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Introduction

As discussed in Chapter 6, the shrinkage limit is the dividing line between the semisolid and solid states. It is quantified for a given soil as a specific water content, and from a physical standpoint it is the water content that is just sufficient to fill the voids when the soil is at the minimum volume it will attain on drying. In other words, the smallest water content at which a soil can be completely saturated is the shrinkage limit. Below the shrinkage limit, any water content change will not result in volume change; above the shrinkage limit, any water content change will result in accompanying volume change (see Figure 8–1).

Another soil parameter that is often determined in conjunction with the shrinkage limit is the shrinkage ratio, which is an indicator of how much volume change may occur as changes in water content above the shrinkage limit take place. The shrinkage ratio is defined as the ratio of a given volume change, expressed as a percentage of the dry volume, to the corresponding change in water content above the shrinkage limit, expressed as a percentage of the mass of oven-dried soil. In equation form,


(8–1)

where:


R 5 shrinkage ratio


DV 5 soil volume change, cm3

Vo 5 volume of oven-dried soil, cm3

Dw 5 change in water content, g


Mo 5 mass of oven-dried soil, g

Because Dw 5 (DV)(rw), where rw is the unit mass of water in g/cm3, Eq. (8–1) may be rewritten as

or

Because the unit mass of water, rw, is 1 g/cm3, the shrinkage ratio may be expressed simply as [1]


(8–2)

Evaporating dish [about 140 mm (51_2  in.) in diameter; see Figures 8–2 and 8–3]

Spatula

Shrinkage dish (see Figures 8–2 and 8–3)

Straightedge (steel)

Glass cup [about 57 mm (21_2 in.) in diameter and about 31 mm (11_4 in.) in height; see Figures 8–2 and 8–3]

Glass plate (with three metal prongs; see Figures 8–2 and 8–3)

Graduate (glass) (see Figure 8–3)

Balance (with accuracy to 0.1 g)

Mercury

Petroleum jelly

Shallow pan [about 20 by 20 by 5 cm (8 by 8 by 2 in.) deep, nonmetallic (preferably glass) pan used to contain accidental mercury spills]

ASTM D 421 gives specific instructions for preparing soil samples for particle-size analysis (see Chapter 9) and determining soil constants, including shrinkage limit. The general soil preparation procedure is to air-dry samples first and then pulverize them. A pulverized sample is passed through a No. 40 sieve, and the portion of the sample that passed through is used for determining the shrinkage limit. Approximately 80 g should be used in finding the shrinkage limit of a soil.

The general procedure for determining shrinkage limit is begun by placing the sample in an evaporating dish and mixing it with enough distilled water to fill the soil voids completely. After the shrinkage dish is coated with petroleum jelly, wet soil is taken from the evaporating dish with the spatula and placed in the shrinkage dish. This should be done in three parts, with steps taken each time to drive all air out of the soil. After the shrinkage dish and wet soil are weighed, the soil is set aside to dry in air. It is then oven-dried overnight, after which the shrinkage dish and dry soil are weighed again. After the oven-dried soil pat is removed from the shrinkage dish, its volume can be determined by mercury displacement. The weight and volume of the empty shrinkage dish must also be determined. The latter (i.e., the volume of the shrinkage dish) is also done by mercury displacement, and it is the same as the volume of the wet soil pat. With these data known, the shrinkage limit and shrinkage ratio can be determined by formulas.

The actual step-by-step procedure is as follows (ASTM D 427-98 [1]):

(1) Place the soil in the evaporating dish and thoroughly mix with distilled water. The amount of water added should produce a soil of the consistency somewhat above the liquid limit (Chapter 6) based on visual inspection. In physical terms, this is a consistency that is not a slurry but one that will flow sufficiently to expel air bubbles when using gentle tapping action. It is desirable to use the minimum possible water content. This is of some importance with very plastic soils so that they do not crack during the drying process.

(2) Coat the inside of the shrinkage dish with a thin layer of petroleum jelly, silicone grease, or similar lubricant to prevent the adhesion of the soil to the dish. Determine and record the mass in grams of the empty dish, MT.

(3) Place the shrinkage dish in the shallow pan in order to catch any mercury overflow. Fill the shrinkage dish to overflowing with mercury. Remove the excess mercury by pressing the glass plate firmly over the top of the shrinkage dish. Observe that there is no air trapped between the plate and mercury and, if there is, refill the dish and repeat the process. Determine the volume of mercury held in the shrinkage dish either by means of the glass graduate or by dividing the measured mass of mercury by the mass density of mercury (equal to 13.55 Mg/m3). Record this volume in cubic centimeters of the wet soil pat, V.

Note 1—Caution—Mercury is a hazardous substance which can cause serious health effects from prolonged inhalation of the vapor or contact with the skin.

Note 2—It is not necessary to measure the volume of the shrinkage dish (wet soil pat) during each test. The value of a previous measurement may be used provided that it was obtained as specified in (3) and the shrinkage dish is properly identified and in good physical condition.

