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(Referenced Document: ASTM D 3080)Direct Shear Test

Introduction

This chapter presents a third method for investigating the shear strength of soil in a laboratory. The unconfined compression test was discussed in Chapter 20, and the triaxial compression test in Chapter 21. Chapter 22 presents the direct shear test. It differs somewhat from the other two in that they are “compression” tests (i.e., shear failure is effected by a compression force), whereas it is a “shear” test [i.e., shear failure is caused by a shear force along a predetermined horizontal surface (surface A in Figure 22–1)].

Like the triaxial test, the direct shear test can be performed on both cohesive and cohesionless soils, and it evaluates both cohesion c and angle of internal friction ø. These parameters are used to evaluate a soil’s shear strength.

As in the triaxial test, there are three basic types of direct shear test procedures, determined by sample drainage conditions. In an unconsolidated undrained (UU) test, shear is started before the soil sample is consolidated under the applied normal load. This test is analogous to the UU triaxial test. For a consolidated undrained (CU) test, shear is not started (i.e., the shearing force is not applied) until after settlement resulting from the applied normal load stops. This test is somewhere between the CD and CU triaxial tests. For a consolidated drained (CD) test, shear is not started until after settlement resulting from the applied normal load stops; the shearing force is then applied so slowly that no pore pressures develop in the sample. This test is analogous to the CD triaxial test [2].

Direct shear box (see Figures 22–1 and 22–2)

Direct shear apparatus (see Figures 22–3 and 22–4)

Porous stones

Axial-loading device (see Figure 22–4)

Axial load-measuring device (see Figure 22–4)

Shear-loading device (see Figure 22–4)

Shear load-measuring device (see Figure 22–4)

Tools for preparing specimens: cutting ring, wire saw, knife, etc.

Displacement indicators

Equipment for remolding or compacting specimens

(1) The sample used for specimen preparation should be sufficiently large so that a minimum of three similar specimens can be prepared. Prepare the specimens in a controlled temperature and humidity environment to minimize moisture loss or gain.

(1.1) Extreme care should be taken in preparing undisturbed specimens of sensitive soils to prevent disturbance to the natural soil structure. Determine the initial mass of the wet specimen for use in calculating the initial water content and unit weight of the specimen.

(2) The minimum specimen diameter for circular specimens, or width for square specimens, shall be 2.0 in. (50 mm), or not less than 10 times the maximum particle size diameter, whichever is larger, and conform to the width to thickness ratio specified in (4).

(3) The minimum initial specimen thickness shall be 0.5 in. (12 mm), but not less than six times the maximum particle diameter.

(4) The minimum specimen diameter to thickness or width to thickness ratio shall be 2:1.

Note 1—If large soil particles are found in the soil after testing, a particle size analysis should be performed in accordance with ASTM Method D 422 (Chapter 9) to confirm the visual observations, and the result should be provided with the test report.

(1.1) Undisturbed Specimens—Prepare undisturbed specimens from large undisturbed samples or from samples secured in accordance with ASTM Practice D 1587 or other undisturbed tube sampling procedures. Undisturbed samples shall be preserved and transported as outlined for Group C or D samples in Practice D 4220. Handle specimens carefully to minimize disturbance, changes in cross section, or loss of water content. If compression or any type of noticeable disturbance would be caused by the extrusion device, split the sample tube lengthwise or cut it off in small sections to facilitate removal of the specimen with minimum disturbance. Prepare trimmed specimens, whenever possible, in an environment which will minimize the gain or loss of specimen moisture.

Note 2—A controlled high-humidity room is desirable for this purpose.

