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Long-term Hydraulic Conductivity of Sand-Bentonite Liner
Reinforced by Geotextile
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Abstract

A series of model tank and rigid wall permeameter tests was performed in
order to determine the long-term hydraulic conductivity of the sand-bentonite
liners reinforced by geotextile.

Main conclusions are as follows :

1. The maximum dry density and optimum moisture content of the sand
-bentonite liners increased from 1.64 to 1.67gf/cnr, and from 11.70 to 17.40%,
respectively according to the bentonite content increased from 5 to 20%.

2. The hydraulic conductivity of the sand-bentonite liners reinforced by
geotextile decreased from 1.46X10° to 2.49 X 10° in rigid wall permeameter test
and decreased from 2.15X10®° to 5.21X10° in model tank test as to the
bentonite content increased.

3. The bentonite content of sand-bentonite liners more than 12% is recommended

for use as the liner material of waste landfill.
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(Table 2) Physical properties and chemical components of bentonite

Swell index
Physical Sepecific gravity :nl s Liquid limit(%)
properties g
2.60 145 400
Chemical SiO, AlOs Fe.0, | CaO ‘ MgO | K0 Na.O Others | Total |pH
components
(%) 59.80 16.70 522 255 T2.45 0.87 3.85 8.56 100 10
(Table 3) Testing items and values of bentonite for civil works
Testing items Values

Water content (%) 8~12

Loose bulk density (gf/cm?) 0.75~0.85

Residue on 0.075mm (%) Min.75

pH 85~105

Concentration (Kgf/m) 60

Marsh-viscosity(Swelling time 1h.) (s) Min.35

Gel strength(Shearometer, Swelling time 1h.) (N/cm?) Min.3.0

Filter loss(30min, 7bar)) (me) Max.15
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(Table 4) Physical properties of geotextiles

{Wl Geotextiles Testing method
Physical properties GF 300 GF 400

Tensile strength : (kaf/cm?) 51 75 KS K 0520
Tensile elongation (%) 50 50 KS K 0520

Weight (gt/m?) 300 400 KS K 0520
Permeability {cm/s) a x10" a x10 KS F 2322

Seam strength (kgf/ecm?) 51 77 KS K 0530

Tear strength (kaf) 18 23 KS K 0536
Thickness{mm) Without load 30 33

Under 19 24 |

(Table 5) Physical properties of crushed stone for surcharge

Specific Dry density Coefficient of permeability Natural moisture
gravity {gf/cm?) (cm/s) content{%)
272 226 a X107 0.60

dhlo] glovt & by B AlZAel=
o]7} gtk & Kenny'¥e] A Azl miz}
£ Agels Arlske ek 248 44 3
71 _ﬂ%}oq 4;},] g o g HfeL}o]l E ks
27t 5%, 10%., 12%, 15%. 18% % 20%=
g oA S5 RY-WlEVelE E3EE Alx

EEARE 17k ZY-dEvelE Ao

APl A Egee A AxUxe}
A& FulE Tob] AT HAAEE KS F
23129 A-1 #ho® wEvolE ek e}
wjalsl 6259 E£3HE tiste] Attt

200

=3
ul
=
°
|m
ol
zt
md
S
>,
o
=2
2
—m
-
do
>
EL
oL
oxl, o2

_r}d~

A7171 $gted &
E—O" ?Q—E]:oﬂ YL}--: E}'n EEoﬂ %“Xé

]—E:'
O
o,
to ki
=
fat
£
i

AeAs e KS F 23129 Aoz
F& el =2 oL skt

1) 744¥ £4A187](Rigid Wall Permea-

meter)ell 23 ¥

7P =A@ o3 E4AES A
Q) AEsAReR KS F 23228 T4l m
dolom wy Bad] o3 FAHY 25
o} ulzaly] fl3) Algakich AR ¢
< Ho AzxEey 95% 2 A Fgwjuct
3% w43 AdE z-dEdelE EjHES
E}ﬁi‘ﬂ, AY A9 NHES (Fig. 2%
2ok A" F R LA AaAl7] Sst
of F5U5e Hud I2]~(Grease)E =X
b2, 7 3.5cme] RY-HEve]E A
Z Al ESARE 2SS, Ryl