(4) Place an amount of the wetted soil equal to about one-third the volume of the dish in the center of the dish, and cause the soil to flow to the edges by tapping the dish on a firm surface cushioned by several layers of blotting paper or similar material. Add an amount of soil approximately equal to the first portion, and tap the dish until the soil is thoroughly compacted and all included air has been brought to the surface. Add more soil and continue the tapping until the dish is completely filled and excess soil stands out above its edge. Strike off the excess soil with a straightedge, and wipe off all soil adhering to the outside of the dish. Immediately after it is filled and struck off, determine and record the mass in grams of the dish and wet soil, Mw.

(5) Allow the soil pat to dry in air until the color of the soil turns from dark to light. Oven-dry the soil pat to constant mass at 
110 6 5°C (230 6 9°F). If the soil pat is cracked or has broken in pieces, return to (1) and prepare another soil pat using a lower water content. Determine and record the mass in g of the dish and dry soil, MD.

(6) Determine the volume of the dry soil pat by removing the pat from the shrinkage dish and immersing it in the glass cup full of mercury in the following manner.

(6.1) Place the glass cup in the shallow pan in order to catch any mercury overflow. Fill the glass cup to overflowing with mercury. Remove the excess mercury by pressing the glass plate with the three prongs (Figure 8–2) firmly over the top of the cup. Observe that there is no air trapped between the plate and mercury and, if there is, refill the dish and repeat the process. Carefully wipe off any mercury that may be adhering to the outside of the cup.

(6.2) Place the evaporating dish in the shallow pan in order to catch any mercury overflow. Place the cup filled with mercury in the evaporating dish and rest the soil pat on the surface of the mercury (it will float). Using the glass plate with the three prongs, gently press the pat under the mercury and press the plate firmly over the top of the cup to expel any excess mercury. Observe that no air is trapped between the plate and mercury and, if there is, repeat the process starting from (6.1). Measure the volume of the mercury displaced into the evaporating dish either by means of the glass graduate or by dividing the measured mass of mercury by the mass density of mercury. Record the volume in cubic centimeters (cubic feet) of the dry soil pat, Vo.

Data collected in this test should include the following:

Mass of dish coated with petroleum jelly, MT
Mass of dish coated with petroleum jelly plus wet soil, Mw
Mass of dish coated with petroleum jelly plus oven-dried soil, MD
Volume of dish, V (which is equal to the volume of the wet soil pat)

Volume of oven-dried soil pat, Vo
From the known mass of the dish coated with petroleum jelly, MT, mass of the dish coated with petroleum jelly plus wet soil, Mw, and mass of the dish coated with petroleum jelly plus oven-dried soil, MD, the water content of the wet soil pat, w, can be computed using the following equations [1]:


Initial wet soil mass (M) 5 Mw 2 MT(8–3)


Dry soil mass (Mo) 5 MD 2 MT(8–4)


(8–5)

With the water content known, the shrinkage limit can be computed using equation [1]:


(8–6)

where:


SL 5 shrinkage limit (expressed as a percentage)


w 5 water content of wet soil in the shrinkage dish (expressed as a percentage)


V 5 volume of wet soil pat (same as volume of shrinkage dish), cm3

Vo 5 volume of oven-dried soil pat, cm3

rw 5 approximate density of water equal to 1.0 g/cm3

Mo 5 mass of oven-dried soil pat, g

The shrinkage ratio R can be computed using equation [1]:


(8–7)

A laboratory test was conducted according to the procedure described previously. The following data were obtained:

Mass of dish coated with petroleum jelly, MT 5 11.30 g

Mass of dish coated with petroleum jelly plus wet soil, 
Mw 5 38.51 g

Mass of dish coated with petroleum jelly plus oven-dried soil, 
MD 5 32.81 g

Volume of wet soil pat (same as volume of shrinkage dish), 
V 5 15.26 cm3
Volume of oven-dried soil pat, Vo 5 12.83 cm3
The water content of the wet soil pat can be computed using Eqs. (8–3) through (8–5).


(8–3)


(8–4)


(8–5)

Equation (8–6) can then be used to compute the shrinkage limit:


(8–6)

Finally, Eq. (8–7) can be used to find the shrinkage ratio:


(8–7)

These results, together with the initial data, are summarized in the form on page 97. At the end of the chapter, two blank copies of this form are included for the reader’s use.

The shrinkage limit and shrinkage ratio are particularly useful in analyzing soils that undergo large volume changes with changes in water content (such as clays). The shrinkage ratio gives an indication of how much volume change may occur as changes in water content above the shrinkage limit take place. Large changes in soil volume are important considerations for soils that are to be used as fill material for highways and railroads or for soils that are to support structural foundations. Unequal settlements resulting from such volume changes can result in cracks in structures or unevenness in roadbeds.

[1]  ASTM, 2001 Annual Book of ASTM Standards, West Conshohocken, PA, 2001. Copyright, American Society for Testing and Materials, 
100 Barr Harbor Drive, West Conshohocken, PA 19428-2959. Reprinted with permission.
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Water content of soil when placed in dish, w (%)
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