(1.2) Compacted Specimens—Specimens shall be prepared using the compaction method, water content, and unit weight prescribed by the individual assigning the test. Assemble and secure the shear box. Place a moist porous insert in the bottom of the shear box. Specimens may be molded by either kneading or tamping each layer until the accumulative mass of the soil placed in the shear box is compacted to a known volume, or by adjusting the number of layers, the number of tamps per layer, and the force per tamp. The top of each layer shall be scarified prior to the addition of material for the next layer. The compacted layer boundaries should be positioned so they are not coincident with the shear plane defined by the shear box halves, unless this is the stated purpose for a particular test. The tamper used to compact the material shall have an area in contact with the soil equal to or less than half the area of the mold. Determine the mass of wet soil required for a single compacted lift and place it in the shear box. Compact the soil until the desired unit weight is obtained. Continue placing the compacting soil until the entire specimen is compacted.

Note 3—A light coating of grease applied to the inside of the shear box may be used to reduce friction between the specimen and shear box during consolidation. However, the upper ring in some shear devices requires friction to support the ring after the shear plates have been gapped. A light coating of grease applied between the halves of the shear box may be used to reduce friction between the halves of the shear box during shear. TFE-fluorocarbon coating may also be used on these surfaces instead of grease to reduce friction.

Note 4—The required thickness of the compacted lift may be determined by directly measuring the thickness of the lift or from the marks on the tamping rod which correspond to the thickness of the lift being placed.

Note 5—The decision to dampen the porous inserts by inundating the shear box before applying the normal force depends on the problem under study. For undisturbed samples obtained below the water table, the porous inserts are usually dampened. For swelling soils, the sequence of consolidation, wetting, and shearing should model field conditions. Determine the compacted mass of the specimen from either the measured mass placed and compacted in the mold, or the difference between the mass of the shear box and compacted specimen and the tare mass of the shear box.

(2) Material required for the specimen shall be batched by thoroughly mixing soil with sufficient water to produce the desired water content. Allow the specimen to stand prior to compaction in accordance with the following guide:

Classification ASTM D 2487
Minimum Standing Time, h

SW, SP
No Requirement

SM
 3

SC, ML, CL
18

MH, CH
36

(3) Compacted specimens may also be prepared by compacting soil using the procedures and equipment used to determine moisture-density relationships of soils (ASTM Test Methods D 698 or D 1557) and trimming the direct shear test specimen from the larger test specimen as though it were an undisturbed specimen.

To carry out a direct shear test, a soil specimen is prepared and placed in a direct shear box (see Figures 22–1 and 22–2), which may be round or square. A normal load of specific (and constant) magnitude is applied. The box is “split” into two parts horizontally (see Figures 22–1 and 22–2), and if the lower half is held stationary while the upper half is pushed with increasing force, the soil will ultimately experience shear failure along horizontal surface A. This procedure is carried out in the direct shear apparatus (Figures 22–3 and 22–4), and the particular normal load and shear stress that produced shear failure are recorded. The soil specimen is then removed from the shear box and discarded, and another specimen of the same soil is placed in the shear box. A normal load either higher or lower than that used in the first test is applied to the second specimen, and a shear force is again applied with sufficient magnitude to cause shear failure. The normal load and shear stress that produced shear failure are recorded for the second test. The entire procedure may be repeated for another specimen and another different normal load.

The actual step-by-step procedure is as follows:

(1) Measure the diameter (or side), height, and mass of the specimen. Assemble the shear box with the frames aligned and locked in position. Carefully insert the test specimen. Place the loading block in place and connect the loading device. Position the vertical displacement indicator and apply the appropriate normal load. (The normal load includes both the weight of the loading block and the externally applied normal force.)

Note 1—The decision to dampen the porous stones before insertion of the specimen and before application of the normal force depends upon the problem under study. For undisturbed samples from below the water table, the porous stones are usually dampened. For swelling soils, wetting should probably follow application of the normal force to prevent swell not representative of field conditions.

