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Introduction

The general meaning of the verb “compact” is “to press closely together.” In soil mechanics, it means to press soil particles tightly together by expelling air from void spaces between the particles. Compaction is normally done deliberately, often by heavy compaction rollers, and proceeds rapidly during construction. Compaction increases soil unit weight, thereby producing three important effects: (1) an increase in sheer strength, (2) a decrease in future settlement, and (3) a decrease in permeability [1]. These three changes in soil characteristics are beneficial for some types of earth construction, such as highways, airfields, and earth dams; as a general rule, the greater the compaction, the greater the benefits will be. Compaction is actually a rather cheap and effective way to improve the properties of a soil.

The amount of compaction is quantified in terms of the dry unit weight of the soil. Usually, dry soils can be compacted best (and thus a greater unit weight achieved) if for each soil, a certain amount of water is added. In effect, water acts as a lubricant, allowing soil particles to be packed together better. However, if too much water is added, a lower unit weight will result. Thus, for a given compactive effort, there is a particular moisture content at which dry unit weight is greatest and compaction is best. This moisture content is known as the optimum moisture content, and the associated dry unit weight is called the maximum dry unit weight.

The usual practice in a construction project is to perform laboratory compaction tests on representative samples from the construction site to determine the optimum moisture content and maximum dry unit weight. The maximum dry unit weight is used by designers in specifying design sheer strength, resistance to future settlement, and permeability characteristics. The soil is then compacted by field compaction methods to achieve the laboratory maximum dry unit weight (or a percentage of it). In-place soil unit weight tests (discussed in Chapters 13, 14, and 15) are used to determine if and when the laboratory maximum dry unit weight (or an acceptable percentage thereof) has been achieved.

A common compaction test is known as the Standard Proctor test. The exact procedure for conducting a Standard Proctor test is described later in this chapter, but the basic premise of the test is that a soil sample is compacted in a 4- or 6-in. (101.6- or 152.5-mm) diameter mold by dropping a 5.5-lb (24.4-N) hammer onto the sample from a height 
of 12 in. (305 mm), producing a compactive effort of 12,400 ft-lb/ft3 
(600 kN-m/m3). An alternative test, known as the Modified Proctor test, uses a 10-lb (44.5-N) hammer that is dropped 18 in. (457 mm). The latter produces greater compaction and, hence, greater soil unit weight (because the hammer is heavier, drops farther, and therefore exerts greater compaction effort on the soil sample). Therefore, the Modified Proctor test may be used when greater soil unit weight is required. Only the Standard Proctor test is described in detail in this book. For details regarding the Modified Proctor test, the reader is referred to ASTM D 1557 [2].

Three alternative methods are provided for carrying out a Standard Proctor test [2]:

(1) Method A:

(1.1) Mold—4-in. (101.6-mm) diameter.

(1.2) Material—Passing No. 4 (4.75-mm) sieve.

(1.3) Layers—Three.

(1.4) Blows per layer—25.

(1.5) Use—May be used if 20% or less by mass of the material is retained on the No. 4 (4.75-mm) sieve.

(1.6) Other Use—If this method is not specified, materials that meet these gradation requirements may be tested using Methods B or C.

(2) Method B:

(2.1) Mold—4-in. (101.6-mm) diameter.

(2.2) Material—Passing 3_8-in. (9.5-mm) sieve.

(2.3) Layers—Three.

(2.4) Blows per layer—25.

(2.5) Use—Shall be used if more than 20% by mass of the material is retained on the No. 4 (4.75-mm) sieve and 20% or less by mass of the material is retained on the 3_8-in. (9.5-mm) sieve.

(2.6) Other Use—If this method is not specified, materials 
that meet these gradation requirements may be tested using Method C.

(3) Method C:

(3.1) Mold—6-in. (152.4-mm) diameter.

(3.2) Material—Passing 3_4-in. (19.0-mm) sieve.

(3.3) Layers—Three.

(3.4) Blows per layer—56.

