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ABSTRACT

Permeability is important factor in the geotechnical problems, such as seepage discharge and
dissipation of excess pore water pressure.

The Kozeny-Carman equation works well for graded soils but serious discrepancies are found in
clays. Major factor for these discrepancies is the tortuous flow path and unequal pore size.

To estimate the permeability of fine grained soils, a permeability equation in which swelling
potential is coupled with Kozeny-Carman equation is proposed in this study. To verify proposed
equation, a series of variable head permeability test was carried out for steel making slag and
sludge mixed with bentonite.

The coefficients of permeability which is measured in the laboratory is compared with the
values by the proposed equation. From the comparison, it is shown that the proposed equation can
predict the coefficient of permeability of clays with satisfaction.

As steel making slag and sludge is industry waste, it is reused as material of road foundation
and cement but the rate of use is low. It mixed sodium-bentonite with high swelling property and

permeability decrease effect. Then, Admixture investigates reuse possibility as liner of waste fill.

Key word : permeability equation, steel making slag, steel making sludge, bentonite, reuse
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Table 1. Atterberg limits of clay minerals

. Exchan- Lifilllid Plfast.ic Plassticity Shrmka ge
Mineral Limit | Limit Index Limit
geablelon| "oy | ) | ) | )
Na 710 54 656 9.9
K 660 98 562 9.3
Montmo- Ca 510 81 429 10.5
rillonite Mg 410 60 350 14.7
Fe 290 75 215 10.3
Fe' 140 | 73 67 -
Na 120 53 67 15.4
K 120 60 60 17.5
. Ca 100 45 55 16.8
Illite
Mg 95 | 46 49 14.7
Fe 110 49 61 15.3
Fe’ 79 46 33 -
Na 53 32 21 26.8
K 49 29 20 -
Kaolinite Ca 38 27 11 245
Mg 54 | 31 23 28.7
Fe 59 37 22 29.2
Fe’ 56 35 21 -
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Table 2. Results of laboratory testing
Component Specific Gravity| Liquid Limit Plastic Limit Mois?ltlrr):n(l;gn tent Dry Unit
(%) (Gy (LL) (PL) (OMC) Weight( 7 )
Slag 95 + B 5 3.71 - - 16.4 2.167
Slag 90 + B 10 3.62 51.6 19.8 15.8 1.992
Slag 80 + B 20 3.60 109.2 25.1 18.2 1.941
Slag 70 + B 30 3.48 132.7 32.8 18.8 1.865
Slag 60 + B 40 334 172.7 38.3 220 1.752
Sludge 95 + B 5 4.28 - - 227 2.057
Sludge 90 + B 10 4.38 42.6 227 24.3 2.035
Sludge 80 + B 20 4.06 90.0 30.2 24.6 1.924
Sludge 70 + B 30 3.77 105.0 339 28.1 1.761
Sludge 60 + B 40 3.67 129.6 36.5 29.2 1.677

B = Bentonite



HEUelE F¢gol mE A7

F 2 FelAe ¥4

Jnt

A W 57

+ Slag
80 Sludg I lf
.

60
‘f
A

Passing (%)

40
1
H

‘

20
A
=*
om ol 1] 10

Grain size (mm)

Grain size (mm)

Fig. 2. Cumulative curves displaying particle size
distribution in slag and sludge

S‘U% b
t}.

Al g2 wiielol wE Azt 7 29 3

4. SAH Mz ¥ £+ AIH

o oA e} F4E WG A7 gk
FAA AYA A Fog A oA ey
AE LA sto] FAAL] =i FAsHA
3= 7ot
ch Al el Al 73 H A el
& ¥FF7E ERABe TaoE BysidA

d

= &
T ELR o B REE
2312 A v}l 253] 3% opdl& AlAsbgdch
Age] HAFEE wol7] Y8l £+ TAAME
Az afebc} gere) &G FHE 24
st} oA AlE o] ghat wlmaieich Ajg el
AEEl B FAAE ol 127, 7 19em
o|i, &4 9975ce] F4 REFSE ALEhe]
AEstded, 54482 AgEdd AHgs A

