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A Feasibility Study on the Use of Liner and Cover Materials Using Sewage Sludge
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Abstract

This research is an experimental 4work of developing a construction material using municipal
wastewater sludge as liner and cover materials for waste disposal landfill.

Weathered granite soil and flyash, produced as a by-product in the power plant, were used as
the primary additives to improve geotechnical engineering properties of sludge. For secondary
additives, bentonite and cement were mixed with sludge to decrease the permeability and to
increase the shear strength, respectively.

Various laboratory test required to evaluate the design criteria for liner and cover materials, were
carried out by changing the mixing ratio of sludge with the additives. Basic soil properties such as
specific gravity, grain size distribution, liquid and plastic limits were measured to analyze their
effects on permeability, compaction, compressibility and shear strength properties of mixtures.
Laboratory compaction tests were conducted to find the maximum dry densities and the optimum
moisture contents of mixtures. and their effectiveness of compaction in field was consequently
evaluated. Permeability tests of variable heads with compacted samples, and the stress-controlled
consolidation tests with measuring permeabilities of samples during consolidation process were
performed to obtain permeability, and to find the compressibility as well as consolidational
coefficients of mixtures. respectively. To evaluate the long term stability of sludges., creep tests
were also conducted in parallel with permeability tests of variable heads.

On the other hand. for the compacted sludge decomposed for a month, permeability tests were
carried out to investigate the effect of decomposition of organic matters in sludges on its
permeability.

Direct shear tests were performed to evaluate the shear strength parameters of mixed sludge
with weathered granite, flyash and bentonite. For the mixture of sludge with cement. unconfined

compression tests were carried out to find their strength with varying miging ratio and curing time.
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On the other hand, CBR tests for compacted specimen were also conducted to evaluate the
trafficability of mixtures.
Various test results with mixtures were assessed to evaluate whether their properties meet the

requirements as liner and cover materials in waste disposal landfill.
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2! 1. Grain Size Distribution
¥ 2. The Geotechnical Properties of Mixtures

NEY | BEHl | ME | BYERY [gha | Lo [P | Do), C.
100: 0 | 160 Pt 12.02 9152 | NP | 0.068 5.56 1.06

zejz] | 80 :20 | 181 SM 10.24 6248 | NP | 0.075 6.6 1.30
: 60 : 40 | 203 | SM-SP 8.46 5693 | NP | 0.087 7.81 2.57
37 40 : 60 2.24 SM-SP 6.68 50.89 NP 0.108 12.5 2.15
Fsle | 20 18 | 246 SP 49 3656 | NP | 0.201 1219 | 164
0 :100 | 2.67 SP 3.12 NP NP | 0476 7.14 0.69

s |22 | L7 SM 2024 | 6665 | NP | 0017 1765 | 110
] 60 : 40 | 1.94 SM 46.45 4367 | NP | 0014 125 0.19
_g__;}o] 40 60 | 211 ML 63.67 3550 | NP | 0011 5.36 0.44
a4 20 : 80 | 2.28 ML 80.88 2166 | NP | 0.009 2.38 1.33
0 :100 | 245 ML 98.1 NP NP | 0.008 2.19 1.61

97 : 3 | 163 Pt 1412 8485 | NP | 0.064 5.86 1.04

c8jx] | 95 : 5 | 1.65 SM 15.52 8812 | NP | 0.062 6 0.97
: 9 :10 | 170 SM 19.03 7899 | NP | 0.055 6.38 0.94
e | 8 :15 | 174 SM 2253 81.86 | NP | 0.035 9.17 0.98
Jole | 80 :20 | 1.80 SM 26.04 7256 | NP | 0018 16.8 1.49
0 :100 | 258 MH 82.1 11446 | 887 | 0.0006 47 0.68

97 : 3 | 165 - 14.16 - - 0.064 5.84 1.07

zejx] | 95 : 5 | 168 - 15.58 - - 0.062 5.81 1.03
: 9 :10 | 175 - 19.15 - - 0.050 7 0.82
AlE | 85 15 | 1.83 - 2271 - - 0.030 | 1067 | 092
80 :20 | 191 - 26.28 - - 0.028 | 1071 | 072

0 :100 | 3.14 - 83.3 - - 0.016 1.88 1.2
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12 3. Relationship between Dry Unit Weight and Moisture Content(Sludge and Granite)

