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Introduction

Atterberg [1, 2] established four states of consistency—i.e., degree of firmness—for fine-grained soils: liquid, plastic, semisolid, and solid (Figure 6–1). The dividing line between liquid and plastic states is the liquid limit, the dividing line between plastic and semisolid states is the plastic limit, and the dividing line between semisolid and solid states is the shrinkage limit. If a soil in the liquid state is gradually dried out, it will pass through the liquid limit, plastic state, plastic limit, semisolid state, and shrinkage limit and reach the solid state. The liquid, plastic, and shrinkage limits are therefore quantified in terms of water content. For example, the liquid limit is reported in terms of the water content at which a soil changes from the liquid to the plastic state. The difference between the liquid limit and plastic limit is the plasticity index.

The three limits and the index just defined are useful numbers in classifying soils and making judgments in regard to their applications. This chapter gives the laboratory procedure for determining liquid limit, whereas Chapters 7 and 8 give the procedures for determining (1) plastic limit and plasticity index and (2) shrinkage limit, respectively.

As explained, the liquid limit is the dividing line between the liquid and plastic states. It is quantified for a given soil as a specific water content; from a physical standpoint, it is the water content at which the shear strength of the soil becomes so small that the soil “flows” to close a standard groove cut in a sample of soil when it is jarred in a standard manner. The liquid limit is identified in the laboratory as that water content at which the groove is closed a distance of 1_2 in. when the soil sample is jarred in the standard manner by exactly 25 drops (or blows) from a height of 1 cm in a standardized liquid limit device.

In addition to being useful in identifying and classifying soils, the liquid limit can also be used to compute an approximate value of the compression index, Cc, for normally consolidated clays by equation [3, 4]


Cc 5 0.009 (LL 2 10)(6–1)

where LL, the liquid limit, is expressed as a percentage. The compression index is used in determining expected consolidation settlement of load on clay.

Liquid limit device (see Figure 6–2)

Flat grooving tool (see Figure 6–3)

Drop gage—a metal block for adjusting the height of drop of the cup (see Figure 6–4)

Balance (with accuracy to 0.01 g)

Evaporating dish

Spatula

Containers

Oven

No. 40 sieve

The liquid limit device and flat grooving tool are special equipment designed and built solely for determining liquid limits of soils. In simple terms, the liquid limit device consists of a brass cup that is alternately raised and dropped as a handle is turned. Figures 6–2 and 6–3 illustrate schematically the liquid limit device and flat grooving tool and also give their specified dimensions. Figure 6–4 shows the dimensions of a drop gage.

Obtain a representative portion from the total sample sufficient to provide 150 to 200 g of material passing the 425-mm (No. 40) sieve. Free flowing samples (materials) may be reduced by the methods of quartering or splitting. Non-free flowing or cohesive materials shall be mixed thoroughly in a pan with a spatula or scoop and a representative portion scooped from the total mass by making one or more sweeps with a scoop through the mixed mass.

Two procedures for preparing test specimens are provided as follows: Wet preparation procedure, as described in (1), and dry preparation procedure, as described in (2). The procedure to be used shall be specified by the requesting authority. If no procedure is specified, use the wet preparation procedure.

(1) Wet Preparation—Except where the dry method of specimen preparation is specified, prepare specimens for test as described in the following sections.

(1.1) Material Passes the 425-mm (No. 40) Sieve:

(1.1.1) Determine by visual and manual methods that the specimen obtained according to the first paragraph in this section has little or no material retained on a 425-mm (No. 40) sieve. If this is the case, prepare 150 to 200 g of material by mixing thoroughly with distilled or demineralized water on the glass plate or mixing dish using the spatula. 
If desired, soak the material in a mixing/storage dish with a small amount of water to soften the material before the start of mixing. If using Method A (see page 65), adjust the water content of the material to bring it to a consistency that would require about 25 to 35 blows of 
the liquid limit device to close the groove (Note 1). For Method B (see page 66), the number of blows should be between about 20 and 30 blows.