(2) For a consolidated test, consolidate the test specimen under the appropriate normal force. As soon as possible after applying the initial normal force, fill the water reservoir to a point above the top of the specimen. Maintain this water level during the consolidation and subsequent shear phases so that the specimen is at all times effectively submerged. Allow the specimen to drain and consolidate under the desired normal force or increments thereof prior to shearing. During the consolidation process, record the normal displacement readings before each increment of normal force is applied and at appropriate times [see ASTM Method D 2435 (Chapter 19)]. Plot the normal displacement readings against elapsed time. Allow each increment of normal force to remain until primary consolidation is complete. The final increment should equal the previous normal force developed and should produce the specified normal stress.

Note 2—The normal force used for each of the three or more specimens will depend upon the information required. Application of the normal force in one increment may be appropriate for relatively firm soils. For relatively soft soils, however, several increments may be necessary to prevent damage to the specimen. The initial increment will depend upon the strength and sensitivity of the soil. This force should not be so large as to squeeze the soil out of the device.

(3) Separate the upper and lower halves of the shear box frame by a gap of approximately 0.025 in. (0.64 mm) so the specimen can be sheared. Position the shear-deformation (horizontal displacement) indicator and set both the vertical and the horizontal displacement indicators to zero. Fill the shear box with water for saturated tests. Apply the shearing force and shear the specimen. After reaching failure, stop the test apparatus. This displacement may range from 10 to 20% of the specimen’s original diameter or length. For all tests except those under consolidated drained conditions (in a controlled-displacement case), the rate of shear (i.e., the rate of horizontal displacement) should be on the order of 0.05 in./min.

Obtain data readings of time, vertical and horizontal displacement, and shear force at desired interval of displacement. Data readings should be taken at displacement intervals equal to 2% of the specimen diameter or width to accurately define a shear stress-displacement curve.

Note 3—Additional readings may be helpful in identifying the value of peak shear stress of overconsolidated or brittle material.

Note 4—It may be necessary to stop the test and re-gap the shear box halves to maintain clearance between the shear box halves.

(4) For a consolidated drained test, apply the shearing force and shear the specimen slowly to ensure complete dissipation of excess pore pressure. The following guide for total elapsed time to failure may be useful in determining rate of loading

Time to failure (tf) 5 50t50
where:


t50 5 time required for the specimen to achieve 50% 
consolidation under the normal force.

Note 5—If the material exhibits a tendency to swell, the soil must be inundated with water and must be permitted to achieve equilibrium under an increment of normal stress large enough to counteract the swell tendency before the minimum time to failure can be determined. The time-consolidation curve for subsequent normal stress increments is then valid for use in determining tf.

Note 6—Some soils, such as dense sands and overconsolidated clays, may not exhibit well-defined time-settlement curves. Consequently, the calculation of tf may produce an inappropriate estimate of the time required to fail the specimen under drained conditions. For overconsolidated clays which are tested under normal stresses less than the soil’s preconsolidation pressure, it is suggested that a time to failure be estimated using a value of t50 equivalent to one obtained from normal consolidation time-settlement behavior. For clean dense sands which drain quickly, a value of 10 min may be used for tf. For dense sands with more than 5% fines, a value of 60 min may be used for tf. If an alternative value of tf is selected, the rationale for the selection shall be explained with the test results.

Determine the appropriate displacement from the following equation:

dr 5 df/tf
where:


dr 5 displacement rate (in./min, mm/min)


df 5 estimated horizontal displacement at failure (in., mm)


tf 5 total estimated elapsed time to failure (min)

Note 7—The magnitude of the estimated displacement at failure is dependent on many factors including the type and the stress history of the soil. As a guide, use df 5 0.5 in. (12 mm) if the material is normally or lightly overconsolidated fine-grained soil; otherwise use df 5 0.2 in. (5 mm).

(5) At the completion of the test, remove the normal force from the specimen by removing the mass from the lever and hanger or by releasing the pressure.

For cohesive test specimens, separate the shear box halves with a sliding motion along the failure plane. Do not pull the shear box halves apart perpendicularly to the failure surface, since it would damage the specimen. Photograph, sketch, or describe in writing the failure surface. This procedure is not applicable to cohesionless specimens.

