- ISSN 1229-2427
FFAT I =2 A28 10E 2012 109 pp. 79 ~ 88 http://dx.doi.org/10.7843/kgs.2012.28.10.79

S0t NIMS0| HO WAN

r°l'

AN 0|X|= ek

Effect of Sea Water and Microorganism on Liquid and Plastic Limits of Soils
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A s & Jeong, Sueng-Won
Abstract

Small amount of salt and various microorganisms are contained in natural soils or clays near the shore. In this study,
most common clay minerals such as kaolinite and bentonite are used to evaluate the effect of salt and microorganism
on liquid and plastic limits. The effect of time after mixing clays with water was also investigated for the consistency
limits of clays. The test was conducted immediately, 1 day, or 7 days after mixing soils. For liquid limit tests two
different test methods were used, the percussion cup method by Casagrande and the fall cone method. When sea water
or microbial solution was used for mixing soils rather than distilled water, the liquid limit of kaolinite decreased by
6-15% and that of bentonite further decreased up to 37-53%. The liquid limit obtained from the fall cone method was
approximately 10% for bentonite and 20% for kaolinite, which are higher than those from the percussion cup method.
The effect of time on liquid and plastic limits was significant for those tested immediately or 1 day later but the values

obtained after 1 day or 7 days did not vary a lot, regardless of soils, mixing waters or test methods.
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Table 1. Chemical composition of Kaolinite and Bentonite
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. Components (%)
Soil type X .
NagO MQO A|203 S|02 KzO Ca0O T|02 F6203
Kaolinite 0 0 33.860 46.793 0.632 4.550 0.344 3.830
Kaolinitex 0.130 0.357 43.59 52.73 0.74 1.015 0.480 0.902
Bentonite 4.018 3.368 17.819 59.664 0.823 3.533 0.558 4.387
Bentonitex* 1.77 5.03 22.39 64.53 0.32 2.22 0.46 3.28
* Park (2003)
** Lee (2004)
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Fig. 1. SEM photos of (a) Kaolinite and (b) Bentonite
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Fig. 2. Fall cone test device
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Table 2. Composition of effective microorganism

Compound Name Lactobacillus Plantarum |Saccharomyces cerevisiae Bacillus subtillis Rhodopseudomanas
capsulata
Components 2.9x10%fu/g 2.4x10%fu/g 3.1x10%fu/g 3.1x10%fu/g
Table 3. Results of liquid limit tests
) B Tested immediately Tested after 1 day Tested after 7 days
Soil Mixing water
LL¢ LLf LLg LLt LLg LL¢
. 55.8 69.5 60.6 73.0 57.4 .7
Distilled water (DW) (0%) (0%) (0%) (0%) (0%) (0%)
- 47.3 57.3 51.8 55.6 50.4 51.4
Kaolinite Sea water (SW) (15%) (18%) (15%) (24%) (12%) (28%)
) ) . 52.3 62.8 54.0 62.6 53.8 62.6
Microbial solution (MS) (6%) (10%) (11%) (14%) (6%) (13%)
- 171.1 183.5 195.3 213.6 201.2 209.0
Distilled water (DW) (0%) (0%) (0%) (0%) (0%) (0%)
) 84.2 86.1 86.2 95.1 87.1 100.3
Bentonite Sea water (SW) (51%) (53%) (56%) (55%) (57%) (52%)
) ) ) 105.0 116.1 118.5 127.4 129.3 133.0
Microbial solution (MS) | (399, (37%) (39%) (40%) (36%) (36%)
. 117.0 117.0 118.4 125.3 128.0 128.2
Distilled water (DW) (0%) (0%) (0%) (0%) (0%) (0%)
Kaolin Sea water (SW) 60.0 73.6 66.3 76.7 65.8 69.8
+Bentonite (49%) (87%) (44%) (39%) (49%) (46%)
) ) . 80.8 80.9 83.4 84.7 82.9 85.2
Microbial solution (MS) | (315, (31%) (30%) (32%) (35%) (34%)