—— Sludge
2.0 — —A— $80:G20
= —— S60:G40
Z 4 A/’\ —E3— $10:G60
5 —&— 520:G80
}0 15 = —a~ Grinite
E i 3-25(A method)
A
o /"\
2 1.2 =
=
2 . .
5 EF/B\S\D
> 0.8 — ——
&
[ T
el —9-\9\6
04 YT 1 T T T T
0 20 40 60 80 100 120
Water Content(%)
1.0
—— Sludge
~ —£31-$97 B3
g b —¥—595:B5
Q —©—S90:B10
80 ~&—S80: B20
~ 0.8
o 3-25(A method)
=
b0
Gl
z
i i
5 0.6
B
&
o] 4
04 L T T T I T T T T T

0 20 40 60 80 100
Water Content(%)

120

1.0

—a— Sludge
—£3-$97°B3
et S95:B5
—©—890:B10
—4—585:B15
—&— 550:B20

35-55(D method)

0.4 S ———
0 20 40 60 80 100 120
Water Content(%)

Dry Unit Weight (g/cm”)

T12! 4. Relationship between Dry Unit Weight and Moisture Content(Sludge and Bentonite)

50 E515% H29E - 19994 45



Dry Unit Weight(g/cm?)

Dry Unit Weight(g/cm’)

Dry Unit Weight{g/cm®)

12! 6. Relationship between Dry Unit Weight

2.0
—&3— Sludge
<' e F20:580
- F40:S60 Fead
! —E3— F60:540 £
15— A — @ T50:520 L
—ad—— Flyash \?f
i A& =
3-25(A method) )
1.2+ /\ K
2
. =
- =
0.8 12!’/2 G\\E ]
| L
. AT
I - N
V70— R~
) . —r 7 - 2]
0 20 40 60 80 100 120

Water Content(%)

712l 5. Relationship between Dry Unit Weight

1.0 =y

——Sludge
—£3-597:C3
| ——595:C5
—©-5890:C10

~9-3885:C15
—&—S$80:C20

0.8 — 3-25(A method)

Dry Unit Weight(g/cm®)

Water Content(%)

and

_‘_ Sludgeganite
—’—siudgeﬂyash

~{)~sludgebentonite

+ sludgecement |

3-25(A method)

Dry Unit Weight(g/cm®)

1.0
. \
0.8
} N
0.6 - M&q
O e N B
0 20 40 50 60 70 80 90 100
Sludge Mixing Ratio(%)

&l 7. Changes of Dry Unit Weight

2.0 ————
[ —¢=3~- Sludge

, } 25— F20:S80
/H\ | e F10:S60
4 —f3— FF0:540
15 —@— F30:520
~i~— Flyash

5-55(D method)

1.2+

0.8

04 i
0 20 40 60 80 100

Water Content(%)

LE

120

and Moisture Content(Sludge and Flyash)

1.0
i : -~ Sludge
-5 S97:C3
0.9 - —%— 595:C5
—&~ S$90:C10
4 ~—— S85:C15
. —&— S80:C20
0.8 H

5-55(D method)

0.7
o
0.6 ~

0.5 e oo
0 20 40 %o 80 100
Water Content(%)
Moisture Content(Sludge and Cement)

207 ” S
i
+ Sludgeganite
18-
{ + sludgeflyash
1.6 ~9_ sludgebentonite

+ sludgecement |

5-55(D method)

1.2+
1.0+
0.8
0.6
0.
40 2§O 4(|) 5‘0 6|O 7(}) IO 910 100

Sludge Mixing Ratio(%)
with Sludge Contents

BEMETREERFIE 51



100

OMC(%)

100 :

L = sludgeflyash
80 +sludgegrinite

] ——sludgecement

+sludgebemationile

60

. 5-55(D method)
40
20 |

T 117 T T T1T 1T 17

00 10 20 30 40 50 60 70 80 90 100

Sludge Mixing Ratio{%)

12! 8. Changes of Optimum Moisture Content with Sludge Contents

~f— sludgeflyash
80 —’—sludgegrinlte
N ~e—-sludgecement
+ sludgebernationite
~ 6071
R 4 3-25(A method)
E )
40
e} 4
20ﬁ
o 1 11T 1T T 1T1
0 10 20 30 40 50 60 70 80 90 100
Sludge Mixing Ratio(%)
33 QrAUA|H

