TRIAXIAL COMPRESSON TEST FOR UNDISTURBED SOILS TXDOT DESIGNATION: TEX-118-E

Test Procedure for

TRIAXIAL COMPRESSION TEST FOR o
UNDISTURBED SOILS y £

TxDOT Designation: Tex-118-E
Effective Date: August 1999

11

1.2

1.3

1.4

SCOPE

This method determines the unconsolidated, undrained, compressive strength of
cylindrical specimens of cohesive soilsin an undisturbed condition, using a strain-
controlled application of the axial compression-test |oad where the specimen is subjected
to aconfining fluid pressure in atriaxial chamber.

The method provides for the measurement of the total stresses applied to the specimen,
uncorrected for pore pressure.

Thetest provides data for determining strength properties and stress-strain relations for
soils.

The values given in parentheses (if provided) are not standard and may not be exact
mathematical conversions. Use each system of units separately. Combining values from
the two systems may result in nonconformance with the standard.

2.1

2.2

2.3

DEFINITIONS

Triaxial Compression Test—the triaxial compression test atest in which a cylindrical
specimen of soil or rock encased in an impervious membrane is subjected to a confining
pressure and then loaded axially to failure in compression.

Deviator Stress (Principal Stress Difference)-Deviator stressis the difference between
the major and minor principal stressesin atriaxia test, which is equal to the axial load
applied to the specimen divided by the cross-sectional area of the specimen, as prescribed
in the section on calculations. The major principal stressin the specimen is equal to the
deviator stress plus the chamber pressure, and the minor principal stress in the specimen
is egual to the chamber pressure.

Failure Stress—Failure stress is the stress in the specimen corresponding to the maximum
deviator stress (principal stress difference) attained, or by the deviator stress (principal
stress difference) at 15% axial strain, whichever is obtained first during the performance
of atest.
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2.4

Unconsolidated, Undrained Compressive Strength—Unconsolidated, undrained
compressive strength is the value of the maximum deviator stress (principal stress
difference) during the test.

3.1

3.1.1

3.1.2

3.1.3

SIGNIFICANCE AND USE

Since the shear strength of a soil is determined in terms of the total stressin thistest (the
total stress being equal to the effective stress plus the pore pressure), the strength depends
on the pressure developed in the pore fluid during loading.

This method does not permit fluid flow from or into the soil specimen astheload is
applied; therefore, the resulting pore pressure, and hence strength, differs from that
developed in the case where drainage can occur.

Since this method does not permit drainage across the boundaries of the specimen, the
strength measured in terms of total stresswill not generally be applicableto field
conditions where drainage occurs.

Further, the strengths determined using triaxial compression tests may not apply in cases
where the strain conditions in the field differ significantly from those in the test.

4.1

4.2

42.1

4.3

431

APPARATUS

Axial-loading (compression) device, driven by either a screw jack or an electric motor
through a geared transmission, plus:

m  aplatform weighing scale equipped with a screw-jack activated-load yoke;
B adeadweight load apparatus,

B ahydraulic or pneumatic loading device; or

[ |

any other compression device with sufficient capacity and control to provide the
rate of loading prescribed in Section 6.

Axial-load measuring device, either load ring, electronic load cell, hydraulic load cell, or
any other load-measuring device capable of the accuracy prescribed in this paragraph,
and may be a part of the axial loading device.

For soil with adeviator stress at failure of less than 96 kPa (1 ton/sg. ft.), device must be
capable of measuring the unit axial load to an accuracy of 1 kPa (0.01 ton/sg. ft.) or 1%
of the axial load at failure for soil with adeviator stress at failure of 96 kPa (1 ton/sqg. ft.)
or greater.

Chamber pressure maintaining and measurement device, capable of applying and
controlling the chamber pressure to within 1 kPa (0.01 ton/sg. ft.) for chamber pressures
less than 192 kPa (2 ton/sg. ft.) and to within + 1% for chamber pressures greater than
192 kPa (2 ton/sg. ft.).