(3.5) Use—Shall be used if more than 20% by mass of the material is retained on the 3_8-in. (9.5-mm) sieve and less than 30% by mass of the material is retained on the 3_4-in. (19.0-mm) sieve.

(4) The 6-in. (152.4-mm) diameter mold shall not be used with Method A or B.

Note 1—Results have been found to vary slightly when a material is tested at the same compactive effort in different size molds.

This test method applies only to soils that have 30% or less by mass of particles retained on the the 3_4-inch (19.0-mm) sieve.

Note 2—For relationships between unit weights and water contents of soils with 30% or less by weight of material retained on the 3_4-in. (19.0-mm) sieve to unit weights and water contents of the fraction passing 3_4-in. (19.0-mm) sieve, see ASTM Practice D 4718.

If the specimen contains more than 5% by weight oversize fraction (coarse fraction) and the material will not be included in the test, corrections must be made to the unit weight and water content of the specimen or to the appropriate field in-place density test specimen using ASTM Practice D 4718.

Compaction test equipment (see Figures 11–1 through 11–5)

Mold, 4 in.—A mold having a 4.000 6 0.016-in. (101.6 6 0.4-mm) average inside diameter, a height of 4.584 6 0.018-in. (116.4 6 0.5-mm) and a volume of 0.0333 6 0.0005 ft3 (944 6 14 cm3). A mold assembly having the minimum required features is shown in Figure 11–1.

Mold, 6 in.—A mold having a 6.000 6 0.026-in. (152.4 6 
0.7- mm) average inside diameter, a height of 4.584 6 0.018-in. (116.4 6 0.5-mm), and a volume of 0.075 6 0.0009ft3 (2124 6 25 cm3). A mold assembly having the minimum required features is shown in Figure 11–2.

5.5-lb (24.4-N) hammer, to be operated manually or mechanically to drop a free fall of 12 in. (305 mm) onto the soil (see Figure 11–3)

Sample extruder

Balances

One with a 20-kilogram (kg) capacity and accuracy to 1 g

One with a 1,000-g capacity and accuracy to 0.01 g

Drying oven

Straightedge

Sieves (3 in., 3_4 in., 3_8 in., and No. 4)

Soil mixer (see Figure 11–5)

Miscellaneous mixing tools, such as a mixing pan, spoon, trowel, etc. (see Figure 11–4).

Perform calibrations before initial use, after repairs or other occurrences that might affect the test results, at intervals not exceeding 1,000 test specimens, or annually, whichever occurs first, for the following apparatus:

Balance—Evaluate in accordance with ASTM Specification D 4753.

Molds—Determine the volume as described in the next section.

Manual Rammer—Verify the free-fall distance, rammer mass, rammer face, and guide sleeve requirements.

Mechanical Rammer—Calibrate and adjust the mechanical rammer in accordance with ASTM Test Methods D 2168. In addition, the clearance between the rammer and the inside surface of the mold shall be verified.

(1) Scope

(1.1) This describes the procedure for determining the volume of a compaction mold.

(1.2) The volume is determined by a water-filled method and checked by a linear-measurement method.

(2) Apparatus

(2.1) In addition to the apparatus listed previously, the following items are required:

(2.1.1) Vernier or Dial Caliper—having a measuring range of at least 0 to 6 in. (0 to 150 mm) and readable to at least 0.001 in. (0.02 mm).

(2.1.2) Inside Micrometer—having a measuring range of at least 2 to 12 in. (50 to 300 mm) and readable to at least 0.001 in. (0.02 mm).

(2.1.3) Plastic or Glass Plates—Two plastic or glass plates approximately 8 in. square by 1_4 in. thick (200 by 200 mm by 6 mm).

(2.1.4) Thermometer—0 to 50°C range, 0.5°C graduations.

(2.1.5) Stopcock Grease or similar sealant.

(2.1.6) Miscellaneous Equipment—Bulb syringe, towels, etc.

(3) Precautions

(3.1) Perform this procedure in an area isolated from drafts or extreme temperature fluctuations.