Remove the specimen from the shear box and determine its water content according to ASTM Test Method D 2216 (Chapter 3).

(6) Repeat the entire procedure for two or more specimens at different normal loads.

Note—The test procedure described can be used for each of the three basic types of test. For an unconsolidated undrained test, follow steps (1), (3), (5), and (6). For a consolidated undrained test, follow steps (1) to (3), (5), and (6). For a consolidated drained test, follow steps (1) to (6).

Note—The foregoing procedure is adapted from ASTM D 3080-98 [1].

Data collected in the direct shear test should include the following:

[A] Specimen Data

Diameter or side of specimen (in.)

Initial height of specimen (in.)

Mass of specimen at beginning of test (g)

Initial water content data:

Mass of wet soil sample at beginning of test (g)

Mass of oven-dried soil sample (at end of test) plus can (g)

Mass of can (g)

Final water content data:

Mass of wet soil specimen plus can at end of test (g)

Mass of oven-dried soil specimen (at end of test) plus can (g)

Mass of can (g)

[B] Shear Stress Data

Normal load on test specimen (lb)

Rate of shear (rate of horizontal displacement) (in./min)

Vertical dial readings, horizontal displacement dial readings, and proving ring dial readings (in.)

Note—These data are obtained for each of three specimens tested at different normal loads.

[A] Specimen Parameters

The initial area, volume, wet unit weight, water content, dry unit weight of the specimen, and final water content are all calculated by methods described in previous chapters.

[B] Shear Stress

Normal stress can be determined by dividing normal load (which includes the weight of the loading block and externally applied normal force) by the initial area of the specimen. Horizontal shearing forces can be computed by multiplying each dial reading by the proving ring calibration. Each corresponding shear stress can be calculated by dividing each horizontal shearing force by the initial area of the specimen. These computations must be completed for each specimen tested at different normal loads.

[C] Curves of Shear Stress and Specimen Thickness Change 
versus Shear Displacement

For each test specimen, graphs of shear stress versus shear (horizontal) displacement and of specimen thickness change (vertical dial readings) versus shear (horizontal) displacement should be prepared. Both graphs can be placed on the same graph sheet using shear (horizontal) displacement as a common abscissa.

With these graphs completed, one can determine the maximum shear stress for each specimen tested by evaluating the graph of shear stress versus shear (horizontal) displacement. The maximum stresses are taken to be either the peak shear stress on the graph or the shear stress at a shear (horizontal) displacement of 10% of the original diameter, whichever is obtained first during the test.

[D] Curve of Maximum Shear Stress versus Normal Stress

In order to evaluate the shear strength parameters (cohesion and angle of internal friction), it is necessary to prepare a graph of maximum shear stress (ordinate) versus normal stress (abscissa) for each specimen tested (see Figure 22–5). The same scale must be used along both abscissa and ordinate. A straight line is drawn through the plotted points and extended to intersect the ordinate. The angle between the straight line and a horizontal line (ø in the figure) gives the angle of internal friction, and the value of shear stress where the straight line intersects the ordinate (c in the figure) gives the cohesion.

It is adequate, in theory, to have only two points to define the straight-line relationship shown in the figure. In practice, however, it is better to have three (or more) such points through which the best straight line can be drawn. That is why the test procedure calls for three or more separate tests to be performed on three or more specimens from the same soil sample at different normal stresses.

An unconsolidated undrained direct shear test was performed in the laboratory according to the procedure described in this chapter. The following data were obtained:

[A] Specimen Data

Diameter of specimen, D0 5 2.50 in.

Initial height of specimen, H0 5 1.00 in.