Note: LLc¢ is a liquid limit by Percussion cup method, LL¢ is a liquid limit by Fall cone method,
Number in the parenthesis indicates the decreasing rate for different mixing water based on distilled water.
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Fig. 4. Liquid limits determined by percussion cup method for
different soils
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soils

ofl==2t OIS0l 2 HA-stA0l OIXl=s &g 83



Sridharan 5(2002)-2 X 5
ol Az AXA T Fa oAl Aol

S Aom el ol A2 § 4ol gl vl
71%0] 59 fEANC] GFS XY fEow B

B & A7l AT AGAUTI $f =
VS0l AUTA UAE ST sk 2

op i

I X o lo do oot ¢
Tﬁoﬁ

A R ] ehiteh
Fig. 62 aj<=o] 23He Qo] o) algairlo] m

5 7HA) WpHoR T8 AR thstol

22() T T T T T T T I
(a) Percussion cup method N
200 @® Kaolinite
180 H A Kaolint+Bento —
160 K M Bentonite —
2 140 | —
3120 —
s
— 100 | .
80 | = W
60 |- PA 2A _
O T
40 60 80 100 120 140 160 180 200 220
LI Distilled Water
22() T T T T T | | I
(b) Fall cone method
200 '@ Kaolinite ]
180 1 A XKaolin+Bento —
160 H E Bentonite —
2 140 —
2120 -
3
100 — ‘—
. [ ]
80 A ﬂ
60 — ' _|
O T

40 60 80 100 120 140 160 180 200 220
LL pistilled Water

Fig. 6. Liquid limits of soils using distilled and sea water

K28z M10=

84 S=AEIESe=28

LL (%) by Fall cone method LL (%) by Fall cone method

LL (%) by Fall cone method

Fig. 7.

o O
70 0 ]
xp
60 - ]
®
L o _
_ (a) Kaolinite
50 = O Distilled water
| @ Microbial solution
® Sea water
40 | | | T T T T
40 50 G0 70 80
LL (%0) by Percussion cup method
2 e e s s By By
200 — —
180 — —
160 — ]
140 — —
120 — _]
100 B (b) Kaolin+Bento
80 A Distilled water
60 L A Microbial solution
= A Seawater
40 I N M St s
40 60 80 100 120 140 160 180 200 220
LL (%) by Percussion cup method
20 1T T T T T T T T T T T T O
200 — |
180 — O |
160 — |
140 — —
L o _
120 - o 7
100 R . (¢) Bentonite
80 [0 Distilled water
60 B M Microbial solution
- B Sea water
40 | | | I T I T I
40 60 80 100 120 140 160 180 200 220

LL (%0) by Percussion cup method

Comparison of liquid limits determined by different
methods



o|AE HIGHE = IS5k pH W3S} H = = ke
van der Waals¢l= o] XA o 2 HaHA| H)H(face-
to-face) 2= 712 A7} & A &) A|(Santamarina
and Klein, 2001) MAJsHA 7} 7hAast Aoz sohgc)
oA AFARE0] °]et FARHA HIELo|Eo] Yol
=3 A9 AT FAA dashs Anks o
thRao et al., 1993; Di Maio, 1996; Di Maio et al.,
2004). 3}A9F YK o 5LxKSridharan, 1991; Sridharan et
al., 2002; Oren and Kaya, 2003)= J& =7 =&

os1e] ATV} oK 1SS A4 Ao,
= 34 Halx] g= Ao g veRdtiYukselen-Aksoy et
al., 2008).