(4) Procedure

(4.1) Water-Filling Method:

(4.1.1) Lightly grease the bottom of the compaction mold and place it on one of the plastic or glass plates. Lightly grease the top of the mold. Be careful not to get grease on the inside of the mold. If it is necessary to use the base plate, place the greased mold onto the base plate and secure with the locking studs.

(4.1.2) Determine the mass of the greased mold and both plastic or glass plates to the nearest 0.01 lb (1 g) and record. When the base plate is being used in lieu of the bottom plastic or glass plate, determine the mass of the mold, base plate, and a single plastic or glass plate to be used on top of the mold to the nearest 0.01 lb (1 g) and record.

(4.1.3)  Place the mold and the bottom plastic or glass plate on a firm, level surface and fill the mold with water to slightly above its rim.

(4.1.4) Slide the second plate over the top surface of the mold so that the mold remains completely filled with water and air bubbles are not entrapped. Add or remove water as necessary with a bulb syringe.

(4.1.5) Completely dry any excess water from the outside of the mold and plates.

(4.1.6) Determine the mass of the mold, plates, and water and record to the nearest 0.01 lb (1 g).

(4.1.7) Determine the temperature of the water in the mold to the nearest 1°C and record. Determine and record the absolute density of water from Table 11–1.

(4.1.8) Calculate the mass of water in the mold by subtracting the mass determined in (4.1.2) from the mass determined in (4.1.6).

(4.1.9) Calculate the volume of water by dividing the mass of water by the density of water and record to the nearest 0.0001 ft3 
(1 cm3).

(4.1.10) When the base plate is used for the calibration of the mold volume, repeat (4.1.3) through (4.1.9).

(4.2) Linear-Measurement Method:

(4.2.1) Using either the vernier caliper or the inside micrometer, measure the diameter of the mold six times at the top of the mold and six times at the bottom of the mold, spacing each of the six top and bottom measurements equally around the circumference of the mold. Record the values to the nearest 0.001 in. (0.02 mm).

(4.2.2) Using the vernier caliper, measure the inside height of the mold by making three measurements equally spaced around the circumference of the mold. Record values to the nearest 0.001 in. (0.02 mm).

(4.2.3) Calculate the average top diameter, average bottom diameter, and average height.

(4.2.4) Calculate the volume of the mold and record to the nearest 0.0001 ft3 (1 cm3) as follows:

where:


V 5 volume of mold, ft3 (cm3)


h 5 average height, in. (mm)


db 5 average top diameter, in. (mm)


dt 5 average bottom diameter, in. (mm)


1_1728 5 constant to convert in.3 to ft3

1_103 5 constant to convert mm3 to cm3
(5) Comparison of Results

(5.1) The volume obtained by either method should be within the volume tolerance requirements of the “Apparatus and Supplies” section.

(5.2) The difference between the two methods should not exceed 0.5% of the nominal volume of the mold.

(5.3) Repeat the determination of volume if these criteria are not met.

(5.4) Failure to obtain satisfactory agreement between the two methods, even after several trials, is an indication that the mold is badly deformed and should be replaced.

(5.5) Use the volume of the mold determined using the water-filling method as the assigned volume value for calculating the moist and dry density.

Table 11–1  Density of Watera [2]

Temperature, °C (°F)
Density of Water, g/ml


18 (64.4)
0.99862


19 (66.2)
0.99843


20 (68.0)
0.99823


21 (69.8)
0.99802


22 (71.6)
0.99779


23 (73.4)
0.99756


24 (75.2)
0.99733


25 (77.0)
0.99707


26 (78.8)
0.99681

AValues other than shown may be obtained by referring to the Handbook of Chemistry and Physics, Chemical Rubber Publishing Co., Cleveland, Ohio.

(1) The required sample mass for Methods A and B is approximately 35 lb (16 kg), and for Method C is approximately 65 lb (29 kg) of dry soil. Therefore, the field sample should have a moist mass of at least 50 lb (23 kg) and 100 lb (45 kg), respectively.