This device may consist of areservoir connected to the triaxial chamber and partialy
filled with the chamber fluid (usually water), with the upper part of the reservoir

CONSTRUCTION DIVISION 2-9 LAST REVIEWED: SEPTEMBER 2014



TRIAXIAL COMPRESSON TEST FOR UNDISTURBED SOILS TXDOT DESIGNATION: TEX-118-E

4.3.2

4.4

44.1

4.4.2

443

4.5

45.1

45.2

45.3

454

455

4.5.6

4.6

4.7

4.7.1

connected to a compressed gas supply, the gas pressure being controlled by a pressure
regulator and measured by a pressure gauge, electronic pressure transducer, or any other
device capable of measuring to the prescribed tolerance.

However, a hydraulic system pressurized by deadweight acting on a piston or any other
pressure maintaining and measurement device capable of applying and controlling the
chamber pressure to the tolerance prescribed in this paragraph may be used.

Triaxial compression chamber, in which the cylindrical specimen, enclosed by a
membrane sealed to the specimen cap and base, may be placed and subjected to a
constant hydrostatic fluid pressure.

The apparatus shall include a bushing and piston, aligned with the axis of the loading
device.

The apparatus shall include a bushing and piston, aligned with the axis of the loading
device.

The bushing and piston must be designed to minimize friction.

Impermeable rigid specimen cap and base, to prevent drainage of the specimen,
constructed of a non-corrosive, impermeable material.

Each device shall have a circular plane surface of contact with the specimen and a
circular cross section.

The weight of the specimen cap must be less than 0.5% of the applied axial load at
failure.

The diameter of the cap and base must equal the initial diameter of the specimen.

The specimen base should be coupled to the triaxial compression chamber to prevent
lateral motion or tilting.

The specimen cap should receive the piston so that the piston-to-cap contact areais
concentric with the cap.

The cylindrical surface of the specimen base and cap that contacts the membrane to form
aseal must be smooth and free of scratches.

Deformation indicator, adial indicator able to measure to within 0.03% of the specimen
height, with atravel range of at least 20% of the initial height of the test specimen, or
other measuring device meeting these requirements for precision and range.

Rubber membrane, to encase the specimen; should provide reliable protection against
leakage.

Discard the membrane if flaws or pinholes are evident.
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4.7.2 To offer minimum restraint to the specimen, the unstretched membrane diameter should
be between 75% and 90% of that of the specimen, and the thickness should not exceed
1% of the diameter.

4.7.3 The membrane must be sealed to the specimen and cap with rubber O-rings, whose
unstressed inside diameter is less than 75% of the diameter of the base and cap, or by
other methods that will produce a positive seal.

4.7.4 An equation for correcting the deviator stress (principal stress difference) for the effect of
the strength of the membraneis given in Section 7.

4.8 Sample extruder, capable of pushing the soil core from the sampling tube with minimum
disturbance. If the soil coreis not extruded vertically, take care to avoid any bending.

4.9 Devices to measure the height and diameter of the specimen, capable of measuring to the
nearest 0.3 mm (0.01 in.), constructed so their use will not disturb the specimen.

4.10 Timing device, indicating the elapsed testing time to the nearest 1 second, to establish the
rate of strain application prescribed in Section 6.

4.11 Balance
B Class G1in accordance with Tex-901-K for soil specimens less than 100 g
B Class G2 in accordance with Tex-901-K for specimens 100 g or heavier.

412 Miscellaneous apparatus, including:

B specimen trimming and carving tools
membrane expander

[ | remolding apparatus

[ | moisture (water) content cans

[ | data sheets.

5. TEST SPECIMENS

5.1 Specimens should have a minimum diameter of 70 mm (2.8 in.)

5.1.1 The largest particle contained within the test specimen must be smaller than one sixth of
the specimen diameter.

5.1.2 If oversize particles are present, indicate this information in the test data report, under
remarks.

5.1.3 The height to diameter ratio should be between two and three, measured to the nearest
0.3mm (0.01in.)

5.2 Prepare undisturbed specimens from samples obtained from thin walled sampling tubes

or other acceptable undisturbed tube sampling procedures.
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5.2.1 Specimens obtained by tube sampling may be tested without trimming, except for
squaring ends, provided soil characteristics are such that no significant disturbance results
from sampling.

