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Introduction

Apparatus 
and SuppliesThe unconfined compressive strength of cohesive soil, qu, is defined as the load per unit area at which an unconfined prismatic or cylindrical specimen of soil will fail in a simple compression test. It is taken to be the maximum load attained per unit area or the load per unit area at 15% axial strain, whichever is secured first during the performance of a test [1].

The unconfined compression test is perhaps the simplest, easiest, and least expensive test for investigating the approximate shear strength of cohesive soils in terms of total stress. (The reason the test is usually limited to cohesive soils is that there is no lateral support, and the soil sample must be able to stand alone. A cohesionless soil such as sand cannot generally stand alone in this manner without lateral support.) The soil parameter cohesion c is taken to be one-half the unconfined compressive strength (i.e., c 5 qu/2).

Compression device (including deflection dial; see Figures 20–1 and 20–2)

Sample ejector, for ejecting the soil core from the sampling tube

Dial comparator or other suitable device, for measuring the specimen’s physical dimensions

Timing device

Drying oven

Balance (with accuracy to 0.01 g)

Miscellaneous equipment: trimming tools, remolding apparatus, moisture content containers, etc.

(1) Specimen Size—Specimens shall have a minimum diameter of 30 mm (1.3 in.), and the largest particle contained within the test specimen shall be smaller than one tenth of the specimen diameter. For specimens having a diameter of 72 mm (2.8 in.) or larger, the largest particle size shall be smaller than one sixth of the specimen diameter. If, after completion of a test on an undisturbed specimen, it is found, based on visual observation, that larger particles than permitted are present, indicate this information in the remarks section of the report of test data (Note 1). The height-to-diameter ratio shall be between 2 and 2.5. Determine the average height and diameter of the test specimen using the dial comparator. Take a minimum of three height measurements (120° apart), and at least three diameter measurements at the quarter points of the height.

Note 1—If large soil particles are found in the sample after testing, a particle-size analysis performed in accordance with ASTM Method D 422 (Chapter 9) may be performed 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 Method D 1587 and preserved and transported in accordance with the practices for Group C samples in ASTM Method D 4220. Tube specimens may be tested without trimming except for the squaring of ends, if conditions of the sample justify this procedure. Handle specimens carefully to prevent 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 without disturbance. Prepare carved specimens without disturbance and, whenever possible, in a humidity-controlled room. Make every effort to prevent any change in water content of the soil. Specimens shall be of uniform circular cross section with ends perpendicular to the longitudinal axis of the specimen. When carving or trimming, remove any small pebbles or shells encountered. Carefully fill voids on the surface of the specimen with remolded soil obtained from the trimmings. When pebbles or crumbling result in excessive irregularity at the ends, cap the specimen with a minimum thickness of plaster of paris, hydrostone, or similar material. When sample condition permits, a vertical lathe that will accommodate the total sample may be used as an aid in carving the specimen to the required diameter. Where prevention of the development of appreciable capillary forces is deemed important, seal the specimen with a rubber membrane, thin plastic coatings, or with a coating of grease or sprayed plastic immediately after preparation and during the entire testing cycle. Determine the mass and dimensions of the test specimen. If the specimen is to be capped, its mass and dimensions should be determined before capping. If the entire test specimen is not to be used for determination of water content, secure a representative sample of trimmings for this purpose, placing them immediately in a covered container. The water content determination shall be performed in accordance with Method D 2216.

(3)  Remolded Specimens—Specimens may be prepared either from a failed undisturbed specimen or from a disturbed sample, providing it is representative of the failed undisturbed specimen. In the case of failed undisturbed specimens, wrap the material in a thin rubber membrane and work the material thoroughly with the fingers to assure complete remolding. Avoid entrapping air in the specimen. Exercise care to obtain a uniform density, to remold to the same void ratio as the undisturbed specimen, and to preserve the natural water content of the soil. Form the disturbed material into a mold of circular cross section having dimensions meeting the requirements of (1). After removal from the mold, determine the mass and dimensions of the test specimens.