(1.1.2) If, during mixing, a small percentage of material is encountered that would be retained on a 425-mm (No. 40) sieve, remove these particles by hand (if possible). If it is impractical to remove the coarser material by hand, remove small percentages (less than about 15%) of coarser material by working the material (having the above consistency) through a 425-mm sieve. During this procedure, use a piece of rubber sheeting, rubber stopper, or other convenient device provided the procedure does not distort the sieve or degrade material that would be retained if the washing method described in (1.2) were used. If larger percentages of coarse material are encountered during mixing, or it is considered impractical to remove the coarser material by the procedures just described, wash the sample as described in (1.2). When the coarse particles found during mixing are concretions, shells or other fragile particles, do not crush these particles to make them pass a 425-mm sieve, but remove by hand or by washing.

(1.1.3) Place the prepared material in the mixing/storage dish, check its consistency (adjust if required), cover to prevent loss of moisture, and allow to stand (cure) for at least 16 h (overnight). After the standing period and immediately before starting the test, thoroughly remix the soil.

Note 1—The time taken to adequately mix a soil will vary greatly, depending on the plasticity and initial water content. Initial mixing times of more than 30 min may be needed for stiff, fat clays.

(1.2) Material Containing Particles Retained on a 425-mm (No. 40) Sieve:

(1.2.1) Place the specimen (see first paragraph in this section) in a pan or dish and add sufficient water to cover the material. Allow the material to soak until all lumps have softened and the fines no  longer adhere to the surfaces of the coarse particles (Note 2).

Note 2—In some cases, the cations of salts present in tap water will exchange with the natural cations in the soil and significantly alter the test results if tap water is used in the soaking and washing operations. Unless it is known that such cations are not present in the tap water, distilled or demineralized water should be used. As a general rule, water containing more than 100 mg/L of dissolved solids should not be used for washing operations.

(1.2.2) When the material contains a large percentage of material retained on the 425-mm (No. 40) sieve, perform the following washing operation in increments, washing no more than 0.5 kg (1 lb) of material at one time. Place the 425-mm (No. 40) sieve in the bottom of the clean pan. Transfer without any loss of material the soil-water mixture onto the sieve. If gravel or coarse sand particles are present, rinse as many of these as possible with small quantities of water from a wash bottle, and discard. Alternatively, transfer the soil-water mixture over a 2.00-mm (No. 10) sieve nested atop the 425-mm (No. 40) sieve, rinse the fine material through, and remove the 2.00-mm (No. 10) sieve. After washing and removing as much of the coarser material as possible, add sufficient water to the pan to bring the level to about 13 mm (1_2 in.) above the surface of the 425-mm (No. 40) sieve. Agitate the slurry by stirring with the fingers while raising and lowering the sieve in the pan and swirling the suspension so that fine material is washed from the coarser particles. Disaggregate fine soil lumps that have not slaked by gently rubbing them over the sieve with the fingertips. Complete the washing operation by raising the sieve above the water surface and rinsing the material retained with a small amount of clean water. Discard material retained on the 425-mm (No. 40) sieve.

(1.2.3) Reduce the water content of the material passing the 425-mm (No. 40) sieve until it approaches the liquid limit. Reduction of water content may be accomplished by one or a combination of the following methods: (a) exposing to air currents at ordinary room temperature, (b) exposing to warm air currents from a source such as an electric hair dryer, (c) decanting clear water from the surface of suspension, (d) filtering in a buchner funnel or using filter candles, or (e) draining in a colander or plaster of paris dish lined with high retentivity, high wet-strength filter paper. If a plaster of paris dish is used, take care that the dish never becomes sufficiently saturated that it fails to absorb water into its surface. Thoroughly dry dishes between uses. During evaporation and cooling, stir the sample often enough to prevent overdrying of the fringes and soil pinnacles on the surface of the mixture. For soil samples containing soluble salts, use a method of water reduction such as (a) or (b) that will not eliminate the soluble salts from the test specimen.

(1.2.4) If applicable, remove the material retained on the filter paper. Thoroughly mix this material or the above material on the glass plate or in the mixing dish using the spatula. Adjust the water content of the mixture, if necessary, by adding small increments of distilled or demineralized water or by allowing the mixture to dry at room temperature while mixing on the glass plate. If using Method A, the material should be at a water content that will result in closure of the groove in 25 to 35 blows of the liquid limit device to close the groove. For Method B, the number of blows should be between 20 and 30. Put, if necessary, the mixed material in the storage dish, cover to prevent loss of moisture, and allow to stand (cure) for at least 16 h. After the standing period, and immediately before starting the test, thoroughly remix the specimen.

