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(Referenced Document: ASTM D 2850) Triaxial Compression Test

Introduction

The triaxial compression test is carried out in a manner somewhat similar to the unconfined compression test (Chapter 20) in that a cylindrical soil specimen is subjected to a vertical (axial) load. The major difference is that, unlike unconfined compression tests, where there is no confining lateral pressure, triaxial tests are performed on cylindrical soil specimens encased in rubber membranes with confining lateral pressure present. The magnitude of the lateral pressure can be chosen and is made possible by placing a specimen within a pressure chamber (see Figures 21–1 and 21–2), into which water or air is then pumped. The soil specimen in the chamber under a chosen lateral pressure is subjected to an increasing axial load until the specimen fails. The procedure is then repeated on additional specimens at other confining pressures.

The lateral pressure, or chamber pressure, which is applied to the ends of the specimen as well as its sides, is called the minor principal stress. The externally applied axial load divided by the cross-sectional area of the test specimen is the unit axial load. The minor principal stress plus the unit axial load is called the major principal stress.

Triaxial compression test results are analyzed by plotting Mohr circles for the stress conditions of each specimen when failure occurs. By evaluating the plotted Mohr circles, the soil’s shear strength parameters (cohesion c and angle of internal friction f) can be determined. These parameters are used to evaluate the shear strength of soil.

The unconfined compression test (Chapter 20) is a special case of the triaxial compression test in which the confining pressure is zero. Note that triaxial tests can be applied to both cohesive and cohesionless soils, whereas unconfined compression tests are limited more or less to cohesive soils.

There are three basic types of triaxial compression test procedures as determined by sample drainage conditions: unconsolidated undrained, consolidated undrained, and consolidated drained. These can be defined as follows [2].

Unconsolidated undrained (UU) tests are carried out by placing a specimen in the chamber and introducing lateral pressure without allowing the specimen to consolidate (drain) under the confining pressure. Axial load is then applied fairly rapidly without permitting drainage of the specimen. The UU test can be run rather quickly because the specimen is not required to consolidate under the confining pressure or drain during application of the axial load. Because of the short time required to run this test, it is often referred to as the quick, or Q, test.

Consolidated undrained (CU) tests are performed by placing a specimen in the chamber and introducing lateral pressure. The specimen is then allowed to consolidate under the all-around confining pressure by leaving the drain lines open (see Figures 21–1 and 21–2). The drain lines are then closed, and axial stress is induced without allowing further drainage.

Consolidated drained (CD) tests are similar to CU tests, except that the specimen is allowed to drain as axial load is applied, so that high excess pore pressures do not develop. Because the permeability of clayey soils is low, axial load must be added very slowly during CD tests so that pore pressure can be dissipated. CD tests may take a considerable period of time to run because of the time required for both consolidation under the confining pressure and drainage during application of axial load. Inasmuch as the time requirement is long for low-permeability soils, this test is often referred to as the slow, or S, test.

The specific type of triaxial compression test (i.e., UU, CU, or CD) that should be used in any particular case depends on the field conditions to be simulated. The UU and CU tests are covered in this chapter.

Axial loading device (see Figure 21–3)

Axial load-measuring device

Triaxial chamber (Figures 21–1 and 21–2)

Specimen mold, cap, and base

Rubber membranes, membrane stretcher, rubber binding strips (Figure 21–4)

Deformation indicator

Calipers

Vacuum pump

Sample ejector (for undisturbed, thin-wall-tube sample)

Graduated burette

Pore water pressure measurement device

(1) Specimen Size—Specimens shall be cylindrical and have a minimum diameter of 3.3 cm (1.3 in.). The height-to-diameter ratio shall be between 2 and 2.5. The largest particle size shall be smaller than one-sixth the specimen diameter. If, after completion of a test, it is found based on visual observation that oversize particles are present, indicate this information in the report of test data.

Note 1—If oversize particles are found in the specimen after testing, a particle-size analysis may be performed in accordance with ASTM Test Method D 422 to confirm the visual observation and the results provided with the test report.

(2) Undisturbed Specimens—Prepare undisturbed specimens from large undisturbed samples or from samples secured in accordance with ASTM Practice D 1587 or other acceptable undisturbed tube sampling procedures. Samples shall be preserved and transported in accordance with the practices for Group C samples in ASTM Practices D 4220. Specimens obtained by tube sampling may be tested without trimming except for cutting the end surfaces plane and perpendicular to the longitudinal axis of the specimen, provided soil characteristics are such that no significant disturbance results from sampling. Handle specimens carefully to minimize disturbance, changes in cross section, or change in water content. If compression or any type of noticeable disturbance would be caused by the extrusion device, split the sample tube lengthwise or cut the tube in suitable sections to facilitate removal of the specimen with minimum disturbance. Prepare trimmed specimens in an environment such as a controlled high-humidity room where soil water content change is minimized. Where removal of pebbles or crumbling resulting from trimming causes voids on the surface of the specimen, carefully fill the voids with remolded soil obtained from the trimmings. When the sample condition permits, a vertical trimming lathe may be used to reduce the specimen to the required diameter. After obtaining the required diameter, place the specimen in a miter box and cut the specimen to the final height with a wire saw or other suitable device. Trim the surfaces with the steel straightedge. Perform one or more water content determinations on material trimmed from the specimen in accordance with ASTM Test Method D 2216. Determine the mass and dimensions of the specimen. A minimum of three height measurements (120° apart) and at least three diameter measurements at the quarter points of the height shall be made to determine the average height and diameter of the specimen.