5.2.2 Handle specimens carefully to minimize disturbance, changes in cross section, or loss of
moisture content.

5.2.3 If compression or any type of noticeable disturbance would be caused by the extrusion
device, split the sample length-wise, or cut it off in small sections to facilitate removal of
the specimen with minimum disturbance.

5.24 Specimens should be of uniform circular cross section, with ends perpendicular to the
axis.

5.25 If pebbles or crumbling result in excessive irregularity at the ends, pack soil from the
trimmings in the irregul arities to produce the desired surface, or cap the specimens with a
thin layer of plaster of Paris, hydrostone, or similar material.

5.2.6 Determine weight and dimensions of specimen, enclose in the rubber membrane, and
immediately sedl it to the specimen base and cap.

6. PROCEDURE

6.1 Position the specimen in the chamber and assembl e the triaxial chamber

6.2 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.

6.2.1 During this procedure, take care not to apply a deviator stress to the specimen exceeding
0.5% of the estimated compressive strength.

6.2.2 If the weight of the piston is sufficient to apply a deviator stress to the specimen
exceeding 0.5% of the estimated compressive strength: the piston should be locked in
place above the specimen cap after checking the seating and alignment; and left locked
until application of the chamber pressure.

6.3 Place the chamber in position in the axial loading device.

6.4 Carefully align the axial loading device, the axial load-measuring device, and the triaxial
chamber to prevent the application of alateral force to the piston during testing.

6.5 Attach the pressure-maintaining and measurement device.

6.6 Fill the chamber with the confining fluid to a predetermined level.

6.7 Adjust the pressure-maintaining and measurement device to the desired chamber pressure
and apply pressure to the chamber fluid.

6.7.1 If the axial load-measuring device islocated outside the triaxial chamber, the chamber

will produce an upward force on the piston that will react against the axial loading
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device. In this case, start the test with piston slightly above the specimen cap, and before
the piston comesin contact with the specimen cap, measure and record the initial piston

friction and upward thrust of the piston produced by the chamber pressure. Later correct
the measured axial load, or adjust the axial |oad-measuring device to compensate for the
friction and thrust.

6.7.2 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.

6.7.3 In either case, record theinitial reading on the deformation indicator when the piston
contacts the specimen cap.

6.8 Approximately 10 minutes after the application of chamber pressure (see Note 1) begin to
apply the axial load to produce axial strain at arate of approximately:

[ | 1%/minute for plastic materials
m 0.3%/minute for brittle materials that achieve maximum deviator stress at
approximately 3—6% strain.

6.8.1 At these rates, the elapsed time to reach maximum deviator stress will be approximately
15-20 minutes.

Note 1—The purpose of thistime interval isto allow the specimen to stabilize under the
chamber pressure prior to application of the load.

6.9 Record load and deformation values at approximately 0.1, 0.2, 0.3, 0.4, and 0.5% strain,
and at increments of about 0.5% strain, then to 3%; and thereafter at every 1%, except
that the load and deformation may be recorded at 2% increments of strain for strains
greater than 10%. Take sufficient readings to define the stress-strain curve; hence, more
frequent readings may be required in the early stages of thetest and asfailureis
approached.

6.10 Continue the loading to 15% strain except:
[ | L oading may be stopped when the deviator stress has peaked and dropped 20% or
B When 5% axial strain occurs after apeak in deviator stress.