(2) Dry Preparation:

(2.1) Dry the specimen at room temperature or in an oven at a temperature not exceeding 60°C until the soil clods will pulverize readily. Disaggregation is expedited if the material is not allowed to completely dry. However, the material should have a dry appearance when pulverized.

(2.2) Pulverize the material in a mortar with a rubber-tipped pestle or in some other way that does not cause breakdown of individual particles. When the coarse particles found during pulverization are concretions, shells, or other fragile particles, do not crush these particles to make them pass a 425-mm (No. 40) sieve, but remove by hand or other suitable means, such as washing. If a washing procedure is used, follow (1.2.1)–(1.2.4).

(2.3) Separate the sample on a 425-mm (No. 40) sieve, shaking the sieve by hand to assure thorough separation of the finer fraction. Return the material retained on the 425-mm (No. 40) sieve to the pulverizing apparatus and repeat the pulverizing and sieving operations. Stop this procedure when most of the fine material has been disaggregated and material retained on the 425-mm sieve consists of individual particles.

(2.4) Place material remaining on the 425-mm (No. 40) sieve after the final pulverizing operations in a dish and soak in a small amount of water. Stir the soil-water mixture and pour over the 425-mm (No. 40) sieve, catching the water and any suspended fines in the washing pan. Pour this suspension into a dish containing the dry soil previously sieved through the 425-mm sieve. Discard material retained on the 425-mm sieve.

(2.5) Proceed as described in (1.2.3) and (1.2.4).

The liquid limit device should be inspected prior to use to ensure that it is in good working order. In particular, the height to which the cup is raised prior to dropping it onto the base should be checked. At the raised position, the distance from the bottom of the cup (measured from the point where it touches the base when dropped) to the base should be 10 6 0.2 mm (0.3937 6 0.0079 in.) (see Figure 6–5). If the distance is incorrect, the device should be adjusted accordingly.

As mentioned previously, the liquid limit is identified in the laboratory as that water content of the soil at which a groove of standard width is closed a distance of 1_2 in. when jarred in a standard manner by exactly 25 drops (or blows) from a height of 1 cm in a liquid limit device. Hence, the general procedure is to place a sample in the brass cup of the liquid limit device, cut the standard groove, and then count the number of drops of the device that are required to close the groove. If the number of drops turns out to be exactly 25, the water content of the sample could be determined, and it would be the liquid limit. This would happen only by chance, however; hence, the standard procedure is to carry out the foregoing operation at least three times for three different water contents. Each time the number of drops required to close the groove and the water content of the sample are determined. Then by plotting these data on semilogarithmic graph paper, the water content at which exactly 25 drops will presumably close the groove can be read. This water content is taken to be the liquid limit of the soil.

The generalized procedure presented in the preceding paragraph is denoted by ASTM as the “Multipoint Liquid Limit—Method A.” An alternative ASTM procedure is known as the “One-Point Liquid Limit—Method B.” In Method B, a soil sample is placed in the brass cup of the liquid limit device, the standard groove is cut, and the number of drops of the device that are required to close the groove is counted. If that number of drops is less than 20 or more than 30, the water content of the soil is adjusted and the procedure repeated until a test is done with a number of drops between 20 and 30, at which time the water content of the soil is determined. The liquid limit is computed using an equation involving the number of drops (between 20 and 30) required to close the groove and the associated water content of the soil. Two such determinations are done, and an average value is taken as the liquid limit.

Whether to use Method A or Method B should be specified by the requesting authority. If no method is specified, Method A is preferred, as it is generally more precise.

The actual step-by-step procedure for Multipoint Liquid Limit—Method A is as follows (ASTM D 4318-00 [5]):

(1) Thoroughly remix the specimen (soil) in its mixing cup, and, if necessary, adjust its water content until the consistency requires about 25 to 35 blows of the liquid limit device to close the groove. Using a spatula, place a portion(s) of the prepared soil in the cup of the liquid limit device at the point where the cup rests on the base, squeeze it down, and spread it into the cup to a depth of about 10 mm at its deepest point, tapering to form an approximately horizontal surface. Take care to eliminate air bubbles from the soil pat but form the pat with as few strokes as possible. Keep the unused soil in the storage dish. Cover the storage dish with a wet towel (or use other means) to retain the moisture in the soil.