Fig. 7& A #¢l WhHy} H#9] Wl o &2 L3t A3t
A sk gk
AR A deRtom, heeiel=e) 497t 53]
| 20% ol =4 el en, HIEUo]EE 10% ©]
W= | Uebdth 2o W A AKJang
et al., 2005; Lee, 2006; Lee, 1997)= ©|9} S-AFSH &
Aol W o= ik R 10% el okt 7
UEFE O Y, Leroueil and Bihan(1996)+= BASHA| 7} =
7bshA 2519 oleh vl B9 Wlo® Tt of
AEHA7L B 2 AFRS Holr)w stk o3t ol

o
=

off

> Hr

_’_

OF7) =

1T 3@

Aol ALg 3K AETL A7l whet the ® ohet
NTAS TEHs A Wt Yelvt A k2] o
moa goiEh

32 &geHAle Zxf

A B0l F) 4 B SULE g 2,
19 2123 79 Fofl AT 2RTANE Ak ol

Table 4. Results of plastic limit tests
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Fig. 8. Comparison of plastic limits
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o] Wzl AulA o g 7hAasHe A Bk B3k
o] ol W FF2 FHFEY s AR A
2JTA7E el Hashs A Balon, 5o
Eupo| o] AP o 33%7HA] 4t oA ¢
= l DP"%L}.?L = 7}eE o] ER T HEL o] E 9

Table 5% 3.1} 3.2& 0| A AALE HA3A L} AAISH
AZ o]&sto] AASE A4 X 4(Plasticity index, PI)S
Blaskal @Ik Fig. 9= Al 7] A1zl tigh Azt

) B Tested immediately Tested after 1 day Tested after 7 days
Soil Mixing water

1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg.
Distilled water (DW) 429 | 427 | 451 | 43.6 | 39.6 | 41.1 | 39.6 | 40.1 | 442 | 39.8 | 38.7 | 40.9
Kaolinite Sea water (SW) 38.2 | 338 | 433 | 384 | 389 | 419 | 409 | 406 | 349 | 36,5 | 355 | 35.6
Microbial solution (MS) | 34.2 | 38.7 | 39.4 | 37.4 | 425 | 348 | 37.3 | 38.2 | 40.0 | 41.3 | 39.3 | 40.2
Distilled water (DW) 889 | 989 | 97.3 | 95.0 | 79.0 | 93.0 | 97.7 | 89.9 | 86.1 | 91.2 | 84.0 | 87.1
Bentonite Sea water (SW) 73.0 | 60.2 | 75.8 | 69.7 | 66.1 | 58.1 | 60.0 | 61.4 | 65.2 | 52.6 | 57.9 | 58.6
Microbial solution (MS) | 62.9 | 63.4 | 68.9 | 651 | 70.0 | 66.0 | 71.4 | 69.1 | 64.3 | 62.2 | 64.4 | 63.6
. Distilled water (DW) 66.7 | 57.0 | 56.3 | 60.0 | 60.8 | 60.0 | 60.7 | 60.5 | 58.1 | 62.0 | 63.2 | 61.1
+BK;C:2’;HG Sea water (SW) M2 | 437 | 446 | 432 | 47.9 | 475 | 474 | 476 | 493 | 481 | 49.1 | 488
Microbial solution (MS) | 47.1 | 45.6 | 48.2 | 47.0 | 51.7 | 571 | 57.5 | 554 | 54.8 | 54.0 | 56.0 | 54.9
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Table 5. Comparison of plasticity index (Pl)

Tested immediately Tested after 1 day Tested after 7 days
Soll Mixing water

Plo PIs Plo PIs Plo PIs

Distilled water (DW) 12.2 25.9 20.5 32.9 16.5 30.8

Kaolinite Sea water (SW) 8.9 18.9 11.2 15.0 14.8 15.8
Microbial solution (MS) 14.9 25.4 15.8 24.4 13.6 22.4
Distilled water (DW) 76.1 88.5 105.4 123.7 1141 121.9

Bentonite Sea water (SW) 14.5 16.4 24.8 33.7 28.5 4.7
Microbial solution (MS) 39.9 51.0 49.4 58.3 65.7 69.4

. Distilled water (DW) 57.0 57.0 57.9 64.8 66.9 67.1
Kaolin Sea water (SW) 16.8 30.4 18.7 29.1 17.0 21.0

+Bentonite

Microbial solution (MS) 33.8 33.9 28.0 29.3 28.0 30.3

Note: Plc used a liquid limit by Casagrande method, Pl used a

liquid limit by Fall cone method
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