(4) Compacted Specimens—Specimens shall be prepared to the predetermined water content and density prescribed by the individual assigning the test (Note 2). After a specimen is formed, trim the ends perpendicular to the longitudinal axis, remove from the mold, and determine the mass and dimensions of the test specimen.

Note 2—Experience indicates that it is difficult to compact, handle, and obtain valid results with specimens that have a degree of saturation that is greater than 90%.

The unconfined compression test is quite similar to the test for compressive strength of concrete, where crushing concrete cylinders is carried out solely by measured increases in end loadings. A cohesive soil specimen, prepared as previously described, is placed in a compression device (Figures 20–1 and 20–2) and subjected to an axial load, applied to produce axial strain at a rate of 1_2 to 2%/min. The resulting stress and strain are then measured. The unconfined compressive strength is taken as the maximum load attained per unit area or the load per unit area at 15% axial strain, whichever is secured first during the test.

The actual step-by-step procedure is as follows (ASTM 2166-00 [1]):

(1) Place the specimen in the loading device so that it is centered on the bottom platen. Adjust the loading device carefully so that the upper platen just makes contact with the specimen. Zero the deformation indicator. Apply the load so as to produce an axial strain at a rate of 1_2 to 2%/min. Record load, deformation, and time values at sufficient intervals to define the shape of the stress-strain curve (usually 10 to 15 points are sufficient). The rate of strain should be chosen so that the time to failure does not exceed about 15 min (Note 3). Continue loading until the load values decrease with increasing strain, or until 15% strain is reached. The rate of strain used for testing sealed specimens may be decreased if deemed desirable for better test results. Indicate the rate of strain in the report of the test data. Determine the water content of the test specimen using the entire specimen, unless representative trimmings are obtained for this purpose, as in the case of undisturbed specimens. Indicate on the test report whether the water content sample was obtained before or after the shear test.

Note 3—Softer materials that will exhibit larger deformation at failure should be tested at a higher rate of strain. Conversely, stiff or brittle materials that will exhibit small deformations at failure should be tested at a lower rate of strain.

(2) Make a sketch, or take a photo, of the test specimen at failure showing the slope angle of the failure surface if the angle is measurable.

Data collected in this test should include the following:

[A] Specimen Data

Diameter 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] Compression Data

Successive load and deformation values as load is applied (loads are determined by multiplying proving ring dial readings by the proving ring calibration factor)

[A] Specimen Parameters

With the diameter and initial height of the specimen known, its initial area, volume, and height-to-diameter ratio can be calculated. With the specimen’s mass known, its wet unit weight can be found. From the water content data, the water content (see Chapter 3) and then the dry unit weight of the specimen can be determined.

[B] Compression Calculation

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


(20–1)

The value of DH is given by the deformation dial reading, provided that the dial is set to zero initially.

As load is applied to the specimen, its cross-sectional area will increase by a small amount. For each applied load, the cross-sectional area A can be computed by the equation


(20–2)

where A0 is the initial area of the specimen.

Each applied axial load P can be determined by multiplying the proving ring dial reading by the proving ring calibration factor, and the load per unit area can be computed by dividing the load by the corresponding cross-sectional area.

The largest value of load per unit area or load per unit area at 15% strain, whichever is secured first, is taken to be the unconfined compressive strength qu, and the cohesion c is taken to be half the unconfined compressive strength.

[C] Graph

A graph of load per unit area (ordinate) versus unit strain (abscissa) should be prepared. From this graph, the unconfined compressive strength may be evaluated as either the maximum value of load per unit area or the load per unit area at 15% strain, whichever occurs first.

An unconfined compression test was performed in the laboratory, and the following data were obtained:

[A] Specimen Data

Diameter of specimen, D0 5 2.50 in.

Initial height of specimen, H0 5 5.98 in.

Mass of specimen 5 991.50 g

Water content data:

Mass of wet soil plus can 5 383.41 g

Mass of dry soil plus can 5 326.78 g

Mass of can 5 50.56 g

[B] Compression Data

Proving ring calibration 5 6,000 lb/in.

Deformation Dial, DH (in.)
Proving Ring Dial (in.)