(2) Form a groove in the soil pat by drawing the tool, beveled edge forward, through the soil on a line joining the highest point to the lowest point on the rim of the cup. When cutting the groove, hold the grooving tool against the surface of the cup and draw in an arc, maintaining the tool perpendicular to the surface of the cup throughout its movement. In soils where a groove cannot be made in one stroke without tearing the soil, cut the groove with several strokes of the grooving tool. Alternatively, cut the groove to slightly less than required dimensions with a spatula and use the grooving tool to bring the groove to final dimensions. Exercise extreme care to prevent sliding the soil pat relative to the surface of the cup.

(3) Verify that no crumbs of soil are present on the base or the underside of the cup. Lift and drop the cup by turning the crank at a rate of 1.9 to 2.1 drops per second until the two halves of the soil pat come in contact at the bottom of the groove along a distance of 13 mm (1_2 in.).

Note 1—Use of a scale is recommended to verify that the groove has closed 13 mm (1_2 in.).

(4) Verify that an air bubble has not caused premature closing of the groove by observing that both sides of the groove have flowed together with approximately the same shape. If a bubble has caused premature closing of the groove, re-form the soil in the cup, adding a small amount of soil to make up for that lost in the grooving operation and repeat (1) to (3). If the soil slides on the surface of the cup, repeat (1) through (3) at a higher water content. If, after several trials at successively higher water contents, the soil pat continues to slide in the cup or if the number of blows required to close the groove is always less than 25, record that the liquid limit could not be determined, and report the soil as nonplastic without performing the plastic limit test.

(5) Record the number of drops N required to close the groove. Remove a slice of soil approximately the width of the spatula, extending from edge to edge of the soil cake at right angles to the groove and including that portion of the groove in which the soil flowed together, place in a weighed container, and cover.

(6) Return the soil remaining in the cup to the storage dish. Wash and dry the cup and grooving tool and reattach the cup to the carriage in preparation for the next trial.

(7) Remix the entire soil specimen in the storage dish adding distilled water to increase the water content of the soil and decrease the number of blows required to close the groove. Repeat (1) through (6) for at least two additional trials producing successively lower numbers of blows to close the groove. One of the trials shall be for a closure requiring 25 to 35 blows, one for closure between 20 and 30 blows, and one trial for a closure requiring 15 to 25 blows.

(8) Determine the water content of the soil specimen from each trial in accordance with ASTM Method D 2216 (Chapter 3). Initial weighings should be performed immediately after completion of the test. If the test is to be interrupted for more than about 15 minutes, the specimens already obtained should be weighed at the time of the interruption.

If using One-Point Liquid Limit—Method B, prepare the specimen in accordance with procedures described previously (page 56), except that at mixing, adjust the water content to a consistency requiring 20 to 30 drops of the liquid limit cup to close the groove. The step-by-step procedure is as follows (ASTM D 4318-95a [5]):

(1) Proceed as described in (1) through (5) for Method A except that the number of blows required to close the groove shall be 20 to 30. If less than 20 or more than 30 blows are required, adjust the water content of the soil and repeat the procedure.

(2) Immediately after removing a water content specimen as described in (5) for Method A, re-form the soil in the cup, adding a small amount of soil to make up for that lost in the grooving and water content sampling orientations. Repeat (2) through (5) for Method A, and, if the second closing of the groove requires the same number of drops or no more than two drops difference, secure another water content specimen. Otherwise, remix the entire specimen and repeat.

Note 2—Excessive drying or inadequate mixing will cause the number of blows to vary.

(3) Determine water contents of specimens in accordance with (8) for Method A.

