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Standard Test Methods for the Determination of the Modulus and Damping Properties of

Sails Using the Cyclic Triaxial Apparatus
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the Determination of the Modulus and Damping Properties of
Soils Using the Cyclic Triaxia! Apparatus’ '

This standard is issued under the fixed designation D 3999, the number immediately following \he designation indicates the year cf
oniginal adoption or, in the case of revision, the year of last revision, A number in pard ntheses indicaes the vear of Jast reapproval, A
supencript epsilon (1} indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover the determination of the
modutus and damping properties of soils in either undis-
turbed or reconstituted states’ by either load or stroke
controtled cyclic triaxial techniques.

1.2 The cyclic traxial properties of soil are evaluated
relative 10 a number of factors including: strain level,
density, number of cycles, material type, saturation, and
effective stress.

1.3 Thesa test methods are applicable to both fine-grained
and coarse-grained sofls as defined’ by the unified soil
classification system or by Classification D 2487, Test speci-
mens may be undisturbed or reconstituted by compaction in
the laboratory.

1.4 Two test methods are provided for using a cyclic
loader 1o determine Young's modulus (E) and damping (D)
properties, The first test method (A) permits the determina-
tion of E and D using a constant load apparatus. The second
test method (B) permits the determination of £ and D using
a constant stroke apparatus. The test methods are as follows:

1.4.1 Test Method A—This test method requires the
application of a constant cyclic load (0 the test specimen, It is
used for determining the Young's modulus and damping
under a constant ioad condition.

1.42 Test Method B—This test method requires the
application of a constant cyclic deformation to the test
specimen, It is used for determining the Young’s modulus
and damping under a constant stroke condition.

1.5 The development of relationships to aid in inter-
preting and evaluating test results are left 10 the engineer or
office requesting the test,

1.6 Limitations—There are certain limitations inherent in
using cyclic traxial tests to simulate the stress and strain
conditions of a soil element in the field during an earth-
quake.

1.6.1 Nonuniform stress conditions within the test spec-
imen are imposed by the specimen end platens.

1.6.2 A 90° change in the direction of the major principal
stress occurs during the two halves of the loading cycle on
isotropically confined specimens and at certain levels of
cyclic stress application on anisotropically, confined speci-
mens.

1.6.3 The maximum cyclic axial stress that can be apptied
to a saturated specimen is controlled by the stress conditions

! These test methods are under the juritdiction of ASTM Commitiee D-1B on

Soil and Rock and are the direct responsibility of Subcommittee DIS.CY on
Dynamic Propertics of Soils. :

Current edition approved August 15, 1991, Published Oclobur 1991,
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at the end of confining stress application and the pore-water
pressures generated during testing. For an isotropically
confined specimen lested in cyclic compression, the max-
imum cyclic axial stress that can be applied to the specimen
is equal to the effective confining pressure. Since cohesion-
less soils are not capable of taking tension, cyclic axial
stresses greater than this value tend to lift the top platen from
the soil specimen, Also, as the pore-water pressure increases
during lests performed on isotropically confined specimens,
the effective confining pressure is reduced, contributing to
the tendency of the specimen to neck during the extension
popion of the load cycle, invalidating test results bevond that
paint.

. 1.6.4 While it is advised that the best possible undisturbed
specimens be obtained for cyclic testing, it is sometimes
necessary 1o reconstitute soil specimens, It has been shown
that different methods of reconstituting specimens 0 the
same density may result in significantty different cyclic
behavior. Also, undisturbed specimens will almost always be
stronger than reconstituted specimens of the same density.

1.6.5 The interaction berween the specimen, membrane,
and confining fluid has an influence on cyclic behavior.
Membrane compliance effects cannot be reedily accounted
for in the test procedure or in interpretation of test results,
Changes in pore-water pressure can cause changes in mem-
brane penetration in specimens of cohesionless soils. These
changes can significantly influence the test results.

1.6.6 Despite these limitations, with due consideration for
the factors affecting test results, carefully conducted cyclic
iriaxial tests can provide data on the cychic behavior of soils
with a degree of accuracy adequate for meaningful cvalua-
tions of modulus and damping below a shearing strain level
of 0.5 %.

