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a b s t r a c t

Controlling groundwater is always of great concern for tunnel management. A tunnel drainage system
may not function properly due to insufficient drain capacity, or because drains become clogged with
sediment such as calcium carbonate. In this study, various types of geocomposites were investigated in a
laboratory to evaluate their filtration and discharge capacity characteristics for their potential use in
tunnels. The drain capacity of the geocomposites was then compared with that of a needle-punched non-
woven geotextile, currently used as a drain layer material in tunnels. Based on the results of discharge
capacity tests performed on four types of geocomposites found to meet the filtration requirements, the
presence of calcium carbonate (CaCO3) in water was found to result in a decrease of approximately 30% of
maximum discharge capacity under a confining pressure of 100 kPa. Also, the maximum reduction
observed in the discharge capacity was approximately 65% as the confining pressure increased from 50 to
400 kPa. The comparison between the geocomposites and the non-woven needle-punched geotextiles,
however, revealed that the geocomposites have a significantly larger discharge capacity than that of non-
woven needle-punched geotextiles with similar thickness (i.e., an approximate average of 25 times
larger). Moreover, the discharge capacity of the geocomposites is relatively less affected by CaCO3 and
confining pressure compared with the non-woven needle-punched geotextile.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Since tunnels are usually constructed deep in the ground and
often below the groundwater table, controlling groundwater is of
great concern to tunnel owners. Water infiltration is the most
common cause of deterioration of tunnel structures (FHWA, 2005).
For a concrete-lined tunnel, leaks may develop as the waterproof
concrete lining deteriorates due to chemical agents in the water.
Also, in a tunnel with a drainage system, the accumulation of
transported material and compression of filter drain material
(usually a geotextile) by the weight of the tunnel itself may hinder
seepage into the tunnel. Reduction in drainage capacity as a result
of fine-particle migration and accumulation into seepage routes in
the primary lining or in the filter could lead to the development of
pore-water pressure on the tunnel lining, making the tunnel

unstable (Shin et al., 2005). Shin et al. (2005) investigated the
development of pore-water pressure and its potential effects on
tunnel lining using the finite element method. Deterioration of a
drainage system as a result of clogging was considered by reducing
the permeability of the lining. The results showed that pore-water
pressures increase significantly with a decrease in lining perme-
ability, and that the magnitude of the pore-water pressure on a
lining is dependent on the relative permeability of soil to lining.

Geosynthetics have been effectively used as drains and filters in
civil and environmental works, and have become increasingly
popular in tunnel applications. Particularly, in Korea, non-woven
geotextiles have been widely used as the filter drain material in
drained tunnels to retain soil particles while allowing seeping
water to drain freely. Fig. 1 shows a typical graphical representation
of a geotextile installed between the shotcrete lining and a water-
proofing membrane for a double-lined tunnel. The non-woven
fabric, however, may be vulnerable to clogging, and thus its
clogging-resistant characteristics need to be determined for tunnel
applications. In fact, the clogging of filter materials including geo-
textiles has been studied bymany researchers, especially for landfill
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applications (Cancelli and Cazzuffi, 1987; Rowe et al., 2000; Cooke
et al., 2005a, 2005b; Mitchell and Santamarina, 2005; McIsaac and
Rowe, 2006; VanGulck and Rowe, 2008; McIsaac and Rowe, 2008;
Cooke and Rowe, 2008a, 2008b; Palmeira et al., 2008; Yu and Rowe,
2012; Franks et al., 2013; Rowe and Yu, 2013). Several mechanisms
are known to promote the clogging of geotextile filters in landfills,
including the deposition of suspended particles (i.e., particulate
clogging), growth of biomass (i.e., biological clogging), and pre-
cipitation of minerals (i.e., precipitation clogging) (Mackey and
Koerner, 1999; Rowe and Yu, 2013).

Rowe et al. (2000) examined the effect of particle diameter on
the rate of clogging in controlled column experiments using
leachate collected from a landfill site. They aimed to establish the
experimental parameters required to estimate the rate of clogging
of a leachate collection system (LCS) and compared the predicted
time of clogging of the LCS with that observed in the field. They
found that the clogging was more localized over a small volume of
the porous media for smaller particles than for larger particles,
which was attributed to the greater surface area per unit volume of
smaller particles. The chemical composition of the clog material
was essentially independent of particle size, with calcium repre-
senting 26% of the dry mass of the clog material and CaCO3
constituting the main component of the clog. Cancelli and Cazzuffi
(1987) conducted permittivity tests on nonwoven geotextiles using
leachate under a range of normal stresses from 0 to 200 kPa. The
authors observed a significant decrease of geotextile permeability
causedmainly by sedimentation of suspended solids in the leachate
on the geotextile. McIsaac and Rowe (2006) examined the effect of
different design configurations on the clogging of gravel at the
termination of their laboratory column tests after 6 years of oper-
ation. They found that the use of a filter-separator between the
gravel and waste material helps to reduce the amount and rate of
clogging in the underlying gravel drainage material. The woven
geotextile was the least effective at minimizing biological, physical
and chemical clogging of the underlying gravel. Use of nonwoven
geotextile as a filter-separator between the waste material and
drainage gravel resulted in some clogging and caused a reduction in
hydraulic conductivity by approximately 90%. However, the pres-
ence of the nonwoven geotextile minimized the intrusion of waste
into the gravel and also reduced the clogging of the underlying
gravel by both filtering out particulates and passively treating the
leachate.