;&



2GR 2U oa-HEUOlE Xewlel BTN SHEY 13

5 =L =
E gepz 54 A7) Wl A28 Y3 24 80cm
@ o e B,
Az B 52 23R § A7l A3l o N
2l Hod 2147t Fgks A5l FLASLE s T T T T T TR TR T
= TTeE ATe T = ”|n"'«|r”'l\|’ﬁ|i|’*|ﬂu|”'|m"'m"'m”'|u"'ul'"u|"':||'”m”'m'"|||'"|u"'|||"'u
L P S N 00 T T T o Tt I
A sse. E| Py
L2 N o T 1 T T o T T
3 51 B i I I M0
2) 23 #3a(Model Tank)ol o9& F= "l|:"'|;||||"'I|Irl|"'m"'|||l|"'|v|"';:;'":lllv"':::"’::l"'tll|“’||I|:"';I|:"'||l|||"’|||"'n:”'m”'||:
= 3.5¢cm Sand-Bentonite Liner Geotextile
}\} ] 1:‘01- HI;I] fﬁ; T 2RO T TN T OO TS0 T T TR Sao e

Dry bentonite

Som™ Steel strip Drainage layer

g - EVelE Aaae] FeaTE EA Drainage hole

37] 93 (Fig. 3)3F Zo) =27) 1.8%0.8x% (Fig. 3) Cross-section of model tank
0.6me) 74 =8 932% Adsia, B2 6s
FUol 4% Lseme) 5% 5743 o3¢
Aok B2 wit ZpgRlel s 2e8 27
Ato)9) 7HA Bem Yol WlEVe]E Seal®
A%A77. BE(Filter) & zae wAx L BHE

&l

1.0cmE #A28dd. 71 o $4 3.5cm9
ga-d g E 5l Asle] ERAMSE X 1. 2ef-sigLjo|E EEE0) OiE §4

A8z 50cme] Eo1E A HHoz EE

A4z BaE my-dEvele A} (Table 6)& m-#lEvjole FgE9 t}

T15kef/m:(7.014 kPa)e ¢&eele wxs AN d& Ao Axdrel HH Fou]

stom, £%59 2ol 50cmE YAA # o) Ao|x, (Fig. 4)= #WEO|E ek

Aapgich, MEUelE gepdz 9= WY Az 9 Zd-dEdel= THEe AW dxdk

2 Uy A7 B 22 ESAZ T A o Ad §4uE 24 9% RFaEe]

o, (Fig. 5y WE|E Feko] o o

Azuzel HA g5ule) Wsks e g

. WEolE Fako] Z7kel me} Aol 7

Inlet valve ZUE = Zrlehe %S Bolx o}t o7

A valve neje] Z3o] WEdelEnr} Aoz =7

g gel 1 o] WErol =gl T2 AYA A

2R Es} 27l AoR udd. 2oz W

AR — Eve|E gao] 18% ool ) Az

~100m b pashe AR Beles] oA WEY

130m | 25 e o|=ol 9% Wxe] Zrhuct WEe]E o)

3.5om| prt-sentns || SO Z7lol Wk FosE 29 o) wold £HE

| i Brass mesn o AHo] BHW Aoz FAuch Carla-

Suttet atve Porous stone nger V59 AFAAE ol2h v 5d 23S B

{Fig. 2) Schematic diagram of rigid ol glet & Ajell A8 PEYOlEE F4

wall permeameter o 9leiA o)AF} A2 2L Al slog A

201



14

=220l X5 M25

(Table 6) Compaction test results of sand-bentonite mixtures

Bentonite content of Maximum dry Optimum moisture
sand-bentonite mixtures(%) density(gf/em?) content(%)
5 1642 117
10 1.653 12.4
12 1.679 134
15 1.695 15.0
18 1.705 15.6
20 1.699 17.4
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(Fig. 4> Compaction curves of
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180 T T T T T ™] 20

1.75¢ 3

1.70F =% 115
C /°

1651 - E

—_
[22]
o

T
|

—_

o

O——© Maximum dry density

Maximum dry density(gf/cm®)

1.55F
®&——& Optimum moisture content
16501 AN ETEPUPE EPPETEPI TP 1
0 5 10 15 20 25 30
Bentonite content(%)
(Fig. 5) Variations of maximum

dry density and optimum
moisture content of sand-
bentonite mixtures by
bentonite content.

Optimum moisture content(%)

202

2. ERMSE 85 Daj-HisL

Aol £454

2e- BB E3E
velEe) ek, Myie] F% Y
2} dag? dubder GCLsY WEYel=
AE EeAeE 55 wet 1x10™
~1x10%2) WY HelA Astate & 45$
Ho| Eom ErASE Aol WEUE

Aedueel $4 GCLsE Adlsne o

@ 714 GCLsY S5A%A0le] obzke) 3
o7k glod, AWt ez 7% W 9
Aol W@ oFsgEe 10~30kPart HEA
1 gholtl® crew AA vjAo] AHeHE
%}%%a% WeAA Age B24e] sldhw
AerE) |



P EPUTU S A ) L | IR ST AT G S W
0 5,000 10,000 15.00020,00025,000 30,000 34,999

ESMRE 225 Zef-HELO|E Aol A7 S558Y 15

T 2y SN0 o3t 54 g
(Table Tye EZAGZ ¥A® wawe S : B

Gel= A4ile) wEdels g A4 £ SiEe

w4 gl (Fig. 6)& F4A%e Ay Frev

MBS el AeR AE SRATE 146 sieel

X10°~2.49%10%cm/s2] el & Ao §1E-9.