(2) Determine the percentage of material by mass retained on the No. 4 (4.75-mm), 3_8-in. (9.5-mm), or 3_4-in. (19.0-mm) sieve as appropriate for choosing Method A, B, or C. Make this determination by separating out a representative portion from the total sample and determining the percentages passing the sieves of interest by ASTM Test Methods D 422 or C 136. It is only necessary to calculate percentages for the sieve or sieves for which information is desired.

(1) Select the proper compaction mold in accordance with the method (A, B, or C) being used. Determine and record its mass to the nearest gram. Assemble the mold, base and extension collar. Check the alignment of the inner wall of the mold and mold extension collar. Adjust if necessary.

(2) Check that the rammer assembly is in good working condition and that parts are not loose or worn. Make any necessary adjustments or repairs. If adjustments or repairs are made, the rammer must be recalibrated.

To carry out a laboratory compaction test, a soil at a selected water content is placed in three layers into a mold of given dimensions, with each layer compacted by 25 (Methods A and B) or 56 (Method C) blows of a 
5.5-lb (24.4-N) rammer dropped from a distance of 12 in. (305 mm), subjecting the soil to a total compactive effort of about 12,400 ft-lb/ft3 
(600 kN-m/m3). The resulting dry unit weight is determined. The procedure is repeated for a sufficient number of water contents to establish a relationship between the dry unit weight and the water content for the soil. These data, when plotted, represent a curvilinear relationship known as the compaction curve. The values of optimum water content and standard maximum dry unit weight are determined from the compaction curve.

The actual step-by-step procedure is as follows (ASTM D 698-00 [2]):

(1) Soils:

(1.1) Do not reuse soil that has been previously laboratory compacted.

(1.2) When using this test method for soils containing hydrated halloysite, or where past experience with a particular soil indicates that results will be altered by air drying, use the moist preparation method [see (2)].

(1.3) Prepare the soil specimens for testing in accordance with (2) (preferred) or with (3).

(2) Moist Preparation Method (preferred)—Without previously drying the sample, pass it through a No. 4 (4.75-mm), 3_8-in. (9.5-mm), or 3_4-in. (19.0-mm) sieve, depending on the method (A, B, or C) being used. Determine the water content of the processed soil.

(2.1) Prepare at least four (preferably five) specimens having water contents such that they bracket the estimated optimum water content. A specimen having a water content close to optimum should be prepared first by trial additions of water and mixing (see Note 1). Select water contents for the rest of the specimens to provide at least two specimens wet and two specimens dry of optimum, and water contents varying by about 2%. At least two water contents are necessary on the wet and dry side of optimum to accurately define the dry unit weight compaction curve [see (5)]. Some soils with very high optimum water content or a relatively flat compaction curve may require larger water content increments to obtain a well-defined maximum dry unit weight. Water content increments should not exceed 4%.

Note 1—With practice it is usually possible to visually judge a point near optimum water content. Typically, soil at optimum water content can be squeezed into a lump that sticks together when hand pressure is released, but will break cleanly into two sections when “bent.” At water contents dry of optimum, soils tend to crumble; wet of optimum, soils tend to stick together in a sticky cohesive mass. Optimum water content is typically slightly less than the plastic limit.

(2.2) Use approximately 5 lbm (2.3 kg) of the sieved soil for each specimen to be compacted using Method A or B, or 13 lbm (5.9 kg) using Method C. To obtain the specimen water contents selected in (2.1), add or remove the required amounts of water as follows: to add water, spray it into the soil during mixing; to remove water, allow the soil to dry in air at ambient temperature or in a drying apparatus such that the temperature of the sample does not exceed 140°F (60°C). Mix the soil frequently during drying to maintain an even water content distribution. Thoroughly mix each specimen to ensure even distribution of water throughout and then place in a separate covered container and allow to stand in accordance with Table 11–2 prior to compaction. For the purpose of selecting a standing time, the soil may be classified using ASTM Test Method D 2487, Practice D 2488, or data on other samples from the same material source. For referee testing, classification shall be by ASTM Test Method D 2487.