YUAIYS KS F 2316 749 AT AF3h
2 Astel A% HFAIA FUUYE A3}
o2,

a9 ol BolE 23

) o 24
G ads)t £
37

=X
$13hed

13

L.
©
A

=

R
P oz

U5y 3
. s
=S

ZAVs)7

—~ g0

. Aol B A=
£33 A A el

%és]— x;].zl___g Yawa c].z] 95% <48 u}.zl
A&, 5% A2EF 93 A&E ’\]’%K}"ﬁ 4
/\éz'g.‘-l_ As—ﬂs}.oq —r_g] oh}ékl u] szgi]—k!_g. B]
@ageh. 2folA Bl wpel o] dFAE
9 Ast Ao FA 71erE vEE Ade
9F&ER]4, C.(0.869, 0.915, 0.948) 2} A=,
Cs(0254, 0258, 0228)7} SR = W Fh4n] Wiz}
o} Al FAFE W9 pelA WEHHAT 3
& et

g, 23 109 112 £8A 9} WEve]E
&)X 9} e, £elX| 9} Eetoldd E¥}E
ol M g2 & utet EX o FAY
48] Wils Yepz ok B Ao e
£8x 3wl wet &R FAA S}
vl Aoz Z7helyn Ues & 4 4
o} o] R el HI3tey &R]A]Y hHA] o]
b zAue 19 E8] Z7le] w|#H sl

(<21

(<3 -]

52 154 5529 - 19994F 47

24 9 ARY] ZollT 2ed & 4 9o
RA 4L F2AS o /a9l s}

& 4 9l

7 £gee) 9429 W o

T AH g mel W dehie les
Aoz Qxgde) Frlel met AH st
go Zast dubg A%E BelFm e
A9 ke EFE NSk Feheloha]

o EHEY A9l 9T Al A3}
o gx TS 2ol wet AR wse
o) Zrbshe ARE & & slont g W
Srhol=o Agolt 19) T A% ot

¥ 4 ook B, 997 A28 Qe A
A wWobgol olAE gl W= 19 )
A edgpe] =A e T 4 Ak

29 1Be 7 TR QA WT ¢
YAs, o) g A Aok WA
o2 7 ERE] Haked £ Tguh o
WA ol Bl AE G Ao A hepat
. ol 7 £ FUAL, Col mlHE
9% 2aF AR W meol F4AL 0
2gres 2eHT o7 WE Ao B
de} Zeht, Ao s Agd A, 5 93
ol oz HaAYY Fuct FE o 4
delde GaD wx 222 Eguld B4



glel MR oz YT CFe FRAFE 18
o 2 e & AT Al 94
FaEHS Frtell wie} Cgkel Frashe AR

29 1 A ExE Ao FGA%, C,

g AR F ) ERAS K=0m2)E
WA} SAG Ao 18 15 7 £YE
o Az e F4AY Aol

N2 oe wez 79 § Ase Yk
97, g9 WEttels EFEe Hsied
= go)e) e dstd HA FaAS
Ae T 4 Aot LA el &
A9} B7pEe] B AYel A7 A

A7k Al 9% FRARG =24 AR

T EE 4 el
23 149 <EXAoll ¢ FEpAge A 2
g Bw 7h3u) zhidd wel £ ﬁ]*rﬂ 7

a3k duibAQl AEke Bely UgE & 4

¥ W z}89 B4 HeU) vlmA Hoew 7t
Su) Wstel] dat BpAS W3l AL bl
A & el ok EPAY] ApAlEAeY B
FAS 71 & 107am/sec o) 3lell QUL 318
g o o o5k 2HSwrE 05~190 S
& & Q3 e Y8 FRAXNEHE 3~
12kg/em*Q & o+ 4= vt

<ez|g ko] 3B W FpAs
Wale Fdd el e $FH-gol
45 A5 ZA R AdsE
2 ek B3], i Aol 29 H ko)
W QAgasHe] 2 A AelMe
A Figell g odfol A gl
o aloh e)e) e AR A "LEH"HH
T £8R] 4F el g Ee QARG vAEY]
W2 Y3t IulelM I e oF¥ke]
A 24319E Aoz AdEA 9% fE2S
Ho] F7MA5E 21307F A FpA4
ol AR FAAT}T etrare 7hsuje] 23l
AuH T USS & 5 ok gy 92 GE
o] Z/IErE EFEY FHEY g3t

o ml> a2

Void Ratio

2.0

\1% [l —a— rd{max) ,‘ 'L
16 NI 40— 1d(95) wet
. }\ Y i —O-- 1d{95}dry T“
HIN
12 :
|
N N
0.8
R TR
P~
\t:‘h-, k
0.4 £
0.0 :
0.01 0.10 1.00 10.00 100.00
log P(kg/cm?)