Fgen Mal e ¥l TeEs T b

o

T %S Boli gle A%

%4%4

WELO)E B2RS 10% o)A B A
L EXLsl o X107 cm/s °)EHe] g
ehijs Ao 2Rslglon 7 77k 39 3
i} 4gEgdn sz WEUelE Fek

12% olkal 2ol oF 4do] Azt
of B5AF7Y a x10° em/sE dA3A =eo
HE FeASY g WEUe]|ES 314 7te]
Bube of 49 o)F2 A Alo] niH f‘%}
Ao Az ApAe) FeARe] V)EE

e x107 cm/s °l3t2 At & o 6&7‘}01]*1‘

o 0/\1_‘,], 04

g mefste] WEuelE L

Time(min)

(Fig. 6) Variations of hydraulic conduc-
tivity of geotextile reinforced
sand-bentonite liners by rigid
wall permeameter test accord-
ing to elapsed time and

12%

Lt

bentonite content

o]/%o] =90

23 ei50] o

(Table 8)&

E/l-l

FAGol2, (Fig.

£2 H7kH

vg a2 el AR =
v EolE AaAle ¥
T Azl Azl we

(Table 7) Hydraulic conductivity test results of geotextile reinforced sand-bentonite
liners by rigid wall permeameter test according to elapsed time

and bentonite content

Bentonite Hydraulic conductivity(cm/s)
Etapse cont?%

time(min) 5 10 12 T 15 18 20
10 7.88x10° | 9.09%x10° | 420x10° | 288%X10° | 8.19X107 | 4.19X107
50 322%x10° | 501%x10° | 209X%10® | 636x107 | 3.27X107 1.12x 10
100 1.43%x10° | 3.13%10° | 893%x107 | 3.19x10” 1.64%x107 | 239%x10°*®
500 541x10° 136 X107 | 260X 107 | 794%X10° | 273X 10® | 6.29%x 107
1,320 3.19x10° | 522%x107 | 938%x10® | 463x10® | 851x10° | 3.49x10°
4980 264 x10° 159 X107 | 432%x10° | 282X10° | 596Xx10° | 233x 10"
10,080 (7days) 259x10° 1.46X107 | 433x10® | 232X10° | 5.12X10° 1.75X10°
20,160(14days} 252x10° 1.40x107 | 4.34%X10® | 224X10° | 512x10° 1.46 X107
30,240(21days) 2.49x10° 133x107 | 434X10® | 2.16x10° | 483x10° 1.46%10°
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(Table 8) Hydraulic conductivity test results of geotextile reinforced sand-bentonite liners
by model tank test according to elapsed time and bentonite content

o
Bfé‘n?é‘gﬁe Hydraufic conductivity(cm/s)
(%)
Elapsed
time(min) 5 10 12 15 18 20
10 3.26x10° 6.53%x10° 3.47x10° 1.23X10° 5.41x107 287107
50 218X 107 3.43%X10° 1.08 X 10 3.69%x107 192X 107 8.43x10°®
100 1.32x10° 2.26%X10° 592x107 232x107 1.11 X107 1.24 X10°®
500 7.48x10° 6.12x107 177 X107 6.08 x10° 2.03x10° 481%X10°
1,320 561x10° 289 %107 1.13 X107 424x10° 8.77x10° 3.03x 107
4,980 533%10° 232x107 7.23x107 3.19x10°® 6.62 X 10°® 233%X10°
10,080(7days) 521x10° 211x107 6.93x107 3.08x10® 6.22X10°® 2.15%x10°
saASe] A7)A s el AoR F Rl
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(Table 9) Relation between rigid wall permeameter and bench-scale model
test Hydraulic conductivity of geotextile reinforced sand-bentonite

liners

Bentonite Hydraulic conductivity(cm/s)

content(%) Rigid wall permeameter test Model tank test
5 2.486x10° 5210x10°
10 1.330% 107 2.114x107
12 4345X%10°® 6.934x10°®
15 2.155%10°® 3.080x10°
18 4.833%x10° 6.221x 10"
20 1.455%X10° 2.151x10°

1E-5

VE-8f - -rmmmmm e R ]
_e— Rigid wall test
" Bench-scale test

1E-9 L
0 5

Hydraulic conductivity(k, cm/s)

20

L 1
10 15
Bentonite content(%)

(Fig. 8) Variations of hydraulic
conductivity of geotextile
reinforced sand-bentonite

liner by bentonite content
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