(3) Compacted Specimens—Soil required for compacted specimens shall be thoroughly mixed with sufficient water to produce the desired water content. If water is added to the soil, store the material in a covered container for at least 16 h prior to compaction. Compacted specimens may be prepared by compacting material in at least six layers using a split mold of circular cross section having dimensions meeting the requirements enumerated in (1). Specimens may be compacted to the desired density by either: (1) kneading or tamping each layer until the accumulative mass of the soil placed in the mold is compacted to a known volume; or (2) 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 tamper used to compact the material shall have diameter equal to or less than one-half the diameter of the mold. After a specimen is formed, with the ends perpendicular to the longitudinal axis, remove the mold and determine the mass and dimensions of the specimen. Perform one or more water content determinations on excess material used to prepare the specimen in accordance with ASTM Test Method D 2216.

Note 2—It is common for the unit weight of the specimen after removal from the mold to be less than the value based on the volume of the mold. This occurs as a result of the specimen swelling after removal of the lateral confinement due to the mold.

To carry out an unconsolidated undrained (UU) triaxial compression test, a cylindrical soil specimen is encased in a rubber membrane and placed in the triaxial chamber, and a specific (and constant) lateral (all-around) pressure is applied by means of water or compressed air within the chamber without allowing the specimen to consolidate (drain) under the lateral pressure. A vertical (axial) load is then applied externally and fairly rapidly without allowing drainage of the specimen and is steadily increased until the specimen fails. The externally applied axial load that causes specimen failure and the lateral pressure are recorded. The soil specimen is then removed and discarded, and another specimen of the same soil sample is placed in the triaxial chamber. The procedure is repeated for the new specimen  for a different (either higher or lower) lateral pressure. The axial load at failure and the lateral pressure are recorded for the second test. The entire procedure is usually repeated for two or more other specimens of the same soil, each with a different lateral pressure.

The actual step-by-step procedure is as follows (ASTM D 2850-99 [3]):

(1) Place the membrane on the membrane expander or if it is to be rolled onto the specimen, place the membrane onto the cap or base. Place the specimen on the base. Place the rubber membrane around the specimen and seal it at the cap and base with O-rings or other positive seals at each end. A thin coating of silicon grease on the vertical surfaces of the cap or base will aid in sealing the membrane.

(2) With the specimen encased in the rubber membrane, which is sealed to the specimen cap and base and positioned in the chamber, assemble the triaxial chamber. Bring the axial load piston into contact with the specimen cap several times to permit proper seating and alignment of the piston with the cap. When the piston is brought into contact the final time, record the reading on the deformation indicator. During this procedure, take care not to apply an axial stress to the specimen exceeding approximately 0.5% of the estimated compressive strength. If the mass of the piston is sufficient to apply an axial stress exceeding approximately 0.5% of the estimated compressive strength, lock the piston in place above the specimen cap after checking the seating and alignment and keep locked until application of the chamber pressure.

(3) Place the chamber in position in the axial loading device. Be careful to align the axial loading device, the axial load-measuring device, and the triaxial chamber to prevent the application of a lateral force to the piston during testing. Attach the pressure-maintaining and measurement device and fill the chamber with the confining liquid. Adjust the pressure-maintaining and measurement device to the desired chamber pressure and apply the pressure to the chamber fluid. Wait approximately 10 min after the application of chamber pressure to allow the specimen to stabilize under the chamber pressure prior to application of the axial load.

Note 1—In some cases the chamber will be filled and the chamber pressure applied before placement in the axial loading device.

Note 2—Make sure the piston is locked or held in place by the axial loading device before applying the chamber pressure.

Note 3—The waiting period may need to be increased for soft or partially saturated soils.

(4) If the axial load-measuring device is located outside of the triaxial chamber, the chamber pressure will produce an upward force on the piston that will react against the axial loading device. In this case, start the test with the piston slightly above the specimen cap, and before the piston comes in contact with the specimen cap, either (1) measure and record the initial piston friction and upward thrust of the piston produced by the chamber pressure and later correct the measured axial load, or (2) adjust the axial load-measuring device to compensate for the friction and thrust. If the axial load-measuring device is located inside the chamber, it will not be necessary to correct or compensate for the uplift force acting on the axial loading device or for piston friction. In both cases record the initial reading on the deformation indicator when the piston contacts the specimen cap.

(5) Apply the axial load to produce axial strain at a rate of approximately 1%/min for plastic materials and 0.3%/min for brittle materials that achieve maximum deviator stress at approximately 3 to 6% strain. At these rates, the elapsed time to reach maximum deviator stress will be approximately 15 to 20 min. Continue the loading to 15% axial strain, except loading may be stopped when the deviator stress has peaked then dropped 20% or the axial strain has reached 5% beyond the strain at which the peak in deviator stress occurred.

(6) Record load and deformation values at about 0.1, 0.2, 0.3, 0.4, and 0.5% strain; then at increments of about 0.5% strain to 3%; and thereafter at every 1%. Take sufficient readings to define the stress-strain curve; hence more frequent readings may be required in the early stages of the test and as failure is approached.

Note 4—Alternate intervals for the readings may be used, provided sufficient points are obtained to define the stress-strain curve.