29 FRAYE AAssdeh

FAAE 4YT A 5 neEE oy
$EP Agole], mgre Mg Heh £ouE
AE Hask Atk £ AR £
9 F FRAY FU Ane) v AR
A7) Ashed FEA 7Tk

V.oAIEZEL ¥ BN

1. A=

Fllie} Fe{A wWlEUe|E EiHgo
g A zHs Wals Alvuw 33 3004
B vle} zo] Wi vpo|® ] E3tee] Z7}3
of e} HAZUYET} AL A gt o)
2 HEE Mol o] f+ A, B AT
AR VG EFA Wl Evol EQ| w]Fe] 269 ub
W, &4 Fdlas o 37 R, A=
oF 44 T2 wlELlo] Bl 14ufel 7w &
gk wlF @ 23 st gEld wlEzfe]
E9 @ffol SR Sl e Zo
3L, WlEve]l Eef ofe] Fojulr] wffel| Az
UE7L FAste Roen Adslt &, u|Fo
A MRV E Aol fE EFA AH
Ql ¥ EFLety duEc) £, Wl gLl Ev)

3 HE5Fe gt Rl E glate) Ewlo
ol F&o] A A2 APow
A FH ARG UErh gFag Qe dakEl
c}.

A
FAarE Y

2_3 e - e
22 4— slag
A - sludge
= il g
= e
= 2 .
2o
- "
18
= - "
1.7 a
1.6 —_——————
0 10 20 0 40 50
Bentonite percentage (%)
Fig. 3. Relation between maximum dry density and
mixing rates of bentonite in slag and sludge
2. HH gt

29t LeAelA WEE gl
L Fulo) WishE Amuw 13 4o
A i ubs} o] Wlmijo|Ee) Eifepel %
el wel HAFEuh A Ao

/l] z3 q}



58 + N
2} b ZolebAl "o
30 s slag I . HEvol Bl Eggeo] FUd¥ o &7}
5 ¥ e > Sl zel wls] R Fhe] E olfE &9
g 2 ) : ' 1o vlE &R 2bEu)7F AR o w 77)
g E el Ao el
g = ? 28 Sellx) el geiAle] 7pFuel Wl
- g Bufol B0 FggTte] ARIAE ez
& . vl A A syl & WEvlele E¢8 5%Y
W  me) 9 DEle WEdolE E4E 10%
o B W o) e zeyx) e A s et
Bentonite percentage (%)
Fig. 4. Relation between optimum moisture content 4. AMX|
and mixing rates of bentonite in slag and selel £x) 2F WELelE E3e 5%

sludge

HELo| B Eghefe] T HS &9l B
el 2ol A HAR5u 7} ] 2 e A
& & zel wE HRHos LA e
Fo] o =7] wjfal Rog Azt

Ovu SR

3. 23|
23 sl MEel=e] Eqgo] bl
Jul7t AGad AEAoz Fo)a
Ao FAR &1} SelA e 7
)7k & WEol el Eltare] Zrlge] w

4 slag
1.2 & sludge . |

Void ratio

09 &

0.81

07— - - !
10 20 30 40 50

Bentonite percentage (%)

Fig. 5. Relation between void ratio and mixing rates
of bentonite in slag and sludge

ol A B] A (non-plasticity)S tebwyich 23 6
A WEGol =) E3gol Frbge wal 4
AR e ALs dgHer Fobge o7
& 2R S} HE g7 HdIADAS g
3 Skempton®] dFAzke} <l s}¢ith(Lambe,

1958).
B— = .,
130 & slag 4
| + sludge
5 100 i
B | ]
= 4
2 70 *
g -
40|

i
-
10! . ; —
0 10 20 in 40 50

Bentonite percentage (%)

Fig. 6. Relation between plasticity index and mixing
rates of bentonite in slag and sludge

5. 2gtEQ E4AHS
Al )7 A (72l e S
el
2 dpelae

F3le] & 3o

g FpA A9 EP”“J
S AEs7) 9ste] H=FE Ao il o=

I W B A g it AEgke s B]—“—
5}

&3
AA



WEvelE E3hgo] wpE A7

ECER

B

A
R
fo
B
4>
m
o
2
o

59

Table 3. Parameter of permeability equation
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Sludge 237 | 07 [3.013x10°| 1.058
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