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Study on the Measurement of Liquid Limit Using a Penetration Resistance
of Small Cone in Clay Soil
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Abstract

This study investigated both water content and penetration resistance of small cone of various clay soils that were
made of Kaolinite and Bentonite with different mixing ratios and compared the results with those of the existing dynamic
(Casagrande test) and static (fall cone test) tests directly. The comparison showed that the water content at the inflection
point on a curve of water content and penetration resistance was very similar to the liquid limit from a fall cone test.
The penetration resistance of small cone at the inflection point was 0.2 kPa, and it was ascertained that the water content
at the inflection point represents a liquid limit of clay soils. From the study results, it was found that the penetration
resistance of 0.2 kPa with the small cone can be an indicator of the liquid limit of clay soils in practice. Finally a

test procedure to measure the liquid limit of clay soil based on a penetration resistance of small cone was proposed.
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Table 1. Characteristic of clays measured by Casagrande methods
Clay type Liquid limit (%) Plastic limit (%) Specific gravity
o Casagrande 41.5
Kaolinite 30 2.4
Fall cone (Sweden) 44.8
) Casagrande 297
Bentonite 81 2.2
Fall cone (Sweden) 237
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Fig. 1. Prepared materials for test

Table 2. Mixing ratio of clays

Cases Kaolinite (g) Bentonite (g)
K (100%) 500 -
K(95%)B (5%) 475 25
K(90%)B(10%) 450 10
K (80%)B (20%) 400 100
K(70%)B(30%) 350 150
K(60%) B (40%) 300 200

* K: Kaolinite, B: Bentonite
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Fig. 2. Casadrande and Fall cone test apparatuses
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Table 3. Standards of fall cone test

Cone Container Max. ) .| Penetration
- ; Penetration | Measure— | Measure— | Penetration
Standard } Inside ) particle . depth for
Country Angle | Weight | Length| . Height ) time ment ment range o
number diameter dia. (sec) number point (mm) liquid limit
() | @ | (m) |7 0m) | () (mm)
Sweden | SIS027120—90 | 60 60 >20 60,50 |30,25| 400 5 2 =3 7~15 10
united |55 4377-1900| 30 | 80 | 35 | =55 | 40 | 425 5 2 =4 | 15-25 20
kingdom
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Connection
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(Accuracy : 0.01N)

Small cone used in this study
(Cone angle : 80°)

Fig. 3. Apparatus for measuring penetration resistance
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Table 4. Results of liquid limit tests (unit: %)

Liquid limit (%) K (100%) K(95%)B (5%) K(90%)B(10%) K (80%)B(20%) K(70%)B(30%) K (60%) B (40%)
Casagrande 41.5 43.3 53.9 78 105 135
Fall cone, Sweden 44.8 46 53.7 74.7 96.6 117.2
Fall cone, UK 451 45.8 53.6 73.4 94 115
= K: Kaolinite, B: Bentonite
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Penetration resistance (kPa)
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Table 5. Results of water content at liquid limit state (%)

Method

K(100%) K (95%)B(5%) K(90%)B(10%) K (80%) B (20%) K (70%)B(30%) K (60%) B (40%)
This study 45.8 45.9 53 69 90 110
Casagrande 41.5 43.3 53.9 78 105 135
Fall cone, Sweden 44.8 46 53.7 74.7 96.6 117.2
Fall cone, UK 451 45.8 53.6 73.4 94 115
*= K Kaolinite, B: Bentonite
Table 6. Results of penetration resistance (kPa)
Method K (100%) K(95%)B (5%) K(90%)B(10%) K (80%)B(20%) K(70%)B(30%) K (60%) B (40%)
This study 0.18 0.19 0.2 0.21 0.19 0.21
Casagrande 0.49 0.36 0.21 0.12 0.12 0.1
Fall cone, Sweden 0.23 0.21 0.21 0.17 0.18 0.18
Fall cone, UK 0.21 0.21 0.21 0.19 0.2 0.19
= K Kaolinite, B: Bentonite
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Fig. 7. Comparison of water content

Table 7. Results of water content at liquid limit state (%)

Fig. 8. Comparison of penetration resistance

Method K (100%) K (95%) B (5%) K(90%)B(10%) K (80%) B (20%) K(70%)B(30%) K (60%) B (40%)
This study (at 0.2 kPa) 45.6 45.8 53.5 72.5 93.8 114
Casagrande 41.5 43.3 53.9 78 105 135
Fall cone, Sweden 44.8 46 53.7 74.7 96.6 117.2
Fall cone, UK 451 45.8 53.6 73.4 94 115
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