Mass of specimen at beginning of test 5 161.52 g

Initial water content data:

Mass of wet soil sample plus can 5 248.43 g

Mass of oven-dried soil sample plus can 5 216.72 g

Mass of can 5 45.30 g

Final water content data:

Mass of wet soil specimen plus can at end of test 5 226.20 g

Mass of oven-dried soil specimen (at end of test) plus can 5 182.58 g

Mass of can 5 46.28 g

[B] Shear Stress Data

Normal load on test specimen 5 20.6 lb

Rate of shear 5 0.05 in./min

Proving ring calibration 5 3,125 lb/in.


Shear (Horizontal)
Vertical Dial
Displacement Reading
Proving Ring Dial
Reading (in.)
(in.)
Reading (in.)

0
0
0

0.0030
0.025
0.0030

0.0050
0.050
0.0063

0.0070
0.075
0.0102

0.0080
0.100
0.0124

(continued)


Shear (Horizontal)
Vertical Dial
Displacement Reading
Proving Ring Dial
Reading (in.)
(in.)
Reading (in.)

0.0090
0.125
0.0142

0.0095
0.150
0.0155

0.0100
0.175
0.0163

0.0100
0.200
0.0166

0.0110
0.220
0.0163

0.0115
0.240
0.0159

0.0115
0.260
0.0150

It is, of course, necessary to perform a direct shear test on two (preferably three) specimens from the same sample at different normal stresses in order to evaluate the shear strength parameters. In this example, however, actual data are shown for only one such specimen tested.

All of the preceding data are shown on the form on pages 377 and 378. At the end of the chapter, two copies of this form are included for the reader’s use.

With these data known, necessary computations can be made as follows:

[A] Specimen Parameters

The initial area A0 and volume V0 of the specimen are easily computed as follows:

V0 5 (H0)(A0) 5 (1.00)(4.91) 5 4.91 in.3
The wet unit weight gwet of the soil specimen at the beginning of the test can be determined next:

The initial water content may be computed as follows (see Chapter 3):

With water content known, dry unit weight gdry can be determined next:

The final water content may also be computed:

[B] Shear Stress

The normal load (20.6 lb) divided by the initial area of the specimen (4.91 in.2) gives a normal stress of 4.20 lb/in.2, or 604 lb/ft2. The first proving ring dial reading (0.0030 in.) multiplied by the proving ring calibration (3,125 lb/in.) gives a corresponding horizontal shear force of 9.4 lb. Dividing this horizontal shear force by the initial area of the specimen (4.91 in.2) and multiplying by 144 to convert square inches to square feet gives a corresponding shear stress of 276 lb/ft2.

The foregoing values fill in the second row of the form on page 378. Similar calculations furnish required values for succeeding given dial readings and fill in the remaining rows on the form.

It should be emphasized that one or two additional evaluations would be required for testing additional specimens at different normal loads. Such evaluations are not included here.

[C] Curves of Shear Stress and Specimen Thickness Change versus Shear Displacement

Curves of shear stress and specimen thickness change versus shear displacement are shown in Figure 22–6. The maximum shear stresses for the specimens tested are determined from the graph of shear stress versus shear (horizontal) displacement as follows:

For specimen no. 1, with a normal stress 5 604 lb/ft2, maximum shear stress 5 1,522 lb/ft2
For specimen no. 2, with a normal stress 5 926 lb/ft2, maximum shear stress 5 1,605 lb/ft2
For specimen no. 3, with a normal stress 5 1,248 lb/ft2, maximum shear stress 5 1,720 lb/ft2
It should be noted that all input data and necessary computations for determining normal and maximum shear stress for specimen 1 are included in this sample problem. Input data and necessary computations for specimens 2 and 3 are not included; they are presented at this point (see Figure 22–6) merely to complete determination of the shear strength parameters.