0.000
0.0000


0.025
0.0024


0.050
0.0058


0.075
0.0086


0.100
0.0116


0.125
0.0150


0.150
0.0176


0.175
0.0208


0.200
0.0224


0.225
0.0232


0.240
0.0224


0.260
0.0198

All of these data are shown on forms prepared for recording both collected laboratory data and computed results (see pages319 and 320). At the end of the chapter, two blank copies of these forms are included for the reader’s use.

With the data listed, computations would proceed as follows:

[A] Specimen Parameters

The height-to-diameter ratio is 5.98/2.50, or 2.4, which is between 2 and 2.5 and, therefore, acceptable. The specimen’s initial area, A0, and volume are easily computed as follows:

Volume 5 (A0)(H0) 5 (4.91)(5.98) 5 29.36 in.3
With the specimen’s mass and volume 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 can be computed as follows (see Chapter 3):

Finally, the dry unit weight gdry can be computed:

[B] Compression Calculations

For the first applied load in this test, the deformation dial DH and the proving ring dial readings were 0.025 and 0.0024 in., respectively. The axial strain e for this particular applied load can be computed using Eq. (20–1):




         (20–1)

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


(20–2)

The applied axial load P can be computed by multiplying the proving ring dial reading by the proving ring calibration factor:

P 5 (0.0024)(6,000) 5 14.4 lb

The load per unit area for this particular applied load is therefore 14.4/4.93, or 2.92 lb/in.2 This converts to 420 lb/ft2.

The foregoing data furnish the values to fill in the second row of the form on page320. Similar computations provide values needed to fill in the remaining rows.

[C] Graph

The required graph showing the relationship between load per unit area and unit strain can be obtained by plotting values of load per unit area (the last column in the form on page320) as the ordinate and unit strain (the second column in the form on page320) as the abscissa. The graph for this example is shown in Figure 20–3. From this graph, the unconfined compressive strength qu, which is the maximum value of load per unit area or the load per unit area at 15% strain, whichever occurs first, is 3,930 lb/ft2. The cohesion c, which is half the unconfined compressive strength (i.e., c 5 qu/2), is therefore 3,930/2, or 1,965 lb/ft2.

Soils Testing Laboratory
Unconfined Compression Test

Sample No.
18
Project No.
I-85-5(3)
Location
Kannapolis, N.C.
Boring No.
14
Depth of Sample
18 ft
Date of Test
6-2-02
Description of Soil
Light brown clay
Tested by
John Doe
[A] Specimen Data

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

 (2)  Shape of specimen (check one)
H Cylindrical
h Prismatic

 (3)  Diameter of specimen, D0   2.50   in.

 (4)  Initial area of specimen, A0   4.91   in.2
 (5)  Initial height of specimen, H0   5.98   in.

 (6)  Height-to-diameter ratio    2.4   

 (7)  Volume of specimen [i.e., (4) 2 (5)]   29.36   in.3
 (8)  Mass of specimen   991.50   g

 (9)  Wet unit weight of specimen    128.6   lb/ft3
(10)  Water content of specimen   20.5   %


(a)  Can no.   2-D   


(b)  Mass of wet soil 1 can   383.41   g


(c)  Mass of dry soil 1 can   326.78   g


(d)  Mass of can   50.56   g


(e)  Mass of water   56.63   g


(f)  Mass of dry soil   276.22   g


(g)  Water content    20.5   %

(11)  Dry unit weight of specimen    106.7   lb/ft3
[B] Compression Data

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

Unconfined compressive strength, qu   3,930   lb/ft2
Cohesion, c    1,965   lb/ft2
The test described covers the determination of the unconfined compressive strength of cohesive soil in the undisturbed, remolded, or compacted condition, using strain-controlled application of axial load. It provides an approximate value of the strength of cohesive soils in terms of total stresses. The method is applicable only to cohesive materials that will not expel bleed water (water expelled from the soil due to deformation or compaction) during the loading portion of the test and that will retain intrinsic strength after removal of confining pressures, such as clays or cemented soils. Dry and crumbly soils, fissured or varved materials, silts, peats, and sands cannot be tested with this method to obtain valid unconfined compressive strength values. [1]

The primary results of unconfined compressive strength tests are the values of unconfined compressive strength qu and cohesion c. A test report should also include, however, (1) an identification and visual description of the soil, (2) the type (undisturbed, compacted, or remolded) and shape (cylindrical or prismatic) of the test specimen, and (3) the dimensions, height-to-diameter ratio, initial density, and water content of the test specimen. Normally, a graph of load per unit area versus unit strain is also presented, and sketches of the failed specimen might be included as well.