1.7 The values stated in either SI or inch-pound units
shall be regarded separately as standard. The values in each
system may not be exact ecuivalents, therefore, each system
must be used independently of the other, without combining
values in any way,

1.8 This standard does not purport 10 address all of the
safety problems. if any, associated with iis use. U is the
responsibilicy of the wser of this standard (o establish appro-
priate safety and health practices and determine the applica-
bility of reguiatory limitations prior to tise.

2. Referenced Documents

2.1 ASTAM Standards:
D422 Method for Particle-Size Analysis of Soils®

2 dnval Book of ASTM Standurds, Yol (.08,
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‘D653 Terminology Relating to Soil, Rock, and Contained
Fluids?

D 854 Test Method for Specific Gravity of Soils?

D 1587 Method for Thin-Walled Tube Sampling of Soiis?

D 2216 Method for Laboratory Detcrmination of Water
{Moisture) Content of Soil, Rock, and Soil-Aggregate
Mixtures?

D 2435 Test Method for One-Dimensional Consolidation
Properties of Soils?

D 2487 Classification of Soils for Engincering Purposes®

D 2488 Practice for Description and ldentification of Soils
{Visual-Manual Procedure)?

D4220 Practices for Preserving and Transporting Soil
Samples®

D 4318 Test Methods for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils?

D 4767 Test Method for Consolidated-Undrained Tnaxial
Compression Test on Cohesive Soils?

2.2 USBR Siandard:

USBR 5210 Practice for Preparing Compacted Soil Speci-
mens for Laboratory Use?

3. Terminology

3.1 Definitions:

3.1.1 The definitions of 1erms uged in these test methods
shall be in accordance with Terminology D 653.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 back pressure—a pressure applied to the specimen
pore-water 10 cauge air in the pore space to pass into solution
in the pore-water, that is, to saturate the specimen.

3.2.2 cycle duration—the time interval between successive
applications of a deviator stress.

3.2.3 deviator stress [FL=?]—the difference between the
major and minor principal stresses in.a triaxial 1est

3.24 effective confining siress—the confining pressure
{the difference between the cell pressure and the pore-water
pressure) prior 10 shearing the specimen,

3.2.5 effective force, (F}—the force transmitied through a
soil or rock mass by intergranular pressures.

3.2,6 hysieresis loop—a trace of load versus deformation
resulting from the application of onc complete cycle of either
a cychc load or deformation. The area within the resulting
loop is due 10 energy dissipated by the specimen and
apparatus, see Fig, 1,

3.2.7 load duration—the ‘tiroe mterval the specimen is
subjected to a cyclic deviator siress.

3.2.8 principal siress—the stress normal 1o one of three

_mutually perpendicutar planes on which the shear siresses at
a point in a body are zero.

3.2.9 Young's modulus (modulus of elasticity} [FL=7]—
the ratio of stress to strain for.a material under given loading
conditions; numerically equal to the slope of the tangent or

the secant of a siress-strain curve (same as Terminology
D 653).

4. Summary of Test Method

4.1' The cyclic triaxial test consists of imposing cither a
cyclic axial deviator stress of fixed magnitude (lead control)

3 Available from U.S, Depariment of the Interior, Bureau of Reclamation,
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Axial Load

Compression

s L

S

Axal Delormans, -

A Hysteresis Loop

Extension

FIG. 1 Schematic of Typical Hysteresis Loop Generated by
Cyclic Triaxial Apparatus

or cyclic axial deformation (stroke control) on a cylindncal
soil specimen enclosed in a triaxial pressure cell. The
resuiting axial strain and axial stress are measured and used
to calculate either stress-dependent or stroke-dependent
modulus and damplng

5. Significance and Use : .

5.1 The cyclic triaxial modulus and damping test providas
parameters that may be considered for use in dynamic, linear
and non-linear analytical methods. These test methods are
used for the performance evaluation of both natural and
engineered structures under dynamic of cyclic lcads such 2s
caused by earthquakes, ocean wave, or biast,

5.2 One of the primary purposes of these test methods is
10 obtain daia that are used to calculate Young's modulus.

6. Apparatus

6.1 General—in many ways, triaxial equipment suitable
for cyclic triaxial modulus and damping tesws is similar to
equipment used for the consolidated-undrained triaxial com-
pression test (see Test Method D 4767). However, there are
special features described in the following sections that are
required to perform aceeptable cyclic triaxial tests. A sche-
matic representation of the various components comprising
a typical triaxial modulus and demping test setup is shown in
Fig. 2.