Table 11–2 Required Standing Times of Moisturized Specimens


Classification
Minimum Standing Time, h


GW, GP, SW, SP
No Requirement


GM, SM
 3


All other soils
16

(3) Dry Preparation Method—If the sample is too damp to be friable, reduce the water content by air drying until the material is friable. Drying may be in air or by the use of drying apparatus such that the temperature of the sample does not exceed 140°F (60°C). Thoroughly break up the aggregations in such a manner as to avoid breaking individual particles. Pass the material through the appropriate sieve: No. 4 (4.75-mm), 3_8-in. (9.5-mm), or 3_4-in. (19.0-mm). When preparing the material by passing over the 3_4-in. sieve for compaction in the 6-in. mold, break up aggregations sufficiently to at least pass the 3_8-in. sieve in order to facilitate the distribution of water throughout the soil in later mixing.

(3.1) Prepare at least four (preferably five) specimens in accordance with (2.1).

(3.2) Use approximately 5 lbm (2.3 kg) of the sieved soil for each specimen to be compacted using Method A or B, or 13 lbm (5.9 kg) using Method C. Add the required amounts of water to bring the water contents of the specimens to the values selected in (3.1). Follow the specimen preparation procedure specified in (2.2) for drying the soil or adding water into the soil and curing each test specimen.

(4) Compaction—After curing, if required, each specimen shall be compacted as follows:

(4.1) Determine and record the mass of the mold or mold and base plate.

(4.2) Assemble and secure the mold and collar to the base plate. The mold shall rest on a uniform rigid foundation, such as provided by a cylinder or cube of concrete with a mass of not less than 200 lbm (91 kg). Secure the base plate to the rigid foundation. The method of attachment to the rigid foundation shall allow easy removal of the assembled mold, collar, and base plate after compaction is completed.

(4.3) Compact the specimen in three layers. After compaction, each layer should be approximately equal in thickness. Prior to compaction, place the loose soil into the mold and spread into a layer of uniform thickness. Lightly tamp the soil prior to compaction until it is not in a fluffy or loose state, using either the manual compaction rammer or a 2-in. (5-mm) diameter cylinder. Following compaction of each of the first two layers, any soil adjacent to the mold walls that has not been compacted or extends above the compacted surface shall be trimmed. The trimmed soil may be included with the additional soil for the next layer. A knife or other suitable device may be used. The total amount of soil used shall be such that the third compacted layer slightly extends into the collar, but does not exceed 1_4 in. (6 mm) above the top of the mold. If the third layer does extend above the top of the mold by more than 1_4 in. (6 mm), the specimen shall be discarded. The specimen shall be discarded when the last blow of the rammer for the third layer results in the bottom of the rammer extending below the top of the compaction mold.

(4.4) Compact each layer with 25 blows for the 4-in. (101.6-mm) mold or with 56 blows for the 6-in. (152.4-mm) mold.

Note 2—When compacting specimens wetter than optimum water content, uneven compacted surfaces can occur and operator judgment is required as to the average height of the specimen.

(4.5) In operating the manual rammer, take care to avoid lifting the guide sleeve during the rammer upstroke. Hold the guide sleeve steady and within 5° of vertical. Apply the blows at a uniform rate of approximately 25 blows/min and in such a manner as to provide complete, uniform coverage of the specimen surface.

(4.6) Following compaction of the last layer, remove the collar and base plate from the mold, except as noted in (4.7). A knife may be used to trim the soil adjacent to the collar to loosen the soil from the collar before removal to avoid disrupting the soil below the top of the mold.

