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84-039 LIQUID LIMIT 

1. Application 

1.1 The liquid limit is defined as the water content above which a 
cohesive soil ceases to behave as a semi-solid material and reacts as 
a viscous liquid (a soil-water mixture with no measurable shear 
strength). It is the water content at which 25 blows from a 
controlled height and at a specific rate will result in the closing 
of a standard groove cut in the soil pat for a distance of 12.7 cm 
(l/2 inch). (Bowles 1979). 

1.2 An alternative method using a drop-cone penetrometer has been 
developed, tested, and approved as a standard method (BS 1377: 1967 
Test 2(A)). 
The procedural requirements of the drop-cone penetrometer method 
require that this method be discussed separately from the following 
method. 

2. Apparatus 

2.1 Liquid Limit Device with grooving tool (Fig. 16) 
2.2 Spatula. (lo-15 cm in length, 2 cm wide) 
2.3 Glass Plate (minimum size, 25 cm square) 
2.4 Plastic Bags (Small) 
2.5 Moisture Tins (100-200 mL) 
2.6 Balance (sensitive to 0.01 g) 
2.7 Drying oven (capable of 105OC) 
2.8 Syringe (10 mL) 

3. Procedure 

3.1 
3.1.1 

3.1.2 

3.1.1 

3.1.4 

3.1.5 

3.1.6 

Liquid Limit 
Inspect the liquid limit device to ensure that the cup and can 
are not worn and that there is no side play of the cup at the 
hinge pin. 
Inspect the grooving tool for wear, if necessary, adjust the 
dimensions as shown in Figure 16. 
Adjust the cup to drop exactly 1 cm (the grooving tool has a 
gauge on its handle), the drop is measured from the block to the 
contact point (usually a shiny mark) on the base of the cup. 
Ensure that the adjustment screws are locked, rotate the crank 
several times, check the drop height of the cup, readjust if 
necessary. Should the height of drop vary repeatedly, check 
both the cam and hinge pin for wear, replace if necessary. 
Weigh 100 grams of less than 425 pm air dry soil into a tared 
plastic bag. 
Using the 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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3.1.7 

3.1.8 

3.1.9 

3.1.10 

3.1.11 

3.1.12 

3.1.13 

3.1.14 

3.1.15 

3.1.16 

3.1.17 

3.1.18 

Seal the plastic bag and allow the sample to equilibrate for 24 
hours. 
Remove the soil from the bag and place it on the glass plate, 
mix thoroughly. 
Using the syringe to add water adjust the soil mixture until it 
is nearly liquid in consistency. 
Place a portion of the soil mixture in the cup; squeeze it down 
and spread it evenly with as few strokes of the spatula as 
possible. 
NOTE: The entire cup is not filled with soil, the sample 

occupies a zone which runs parallel with the base from 
the lower lip of the cup (Figure 16). 

Level the soil and trim to a maximum thickness of 1 cm 
(thickness of the grooving tool), return the excess soil to the 
glass plate. 
Using the grooving tool divide the soil in the cup, with firm 
strokes of the grooving tool, along the diameter of the vertical 
centerline. The resulting groove should have smooth walls, 
sharp corners and a clean bottom of the proper dimensions. 
While up to six strokes may be used to make the groove, one or 
two strokes are preferred to avoid widening of the groove. 
Ensure that the grooving tool is wiped clean between each stroke. 
It may be necessary to reduce the height of the soil sample, the 
height of the groove wall may be greater than 1 cm due to the 
cutting of the groove which forces soil outwards and creates a 
raised edge. Using the edge of the spatula carefully reduce the 
sample height to the line created by the top edge of the 
grooving tool. 
Lift and drop the cup by turning the crank at a steady rate of 
two revolutions per second ( a timer helps standardize the 
rate), until the two halves of soil come in contact at the 
bottom of the groove for a distance of about 13 mm or l/2". 
Record the number of drops required to close the groove (see 
data sheet). 
Remove a slice of soil at the groove contact which is 
approximately the width of a spatula (2 cm). 
Place the soil in a moisture tin, weigh and record tin plus wet 
soil on the data sheet, oven dry at 105OC for 24 hours, allow 
the sealed containers to cool to room temperature, reweigh and 
record as tin plus dry soil on the data sheet. 
Remove the remaining soil from the cup and return it to the 
glass plate, add a small quantity of water with the syringe and 
mix well. Detach the cup from the carriage (see Figure 16). 
Wash and dry the cup and the grooving tool and reassemble the 
unit. 
Repeat steps 3.1.6 - 3.1.17, adding water as necessary to obtain 
at least 3 readings between 15 and 35 blows, with at least one 
value above and another value below 25 drops. 
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3.2 One Point Method 

32.1 Repeat 3.1.1 - 3.1.10 with one exception, a moisture content 
sample is taken only for the accepted trial run, which requires 
between 20 and 30 drops. Before the moisture sample is taken, 
two consistent, consecutive closures must be obtained with the 
same sample. This test shall always proceed from the drier to 
the wetter condition of the soil. 

3.3.2 The one point method should only be undertaken by experienced 
personnel. The number of blows between consecutive tests must 
not exceed one. Preferably both tests will yield the same 
number of blows. 

4. Calculations 

4.1 Liquid Limit 

.- 

4.1.1 

4.1.2 

4.1.3 

4.2 
4.1.1 
4.1.2 

4.1.3 

a> 

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 x 100 

Wt of Tin plus dry soil - Wt of Tin 

Wn-Wt of water 
Wt of Oven dry soil' 

x 100 

Plot water content vs number of blows on semilog paper (see data 
sheet) with water content on the arithmetic scale. Draw a 
straight line as nearly as possible through the 3 or more points. 
Liquid limit value is the water content corresponding to the 
intersection of the 25 drop ordinate with the line plotted in 
4.1.2. Record the liquid limit (WL) as the nearest whole 
number. 

Calculations, One-point Method 
Water content (Wn), same as 4.1.1 
Determine the liquid limit <WL) using the formula 
WL=Wn (N/25)O*12 where Wn = % Water content 

N = number of blows of the cup 
required to close the groove at 
Wn. 

Report the liquid limit value to the nearest whole number. 
Values of (N/25)'*12 are given in Table 7. 
Note the following points: 
The results are influenced by the time required to make the test 
and the initial water content. The ASTM procedure for reference 
purposes calls for a mixing period of 5 to 20 minutes (the 
longer period for the more plastic soils); seasoning or curing 
the sample for 24 hours in a plastic bag; remixing before 
placing the sample in the cup; and adding water in increments of 
1 ml. 
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b) Usually a portion of the soil taken for the liquid test is used 
for the plastic limit test. The sample is taken before the 
water content has reached the liquid limit. 

Table 7. Values of (N/25)O*12 for calculating Liquid Limit 

N N 

20 0.974 26 1.005 
21 0.979 27 1.009 
22 0.985 28 1.014 
23 0.990 29 1.018 
24 0.995 30 1.022 
25 1.000 
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Standard type: Hard rubber base 
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Construction details and dimensions of the Liquid limit device 
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Fig. 16 Liquid limit device. 
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