[D] Curve of Maximum Shear Stress versus Normal Stress

Using results of the direct shear test for which data are given in this example (i.e., a normal stress of 604 lb/ft2 and maximum shear stress of 1,522 lb/ft2), an initial point on the curve of shear stress versus normal stress can be plotted (see Figure 22–7). Using similar results of two additional direct shear tests performed on other specimens at different normal loads for which data are not given in this example (but for which results are listed), two additional points on the curve can be plotted and the best straight line drawn through these points. The angle between this straight line and a horizontal line is measured to be 17°, and the value of shear stress where the straight line intersects the ordinate is found to be 1,340 lb/ft2. Hence, the angle of internal friction ø and cohesion c for this soil are 17° and 1,340 lb/ft2, respectively. These values (the shear strength parameters) are the major results of a direct shear test.

As indicated, values of the angle of internal friction and cohesion are the major results of a direct shear test. In addition to these parameters, however, reports should include values of the initial water content and the specimen’s size and initial thickness. The type of test performed (UU, CU, CD) and the type (undisturbed, remolded) and shape (cylindrical, prismatic) of specimens should be reported as well. Of course, a visual description of the soil and any unusual conditions should be noted. Finally, graphs of shear stress versus shear (horizontal) displacement for each specimen tested should be included, as well as a graph of maximum shear stress versus normal stress.

For cohesionless soils, if the shearing rate is not extremely rapid, all of the three direct shear tests (UU, CU, and CD) will give about the same results whether the sample is saturated or unsaturated. For cohesive soils, shear strength parameters are influenced significantly by the test method, degree of saturation, and whether the soil is normally consolidated or overconsolidated. Generally, two sets of shear strength parameters are obtained for overconsolidated soils: one for tests using normal loads less than the preconsolidation pressure and a second set for normal loads greater than the preconsolidation pressure. Where an overconsolidated soil is suspected, it may be necessary to perform six or more tests to ensure that the appropriate shear strength parameters are obtained [2].

[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.

[2]  Joseph E. Bowles, Engineering Properties of Soils and Their Measurement, 2d ed., McGraw-Hill Book Company, 1978.

Soils Testing Laboratory 
Direct Shear Test

Sample No.
2
Project No.
SR 1180
Sample Depth
2.8 ft
Boring No.
5
Location
Charlotte, N.C.
Date
6/23/02
Tested by
John Doe
Description of Soil
Light brown silty clay
[A] Specimen Data  (Specimen no.   1   )

(1)  Type of test performed   unconsolidated undrained   


(2)  Type of specimen (check one)
H Undisturbed
h Remolded


(3)  Diameter or side of specimen   (diam.) 2.50   in.


(4)  Initial area of specimen   4.91   in.2

(5)  Initial height of specimen   1.00   in.


(6)  Volume of specimen [i.e., (4) 2 (5)]   4.91   in.3

(7)  Mass of soil specimen (at beginning of test)   161.52   g


(8)  Wet unit weight of specimen    125.3   lb/ft3

(9)  Initial water content of specimen   18.5   %


(a)  Can no.   2-A   


(b)  Mass of wet soil sample 1 can   248.43   g


(c)  Mass of oven-dried soil sample 1 can   216.72   g


(d)  Mass of can   45.30   g


(e)  Mass of oven-dried soil sample [i.e., (c) 2 (d)]   171.42   g


(f)  Mass of water [i.e., (b) 2 (c)]   31.71   g


(g)  Water content    18.5    %

(10)  Dry unit weight of specimen    105.7   lb/ft3

(11)  Final water content of specimen   32.0   %


(a)  Can no.   1-A   


(b)  Mass of entire wet soil specimen (at end of test) 1 can   226.20   g


(c)  Mass of entire oven-dried soil specimen (at end of test) 1 can
   182.58   g


(d)  Mass of can   46.28   g


(e)  Mass of entire oven-dried soil specimen [i.e., (c) 2 (d)]   136.30   g


(f)  Mass of water [i.e., (b) 2 (c)]   43.62   g


(g)  Water content    32.0   %

[B] Shear Stress Data (Specimen no.   1   )
(1)  Normal load   20.6   lb

(2)  Normal stress 

   604   lb/ft2
(3)  Proving ring calibration   3,125   lb/in.