(7) After completion of the tests, remove the test specimen from the chamber. Determine the water content of the test specimen in accordance with ASTM Method D 2216 (Chapter 3), using the entire specimen, if possible.

(8) Prior to placing the specimen (or portion thereof ) in the oven to dry, sketch a picture or take a photograph of the specimen showing the mode of failure (shear plane, bulging, etc.).

(9) Prepare new specimens, and repeat the entire procedure at other chamber pressures. If disturbed samples are used, the new remolded specimens should have approximately the same unit weight (within 1 to 2 lb/ft3).

Note: Step (9) does not appear in the ASTM procedure; it has been added by the authors.

Data collected in the unconsolidated undrained triaxial compression test should include the following:

[A] Specimen Data

Diameter or side of specimen, D0 (in.)

Initial height of specimen, H0 (in.)

Mass of specimen (g)

Water content data:

Mass of wet soil plus can (g)

Mass of dry soil plus can (g)

Mass of can (g)

[B] Triaxial Compression Data

Chamber pressure on test specimen, s3 (psi)

Rate of axial strain (in./min)

Deformation dial readings DH and proving ring dial readings (in.)

Note—These data are obtained for each of three or more specimens tested at different chamber pressures.

[A] Specimen Parameters

The initial area, volume, height-to-diameter ratio, wet unit weight, water content, dry unit weight, and degree of saturation of the specimen are all calculated by methods described in previous chapters.

[B] Triaxial Compression

For each applied load, the axial strain, e, can be computed by dividing the specimen’s change in height, DH, as read from the deformation indicator, by its initial height, H0. In equation form,


(20–1)

Each corresponding cross-sectional area A of the specimen can be computed by the equation


(20–2)

where A0 is the initial area of the specimen and e is the axial strain for the given axial load (expressed as a decimal). Each corresponding applied axial load can be determined by multiplying the proving ring dial reading by the proving ring calibration. Finally, each unit axial load (deviator stress) can be computed by dividing each applied axial load by the corresponding cross-sectional area. These computations must be repeated for each specimen tested.

Note—In the event that the application of the chamber pressure results in a change in the specimen height, A0 should be corrected to reflect this change in volume. Frequently, this is done by assuming that lateral strains are equal to vertical strains. The diameter after volume change would be given by D = D0 (1 2 DH/H). [3]

[C] Stress-Strain Graph

A stress-strain graph should be prepared by plotting unit axial load (deviator stress) (ordinate) versus axial strain (abscissa). From this graph, the unit axial load at failure can be determined by taking the maximum unit axial load or the unit axial load at 15% axial strain, whichever occurs first. The unit axial load (deviator stress) at failure is denoted by Dp.

[D] Shear Diagram (Mohr Circles for Triaxial Compression)

The minor and major principal stresses must be determined in order to plot the required shear diagram (Mohr circle for triaxial compression), from which values of the shear strength parameters (cohesion c and angle of internal friction f) can be obtained.

The minor principal stress is equal to the chamber pressure and is denoted by s3. The major principal stress at failure, denoted by s1, is equal to the sum of unit axial load at failure, Dp and minor principal stress. That is,


(21–1)

After the minor and major principal stresses and unit axial loads at failure have been determined for each specimen tested, the required shear diagram may be prepared with shear stresses plotted along the ordinate and normal stresses on the abscissa. From results of one of the triaxial tests, a point is located along the abscissa at a distance s3 from the origin. This point is denoted by A in Figure 21–5 and is indicated as being located along the abscissa at a distance (s3)1 from the origin. It is also necessary to locate another point along the abscissa at a distance s1 from the origin, by measuring either the distance s1 from the origin or the distance Dp from point A (the point located at a distance s3 from the origin). This point is denoted by B in Figure 21–5 and is noted as being located along the abscissa at a distance (Dp)1 from point A. With AB as a diameter, a semicircle known as the Mohr circle is then constructed. This entire procedure is repeated using data obtained from the triaxial test of another specimen of the same soil sample at a different chamber pressure. In such manner, point C is located along the abscissa at a distance (s3)2 from the origin and point D at a distance (Dp)2 from point C. With CD as a diameter, another semicircle is then constructed. The next step is to draw a straight line tangent to the two semicircles, as shown in Figure 21–5. The angle between this straight line and a horizontal line (f in the figure) gives the angle of internal friction, and the value of stress where the straight line intersects the ordinate (c in the figure) is the cohesion. The same scale must be used along abscissa and ordinate.

In theory, it is adequate to have only two Mohr circles to define the straight-line relationship of Figure 21–5. In practice, however, it is better to have three (or more) such semicircles that can be used to draw the best straight line. 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.

An unconsolidated undrained triaxial compression test was performed on a soil specimen in the laboratory according to the procedure described. The following data were obtained:

[A] Specimen Data

Diameter of specimen, D0 5 2.50 in.

Initial height of specimen, H0 5 5.82 in.

Mass of specimen 5 920.20 g

Water content data:

Mass of wet soil plus can 5 939.92 g

Mass of dry soil plus can 5 811.07 g

Mass of can 5 48.62 g

The specific gravity of the soil is known to be 2.78

[B] Triaxial Compression Data

Chamber pressure on test specimen, s3 5 10.0 psi

Rate of axial strain 5 0.02 in./min

Proving ring calibration 5 6,000 lb/in.