(4.7) Carefully trim the compacted specimen even with the top of the mold by means of the straightedge scraped across the top of the mold to form a plane surface even with the top of the mold. Initial trimming of the specimen above the top of the mold with a knife may prevent the soil from tearing below the top of the mold. Fill any holes in the top surface with unused or trimmed soil from the specimen, press in with the fingers, and again scrape the straightedge across the top of the mold. Repeat the appropriate preceding operations on the bottom of the specimen when the mold volume was determined without the base plate. For very wet or dry soils, soil or water may be lost if the base plate is removed. For these situations, leave the base plate attached to the mold. When the base plate is left attached, the volume of the mold must be calibrated with the base plate attached to the mold rather than a plastic or glass plate as noted in the “Volume of Compaction Mold” section.

(4.8) Determine and record the mass of the specimen and mold to the nearest gram. When the base plate is left attached, determine and record the mass of the specimen, mold, and base plate to the nearest gram.

(4.9) Remove the material from the mold. Obtain a specimen for water content by using either the whole specimen (preferred method) or a representative portion. When the entire specimen is used, break it up to facilitate drying. Otherwise, obtain a portion by slicing the compacted specimen axially through the center and removing about 500 g of material from the cut faces. Obtain the water content in accordance with ASTM Test Method D 2216.

(5) Following compaction of the last specimen, compare the wet unit weights to ensure that a desired pattern of obtaining data on each side of the optimum water content will be attained for the dry unit weight compaction curve. Plotting the wet unit weight and water content of each compacted specimen can be an aid in making the above evaluation. If the desired pattern is not obtained, additional compacted specimens will be required. Generally, one water content value greater than the water content defining the maximum wet unit weight is sufficient to ensure data on the wet side of optimum water content for the maximum dry unit weight.

Data collected in this test should include the following for each repetition of the compaction procedure:

[A] Density Data 

Mass of mold, Mm
Mass of compacted soil plus mold, Msm
[B] Moisture Content Data

Mass of container, Mc
Mass of container plus moist soil, Mcws
Mass of container plus oven-dried soil, Mcs
For each repetition of the compaction procedure, moisture content and both wet and dry unit weights must be determined. The moisture contents can be computed using Eq. (3–2). The unit weights can be determined as follows:


(11–1)

where:


rm 5 moist density of compacted specimen, Mg/m3,


Mt 5 mass of moist specimen and mold, kg,


Mmd 5 mass of compaction mold, kg, and


V 5 volume of compaction mold, m3

(11–2)

where:


rd 5 dry density of compacted specimen, Mg/m3, and


w 5 water content, %.


gd 5 62.43 rd in lb/ft3
(11–3)

or


gd 5 9.807 rd in kN/m3
(11–4)

where:


gd 5 dry unit weight of compacted specimen

The moisture-unit weight relationship for the soil sample being tested can be analyzed by plotting a graph with moisture contents along the abscissa and corresponding dry unit weights along the ordinate. The moisture content and dry unit weight corresponding to the peak of the plotted curve are termed “optimum moisture content” and “maximum dry unit weight,” respectively.

A laboratory test was conducted according to the procedure for Method A described previously. The following data were obtained for the first trial specimen of the compaction test:

[A] Unit Weight Data

Mass of mold, Mmd 5 1,990.0 g, or 1.990 kg

Mass of moist specimen and mold, Mt 5 3,718.2g, or 3.718 kg

Volume of compaction mold, V 5 0.03333 ft3, or 0.0009438 m3
[B] Moisture Content Data

Mass of container, Mc 5 45.20 g

Mass of container plus moist soil, Mcws 5 235.65 g

Mass of container plus oven-dried soil, Mcs 5 210.38 g

These data for the first trial specimen of the compaction test, together with the data for all succeeding trial specimens, are presented on the form on the following page. At the end of the chapter, two blank copies of this form are included for the reader’s use.

The moisture content, computed using Eq. (3–2), was determined to be 15.3%. The unit weights can be computed as follows:



(11–1)



(11–2)


 gwet 5 (62.43) (1.831) 5 114.3 lb/ft3
gd 5 (62.43) (1.588) 5 99.1 lb/ft3
These values are presented on the first line of the form on page 166. Similar calculations for the four remaining trial specimens were made, and the results are also given on the form.

