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84-040 LIQUID LIMIT Drop-Cone Penetrometer 

.- 

1. Application 

1.1 The liquid limit is defined as the water content at which a cohesive 
soil ceases to behave as a semi solid material and reacts as a 
viscous fluid. It is the water content at which a polished stainless 
steel cone of a specific weight (80 g) and an angle of (30" + lo> 
will penetrate a specific distance (as determined from a calibration 
curve) when allowed to free fall for 5 seconds. 

2. Apparatus 

2.1 Drop-cone Penetrometer (ELE 24-055). 

2.2 Metal cup (approximately 5.5 cm in diameter and 4.0 cm deep with the 
rim parallel to the flat base). 

2.3 Spatula, metal (lo-15 cm in length, 2 cm wide). 

2.4 Glass plate (minimum size, 25 cm square). 

2.5 Plastic bags (small). 

2.6 Moisture tins (100-200 mL). 

2.7 Balance (sensitive to 0.01 g)* 

2.8 Drying oven (capable of 105'G). 

2.9 Syringe (10 mL). 

3. Procedure 

3.1 Inspect the drop-cone penetrometer (Figure 17) ensure that it is in 
good working order i.e.: the cone is clean, the tip is sharp 
(determined with the gauge supplied with the unit), the manual 
release button should not interfere with the plunger upon being 
released, and ensure that the knurled rack adjuster knob rotates 
smoothly. 

3.2 Position the drop-cone penetrometer on a counter at a comfortable 
working height and adjust the unit level. 

3.3 Weigh 200 g of less than 42sm air dry soil into a tared plastic 
bag. 

3.4 Using a syringe, add a small amount of distilled water (5-10 mL) to 
the soil, mix thoroughly, continue this procedure until the soil 
reaches a semi-rigid consistency (just above the water content at 
which the plastic limit occurs). 
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3.5 Seal the plastic bag and allow the sample to equilibrate for 24 
hours. 

3.6 Remove the soil from the bag and place it on the glass plate, mix 
thoroughly. 

3.7 Using the syringe t o add water 9 adj ust the soil mixture so that the 
first cone penetrat ion reading will be am Noximately 15 mm . 

3.8 Using the spatula push the soil into the sample cup, taking care not 
to trap air bubbles or to work the mixture excessively (both air 
bubbles and excessive working will cause erroneous results). 

3.9 Strike over the excess soil with the side of the spatula to give a 
smooth surface. (This is best achieved by tilting the top edge of 
the spatula forward and using a sawing action.) 

3.10 Lower the cone (using the rack adjustor knob) so that it just touches 
the surface of the soil. Ensure that the cone can travel freely for 
a minimum distance of 30 mm. Adjust the penetrometer head if 
necessary. When the cone is in the correct position, a slight 
movement of the cup will just mark the surface of the soil. Adjust 
the pointer to zero. 

3.11 Release the cone for a period of 5 seconds +l second. If the 
apparatus is not fitted with an automatic release and locking device 
take care not to jerk the apparatus during these operations. Both 
the action of releasing and locking of the cone must be 
instantaneous. 

3.12 After th e cone has been locked in position lower the dial gauge to 
the new position of the cone shaft and note the reading to the 
nearest 0.1 mm. The difference between the readings at the beginning 
and end of the test is recorded as the cone penetrated. 

3.13 Remove the cone from the cup and using the metal spatula remove lo-15 
grams of soil from the area of penetration. 

3.14 Remove the soil from the dish and remix with the soil on the glass 
plate, using the syringe add a small quantity of water l-2 mL 
(assuming the penetration value was approximately 15 mm, if it was 
greater than 20 mm allow the soil to dry); thoroughly mix the soil 
and allow it to equilibriate. The cup and cone should be thoroughly 
cleaned and dried at the end of each test. 

3.15 Thoroughly remix the soil and repeat 3.8 - 3.13. 

n 

.A 

3.16 Record the penetration value for the second trial and collect a 
moisture sample. 
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- 3.17 The r e a 1 t ionship between the water content of the soil and the depth 
of cone penetration, near the liquid limit value, is linear, 
therefore it is possible to predict the change in cone penetration 
which should result from the addition of a specific volume of water. 
It is suggested that the operator add sufficient water to the dry 
sample so as to increase the cone penetration reading to a position 
on the penetration curve which is slightly less than the liquid limit 
value. This procedure reduces the number of test readings required 
and thereby saves time. 

3.18 Proceed from the drier to wetter condition, until a minimum of four 
penetration values have been obtained. 

3.19 Plot the penetration values against moisture content and draw the 
best straight line through them. 

3.20 Draw the calibration line on the same graph. This line is defined by 
a penetration of 20.5 mm at a moisture content of 25 per cent of 21 
mm at a moisture content of 40 per cent of 22 mm at a moisture 
content of 72 percent and of 23 mm at a moisture content of 100 per 
cent. 

3.21 The intersection of the penetration line and the calibration line 
gives the moisture content of the soil liquid limit. This liquid 
limit value corresponds to that obtained with the Casagrande 
apparatus. 

4. Calculations 

4.1 Calculate the water content (Wn) of the soil for each test as 
follows. 

Wn-Wt of Tin plus wet Soil - Wt of Tin plus dry soil xloO 
Wt of Tin plus dry soil - Wt of Tin 

Wn-Wt of water xl00 
Wt of Oven dry soil 
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Fig. 17 Drop cone penetrometer. 
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