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A Proposal of Flow Limit for Soils at Zero Undrained Shear Strength
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Abstract

When a slope failure or a debris flow occurs, a shear strength on failure plane becomes nearly zero and soil begins
to flow like a non-cohesive liquid. A consistency of cohesive soils changes as a water content increases. Even a cohesive
soil existing at liquid limit state has a small amount of shear strength. In this study, a water content, at which a shear
strength of cohesive soils is zero and then cohesive soils will start to flow, was proposed. Three types of clays (kaolinite,
bentonite and kaolinite (50%)+bentonite (50%)) were mixed with three different solutions (distilled water, sea water
and microbial solution) at liquid limit state and then their water contents were increased step by step. Then, their
undrained shear strength was measured using a portable vane shear device called Torvane. The ranges of undrained
shear strength at liquid and plastic limits are 3.6-9.2 kPa and 24-45 kPa, respectively. On the other hand, the water
content that corresponds to the value of the undrained shear strength changing most rapidly is called flow water content.
The flow limit refers to the water content when undrained shear strength of cohesive soils is zero. In order to investigate
the relationship between liquid limit and flow limit, the cohesive index was defined as a value of the difference between
flow limit and liquid limit. The new plasticity index was defined as the value of difference between flow limit and
plastic limit. The new liquidity index was also defined using flow limit. The values of flow limit are 1.5-2 times higher
than those of liquid limit. At the same time, the values of new plasticity index are 2-5.5 times higher than those of

original plasticity index.
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Table 1. Chemical composition of Kaolinite and Bentonite

) Components (%)
Soil type
Nazo MgO A|203 Si02 Kzo Ca0 Ti02 F8203
Kaolinite 0 0 33.860 46.793 0.632 4.550 0.344 3.830
Bentonite 4.018 3.368 17.819 59.664 0.823 3.533 0.558 4.387
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Fig. 2. Definition of consistency limits
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Table 2. Comparison of undrained shear strength (Cu) of clays at plastic and liquid limits

th at liquid and

Soil Mixing water LL* PL** Cu at LL Cu at PL Cu at PL/

¢ (%) (%) (kPa) (kPa) Cu at LL
Distilled water 60 40 7.0 39 6
Kaolinite Sea water 52 41 9.2 40 4
Microbial solution 54 38 9.0 43 5
Distilled water 195 90 6 33 6
Bentonite Sea water 86 61 4.4 24 5
Microbial solution 119 69 4.8 26 5
- Distilled water 118 60 4.2 45 11
Kaolinite Sea water 66 48 7.6 42 6

+Bentonite

Microbial solution 83 55 3.6 26 7

* LL (Liquid limit) was determined by Casagrande method.

»*PL (Plastic Limit) was determined by Casagrande’s rolling thread method.
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Table 4. Measured undrained shear strength at PL

No. Undrained shear strength at PL (kPa) References

1 85-125 Skempton and Northey (1953)

2 30-320 Dennehy (1978)

3 20—220 Arrowsmith (1978)

4 68—530 Kayabali and Tufenkci (2010)

5 Mean value of 170 Wroth and Wood (1978); Belviso et al. (1985);
Sharma and Bora (2003); Lee and Freeman (2007)
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Table 5. Comparison of undrained shear strength (Cu) of clays

Soil Mixing water | Water content (%) | Cu (kPa)
60 7
Distilled N e
\Ilfalte? 80 2:2
90 1.6
100 0.8
52 9.2
62 4.6
Kaolinite Sea water 72 2.8
82 1.2
92 0.6
54 9
— 64 3.8
gl IR I
84 1.2
94 0.8
195 6.0
o 215 4.0
D\';:t”efd 235 2.2
255 1.4
275 0.8
86 4.4
96 2.8
Bentonite Sea water 106 1.6
116 1.0
126 0.4
119 4.8
— 129 2.8
149 1.2
159 0.8
118 4.2
N 128 2.8
pstled 138 2.0
148 1.4
158 1.0
66 7.6
Kaolinite 76 3.4
+Bentonite | Sea water 86 1.6
96 1.0
106 0.8
83 3.6
Microbial 93 1.8
solution 103 1.0
113 0.6
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Fig. 4. Variation of undrained shear strength with water content
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Table 6. Results of Flow Limit and various indexes of clays

Soil Mixing water (Po/:) (Lo/b (FX\; (Fo/b (E,i') (';!) N‘?‘%”)P' LL/PL | FLAL
Distilled water 40 60 76 111 51 20 71 1.50 1.85

Kaolinite Sea water 41 52 67 102 50 11 61 1.27 1.96
Microbial solution 38 54 68 114 60 16 76 1.42 2.11

Distilled water 90 195 232 298 103 105 208 217 1.53

Bentonite Sea water 61 86 102 133 47 25 72 1.41 1.55
Microbial solution 69 119 134 179 60 50 110 1.72 1.50

N Distilled water 60 118 134 183 65 58 123 1.97 1.55
éae‘r’]'g';ﬁe Sea water 48 66 81 146 80 18 98 1.38 2.21
Microbial solution 55 83 96 128 45 28 73 1.51 1.54

Note: PL is Plastic Limit, LL is Liquid Limit, FW is Flow Water content, FL is Flow Limit, Cl is Cohesive Index, Pl is Plasticity Index,
New Pl is the difference between FL and PL, LL/PL is ratio of Liquid limit and Plastic limit, FL/LL is ratio of Flow limit and Liquid limit
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