(In using the form on page 166 the reader will note that columns B, C, F, G, H, and J contain data that were obtained during the test. Other columns contain values computed from test data. A key for facilitating computation of these values is given at the bottom of the form.)

The moisture-unit weight relationship (compaction curve) is obtained by plotting a graph of dry unit weight versus moisture content, as shown in Figure 11–6. (At the end of the text a copy of the blank graph form is included and may be photocopied as needed.) From this graph, the optimum moisture content is determined to be 20.7% and the maximum dry unit weight is 104.8 lb/ft3.

The primary values determined in a compaction test are, of course, the optimum moisture content and maximum dry unit weight; however, the written report would normally also include the compaction curve and the data form. In addition, the origin of the material tested, as well as a description of it, would normally be included, together with an indication of the method used (A, B, or C) and the preparation (moist or dry).

Type of soil is the primary factor affecting maximum dry unit weight and optimum moisture content for a given compactive effort and compaction method. Maximum dry unit weights may range from around 60 lb/ft3 for organic soils to about 145 lb/ft3 for well-graded, granular material containing just enough fines to fill small voids. Optimum moisture contents may range from around 5% for granular material to about 35% for elastic silts and clays. Higher optimum moisture contents are generally associated with lower dry unit weights. Higher dry unit weights are associated with well-graded granular materials. Uniformly graded sand, clays of high plasticity, and organic silts and clays typically respond poorly to compaction [4].

Tables 11–3 and 11–4 give some general compaction characteristics of various types of soil. Table 11–3 gives ranges for both maximum dry unit weight and optimum moisture content, along with anticipated embankment performance for soils classified according to the AASHTO system. Table 11–4 gives ranges for maximum dry unit weight together with values as embankment, subgrade, and base material for soils classified according to the Unified Soil Classification System.

[1]  T. William Lambe, Soil Testing for Engineers, John Wiley & Sons, Inc., New York, 1951.

[2]  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.

[3]  B.K. Hough, Basic Soils Engineering, 2d ed., The Ronald Press Company, New York, 1969. Copyright © 1969 by John Wiley & Sons, Inc.

[4]  Robert D. Krebs and Richard D. Walker, Highway Materials, McGraw-Hill Book Company, New York, 1971.

[5]  L.E. Gregg, “Earthwork,” in K.B. Woods, ed., Highway Engineering Handbook, McGraw-Hill Book Company, New York, 1960.

[6]  U.S. Army Corps of Engineers, The Unified Soil Classification System, Waterways Exp. Sta. Tech. Mem. 3-357 (including Appendix A, 1953, and Appendix B, 1957), Vicksburg, Miss., 1953.##
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Moisture
of Compacted
Weight

Trial
Moist Specimen
of Mold,
Moist
Specimen 

Wet Soil 1
Dry Soil 1
of Water,
Mass of
Dry Soil,
Content,
Specimen
gd

No.
 1 Mold, Mt (kg)
 Mmd (kg)
Specimen (kg)
rm (Mg/m3)
Can No.
Can, Mcws (g) 
Can, Mcs (g)
Mw (g)
Can, Mc (g)
Ms (g)
w (%)
rd (Mg/m3)
(lb/ft3)

 A
B
C
D
E
F
G
H
I
J
K
L
M
N

1
3.718
1.990
1.728
1.831
A-1
235.65
210.38
25.27
45.20
165.18
15.3
1.588
 99.1

2
3.802
1.990
1.812
1.920
A-2
231.50
203.55
27.95
43.83
159.72
17.5
1.634
102.0

3
3.903
1.990
1.913
2.027
A-3
236.48
203.27
33.21
43.14
160.13
20.7
1.679
104.8

4
3.921
1.990
1.931
2.046
A-4
256.63
217.16
39.47
44.80
172.36
22.9
1.665
103.9

5
3.901
1.990
1.911
2.025
A-5
243.99
204.07
39.92
42.89
161.18
24.8
1.623
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Method Used
ASTM D 698 Method A
Sample No.
20
Project No.
SR 2828
Tested by
John Doe
Boring No.
B-9
Location
Newell, N.C.
Date
4/24/02
Depth
5 ft
Description of Sample