Elapsed Time (min)
Deformation Dial, DH (in.)
Proving Ring Dial (in.)


0
0
0



0.005
0.0012



0.010
0.0025



0.015
0.0037



0.020
0.0053



0.025
0.0066



0.050
0.0140



0.075
0.0201



0.100
0.0256



0.125
0.0294



0.150
0.0321



0.175
0.0337



0.200
0.0331


11.25
0.225
0.0305

[It is, of course, necessary to perform triaxial tests on two (preferably, even three or more) specimens from the same sample at different chamber pressures in order to evaluate the shear strength parameters. In this example, however, actual data are shown for only one specimen tested.]

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

[A] Specimen Parameters

The height-to-diameter ratio is 5.82/2.50, or 2.33, which is between 2 and 2.5 and therefore acceptable. The initial area A0 and volume V0 of the specimen are easily computed as follows:

V0 5 (H0)(A0) 5 (5.82)(4.91) 5 28.58 in.3
With the mass and volume of the specimen known, its wet unit weight gwet can be determined:

(The numbers 1,728 and 453.6 are conversion factors: 1,728 in.3 5 1 ft3; 453.6 g 5 1 lb.)

The water content of the specimen may be computed as follows (see Chapter 3):

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

In order to find the degree of saturation, a single cubic foot of soil specimen may be isolated as follows:


Weight of water in 1 ft3 of soil specimen



5 gwet 2 gdry 5 122.7 2 105.0 5 17.7 lb


Volume of water in 1 ft3 of soil specimen


Weight of solid in 1 ft3 of soil specimen 5 gdry 5 105.0 lb


Volume of solid in 1 ft3 of soil specimen


Volume of void in 1 ft3 of soil specimen



5 1 2 volume of solid 5 1 2 0.605 5 0.395 ft3
These data, both given and computed, are shown on the form on page349. At the end of the chapter, two blank copies of this form are included for the reader’s use.

[B] Triaxial Compression

The first deformation dial reading DH is 0.005 in. The axial strain e for this particular applied load can be computed using Eq. (20–1):


(20–1)

The corresponding cross-sectional area of the specimen can be computed using Eq. (20–2):


(20–2)

Multiplying the proving ring dial reading (0.0012 in.) by the proving ring calibration (6,000 lb/in.) gives a corresponding applied axial load of 7.2 lb. Finally, dividing the applied axial load (7.2 lb) by the corresponding cross-sectional area (4.91 in.2) gives a unit axial load of 1.5 lb/in.2 (or psi).

The values above fill in the second row of the form on page350. Similar calculations furnish values for succeeding given deformation dial readings and proving ring dial readings needed to fill in the remaining rows on the form.

It should be emphasized that one or two additional evaluations are required for additional triaxial compression tests on other specimens of the same sample at different chamber pressures. Such evaluations are not included here.

[C] Stress-Strain Curve

The required stress-strain curve is obtained by plotting axial strain (third column on page350) along the abscissa versus unit axial load (seventh column on page350) along the ordinate. The curve for this example is the lower one in Figure 21–6. As indicated in the figure, the values of s3 (given), Dp (determined from the curve), and s1 (Dp 1 s3) are 10.0, 40.0, and 50.0 psi, respectively.

It will be noted that two additional stress-strain curves for other triaxial compression tests on different specimens, along with associated values of s3, Dp, and s1, are presented in Figure 21–6. Neither the test data nor required subsequent calculations for defining these curves are given in this example. They are provided at this point in order to complete the evaluation of the shear strength parameters.

[D] Shear Diagram (Mohr Circles for Triaxial Compression)

From results of the triaxial test for which data are given in this example, a point is located along the abscissa at a distance s3, or 10.0 psi, from the origin (see Figure 21–7). Another point is located along the abscissa at a distance s1, or 50.0 psi, from the origin. With the straight line connecting these points as a diameter, a semicircle is then constructed as shown in Figure 21–7. By repeating the process for the test for the second specimen (s3 5 20.0 psi, s1 5 67.6 psi), points are located along the abscissa at s3 5 20.0 psi and s1 5 67.6 psi from the origin, and a semicircle is drawn. Another semicircle is then constructed in the same manner for the test for the third specimen (s3 5 30.0 psi, s1 5 85.5 psi).

With the three semicircles thus constructed, a straight line tangent to the semicircles is drawn as shown in Figure 21–7. The angle between this straight line and a horizontal line is measured as 16°, and the value of shear stress where the straight line intersects the ordinate is observed to be 12.3 psi. Hence, the angle of internal friction and the cohesion for this soil are 16° and 12.3 psi, respectively. These values (the shear strength parameters) are the major results of a triaxial compression test.

The consolidated undrained (CU) triaxial compression test is performed by placing a saturated specimen in the triaxial chamber, introducing lateral (confining) pressure, and allowing the specimen to consolidate under the lateral pressure by leaving the drain lines open. The drain lines are then closed, and axial load is applied at a fairly rapid rate without allowing further drainage. With no drainage during axial load application, a buildup of excess pore pressure will result. The pore pressure m during the test must be measured to obtain the effective stress needed to plot the Mohr circle. (The effective stress s – equals the total pressure s minus the pore pressure m—that is, s – 5 s 2 m.) The pore pressure can be determined using a pressure-measuring device connected to the drain lines at each end of the specimen.

