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Effect of Shape of Damage Hole on Self-Healing
Capacity of GCL

Nutthachai PRONGMANEE 1 - Jin-Chun CHAI 1

The effect of the shape of a damage hole on the self-healing capacity and permittivity of geotextile encased-geosynthetics clay
liner (GCL) was investigated through a series of constant head leakage rate tests. Three different damage shapes, circle, rectangle
and square were tested with different size. Hydraulic radius (Rn) (damage area/periphery length of a damage) has been used to
analyze the effect of the shape of a damage hole. The test results indicate that the self-healing ratio (« = healed area/total damage
area) was influenced by the shape of a damage. For a rectangular or a square damage under the same damage area condition, «
tends to decrease with increase of R. In case of a circular damage, it has a larger Ry, but had a higher value of « compared with a
square damage of the same area. It has been explained that for a square or a rectangular damage, at corner locations, the amount of
the bentonite entered the damage hole will be reduced due to so called “corner effect”.
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1. Introduction

Geosynthetic clay liners (GCLs) are widely used in the liner and
cover systems of landfills because its low permeability, easy
installation and cost effectiveness. A GCL consists of a thin layer of
granular sodium bentonite sandwiched between a woven and a non-
woven geotextiles.  Normally the two layers of the geotextile are
bonded together by needle-punch technics. However, in the field,
GCL can be damaged during the installation (Fox et al., 1998). The
damage may be due to stress concentration, such as GCLS placed over
a sharp stone (Koemer 2012). Further, after installation and if only
covered by a layer of geomembrane, day-night temperature variation
induced vapor-water drops of groundwater into the GCL, can cause
down-slope erosion of bentonite in a GCL to form spots without
bentonite (Rowe et al, 2014). Mazzieri and Pasqualini (2000)
conducted series of permeability test of damaged GCL samples and
the result shows that permeability of a damaged sample decreases with
elapsed time. This phenomenal arise due to the hydrated bentonite
squeezed into the damage hole and partially healed the damage, and
the phenomenon is called self-healing (Babu et al., 2001).

In past decades, many researchers investigated the factors influencing
the self-healing capacity of a GCL, such as overburden pressure,
cation concentration in the leachate, size of damage, etc. Sari and Chai
(2013) reported that the overburden pressure has two effects on self-
healing capacity. The overburden pressure can sgueeze the hydrated
bentonite into the hole resulting in improving the self-healing capacity.
While higher overburden can restrain the expansion of the bentonite.
The self-healing capacity can be reduced by increasing cation
concentration in the leachate (Jo et al., 2005 and Chai et al., 2013). By

increasing of cation concentration, the osmotic repulsion force
between clay particles is reduced, which resulting in decrease of
swelling of the bentonite (Mitchel and Soga 2005). A GCL with a
damage hole up to 30 mm can be fully healed in case the liquid used is
tap water (Sari and Chai 2013; Mazzieri and Pasqualini 2000).
However, previous researches generally considered a circular damage
hole (Touze-Foltz et al., 1999; Sari and Chai 2013; Mazzieri and
Pasqualini 2000). In the field, the damage hole can be any shape.
Therefore, this research aims to investigate the effect of the shape of
damage holes on the self-healing capacity of a GCL. A parameter,
hydraulic radius (Ry), which is the ratio of area/periphery length of a
damage hole, has been employed to analyze the test results. Eleven
GCL samples with different damage shape and size were tested and
the results are discussed.

2. Leakage rate tests

(2) Device and test procedure

A rigidwall constant head permeability cell was used to measure
the leakage rate of GCLs with a damage hole. The equipment is
mainly composed of a piston loading system, and an acrylic cell with
an inner diameter of 150 mm. The overburden pressure was applied
using compressed air through a bello-frame cylinder system. A porous
stone was inserted into the piston and the piston was perforated. The
vertical displacement was measured by a dial gauge. The schematic
view of the equipment is shown in Figure 1(a) and the picture is given
in Figure 1(b).
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The tests were conducted under an overburden pressure of 40 kPa.
Tap water was used as permeation liquid, and a constant water head of
320 mm was adopted. During the test, the amount of water flow was
recorded, and then the flow rate and permittivity were calculated. The
test procedure is as following:
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Figure 1 Rigid wall permeability test apparatus

A square GCL sheet with dimension of about 200 x 200 mm
was trimmed to a circle specimen with a diameter of 150 mm.
A HDPE sheet with a model damage hole was made and put
it on the GCL sample and cut the GCL along the boundary
line of the HDPE model by a sharp cutter.

The weight and the initial thickness of the specimen were
measured and recorded.