(4)  Rate of shear   0.05   in./min
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Direct Shear Test

Sample No.

Project No.


Sample Depth

Boring No.


Location

Date


Tested by


Description of Soil


[A] Specimen Data  (Specimen no.       )

(1)  Type of test performed      


(2)  Type of specimen (check one)
h Undisturbed
h Remolded


(3)  Diameter or side of specimen                  in.


(4)  Initial area of specimen          in.2

(5)  Initial height of specimen          in.


(6)  Volume of specimen [i.e., (4) 2 (5)]          in.3

(7)  Mass of soil specimen (at beginning of test)            g


(8)  Wet unit weight of specimen            lb/ft3

(9)  Initial water content of specimen          %


(a)  Can no.         


(b)  Mass of wet soil sample 1 can            g


(c)  Mass of oven-dried soil sample 1 can            g


(d)  Mass of can           g


(e)  Mass of oven-dried soil sample [i.e., (c) 2 (d)]            g


(f)  Mass of water [i.e., (b) 2 (c)]           g


(g)  Water content            %

(10)  Dry unit weight of specimen            lb/ft3

(11)  Final water content of specimen           %


(a)  Can no.         


(b)  Mass of entire wet soil specimen (at end of test) 1 can            g


(c)  Mass of entire oven-dried soil specimen (at end of test) 1 can
            g


(d)  Mass of can           g


(e)  Mass of entire oven-dried soil specimen [i.e., (c) 2 (d)]            g


(f)  Mass of water [i.e., (b) 2 (c)]           g


(g)  Water content           %

[B] Shear Stress Data (Specimen no.       )
(1)  Normal load          lb

(2)  Normal stress 

         lb/ft2
(3)  Proving ring calibration           lb/in.

(4)  Rate of shear          in./min
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Sample No.

Project No.


Sample Depth

Boring No.


Location

Date


Tested by


Description of Soil


[A] Specimen Data  (Specimen no.       )

(1)  Type of test performed      


(2)  Type of specimen (check one)
h Undisturbed
h Remolded


(3)  Diameter or side of specimen                  in.


(4)  Initial area of specimen          in.2

(5)  Initial height of specimen          in.


(6)  Volume of specimen [i.e., (4) 2 (5)]          in.3

(7)  Mass of soil specimen (at beginning of test)            g


(8)  Wet unit weight of specimen            lb/ft3

(9)  Initial water content of specimen          %


(a)  Can no.         


(b)  Mass of wet soil sample 1 can            g


(c)  Mass of oven-dried soil sample 1 can            g


(d)  Mass of can           g


(e)  Mass of oven-dried soil sample [i.e., (c) 2 (d)]            g


(f)  Mass of water [i.e., (b) 2 (c)]           g


(g)  Water content           %

(10)  Dry unit weight of specimen            lb/ft3

(11)  Final water content of specimen           %


(a)  Can no.         


(b)  Mass of entire wet soil specimen (at end of test) 1 can            g


(c)  Mass of entire oven-dried soil specimen (at end of test) 1 can
            g


(d)  Mass of can           g


(e)  Mass of entire oven-dried soil specimen [i.e., (c) 2 (d)]            g


(f)  Mass of water [i.e., (b) 2 (c)]           g


(g)  Water content           %

[B] Shear Stress Data (Specimen no.       )
(1)  Normal load          lb

(2)  Normal stress 

         lb/ft2
(3)  Proving ring calibration           lb/in.

(4)  Rate of shear          in./min##
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Figure 22–1  Typical Direct Shear Box for Single Shear [1]Figure 22–2  Direct Shear Box (Courtesy of Soiltest, Inc.)Figure 22–3  Direct Shear Apparatus [2]Figure 22–4  Direct Shear Apparatus (Courtesy of Wykeham Farrance, Inc.)##
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