A step-by-step procedure is as follows:

(1) With the saturated specimen encased in a rubber membrane and inside the triaxial chamber, assemble the triaxial chamber in the axial loading device. Carefully adjust the piston of the cell so that it just makes contact with the top platen of the specimen. Fill the chamber with fluid and apply lateral pressure (s3).

(2) With the connecting drain lines attached to the graduated burette, open both top and bottom drainage valves. This allows the specimen to consolidate under the applied lateral pressure. Completion of consolidation is indicated when the water level in the burette stabilizes. Determine the volume of water extruded from the specimen during consolidation (DV ) by measuring the volume of water accrued in the burette at the completion of consolidation.

(3) Connect the drain lines to the pore pressure measurement device. Bring the piston into contact with the upper platen, and set both the proving ring dial and the deformation dial to zero. Apply axial load to produce axial strain at the rate of approximately 1%/min. As axial load is applied, the specimen’s pore pressure will increase. Record proving ring dial readings, deformation dial readings, and pore water pressure measurements at about 0.1, 0.2, 0.3, 0.4, and 0.5% strain. After 0.5% strain, record at every increment of 0.5% strain up to 3% strain and thereafter at every 1% strain. Continue loading to 15% axial strain, except that loading may be stopped when the deviator stress has peaked and then dropped 20%, or when the axial strain has reached 5% beyond the strain at which the peak in deviator stress occurred.

(4) Upon completion of the test, stop the compression and release the axial load. Remove the test specimen from the chamber, and make a sketch or take a photograph of the test specimen at failure. Record the angle of failure surface. Use the entire specimen to determine its water content (see Chapter 3).

(5) Prepare new specimens, and repeat the entire procedure at other chamber pressures. If disturbed samples are used, the new remolded specimens should have approximately the same unit weight (within 1 to 2 lb/ft3).

Data collected in the consolidated undrained triaxial compression test should include the following:

[A] Specimen Data

Diameter or side of specimen, D0 (in.)

Initial height of specimen, H0 (in.)

Mass of specimen (g)

Water content data:

Mass of wet soil plus can (g)

Mass of dry soil plus can (g)

Mass of can (g)

[B] Triaxial Compression Data

Chamber pressure on test specimen, s3 (psi)

Volume of water extruded from the specimen during consolidation, DV (i.e., volume of water accrued in burette) (in.3)

Rate of axial strain (in./min)

Deformation dial readings, DH, and proving ring dial readings (in.)

Pore water pressure, m (psi)

Note—These data are obtained for each of three or more specimens tested at different chamber pressures.

[A] Specimen Parameters

The specimen’s initial area, volume, height-to-diameter ratio, wet unit weight, water content, dry unit weight, and degree of saturation are all calculated by methods described in previous chapters.

[B] Triaxial Compression (After Consolidation in Triaxial Chamber)

The specimen’s volume after consolidation (Vc) can be obtained by subtracting the volume of drainage out of the specimen during consolidation (i.e., the volume of water accrued in the burette) (DV ) from the specimen’s original volume (V0). In equation form,


Vc 5 V0 2 DV(21–2)

If the specimen’s height and diameter are assumed to decrease in the same proportions during consolidation, area of the specimen after consolidation (Ac) can be derived from its initial area A0 using the equation


(21–3)

and the height of the specimen after consolidation Hc can be computed by


(21–4)

For each applied load, the axial unit strain e can be computed by dividing the change in height of the specimen, DH, by its height after consolidation, Hc. In equation form,


(21–5)

Each corresponding cross-sectional area of the specimen, A, can be computed by the equation


(21–6)

where Ac is the initial area of the specimen after consolidation. Each corresponding applied axial load can be determined by multiplying the proving ring dial reading by the proving ring calibration. Finally, each unit axial load can be computed by dividing each applied axial load by the corresponding cross-sectional area. These computations must be repeated for each specimen tested.

[C] Stress-Strain and Pore Pressure–Strain Graphs

A stress-strain graph should be prepared by plotting unit axial load on the ordinate versus axial strain on the abscissa. From this graph, the unit axial load at failure can be determined by taking the maximum unit axial load or the unit axial load at 15% axial strain, whichever occurs first. The unit axial load at failure is denoted by Dp.

A graph of pore pressure m versus axial strain e should also be prepared by plotting pore pressure on the ordinate versus axial strain on the abscissa. The same scale for axial strain in the stress-strain graph should be used in this graph. The pore pressure corresponding to the unit axial load at failure can be determined from the graph.

[D] Shear Diagram (Mohr Circles for Triaxial Compression)

Results of CU tests are commonly presented with Mohr circles plotted in terms of effective stress s –. The effective lateral pressure s –3 and major effective principal stress s –1 can be computed as follows:


 s –3 5 s3 2 m(21–7)


 s –1 5 s1 2 m(21–8)

(It should be noted that m is the pore pressure corresponding to the unit axial load at failure and s1 5 s3 1 Dp.) The strength envelope in this case is referred to as the effective stress strength envelope.

Results of CU tests are also commonly presented with Mohr circles plotted in terms of total stress s. The strength envelope in this case is referred to as the total stress strength envelope.

Both the effective stress strength envelope and the total stress strength envelope obtained from a CU test on normally consolidated clay are shown in Figure 21–8. It will be noted that the Mohr circle has equal diameters for total stresses and effective stresses but the Mohr circle for effective stresses is displaced leftward by an amount equal to the pore pressure at failure mf.