The porous stones at the bottom and in the piston were
saturated by boiling for 30 minutes and kept submerged
before using. The filter paper was placed on the bottom porous
stone first and then the GCL specimen was set. After that the
piston was placed on the top of the specimen.

d) The tap water was filled into the cell to the desired level and
the bottom drainage valve was closed. After that the loading
System was Setup.

e) A pressure of 40 kPa was applied on the top of the specimen
and the displacement was recorded. The setup was keep for
24 hours before leakage rate test.

f)  Open the bottom drainage valve and started the leakage rate
test.

g) The amount of water flow and displacement were recorded
periodically.

h)  After steady state flow was reached, the leakage rate test was
stopped, and the mass and water content of the hydrated
bentonite entered the hole were measured.

Table 1. Properties of GCL (The data are provided by the
manufacturer)

Properties Standard Value
Mass ASTM D5993 025
Grabstrength ~ ASTM D4632 040
Grabelongation ASTM D4632 100%

Tensilestrength  ASTM D6768 9.8KkN/m

Peel strength ASTM D649% 17513 N/m
Index flux ASTM D5887 <1x10® m¥mPfsec
Permeability ~ ASTM D5084 <5x101 mis

(2) Geosynthetic clay liner (GCL)

The GCL comprises of a granular sodium bentonite sandwiched
between a woven and a nonwoven geotextiles. The properties of the
GCL are listed in Table 1. The index properties of the bentonite are
summarized in Table 2.

Table 2. Index properties of the granular bentonite.

Test Value
Liquid limit (%) 581
Plastic limit (%6) 64

FSI* (ml/2g) 43

Specific gravity Gs 252
Compression index, Cc 284
Swelling index, Cs 136

*#Sl is free swelling index

(3) Test program

Eleven (11) cases were tested as listed in Table 3. The 11 cases can
be divided into three series and the tests were conducted for three
damage shapes, i.e. circular, square and rectangular. The first series had
damage area of 1787.0 mm? with only two damage shapes, i.. square
and rectangular. The second series had damage area of 2578.7 mmn?
with six cases, i.e. circular, square and four rectangular. The last series
had a damage area of 3500.0 mn? with three damage shape, i.6. circle,
square and rectangle.
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Table 3. Summaries of testing program

Cae Sepe  Widh Lengh Diameler Avea Peimeter R, mA'
Mmm) @m) mm) (@) mm) (m) kg (mm)

1 Redangle 255 800 - 17870 1911 94 629 645
2 Squae 423 423 - 17870 2137 106 648 675
3 Recnge 322 800 - 25787 2245 115 665 625
4 Recngle 344 750 - 25787 2188 118 659 655
5 Recnge 368 700 - 25787 2137 121 668 665
6  Recangle 397 650 - 25787 2003 123 657 655
7 Square 508 508 - 25787 2031 127 660 650
8  Circle - - 573 25787 1800 143 663 655
9  Recngle 500 700 - 35000 2400 146 688 675
10 Squae 592 592 - 35000 2366 148 683 665
11 Circle 668 35000 2097 167 652 685

Note: VA = bentonite mass per unit area (exclude unit weight of geotextiles), % = initial
thickness

3. Testresults and discussion

(2) Permittivity of damage hole (o)

Figures 2(a) to 2(c) show the flow rates (Q) versus time curves of
different damage shapes with damage area of 1787.0, 2578.7 and
3500.0 mm?, respectively. The steady flow rate of the intact ssmple of
GCL is also indicated in the figures. For the sample with a damage
hole, the values of Q reduced with elapse time and it is considered due
to the self-healing of the GCL specimen. At the steady state, the value
of Q increases with increasing of size of damage hole for a given
damage shape.

From the flow rate, the permittivity (yrae) Of the damage hole can
be calculated by Equation (1) .

Qdamage - Qintact @
Adamage - dh

Yhole =

where Qrrect is the steady flow rate of the intact sample, Quamege is the
steadly flow rate of the damage sample, Admag is the damage area and
Ahisthe water head difference.

The hydraulic radius, Rn is defined as:

A
_A )
R, 1 @

where A is the damage area and L is the periphery length of a damage
hole. A comparison of yoe for the different damage shapes are shown
in Figure 3(3) and 3(b) for damage area of 2578.7 mn? and 3500.0
m?, respectively. For the damage area of 1787.0 mm, the GCL
specimens are fully healed for all cases. Therefore, the relationship
between Rnand yoe for this case was not shown. Under the condition

of a given damage area, conceptually, the value of e is controlled by
the volume of hydrated bentonite entered the hole. Lager the volume
of the hydrated bentonite entering the hole, more area of damage hole
can be covered by the bentonite and result in smaller value of k.