6.2 Triaxial Pressure Cell—The primary considerations
in selecting the cell are tolerances for the piston, top platen,
and low friction piston seal, Fig. 3.

6.2.1 Two linear bail bushings or similar bearings should
be used to guide the load rod to minimize friction and 10
maintain alignment.

6.2,2 The load rod diameter shouid be large enough 1o
minimize lateral bending. A minimum load rod diameter of
Vs the specimen diameler has been'used' successfui!y in many
laboratories.

6.2.3 The joad rod scal is a critical element in triaxial cell
design for cyclic soils u:sllng if an external load cell con-
nected to the loading rod is employed. The seal must exen
negligible friction on the load rod. The maximum acceptable
piston friction tolerable without applying load corrections is
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FI@, 2 Schematic Repressntation of Load or Stroke-Controlled Cyclic Trinxial Test Setup

commonly considered to be £2 % of the maximum single
amplitude cyctic load applied in the test, refer to Fig. 4. The
use of a seal described in 9.1 and described by Ladd and
Dutko*, and Chan® will meet these requirements.

6.2.4 Top and botiom platen alignment is critical to avoid
increasing 2 nonuniform siate of siress in the specimen.
Internal tie-rod triaxial cells have worked well at a number of
laboratories. These cells allow the placement of the call wall
after the specimen is in place between the loading platens.

Acceptable limits on platen eccentricity and parallelism are .

shown in Fig,. §.

62,5 Since axial loading in cyelic triaxial tests is in
extension as well as in compression, the load rod shall be
rigidly connected to the top platen by a method such as one
of those shown in Fig, 6.

6.2,6 There shall be provision for specimen drainage at
both the 1op and bottom platens.

6.3 Cyelic Loading Egquipment:

6.3.1 Cyeclic loading equipment used for load controlled
cyclic 1riaxial tests must be capable of applying a uniform
sinusoidal loed &t a frequency within the range of 0.1 10 2
Hz, The loading device must be abie to maintain uniform
cyclic loadings to at least 0.5 % double amplitude stress, refer
1o Fig. 4. Unsymmetrical compression-extension load peaks,
nonuniformity of pulse duration, “ringing”, or load fall-ofT at
large strains must not exceed tolerances illustrated in Fg 7.
The equipment must aiso be able to apply the cyclic Joad
about an initial static load on the Joading rod.

6.3.2 Cyclic loading equipment used for deformation-

¢ Ladd, R, S., und Dulko, P., "Small. Strain Measurements Using Triaxjal
Appanatus,” ddvances In The Art of Testing Soils Under Crclic Canditions, V.
Khosia, ed., American Society of Givil Engincers, 1985,

¥Chan, €. K., “Low Friction Seal System™ Journal of the Grolevhnical
. Eﬂ'il'lftﬂ't;" Division, American Society of Civil Engincers, Vol. 101, GT.9, 1975,
pp. 991-995,
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conlrolled cyclic triaxial tests must be capable of applying a
‘uniform sinusoidal deformation at a fraquency range of 0.1
to 2 Hz. The equipment must also be able 1o apply the cyelic
deformation about either an initiai datum point or follow the
specimen as it defonms, The type of apparatus typically
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TOP PLATEN

ﬁ ducers are required 10 monitor specimen behavior during
_J cyclic loading; provisibns for monitoring the chamber pres-

A0TTOM PLATTEN =t F~ ¥mesz 0,0010 sure during cyclic loading are optional.
‘ 6.4.2 Load Measuremeni—Gencrally, the load cell ca-
— o pacity should be no preater than five times the total
maximum load applied 1o the test specimen to ensure (hat
LOAD ROD o the necessary measurement accuracy is achieved. The min-
imum performance characteristics of the load cell are pre-

sented in Table 1,

6.4.3 Axial Decformation Measuremeni—Displacement

il

T10P PLATEN

} we i measuring devices such as linear variable differential trans-
. T Amen l:";’o" - former (LVDT), Potentiometer-type - deformation  trans-
| SANPLE ) ducers, and eddy current scnsors may be used if they meet

the required performance criteria {see Table 1). Accurate
deformation measurements require that the transducer be
properly mounted to avoid excessive mechanical system