Brown silty clay

Volume of Mold (V)
0.0009438 m3Notes: #
Determining Moisture-Unit Weight Relations of Soil#FIGURE 11–6  Compaction CurveConclusions#
Chapter 11Table 11–3  General Guide to Selection of Soils on Basis of Anticipated Embankment Performance [4, 5]



Maximum
Optimum
Anticipated
HBR
Visual
Dry Unit Weight
Moisture
Embankment
Classification
Description
Range lb/ft3
Range (%)
Performance

A-1-a
Granular material
115–142
7–15
Good to excellent

A-1-b

A-2-4
Granular material with soil
110–135
9–18
Fair to excellent

A-2-5

A-2-6

A-2-7

A-3
Fine sand and sand
110–115
9–15
Fair to good

A-4
Sandy silts and silts
95–130
10–20
Poor to good

A-5
Elastic silts and clays
85–100
20–35
Unsatisfactory

A-6
Silt-clay
95–120
10–30
Poor to good

A-7-5
Elastic silty clay
85–100
20–35
Unsatisfactory

A-7-6
Clay
90–115
15–30
Poor to fairReferencesTable 11–4  Compaction Characteristics and Ratings of Unified Soil Classification Classes for Soil Construction [4, 6]



Maximum


Dry Unit Weight
Compressibility
Value as
Value as
Value as

Compaction
Standard
and
Embankment
Subgrade
Base
Class
Characteristics
AASHTO (lb/ft3)
Expansion
Material
Material
CourseGW

GP

GM

GC

SW

SP

SM

SC

ML

CL

OL

MH

CH

OH

PT

Good: tractor, rubber-tired, 
  steel wheel, or vibratory roller

Good: tractor, rubber-tired,
  steel wheel, or vibratory roller

Good: rubber-tired or light 
  sheepsfoot roller

Good to fair: rubber-tired or 
  sheepsfoot roller

Good: tractor, rubber-tired, 
  or vibratory roller

Good: tractor, rubber-tired, 
  or vibratory roller

Good: rubber-tired or 
  sheepsfoot roller

Good to fair: rubber-tired or 
  sheepsfoot roller

Good to poor: rubber-tired or 
  sheepsfoot roller

Good to fair: sheepsfoot or 
  rubber-tired roller

Fair to poor: sheepsfoot or 
  rubber-tired roller

Fair to poor: sheepsfoot or 
  rubber-tired roller

Fair to poor: sheepsfoot 
  roller

Fair to poor: sheepsfoot 
  roller

Not suitable

125–135

115–125

120–135

115–130

110–130

100–120

110–125

105–125

 95–120

 95–120

 80–100

 70–95

 80–105

 65–100

   —

Almost none

Almost none

Slight

Slight

Almost none

Almost none

Slight 

Slight to medium

Slight to medium

Medium

Medium to high

High

Very high

High 

Very high

Very stable

Reasonably stable

Reasonably stable

Reasonably stable

Very stable

Reasonably stable when dense

Reasonably stable when dense

Reasonably stable

Poor stability, high density 
  required

Good stability

Unstable, should not be used

Poor stability, should not be 
  used

Fair stability, may soften on 
  expansion

Unstable, should not be used

Should not be used

Excellent 

Excellent to good

Excellent to good

Good

Good

Good to fair

Good to fair

Good to fair

Fair to poor

Fair to poor

Poor 

Poor

Poor to very poor

Very poor

Not suitable

Good

Poor to fair

Fair to poor

Good to fair

Fair to poor

Poor

Poor

Fair to poor

Not suitable

Not suitable

Not suitable

Not suitable

Not suitable

Not suitable

Not suitable#
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Method Used


Sample No.

Project No.

Tested by


Boring No.

Location

Date


Depth

Description of Sample


Volume of Mold (V)
m3
Notes: #
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