If several CU tests are performed on the same normally consolidated clay initially consolidated under different lateral pressures s3, the total stress strength envelope is approximately a straight line passing through the origin (see Figure 21–8). Hence, results of CU triaxial tests on normally consolidated clays can be expressed by Coulomb’s equation,


s 5 s tan fCU(21–9)

where fCU is known as the consolidated undrained angle of internal friction.

A consolidated undrained triaxial compression test was performed on a soil sample in the laboratory according to the procedure described. The data obtained in the laboratory and subsequent computed data are given in the form on page351 and 352. (At the end of the chapter, two blank copies of this form are included for the reader’s use.) The required graphs of stress versus strain and pore pressure versus strain are presented in Figures 21–9 and 21–10, respectively. Both the effective stress strength envelope and the total stress strength envelope are shown in Figure 21–11.

As indicated previously, values of the angle of internal friction and cohesion are the major results of a triaxial test. In addition to these parameters, however, reports should include values of the initial unit weight, moisture content, and degree of saturation, as well as the height-to-diameter ratio of the specimen tested. The type of test performed (UU, CU, CD) and the type (undisturbed, remolded, compacted) and shape (cylindrical, prismatic) of specimen should also be reported. Of course, a visual description of the soil and any unusual conditions should be noted. The average rate of axial strain to failure, the axial strain at failure, and whether strain control or stress control was used should also be indicated. The stress-strain curves, pore pressure–strain curve (if the CU test is performed), and shear diagram (Mohr circles) should be presented in the report. Sketches of the failed specimen might also be included.

For any dry soil, about the same shear strength parameters would be obtained from any of the three triaxial tests (UU, CU, or CD). For a saturated or partially saturated cohesionless soil, the CD test will yield about the same f angle as for a dry soil, unless the material is very fine grained (low permeability) and/or the test is performed at an extremely rapid rate of strain. For any saturated cohesive soil, results are dependent on which of the three tests is used. Parameters will range from f  0 and c 5 some value using the UU test to f 5 true value and c 5 0 using the CD test. Results will also depend on whether the soil is normally consolidated, overconsolidated, or a remolded sample. For any partially saturated cohesive soil, results depend on both degree of saturation and type of drained test performed. Results from an undrained test will be highly dependent on the sample’s degree of saturation, ranging from f 5 0 for S 5 100% to f 5 true value for S 5 0 [1].

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

[2]  Irving S. Dunn, Loren R. Anderson, and Fred W. Kiefer, Fundamentals of Geotechnical Analysis, John Wiley & Sons, Inc., New York, 1980.

[3]  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.

Soils Testing Laboratory
Unconsolidated Undrained (UU)
Triaxial Compression Test

Sample No.
12
Project No.
SR 1011
Location
Charlotte, N.C.
Boring No.
2
Depth
11 ft
Date of Test
6/5/02
Description of Soil
Brown silty clay
Tested by
John Doe
[A] Specimen Data   (Specimen no.   1   )
 (1)  Type of test performed   unconsolidated undrained, without pore pressure measurement

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

 (3)  Diameter of specimen, D0   2.50   in.

 (4)  Initial area of specimen, A0   4.91   in.2
 (5)  Initial height of specimen, H0   5.82   in.

 (6)  Height-to-diameter ratio    2.33   

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]   28.58   in.3
 (8)  Mass of specimen   920.20   g

 (9)  Wet unit weight of specimen    122.7   lb/ft3
(10)  Water content of specimen   16.9   %


(a)  Can no.   2-B   


(b)  Mass of wet soil 1 can   939.92   g


(c)  Mass of dry soil 1 can   811.07   g


(d)  Mass of can   48.62   g


(e)  Mass of water [i.e., (b) 2 (c)]   128.85   g


(f)  Mass of dry soil [i.e., (c) 2 (d)]   762.45   g


(g)  Water content    16.9   %

(11)  Dry unit weight of specimen    105.0   lb/ft3
(12)  Specific gravity of soil   2.78   

(13)  Weight of water in 1 ft3 of soil specimen [i.e., (9) 2 (11)]   17.7   lb

(14)  Volume of water in 1 ft3 of soil specimen    0.284   ft3
(15)  Weight of solid in 1 ft3 of soil specimen [i.e., (11)]   105.0   lb

(16)  Volume of solid in 1 ft3 of soil specimen    0.605   ft3
(17)  Volume of void in 1 ft3 of soil specimen [i.e., 1 2 (16)]   0.395   ft3
(18)  Degree of saturation    71.9   %

[B] Triaxial Compression Data   (Specimen no.   1   )
(1)  Chamber pressure on test specimen, s3   10.0   psi

(2)  Rate of axial strain   0.02   in./min

(3)  Initial height of specimen, H0   5.82   in.

(4)  Proving ring calibration   6,000   lb/in.

Minor principal stress (i.e., chamber pressure, s3)   10.0   psi

Unit axial load at failure, Dp   40.0   psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)   50.0   psi

Soils Testing Laboratory
Consolidated Undrained (CU)
Triaxial Compression Test

Sample No.
10
Project No.
SR 1012
Location
Newell, N.C.
Boring No.
1
Depth
20 ft
Date of Test
6/6/02
Description of Soil
Brown clay
Tested by
John Doe
[A] Specimen Data    (before consolidation) (Specimen no.   1   )

 (1)  Type of test performed   consolidated undrained, with pore pressure measurement
 (2)  Type of specimen (check one)
h Undisturbed
H Remolded

 (3)  Diameter of specimen, D0   2.50   in.

