticn and filtration requires characterization of its physical properties.The important
factors that affect physical propertes are pore diameter and pore size distribution.
Standard methods for testing these factors are not readily available. Different methods
{5] have been proposed for evaluating the opening size of geotextiles : dry sieving [é-
9}, wet sieving [10], hydrodynamic filtration [11-13] and image analysis [14]. Since these
methods are guite different, it is difficult to compare results obtained by them, so
that a standard for opening size has still to be developed. Wet sieving is similar to
dry sieving in procedure which the scil is sieved through the fabric. In hydrodynamic
filtration, sieving by a standard soil is carried out under alternate flows of water,
it was reported that, for the same fabric, each of the above methods will show a differ-
ent pore size districution and in particular a different maximum pore size. Furthermore,
the above methods are all very time - consuming.

One of the most important proverties of geotextiles is their pore size distribu-
tion. Pore size distribution can influence the rate and magnitude of spontaneous uptake
of liquids or the resistance to forced penetration. The correlation of the particle -
size distribution of the soil with the pore - size Jdistribution of the Fabric is a necessity
in the evaluation of the performance of a geotextile with respect to some of its functions,
such as separation, fiitration and drainage; and in the selection of a geotextile to fulfil
the requirements of these applications, when used as a separatoer, for example, the
pore sizes of geotextiles. For determining pore size distributions, particularly for fibrous
materials, both woven and nonwoven geotextiles; four general appreoaches can be used
to obtain pore slze distribution data : Optical scanning, fluid flow-through, mercury
intrusion and Haquid extrusien {15-191.

This paper describes the designed apparatus and procedure for pore size distrib-
ution measurements using liquid extrusion technigue. The technique involved to enable
pore size distribution to be carried out is described . This study attempts to evaluate
the sol separation efficiency of seven commercially availablé qeotextiles differing

In fabric construction, fabric weight and thickness.
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3. EXPERIMEMTAL TECHNIQUES

Two experimental technigues could be used to obtain pore size distributions
for both fabrics and soil respectively.

(a} The first technique of fabrics is hased on the deterwminativn of the volumet-
ric absorbed water and water height pernetrated through horizontal mulli - lavers of
geotextile Fabrics at equllibrium. This technigue could be achieved using the apparatus
shown in Figure 1. The apparatus is composed of wvessel (1), measuring tube {2) and
the liquid level controlling tap (3) and pipe (&), The water is poured into the
vessel by a tap (3). The vessel containing a scluton of potassium bichromate with a
concentration of 1 gram/litre is connected to flexible pelyethvlenc pipe (4) for draining
to keep the liquid level in the vessel at a constant height. The measuring tube of 6-
cm diameter is painted with a vaseline from the inside surfsce to prevent the fast
penetration of water through the inside surface area of measuring tube. The bottom
end of the measuring tube is covered with a metal wire mesh (5) {1.5x1.5 mm). Multi-
layers {sample assembly) (8} of circular specimens é-cm diameter are put in the measuring
tube under a weight (7) to give a constant pressure of 34.5 g/em* . At the start of
measurement, the measured tube is suspended from the hook (8} and is movable up
and down vertically and its bottom end is immersed in the vessel containing a sclution
of potassium bichromate which the zero division of the measuring tube must coincide
with the solution level. Subsequently, liquid penetrated into the lower part of the
measuring tube and made contact with the sample assembly. The height to which the
solution rises aiong the measuring tube through the sample assembly after 24 hours
(standard time of capillarity at equilibrinm) is recorded.Afterwards, a number of watch-
glasses are weighed.The wetted specimens of each sample clothing are put on a sheet
of glass inclined at 30% to the horizontal level. After exactly one minute for draining
the wetted specimens are weighed before and after drying using watch glasses and
a sensitive balance. The sheet of glass is wiped dry with a paper handkerchief before

repeating with another sample.