The data to be collected for each trial are the number of drops required to close the groove and the water content of the soil at that number of drops. Recall from Chapter 3 that, in order to determine water content, the mass of the container, mass of container plus wet soil, and mass of container plus oven-dried soil must be obtained. Because more than one water content must be determined, each container identification number should be recorded also. To summarize, the data collected for each trial in this test should include the following:

Number of drops, N

Container identification number

Mass of container, Mc
Mass of container plus moist soil, Mcws
Mass of container plus oven-dried soil, Mcs
As indicated previously, the liquid limit is that water content of the soil at which the standard groove is closed a distance of 1_2 in. by exactly 25 drops. This is determined for Method A (Multipoint Liquid Limit) by plotting, on semilogarithmic graph paper, water content along the ordinate (arithmetical scale) versus number of drops along the abscissa (logarithmic scale) and drawing the best straight line through the plotted points. The resulting graph is referred to as a flow curve. From the flow curve, the liquid limit can be read as the water content at 25 drops.

For Method B (One-Point Liquid Limit), the liquid limit for each water content specimen can be determined using one of the following equations [5]:


(6–2)

or


LL 5 kw(6–3)

where:


N 5 number of blows causing closure of the groove at water content


w 5 water content


k 5 factor given in Table 6–1

The liquid limit is the average of the two trial liquid limit values. If the difference between the two trial liquid limit values is greater than one percentage point, repeat the test.

A laboratory test was conducted according to the previous procedure (Method A). The following data were obtained:

Determination No.
1
2
3

Number of drops
30
23
18

Can no.
A-1
A-2
A-3

Mass of can 1 moist soil, Mcws
34.06 g
32.47 g
37.46 g

Mass of can 1 dry soil, Mcs
27.15 g
25.80 g
29.00 g

Mass of can, Mc
11.80 g
11.61 g
11.69 g

The moisture content for each determination can be computed using Eq. (3–1). For the first determination,

Mw 5 Mcws 2 Mcs
Mw 5 34.06 2 27.15 5 6.91 g

Ms 5 Mcs 2 Mc
Ms 5 27.15 2 11.80 5 15.35 g


(3–1)

Moisture contents for the second and third trials can be computed similarly. All results are shown on the form on page71. (At the end of the chapter, two blank copies of this form are included for the reader’s use.)

After the moisture contents have been determined, the flow curve can be obtained by plotting, on semilogarithmic graph paper, moisture content along the ordinate (arithmetical scale) versus number of drops along the abscissa (logarithmic scale) and drawing the best-fitting straight line through the plotted points. This is shown in Figure 6–6. (At the end of the text, a blank copy of semilogarithmic graph paper is included and may be photocopied as needed.) The liquid limit can be determined from the flow curve by noting the water content that corresponds to 25 drops. In this example, the liquid limit is observed to be 46.4%.

The primary result of the test performed is, of course, the value of the liquid limit. As pointed out earlier in this chapter, it can be used to approximate the compression index [Eq. (6–1)] for normally consolidated clays. In most cases, however, the liquid limit is determined and utilized in association with the other Atterberg limits and the plasticity index, all of which are used conjointly in soil identification and classification.

As mentioned previously, soil may be air dried prior to sieving (through a No. 40 sieve) to obtain the liquid limit sample, but it should not be oven dried. After sieving, care must be taken to ensure that the sample is well mixed with water prior to placing it in the brass cup of the liquid limit device. Entrapped air in the sample should be removed prior to the test, as it may decrease the accuracy of the results obtained.

The test shall always proceed from the dryer to the wetter condition of the soil. In no case shall dried soil be added to the seasoned soil being tested [5].
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Liquid Limit Determination

Sample No.
15
Project No.
SR 2828
Boring No.
B-21
Location
Newell, N.C.
Depth of Sample
3 ft
Description of Sample
Reddish brown silty clay
Tested by
John Doe
Date
1/26/02
Method used (Check one)
H Method A


h Method B

Method A: From the flow curve, the liquid limit 5   46.4   %

Method B: From equation, the liquid limit for no. 1 determination 5 ________ %

From equation, the liquid limit for no. 2 determination 5 ________ %

The liquid limit (average of the two determinations) 5 ________ %
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Chapter 6Table 6–1  Factors for Obtaining Liquid Limit from Water Content and Number of Drops Causing Closure of Groove [5]


N
k

(Number of Drops)
(Factor for Liquid Limit)


20
0.974


21
0.979


22
0.985


23
0.990


24
0.995


25
1.000


26
1.005


27
1.009


28
1.014


29
1.018


30
1.022Numerical Example
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