1E-5+4
1E-6 4
. 1E-7 < Damage area = 1787.0 mm’
) E
(o b —#— Rectangle 25.53 x 70.00 mm
E 1E84 y
e gV —=&— Square 42.276 x 42.27 mm
0} e " Lty Intact sample
2 1E94 *
2 3 T
£ 1E-104 [
2 BT =
= ] ‘:".'—’*."'i&\‘:‘lll
0 I
1E-12] . ‘ . : .
0 100 200 300 400 500
Permeation time (Hour)
(3) Damage area of 1787.0 mn?
Damage area = 2578.7 mm’
—=&— Rectangle 32.23 x 80.00 mm
—4— Rectangle 34.38 x 75.00 mm
—— Rectangle 36.84 x 70.00 mm
—_ #— Rectangle 39.67 x 65.00 mm|
=z = Square 50.78 x 50.78 mm
£ ®— Circle $37.30 mm
<) - --- - Intact sample
m
8
=
2
[
T T T T ]
100 200 300 400 500
Permeation time (Hour)
(b) Damage area of 3500.0 mn¥
1E-5
1E-6 Damage area = 3500.0 mm’
4— Rectangle 50.00 x 70.00 mm
= 1E-7 #— Square 59.16 x 59.16 mm
- ¢ —e— Circle $66.76 mm
\E, IE-84 1%  |---- Intact sample
S | NN
g OIE9 %N g w
] PN _
> e=s e eSS S S SR S ]
Z 1E-104
™
TE-11 o 7777777 T
1E-12 T T T T 1
0 100 200 300 400 500

Permeation time (Hour)

(c) Damage area of 3500.0 mn?
Figure 2 Flow rate versus time curves for given damage areas

Under a given damage area, longer the periphery length of a hole,
more bentonite can enter the hole, and larger the value of Ry, relatively
more space for the bentonite entered the hole to expand. For the results
in Figure 3(a) and 3(b), in case of the rectangular and square damage
shapes the yroeincrease with the increase of Rn. While for a circular
damage, it has largest Raunder the same damage area condition, but
resulted in lower yrie compared with the square damage of the same
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area. The reason will be further investigated by the mass of bentonite
entered the damage hole as well as the water content of the bentonite.
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Figure 3 Relationship of yoe with Ry
(2) Self-healing ratio (@)

a) Method to determine the healing ratio (@)
The healing ratio (¢) is calculated as:

il 3

where A is the initial damage area, and A is the healed area. For
measuring the value of Ay, the final shape of the damage hole was
photographed with a scale, and an AutoCAD program was used to
determine the value of A as shown in Figure 4.

Figure. 4 Shows the photo of the tested specimens.

b) Resullts of self-healing ratio (@)

For damage area of 1787.0 mm?, the rectangular and square
damage specimens had the same « of 1 (fully healed) as shown in
Figure 5(). For damage area of 2578.7 mn¥ and damage area of
3500.0 m, different shape resulted in different healing ratio (). The
shape of the holes after the leakage rate test are shown in Figure 5(b)
and 5(c), and the calculated values of ¢z are shown in Figure 6(a) and
6(b). It shows the same tendency as the value of e in Figure 3.

For a rectangular damage to have the same self-healing capacity, the
value of Rn-r will be smaller than that Rn-c of a circular damage with
the same areg, i.e.

Rp.r=ARnc @

where £ < 1.0. From the test results in Figure 6 (a) and (b), 5~ 0.88
can be evaluated. Under the condition of the same damage area and
the same self-healing ratio () (i.e. Rn-r = 0.88Rn-). It can be easily
derived that:

w = 2.00R ©)
t =157R ©)
where, w and t are the width and the thickness of the rectangular

damage hole and R is the radius of the circular damage hole. In this
case the ratio of wit ~ 1.27.
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Figure 5 GCL specimens after leakage rate test
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The relationship between the mass (m) of the bentonite entered the
damage holes and Rn and the relationship of the water content (w) of
the bentonite entered the hole versus Ry are plotted in Figure 7(g) to

7(b) and Figure 8(a) to 8(b), respectively.
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The relationships in Figure 7 and Figure 8 follow the general trend
of Figure 3 and Figure 6 for both damage areas (2578.7 mn¥ and
3500 mn), i.e. lower the yroe, higher the czand higher the value of my
and w. Therefore, itis considered that (1) for a given damage area, fora
square or rectangular shaped damage hole, the lower value of Ry, the
higher the value of ¢, and (2) for a circular damage, it has a larger
value of Ry, but a higher value of o compared with a square damage.
As shown in Figure 4 for a square damage, there is a “‘comer effect”.
At the comers of a square damage hole, when the bentonites at
adjacent two sides tends to enter the hole, they will influence each
other and result in smaller mass entered the hole.

4. Conclusion

Effect of the shape of a damage hole on the self-healing capacity of a
geosynthetic clay liner (GCL) with a damage hole has been
investigated by a series of constant head leakage rare tests. Based on
the test results, following conclusions can be drawn:

(1) The shape of a damage hole has a significant effect on the self-
healing ratio (o= healed areaftotal area of a damage hole). Under the
same damage area condition, a circular damage had higher value of
compared with a square damage. The reason considered is the “‘corner
effect” of the square damage, i.e. at comers, in term of the hydrated
bentonite entering the hole, adjacent perpendicular sides will influence
each other and reduce the amount of hydrated bentonite entered the
hole.

(2) For rectangular (including square) damages, the smaller the
hydraulic radius (Rn = area/periphery length of a damage hole), the
higher the value of «
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