Because the ability of soil to support imposed loads is determined by its shear strength, the shear strength of soil is important in foundation design, lateral earth pressure calculations, slope stability analysis, and many other considerations.

There are several methods of investigating the shear strength of a soil in a laboratory, including the (1) unconfined compression test, (2) triaxial compression test, and (3) direct shear test. As discussed previously, unconfined compression tests can generally be used only to investigate cohesive soils and provide approximate values of the strength of these soils in terms of total stresses. Triaxial tests, described in Chapter 21, and direct shear tests, discussed in Chapter 22, can be used to investigate both cohesive and cohesionless soils.

Some typical values of the shear strength of cohesive soil (i.e., cohesion) are given in Table 20–1.

Table 20–1  Typical Values of Shear Strength of Cohesive Soil [3]



Shear Strength


(Half of Unconfined Compressive Strength)

Consistency of Clay
(lb/ft2)


Very soft
,250


Soft
250–500


Medium
500–1,000


Stiff
1,000–2,000


Very stiff
2,000–4,000


Hard
.4,000

[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, New York, 1978.

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

Soils Testing Laboratory
Unconfined Compression Test

Sample No.

Project No.


Location

Boring No.


Depth of Sample

Date of Test


Description of Soil


Tested by


[A] Specimen Data

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

 (2)  Shape of specimen (check one)
h Cylindrical
h Prismatic

 (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 [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           g


(f)  Mass of dry soil            g


(g)  Water content           %

(11)  Dry unit weight of specimen             lb/ft3
[B] Compression Data

(1)  Proving ring calibration           lb/in.

Unconfined compressive strength, qu           lb/ft2
Cohesion, c            lb/ft2
Soils Testing Laboratory
Unconfined Compression Test

Sample No.

Project No.


Location

Boring No.


Depth of Sample

Date of Test


Description of Soil


Tested by
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h Undisturbed
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 (3)  Diameter of specimen, D0          in.

 (4)  Initial area of specimen, A0          in.2
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 (7)  Volume of specimen [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           g


(f)  Mass of dry soil            g


(g)  Water content           %

(11)  Dry unit weight of specimen            lb/ft3
[B] Compression Data

(1)  Proving ring calibration           lb/in.

Unconfined compressive strength, qu           lb/ft2
Cohesion, c            lb/ft2##
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Deformation
Unit Strain, e
Cross-Sectional
Proving
Applied
            Load per Unit Area

Dial, DH
(in./in.)
Area, A
Ring Dial
Axial


(in.)

(in.2)
(in.)
Load, P






(lb)
lb/in.2
lb/ft2





(5) 5 (4) 2 


(1)


(4)
proving ring

(7) 5 (6) 2 144


calibration



0.000
0.000
4.91
0.0000
0
0
0


0.025
0.004
4.93
0.0024
14.4
2.92
420


0.050
0.008
4.95
0.0058
34.8
7.03
1,012


0.075
0.013
4.97
0.0086
51.6
10.38
1,495


0.100
0.017
4.99
0.0116
69.6
13.95
2,009


0.125
0.021
5.02
0.0150
90.0
17.93
2,582


0.150
0.025
5.04
0.0176
105.6
20.95
3,017


0.175
0.029
5.06
0.0208
124.8
24.66
3,551


0.200
0.033
5.08
0.0224
134.4
26.46
3,810


0.225
0.038
5.10
0.0232
139.2
27.29
3,930


0.240
0.040
5.11
0.0224
134.4
26.30
3,787


0.260
0.043
5.13
0.0198
118.8
23.16
3,335

#
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