For knowing pore size distribution of geotextiles using capiilary phenomena,
- . . i . . ~ * -
The radius of capillacy (r) can be determined. Pore radius {r) of the wetted ftabrics

with a white alcochol could be measured by the apparatus established by He mdan
Abou-Taleb [2C] using the following equation : :

ro= sl i 10 ) microns )]

where 5 = surface tension of the white alcohol In dvnes per cm at the temperature
at which the test is carried out, 5 = 25.9 dynefcm at 23C° ,

P = Pressure in cm of water,

g - acceleration of gravity, 981 cm/Sec?.

Un the other hand, the pore radius could be measured in the present study
by the following Equation {21].

r=25cos{@ /P gh , meter . (2)
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Fig- 1. An Apparatus For Testing Absorbability of Felt Fabrics
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Where = radius of a capilarcy, meter

]

surface tension of water, 72.75 x 10 Kg. sec” .

contact angle between the liquid and the walls of capillary, degrees
water density, 1000 Kg. wd "

gravity acceleration, 9.81 m.sec

height of tising jiguid, meter,

r
5
8
P
g
]

AL L I 1]

Pacticularly, for a Mquid that completely wets the walls of the capillary and
for which, conseguently,
8 =0 and cos 8 = 1, hence.

r =25/ Pgh . (3)

In order to determine the level of wetting of specimens, contact angle in
dagrees (8) can be calculated as follows :

§ = arc cos {r.p.g.h/29) ce ()

As should be expected, the height to which a liquid rises In a capillary (the
capillary rise) grows with a decreasing radius of the capillary and with an increasing
surface tension of the liquid. The height te which a liquid rises in a capillary (the capillary
visej depends on number of pores and their size.

{b) In the second technique of soil, different size classes of soil were successively
sieved through a test specimen using a mechanlcal sieving apparatus {Figure 2}. A sample
of five hundred grams of soil was sleved.Retained soil weight on each sieve can be
expressed as a cumulative percent by weight below the lower class limit. A model
integral of this types F {r) is shown In Figures 3. The slope of the integral curve at
any point represents the weight change per unit change in radius of sieve opening.
The slope values are plotted against opening radius to produce the dashed differential
curve f (r) in Figure 3, which represents the particle size distribution of the soil. Also
A sample of fifty grams of soil was sieved for cach class through a sample 20 cm in
diameter for 10 minutes. The passage percentage of soil is plotted versus the soil =ize
and is called dry sieving curve (DSC).

Afterwards, a sample of one hundred grams of the orlginal soil including
the different classes was sieved through each sample (20 cm in diameter) for 10 minutes
and the passage percent uf soil through each sample could be recorded and compared
with that obtained at the intersection of the dry sieving curve and the integral curve
of each fabric. Thus separation efficiency of geotextiles can be deduced.
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4. RESULTS AND DISCUSSIONS

The geotextiles used in the study were nonwoven fabrics made of polyester

fibres. Their main characteristics are prese in T
S “ha istic presgnted in Table I . Thev represent a great
range of mass per unit area (156-662 g/m') and of pore radius (56-207 pk). And the

fabric porosity ranges between 89.6% and ¥6.9% .

Table (3) : Characteristics of Nonwoven Geotextiles

i
l;abrlc F a.’oric Th.ickness Fa_b»ric agjnsity, Parosity, Pore radius,r, Pore radius,r,
c. _ \velglzt, in m® . 10.g/cm (%Y Pk Mk
g/m lat .5 g/cm {Eg.1} (Eg.2)
1 200.9 3.193 857.5 95.2 150.0 143.0
2 203.6 3.130 650.4 95.3 152.4 142.8
3 661.7 4.593 1440.6 59.5 58.2 51.0
L 4714 4.406 1070.0 2.2 1£5.0 127.5
5 5671.1 4.206 1334.1 90,3 114.5 117.7
6 153.9 3.544 433.9 92¢.9 205.1 18&.3
7 600.8 4,99 1203.3 €1.3 145.4 113.8

The data obtained in the experiment ave the height of liquid column and
the weight of absorbed liquid by the multi-layers of fabrics after equiblirium period-
If a more accucate assessment Is regiired, a wet sample can be dried and its total
liguid capacity can be determined from the weight loss. When this liguid is in very
small pores, it usually representsa minor fraction of the total pore volume in the fabric
Pore radius could he measured using the two methods described earlier. The critical
oore radius ean hbe calculdted in terms of applied pressure (Eg.1) or through Equation
{2) . The pore radius values for each fabric are presented in Table (1). Tt could he seen
that the pore radius decreases with increasing mass per unit area.