 (4)  Initial area of specimen, A0   4.91   in.2
 (5)  Initial height of specimen, H0   6.10   in.

 (6)  Height-to-diameter ratio    2.44   

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]   29.95   in.3
 (8)  Mass of specimen   910.12   g

 (9)  Wet unit weight of specimen    115.8   lb/ft3
(10)  Water content of specimen   36.07   %


(a)  Can no.   1-A   


(b)  Mass of wet soil 1 can   525.21   g


(c)  Mass of dry soil 1 can   398.40   g


(d)  Mass of can   46.83   g


(e)  Mass of water [i.e., (b) 2 (c)]   126.81   g


(f)  Mass of dry soil [i.e., (c) 2 (d)]   351.57   g


(g)  Water content    36.07   %

(11)  Dry unit weight of specimen    85.1   lb/ft3
[B] Specimen Data   (after consolidation)
(1)  Chamber consolidation pressure   55.0   psi

(2)  Volume of water extruded from specimen during consolidation [i.e., volume of water accrued in burette], DV   12.8   cm3 or   0.78   in.3
(3)  Volume of specimen after consolidation, Vc [i.e., V0 2 DV]   29.17   in.3
(4)  Area of specimen after consolidation, Ac [i.e., A0(Vc/V0)2/3]   4.82   in.2
(5)  Height of specimen after consolidation, Hc [i.e., H0(Vc/V0)1/3]   6.05   in.

[C] Triaxial Compression Data   (Specimen no.   1   )

(1)  Consolidation pressure on test specimen, s3   55.0   psi

(2)  Rate of axial strain   0.05   in./min

(3)  Height of specimen after consolidation, Hc   6.05   in.

(4)  Proving ring calibration   6,000   lb/in.

Minor principal stress (i.e., chamber pressure, s3)   55.0   psi

Unit axial load at failure, Dp   46.0   psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)   101.0   psi

Pore pressure corresponding to unit axial load at failure, mf   25.8   psi

Effective minor principal stress, s –3 [i.e., s –3 2 mf]   29.2   psi

Effective major principal stress at failure, s –1 [i.e., s1 2 mf]   75.2   psi

Soils Testing Laboratory
Unconsolidated Undrained (UU)
Triaxial Compression Test

Sample No.

Project No.


Location

Boring No.


Depth

Date of Test


Description of Soil


Tested by


[A] Specimen Data   (Specimen no.       )
 (1)  Type of test performed   


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

 (3)  Diameter of specimen, D0          in.

 (4)  Initial area of specimen, A0          in.2
 (5)  Initial height of specimen, H0          in.

 (6)  Height-to-diameter ratio           

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]           in.3
 (8)  Mass of specimen            g

 (9)  Wet unit weight of specimen            lb/ft3
(10)  Water content of specimen          %


(a)  Can no.         


(b)  Mass of wet soil 1 can            g


(c)  Mass of dry soil 1 can            g


(d)  Mass of can           g


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


(f)  Mass of dry soil [i.e., (c) 2 (d)]            g


(g)  Water content           %

(11)  Dry unit weight of specimen            lb/ft3
(12)  Specific gravity of soil          

(13)  Weight of water in 1 ft3 of soil specimen [i.e., (9) 2 (11)]          lb

(14)  Volume of water in 1 ft3 of soil specimen            ft3
(15)  Weight of solid in 1 ft3 of soil specimen [i.e., (11)]           lb

(16)  Volume of solid in 1 ft3 of soil specimen            ft3
(17)  Volume of void in 1 ft3 of soil specimen [i.e., 1 2 (16)]           ft3
(18)  Degree of saturation           %

[B] Triaxial Compression Data   (Specimen no.       )
(1)  Chamber pressure on test specimen, s3          psi

(2)  Rate of axial strain          in./min

(3)  Initial height of specimen, H0          in.

(4)  Proving ring calibration           lb/in.

Minor principal stress (i.e., chamber pressure, s3)          psi

Unit axial load at failure, Dp          psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)          psi

Soils Testing Laboratory
Unconsolidated Undrained (UU)
Triaxial Compression Test

Sample No.

Project No.


Location

Boring No.


Depth

Date of Test


Description of Soil


Tested by


[A] Specimen Data   (Specimen no.       )
 (1)  Type of test performed   


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

 (3)  Diameter of specimen, D0          in.

 (4)  Initial area of specimen, A0          in.2
 (5)  Initial height of specimen, H0          in.

 (6)  Height-to-diameter ratio           

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]           in.3
 (8)  Mass of specimen            g

 (9)  Wet unit weight of specimen            lb/ft3
(10)  Water content of specimen          %


(a)  Can no.         