12! 9, Relationship between Void Ratio and Vertical
Effective Stress

Compression Index, C.

Swelling Index, Cs

1.2

1.0

0.8

06

0.4

0.2

—&—Sludge Bento nitel
——Sludge: Granite
~@--Sludge:Fly ash

0.0 4—

0

T r — T : T T
20 40 60 80 100
Sludge Mixing Ratio(%)

2410, Changes of Compression Index with Siludge

Contents

0.30

0.20 B

—£3-Sludge:Bento nite
—a&—Sludge: Granite
~®—Sludge Fly ash

! T T T T 4 [

20 40 60 80 100

Sludge Mixing Ratio(%)

2111, Changes of Swelling Index with Siludge
Contents

BEMRTRERXE 53



1.00 O T TIT
> —k— S max t
g —— S wet(95%)
5 \ —O— S dry(95%)
;’T‘Q..

2 W
$ N
g N
N \
3 H\ﬁ
¢ 010
£
3
°
>
e
Q
5 3
et
[
Q
Q
0.01
0.01 0.10 1.00 10.00 100.00
Effective Stress(kg/cm®)

1.00 a S I I :
> N —— $/B(80/20) [
E ANN ~@— s/B(85/15) [1]
2 N ~6— s/Bl90/10) | |
= T ¥ ™ —%— S/B(95/5)
‘D
NN
[=} N \
§ \T\_ 4| e
S NN
w 010 \
S =
2
Q
> \3
5 NT]
K]
L 3
8
bl
Q
(=]
O

0.01

0.1 10 10.0

Effective Stress(kg/cm®)

Coefficient of Volume Compressibility, mv

Coefficient of Volume Compressibility, mv

1.00 S Y 8
A —A—s/c(e8) [H
~@~3/Gi4/6} [
N ~O~s/G(6/4) |
—%—S/G(8/2)
N
r— \
NS
0.10 }\%‘
~
™ LY
N
0.01
0.01 1.0 10.0
Effective Stress(kg/cm?)
1.00 A
—&—S/F(2/8) §
——-s/F(/6) [
1 —O—s/F(6/4) |l |
\ —M—S/F(8/2)
RaY
S|
0.10 \
iy
AN B e e
ul WN——
3
\\\
0.01 A
0.1 1.0 10.0

Effective Stress(kg/cm?)

2! 12, Relationship between Effective Stress and Coefficient of Volume Compressibility

54 H15% $29% - 1999 4



Coefficient of Consolidation. Cv{(cm?*/sec)

Coefficient of Consolidation, Cv{cm®/sec)

10000

LTI

N I T R
LI T

I

A S max [ ]
® S wet(95%) i
Q S dry(95%) |||

/ N L4
10001 v —
7 N
-3 / X
MR
417
=S \ ]
61 v
\1\:::“
Iy
100 ﬁ T
0,‘10 1.00 10.00
Effective Stress(kg/cm’)
10000 .
A s/B(0/20) |
@ S/B(85/15) K
O s/B(90/10) H
* S/B(95/3) ||
1000 .
haN
— A
K
S
%K‘\\x:’
A
i |
100 <
0.10 1.00

T2l 13. Relationship between Effective Stress and Coefficient of Consolidation

10.00

Effective Stress(kg/cm’)

10000

-
T
’QSJ A s/Go/s) 4
a & s/Gl4/6)
o
g O s/Gie/4)
L * S/G8/2)
=4
O
o
e
g
5]
< L1
g 1000 15
5 RS =\
O - L1 *
B + <> \
- NER S N
5 N
g NN
S
g NS
3 e
jﬁw&mm
100
0.10 1.00 10.00
Effective Stress(kg/cm®)
10000 =
& s/Fes [
g @ S/F(/6) A
< O s/F6/a)
§ * s/Fs/2) |11
4
O
=1 ]
I i
=] L]
= 1000 it w7
2 7 <
=1 yi Y
S = N
- N X
5 A d A
_—
5 hik M
3]
o
Q
=]
O
+-Flyash
100
0.10 1.00 10.00

Effective Stress(kg/cm’)

HBEMBE T RERTE 55
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Coefficient of Permeability, kv
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