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A Laboratory Study on Erosional Properties of the Deposit Bed
of Kaolinite Sediments

ABSTRACT

In this study, the erosional parameters for deposit beds were quantitatively estimated domestically for the first time through the erosion
tests using an annular flume. Four erosion tests were carried out for the deposit beds with different consolidation structures, which were
obtained by consolidating the kaolinite slurries for a given time durations. Results of erosion tests showed that the bed shear strength
7y increased with the consolidation time and bed depth. The erosion rate € was also shown to be related well with the excess shear stress
7~ 7, which was given by the difference between flow shear stress 7; and bed shear strength 7. While the logarithm of the erosion rate
was linearly related with the excess shear stress as 7,— 7 = 0.1 N/ m?, however, the erosion rate decreased rapidly with it when 7~ 7
< 0.1 N/m’. These erosion test results were also shown to be good enough to verify by comparing with the test results from previous
studies and a new equation was suggested to describe the erosion rate more well in the region of 7~ 7, <0.1 N/ m’.
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Fig. 2. Relation between Concentration and Bed Density (Parchure,
1984)
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Fig. 3. Annular Flume in Chonbuk National University
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Table 1. Characteristics of the Kaolinite

Contesnts Unit Values Method
Whiteness index - 93.9 KSL 5113-97
SiO;, % 71.5
AlLO; % 18.0 KSE 3805-96
Ig. loss(organic contents) % 5.70
Fe;0;3 % 0.20
CaO % 2.40 stlﬁgs)'%
MgO % 0.05
pH (20% aqueous solution) - 8.50 KSF 2103-93
Apparent specific gravity - 0.58 KSA 0602-95
Particle size (residual quantity % 0
in Sieve No.325) KSA 5301-95
Water % 0.26
100 | :
it
o

60

% Passing

40

20 -

'_;_:._‘__‘_‘_‘_‘_‘__“_‘__‘_‘__\____;_‘_‘__
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Fig. 5. Grain Size Distribution of Kaolinite Sediment

Table 2. Chemical Characteristics of the Tap Water

Chemical components Contents (ppm)
Cr 11
NO;-N 0.7
oy 3
Zn 0.006
THMs 0.026
Chloroform 0.02

W, NG Aol = el 53 BB P 9%
HA5E A7 B0 meb @5 B B SRE B

Tkt fE0] AM8E & Stk B Aokl 5E(tap water)
o] EF4E AREGloH, A3l AMeH FEE] 3181 EAo)
Table 29f SFo]Rth
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Table 3. Experimental Conditions
Test No Consolidation | Initial concentration |Depth of water| Thickness of the| ~ Averaged dry Initial shear | Final shear | Cumulative
| time (day) (g/L) layer (cm) bottom (cm) density (g/L) stress (N/m?) | stress (\/m®) | time (Min)

1 1 56.8 10 6.2 150.3 0.10 0.25 360
2 2 56.2 10 6.2 157.5 0.10 0.25 360
3 5 56.8 10 6.1 158.0 0.10 0.30 420
4 10 56.1 10 6.1 172.8 0.10 0.43 540

B rellii= 27 Parchure (1984)9]) 2fs] AlAJd WH o=
Z21d3o] P =IRITh(Fig. 6 ). FAAFe] dxjz] TAIEH,
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N/m’e] npekdehgelo @ 12A7H5e thA] kAR ThS, A
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e 150.3~172.8g/L] H9IE 2= Ao vepded], A4
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Zlol7} Zofdes Ut T7kshe HAHe] kel 58e
ZF HoFal glom, o) BE AR FUsH el
Adzlo] 2ol wle} Wsfels AHdEe] wsle tigk o]
215 9)en], 37 Hwang and Mehta (1989)9] <Ja] A|A]€
Eq. (4)7} ARSI 200

|2if =R
=

Vol.34 No4 August 2014 1185



pq(2) = b tanh[by (2 +b,)]+b, “)