(b)  Mass of wet soil 1 can            g


(c)  Mass of dry soil 1 can            g


(d)  Mass of can           g


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


(f)  Mass of dry soil [i.e., (c) 2 (d)]            g


(g)  Water content           %

(11)  Dry unit weight of specimen            lb/ft3
(12)  Specific gravity of soil          

(13)  Weight of water in 1 ft3 of soil specimen [i.e., (9) 2 (11)]          lb

(14)  Volume of water in 1 ft3 of soil specimen            ft3
(15)  Weight of solid in 1 ft3 of soil specimen [i.e., (11)]           lb

(16)  Volume of solid in 1 ft3 of soil specimen            ft3
(17)  Volume of void in 1 ft3 of soil specimen [i.e., 1 2 (16)]           ft3
(18)  Degree of saturation           %

[B] Triaxial Compression Data   (Specimen no.       )
(1)  Chamber pressure on test specimen, s3          psi

(2)  Rate of axial strain          in./min

(3)  Initial height of specimen, H0          in.

(4)  Proving ring calibration           lb/in.

Minor principal stress (i.e., chamber pressure, s3)          psi

Unit axial load at failure, Dp          psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)          psi

Soils Testing Laboratory
Consolidated Undrained (CU)
Triaxial Compression Test

Sample No.

Project No.


Location

Boring No.


Depth

Date of Test


Description of Soil


Tested by


[A] Specimen Data    (before consolidation) (Specimen no.       )

 (1)  Type of test performed   


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

 (3)  Diameter of specimen, D0         in.

 (4)  Initial area of specimen, A0          in.2
 (5)  Initial height of specimen, H0          in.

 (6)  Height-to-diameter ratio           

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]           in.3
 (8)  Mass of specimen            g

 (9)  Wet unit weight of specimen            lb/ft3
(10)  Water content of specimen           %


(a)  Can no.         


(b)  Mass of wet soil 1 can            g


(c)  Mass of dry soil 1 can            g


(d)  Mass of can           g


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


(f)  Mass of dry soil [i.e., (c) 2 (d)]            g


(g)  Water content            %

(11)  Dry unit weight of specimen          lb/ft3
[B] Specimen Data   (after consolidation)
(1)  Chamber consolidation pressure          psi

(2)  Volume of water extruded from specimen during consolidation [i.e., volume of water accrued in burette], DV          cm3 or          in.3
(3)  Volume of specimen after consolidation, Vc [i.e., V0 2 DV ]           in.3
(4)  Area of specimen after consolidation, Ac [i.e., A0(Vc/V0)2/3 ]          in.2
(5)  Height of specimen after consolidation, Hc [i.e., H0(Vc/V0)1/3 ]          in.

[C] Triaxial Compression Data   (Specimen no.       )

(1)  Consolidation pressure on test specimen, s3          psi

(2)  Rate of axial strain          in./min

(3)  Height of specimen after consolidation, Hc          in.

(4)  Proving ring calibration           lb/in.

Minor principal stress (i.e., chamber pressure, s3)          psi

Unit axial load at failure, Dp          psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)           psi

Pore pressure corresponding to unit axial load at failure, mf          psi

Effective minor principal stress, s –3 [i.e., s3 2 mf]          psi

Effective major principal stress at failure, s –1 [i.e., s1 2 mf]          psi

Soils Testing Laboratory
Consolidated Undrained (CU)
Triaxial Compression Test

Sample No.

Project No.


Location

Boring No.


Depth

Date of Test


Description of Soil


Tested by


[A] Specimen Data    (before consolidation) (Specimen no.       )

 (1)  Type of test performed   


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

 (3)  Diameter of specimen, D0         in.

 (4)  Initial area of specimen, A0          in.2
 (5)  Initial height of specimen, H0          in.

 (6)  Height-to-diameter ratio           

 (7)  Volume of specimen, V0 [i.e., (4) 2 (5)]           in.3
 (8)  Mass of specimen            g

 (9)  Wet unit weight of specimen            lb/ft3
(10)  Water content of specimen           %


(a)  Can no.         


(b)  Mass of wet soil 1 can            g


(c)  Mass of dry soil 1 can            g


(d)  Mass of can           g


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


(f)  Mass of dry soil [i.e., (c) 2 (d)]            g


(g)  Water content            %

(11)  Dry unit weight of specimen          lb/ft3
[B] Specimen Data   (after consolidation)
(1)  Chamber consolidation pressure          psi

(2)  Volume of water extruded from specimen during consolidation [i.e., volume of water accrued in burette], DV          cm3 or          in.3
(3)  Volume of specimen after consolidation, Vc [i.e., V0 2 DV ]           in.3
(4)  Area of specimen after consolidation, Ac [i.e., A0(Vc/V0)2/3 ]          in.2
(5)  Height of specimen after consolidation, Hc [i.e., H0(Vc/V0)1/3 ]          in.

[C] Triaxial Compression Data   (Specimen no.       )

(1)  Consolidation pressure on test specimen, s3          psi

(2)  Rate of axial strain          in./min

(3)  Height of specimen after consolidation, Hc          in.

(4)  Proving ring calibration           lb/in.

Minor principal stress (i.e., chamber pressure, s3)          psi

Unit axial load at failure, Dp          psi

Major principal stress at failure (i.e., s1 5 s3 1 Dp)           psi

Pore pressure corresponding to unit axial load at failure, mf          psi

Effective minor principal stress, s –3 [i.e., s3 2 mf]          psi

Effective major principal stress at failure, s –3 [i.e., s1 2 mf]          psi#Figure 21–1  Schematic Diagram of a Triaxial Chamber [1]Figure 21–2  Triaxial Chamber (Courtesy of Soiltest, Inc.)#
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