7. CALCULATIONS

7.1 Calculate Axial Strain (€):

e=AL/L,

Where:
AL = changein length of specimen as read from deformation indicator, mm (in.)
Lo = initial length of specimen minus any changein length prior to loading, mm (in.)
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7.2

7.3

7.3.1

7.3.2

7.4

7.5

7.6

Calculate the average cross-sectional areafor a given applied axial load (A):
Ap=A,/(1-€)

Determine the principal stresses at failure:

Minor principal stress (o3):

o ;= Chamber Pr essure o

And
Major principle stress (c4):
o ,= Deviator Stressat Failure plus Chamber Pr essure

Calculate the deviator stress for a given applied load:
(0,-03)=PIlA,

Where:

A, = initial average cross-sectional area of the specimen, m? (in.?)

P = given applied axial load (corrected for uplift and piston friction, if required), kPa
(psi).

Note 2—If the ratio of height to diameter of the specimen is less than two, make
allowance for the ratio of height to diameter by multiplying the compressive strength by
the applicable correction factor listed in Table 1.

Note 3—Correction of Strength Due to Stiffness of Rubber Membrane — For most soils
tested using membranes as prescribed in Section 4, the correction isinsignificant and can
be ignored; however, for the very soft soils, the membrane effect may be significant and
corrections may be necessary. If making the correction, follow the procedure described in
ASTM D 2850, Sections 8.5 and 8.5.1.

Graph the relationship between deviator stress (principal stress difference) and axial
strain, plotting deviator stress as ordinate and axial strain as abscissa. When testing a
large number of samples, failure occurs when the same stresses are obtained for three or
more consecutive strain readings.

Graph the circle of stress as shown in Figure 1.
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Table 1—Interpolated Specimen Strength Correction Factors

H/D Factor H/D Factor H/D Factor H/D Factor
1.00
1.01 0.910 1.25 0.940 1.50 0.970 1.75 0.990
1.02 0.911 1.26 0.941 151 0.971 1.76 0.991
1.03 0.912 1.27 0.942 152 0.972 1.77 0.991
1.04 0.914 1.28 0.944 153 0.974 1.78 0.992
1.05 0.915 1.29 0.945 154 0.975 1.79 0.992
1.06 0.916 1.30 .0945 155 0.975 1.80 0.993
1.07 0.917 1.31 0.947 1.56 0.976 181 0.993
1.08 0.918 1.32 0.948 157 0.977 1.82 0.994
1.09 0.920 1.33 0.950 1.58 0.978 1.83 0.994
1.10 0.921 1.34 0.951 1.59 0.979 1.84 0.995
1.11 0.922 1.35 0.952 1.60 0.979 1.85 0.995
1.12 0.923 1.36 0.953 161 0.980 1.86 0.996
1.13 0.924 1.37 0.954 1.62 0.981 1.87 0.996
114 0.926 1.38 0.956 1.63 0.982 1.88 0.996
1.15 0.927 1.39 0.957 1.64 0.983 1.89 0.997
1.16 0.928 1.40 0.958 1.65 0.983 1.90 0.997
1.17 0.929 1.41 0.959 1.66 0.984 1.91 0.997
1.18 0.930 1.42 0.960 1.67 0.985 1.92 0.998
1.19 0.932 1.43 0.962 1.68 0.986 1.93 0.998
1.20 0.933 1.44 0.963 1.69 0.986 1.94 0.998
1.21 0.934 1.45 0.964 1.70 0.987 1.95 0.999
1.22 0.935 1.46 0.965 1.71 0.988 1.96 0.999
1.23 0.936 1.47 0.966 1.72 0.988 1.97 0.999
1.24 0.938 1.48 0.968 1.73 0.989 1.98 0.999
0.939 1.49 0.969 1.74 0.989 1.99 1.000
2.00 1.000
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Figure 1—Mohr’s Diagram
8. REPORT
8.1 Sample identification
8.2 Moisture content, wet unit weight and degree of saturation (if soaked, note degree of
saturation attained).
8.3 The value of the compressive strength
8.4 Remarks—Note any unusual conditions or other information that would be considered

necessary to properly interpret the results obtained.

CONSTRUCTION DIVISION 9-9 LAST REVIEWED: SEPTEMBER 2014