Liguid content in each fabric can be expressed in absolute voll
the liquid density or as a fraction of the total content. A model Integral curve of this
type F (r} is shown in Figure (3) . The slope of the integral curve at any peint represencs
the volume change per unit change in (r}). The slope values are plotted anainst {r) to
produce the dashed differential curve f (r) in Figure (3).

ume terms through

On the other hand, by using dry sieving method, passed soil weight from each
sieve can be expressed 45 a cumulative percent by weight which cepresents the pacticle
size distribution of the soil. The passage percent of the used soil sample is plotted
versus the radius of sieve opening. Thus the integral and differential curves of the
fabric samples and the used soil sample are plotted versus pore and opening radius
respectively as shown in Figures (4-10). Also the integral curves of all the fabrics and
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The soll are plotted together versus pore and opening radius respectively as
shown in Figure (11). From Figure (11), it could be seen that Fabric Mo. & and fabric
Mo. 3 has the lowest and highest solt separation efficiency rcespectively. Because at
any pore radius of fabric Mo. §, cumulative passage percent of soil {dashed line} is
higher than the cumdulative volume of pores in fabric No. 6. Conversley, for fabric
Mo. 3 which cumulative passage percent of soil is lower than its pores volume,

The results of passage percent of fifty grams of soil in each size class through
fabric samples are reported in Table Il and plotted in Figures (4-10) and called drv
sieving curves (DSC).

Table II : Passage Percent of Soil Through Fabrics

T Class limit of soil size | [J k

Sample 5500 1- 500 400 315 250 125
| 400 315 250 125 100

1 0 ]_O_ 0 0.33 2.0 2.2

2 0.33 1.33 1.33 1.67 3.33 5.73

3 0 | o 0 0 0 0

b 0 0 0 0 0.3 .33

5 0 1.33 2.0 3.08 3.33 3.67

6 0 2.67 7.0 33.0 54.0 100

7 0 0 0.33 0.60 0.67 1.33

To asses soil separation efficiency of geotextile fabrics, dry sieving curves

{DSC) could be plotted and intersected with the integral curves of fabrics. The intersec-
tion between them indicates the separation efficiency or passage percent of soil through
the fabric. The observed and measured results of passage percent of the soil are present-
ed in Table (ID and plotted in Figures {4-10).

The observed values of passage percent of soil through fabrics can be therefore
considered to agree fairly close with the obtained experimental results,
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Table (Il : Comparison Between Observed and Measured Passage Percent of Soil Through

f abrics
¥ abric l Observed Value Measured Value
Sample i {from curves) {from sleving 100 gm of soil
on fabrics}
1 2.0 ,_ 2.97
2 5.0 4,40
3 0.0 0.00
& 1.0 1.140
5 3.67 3.20
8 26.5 25.40
7 1.33 1.60
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5. CONCLUSION

Pore size distribution could be plotted from a knowledye of pore radius and
volumetric absorbed water of muilti-‘avers fubrics using a new technigue. Also pore
size distribution of soil could be ohrained using particle size analysis. 7o assess soil
separation =fficiency OF geotextile fabrics, dry sieving diagram of seil in each size
class could be plotted. The intersection between the integral curve of Fabric and dry
sieving cucve represents the separation efficiency or passage percent of sofl through
the fabric. The observed values of separstion efficiency can therefore considered to
agree fairly close with the obtain=d cxperimental results.
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