Az,
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#4o) A7) Fig. 89 FolIck HAxwe] A%, WAo] e

A0

Bed density, p, (g/L)

100 200

300

Bed depth, z (cm)

Fig. 7. Variation of Bed Density with Depth (Test #4)

Table 4. Coefficients for Fitting Curve of Bed Density (Test #4)

Bed depth, z b, b, by b,
0<z<1.8cm 42.15 2.52 0.30 1133
z>1.8cm 32.52 0.58 1.98 160.9
20 = = 5 e o P | T I
Ll T T T T T o i
010 042 044 047 021 025 030 036 043
o L (unit : Nim?) :
2 :
c 15| Mass —
8 Erosion :
5 _ :
= T, =10 day
3
c 10 -
<}
o
o
@
°
g sh
o
[72)
>
w
0 . L 1 1 1 1
0 60 120 180 240 300 360 420 480 540
Time (min)

Fig. 8. Time-concentration Variation (Test #4)
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(Parchure, 1984).

ACXh=p,(z) X Az (®)]
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Fig. 9. Variation of Depth-Averaged Concentration with Bed
Depth (Test #3)
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Table 5. Equilibrium Concentration and Depth of Erosion by the
Bottom Shear Stress

Test No. 7,(N/m’) C(g/L) z(cm)
0.10 0.085 0.0127

0.12 0.170 0.0253

1 0.14 0.445 0.0658
0.17 1.081 0.1577

0.21 1.942 0.2778

0.10 0.051 0.0068

0.12 0.132 0.0177

2 0.14 0.405 0.0543
0.17 1.152 0.1534

0.21 2.585 0.3356

0.10 0.025 0.0033

0.12 0.098 0.0130

0.14 0.260 0.0344

3 0.17 0.920 0.1215
0.21 1.800 0.2341

0.25 2.650 0.3359

0.10 0.020 0.0023

0.12 0.030 0.0035

0.14 0.152 0.0175

s 0.17 0.546 0.0617
0.21 1414 0.1537

0.25 3.216 0.3223

0.30 5.228 0.4847

0.36 8.111 0.6919

Table 6. Coefficient for Fitting of Shear Strength

Test No. G 6} G
1 -0.153 4.202 0.254
2 -0.139 4.706 0.243
3 -0.185 4.208 0.289
4 -0.300 2.254 0.414

PRl Hheeke et BUsteh web Table o Fojxl

HfEpARRg e theshe AAelolie] ARATIE 7,9 5
3 g ZHITh b, AR Fgeld] nke AudTgE
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Fig. 120 A€k
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8 Ten
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§ 4
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2 2
4 @
4 2
w o]
)
w
m
T
=
i
BOTTOM SHEAR STRESS ]

@) (b)

Fig. 10. Representation for Characteristic Elements of Bed Shear
Strength (Parchure, 1984)

a7VA, ¢, ¢ e BETA S Q13 o)) Al
Z} A¥zAE Al 32 Table 69 AAJ=HT]

grolH,

4.4 EMFCISE{O| ALY
obx AE ARAREE 2] ZiA)E upetke s

eleio, Als] BAoRE A B o] viehir
g Tlgow AHne, AudvdEs AR 2
& ofnlz s4E 4 olvk AR e Hieravkg o)
Z71el whe G418 vl <8l shAtE 4 Q= Fig 10l
] T3 ﬂ@ el Aateh ~14e)
Al

-

UG Sgaey £

=] e
4=

=)
o
18
tlo
>
il

=
[e]

J7 ch
(6)°l ¢J3) 2y ")F Fig. 10(2)¢] 7, Fig. 10(b)<]
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Fig. 12. Depth-variation of Bed Shear Strength
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Table 7. Comparison of this Study and Parchure(1984) with used

Materials
Test items This study Parchure (1984)
100 73.0 30.0
Particle size | > | 85 33.0 100
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) : :
35 2.7 0.2
Organic contents (%) 5.7 1.2
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