1 compression between the load frame, the triaxial cell, the
a = C.0D4D . .
T load cell, and the loading piston.
o 6.4.4 Pressure- and Vacuum-Control  Devices—The
— 0 — chamber pressure and back pressure control devices shall be
(o} capable of applying and controlling pressures to within =2

FIG. 5 Limits on Acceptable Platen and Load Rod Afignment: (s} PSi- (14~ kPa) for "effective consolidation pressures, The
eccentricity, (b) parsiielism, {c) sccentricity between Top Platen  vacuum_control device shall be capable of applying and
and Sample controlling partial vacuums 1o within 22 psi (14 kPa). The

devices may consist of self-compensaling mercury pois,
employed can range from a simple cam 1o a closed lcop * pneumatie pressure regulators, combination preumatic pres-
electro-hydraulic system. sure and vacuum regulators, or any other device capable of

6.4 Recording Eguipment: applying and controlling pressurcs or partial vacuums to the
6.4.1 Load, displacement, and pore water pressure trans-  required tolerances,
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6.4.5 Pressure- and Vacuum-Measurement Devices—The
chamber pressure, back pressure, and vacuum measuring
devices shall be capable of measuring pressures or partial
vacuums to-the tolerances given in Table 1. They may
consist of Bourdon gages, pressure manometers, electronic
pressure transducers, or any other device capable of mez-
suring pressuras, or partial vacuums 1o the stated tolerances.
1f separate devices are used to measure the chamber préssure
and back pressure, the devices must be calibrated simuita-
neously and against the same pressure source, Since the
chamber pressure and back pressure are the pressures taken
_ at the midheight of the spceimen, it may be necessary (o
~ adjust the calibration of the devices to reflect the hydraulic
head of ftuid in the chamber and back pressure control
systeins (sce Fig. 2).

6.4.6 Pore-Water Pressure Measuremeni Device—The
specimen pore-water pressure shail also be measured to the
tolerances given in Table 1, During ¢yclic loading on a
saturated specimen the pore-water pressure shall be mea-
sured in such a manner that as little water as possible is
allowed to go into or out of the specimen. To achieve this
requirement a very stifl electronic pressure transducer must
be used. With an electronic pressure transducer the pore-
water pressure is read directly, The measuring device shall
have a rigidity of all the assembied parts of the pore-water
spressure measurement system relative to the total volume of
the specimen satisfying the following requirement:

S? < 3.2 % 10-5m3kN(2.2 % 10~ in.%/Ib) 1)
1] .
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TABLE 1 Data Acquisition, Minimum Response Characteristics
for Cyclic Triaxial Strength Tesls

1. Ansiog Recorders
Rocording speeds: 0.5 10 50 cm/s {0.2 to 20 in.fs)
Systom accuracy (nctuding bnearity and hysteresis): 0.5%*
Fraquency response: 100 Hz
2, Ogitsl Recorders
Minamum Samphng Rate: 40 dala peints per cycle

1. Measurement Transoucars
Displacement
Transducet Pore
Load Ceil {Lvem# Pressure
Minmum sansitivity, mvjv F4 0.2 mv/0.025 2
mmyjy {AC
LyDT)
5 MvV{0.025
MMV (DC
LVDT)
Nonlinearity, % full scake =0.25 *0.25 *0.5
Hysteresis, % full scale =025 0.0 z0.5
Raepeatabiity, % ht scale *=0.10 =001 205
Thermsl efects on zero +0,008 +0.02
shift or sanditivity
% of it scale/*C {*F} {+0.025) (£0.01)
Maximum defisction st ful 0125 van
rated vahm in mm (n.) 10,005}
Volume chiygh charsc- 1.0 X 10
leristice (cu in./pal)’

4 Systam FaQUENCY respONnse, SANSHIVItY, and inearily are functions of the
slcTonic system . the parformanca of the signsl conditioning System
uptd, and ofar Iacicrs. X i therefore & nacessily Lo check and caforaie the above
PArATStErs a3 a iotal gywtem and not on & component besis.

#LVYDT'a, unkke STalN QaGES, CANNOL ba BUDPRed with Meaningful calioration
calg. System senaltvity is & funclion of exciletion requency, cable loading,
ampifier phase charactenstics, and other taciors. M s necessary 10 callvale each
LYDT-cab-rstrument system afier instakalion, using a knovm input standard.

where:; .

AV = change in volume of the pore-water measuremen
system due 10 a pore pressure change, in.* (mm?),

I = the 1otal volume of the specimen, in.* {(mm?), and

du = the change in pore pressure, psi (kPa).