Mitchell and Santamarina (2005) conducted an excellent review
of biological activity on the behavior of soils and the potential
application of bioactivity in geotechnical engineering. They noted
that bioactivity can affect diagenetic evolution, promote the pre-
cipitation of cementing agents and alter the performance of filters
and drainage in silts and sands. Reduction in hydraulic conductivity,
or bioclogging, is the result of pore-level phenomena. Bioclogging
self-regulates through mechanisms such as the balance between
the rate of biomass generation and the rate of removal, which in-
crease the hydraulic gradient across the clogging zone. The

decrease in hydraulic conductivity (K) due to bioclogging in ma-
terials with initial hydraulic conductivity in the range of
10�4 ~ 10�1 cm/s can exceed three orders of magnitude. The time
scales related to the reduction in K can be 10e40 days to reach
asymptotic values in laboratory specimens. Palmeira et al. (2008)
performed long-term permittivity tests using leachate to evaluate
the biological clogging of nonwoven geotextiles. They also sug-
gested semi-empirical models to evaluate the kinetics of bacteria
growth and to correlate hydraulic properties and microbiological
parameters. Marked reduction of geotextile permeability occurred
due to biological clogging and the predictions by semi-empirical
methods were consistent with the biological mechanisms
observed.

Cooke et al. (2005a) developed a one-dimensional finite
element transport model using a clogging model, and they
demonstrated its use for a simple problem. Clogging mechanisms
included in the model were as follows: (1) accumulation of the
biomass; (2) accumulation of CaCO3 and (3) accumulation of inor-
ganic particles suspended in the leachate. Two hypothetical column
experiments, in which porous media were permeated with an
artificial leachate that was assumed to contain key components
similar to a real landfill leachate, were used to demonstrate some
features of the model. Cooke et al. (2005b) again used the numer-
ical, multiple-species, reactive chemical transport model (BioClog)
to interpret results from experiments conducted with gravel-
packed columns permeated with landfill leachate. The modeled
clogging was in reasonable agreement with that observed in gravel
column experiments. The BioClog model was subsequently
enhanced by Cooke and Rowe (2008a, 2008b) and Yu and Rowe
(2012). Rowe and Yu (2013) evaluated the performance of the
enhanced BioClog model for predicting changes in leachate char-
acteristics and clogging of saturated gravel drainage layers by
comparing the calculated performance with that observed in lab-
oratory tests.

Unlike in waste landfills, road or railway tunnels are generally
not in an environment in which the growth of microorganisms and
accumulation of organic material leading to biological clogging is a
particular concern. For drained tunnels, however, drainage systems
clogged with calcite precipitates have been commonly observed,
but, the deposition of suspended solid particles in groundwater
seeping through the surrounding ground is possibly the main
drain-clogging mechanism, especially for soil tunnels. It is known
that calcium dissolved in groundwater, resulting from the disso-
lution of portlandite in the shotcrete used for tunnel construction
and the cement grout used for tunnel reinforcement (e.g., to pre-
vent water infiltration in concrete lining), leads to the drains being
clogged with calcite precipitates (Woo and Yoo, 2004; Dietzel et al.,
2008; KICT, 2009).

On the other hand, the non-woven geotextile used in tunnels
may not function properly due to the reduced drain capacity as it is
compressed by confining pressure. The geotextile used as a tunnel
drainage layer material may be commonly subjected to higher
loads compared with landfill loads. The deformation and the
drainage capacity characteristics of the geosynthetics under
confinement have also been examined by many researchers (Chen
and Chen, 1986; Oostveen and Troost, 1990; Pradhan et al., 1991;
Chang et al., 1994; Bergado et al., 1993; Bergado et al., 1996; Chai
and Miura, 1999; Miura and Chai, 2000; Kamon and Tanaka,
2000; Chai et al., 2004; Saowapakpiboon et al., 2010, 2011;
Karunaratne, 2011; Khosravi et al., 2011; Asha and Mandal, 2012;
Ong et al., 2012; Deng et al., 2013; Oliveira, 2013). Khosravi et al.
(2011) investigated the behavior of geocomposite material as a
filter drainage layer under irrigation canal lining using a physical
laboratory model. Their experimental results showed that a geo-
composite layer with adequate thickness can fully relieve the uplift

Fig. 1. Geotextile in tunnel drainage system (Murillo et al., 2014).

Y.-S. Jang et al. / Geotextiles and Geomembranes 43 (2015) 228e239 229



Download English Version:

https://daneshyari.com/en/article/273990

Download Persian Version:

https://daneshyari.com/article/273990

Daneshyari.com

https://daneshyari.com/en/article/273990
https://daneshyari.com/article/273990
https://daneshyari.com