Note |—To ment the rigidity requirement, lubing belween the
specimen and the measuring device should be short and thick walled
with smoall bores. Thermoplastic, copper, and stainless steel 1wbing have
been used successfully in many Jaboratories.

6.4.7 Volume Change Measurement Device—The volume
of water entering or leaving the specimen shall be measured
with an aocuracy of within £0,05 % of the total volume of
the specimen. The volume measuring device is usually a
burette but may be any other device meeting the accuracy
requirement, The device must be able 1o withstand the
maximum chamber pressure.

6.5 Specimen Cap and Base—The specimen cap and base
shall be designed to provide drainage from both ends of the
specimen. They shall'be constructed of a rigid, noncorrosive,
impermeable material, and each shall, except for the
drainage provision, have a circular plane surface of contact
with the porous discs and a circular cross section. The weight
of the specimen cap and top porous disc shall be less than
0.5 % of the applied axial load at failure as determined from
an undrained static triaxial test, The diameter of the cap and
base shall be equal 10 the initial diameter of the specimen.
The specimen base shall be connected to the triaxial com-
pression chamber to prevent lateral motion or tilting, and the
specimen cap shall be designed such that eccentricity of the
piston-lo-cap contact relative to the vertical axis of the
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specimen does not exceed 0.04 D {D = diameter of spec-
imen) as shown in Fig, 5(¢). The cylindrical surface of the
specimen base and cap that contacts the membrane to [orm a
seal shall be smooth and free of scratches.

6.6 Porous Discs—The specimen shall be scparated lrom
the specimen cap and base by rigid porous discs fastened to
the specimen cap and base of a diameter equal to that of the
specimen. The coclTicient of permeability of the discs shall
be approximalely equal to that of fine sand | X 107 mmy/s
(3.9 % 10~* in./s}, The discs shall be regularly checked by
passing air or water under pressure through them to deter-
minc whether they have become clogged. Care must be taken
1o ensure that the porous clements of the end platens are
open sufticienily so as not to impede drainage or pore water
movement from specimen into the volume change or pare
pressure measuring devices. and with openings sufficiently
fine 10 prevent movement of fines out of the specimen,

NovE 2—Filter-paper discs of a diameter equal 1o that of the
specimen may not be placed between the porous discs and specimen 10
avoid clogging of the porous discs when measuring moduli values on
stiff specimens.

* 6.7 Filter-Paper Strips—Filter-paper strips are used by
many laboratories to decrease the time required for testing. If
filter strips are uged, they shall be of a type that does not
dissolve in water. The coefficient or permeability of the filter
paper shall not be less than 1 x 10~* mm/s (3.9 % 10~%in./s)
for 2 normal pressure of 550 kFa (8C psi). To avoid hoop
1ension, filter strips should cover no more than 50 % of the
specimen periphery.

NoTE 3==The filter paper given in Fooinole & has been found 1o
meel the permeability and dunability requirements.

6.8 Rubber Membrane—The rubber membrane used to
encase the specimen shall provide reliahle protection against
leakage. To check a membrane for leakege, the membrane
shall be placed around a cylindrical form, sealed at both ends
with rubber O-rings, subjected 1o a small air pressure on the
inside, and immersed in water, If air bubbles appear from
any point on the membrane it shall be rejected. To offer
minimum resiraint to the specimen, the unsiretched mem-
brane diameter shal] be between 90 and 95 % of that of the
specimen. The membrane thickness shall not exceed 1 % of
the diameter of the specimen. The membrane shall be sealed
to the specimen cap and base with rubber Q-rings for which
the unstressed inside diameter is between 75 and 85 % of the
diameter of the cap and base, or by other means that will
provide a positive seal, . .

6.9 Valves—Changes in volume due to opening and
closing valves may result in inaccurate volume change and
pore-water pressure measurements. For this reason, valves in
the specimen drainage system shall be of the type that
produce minimum volume changes due 10 their operation. A
valve may be assumed to preduce minimum volume change
il opening or closing the valve in a closed, saturated
porc-waicr pressure system does not induce. a pressure
change of greater than 0.7 kPa (0.1 psi). All valves must be
eapable of withstanding applicd pressures without leakage.

£ Whatman's No, 34 filier paper has been found suitable for this purpnse.
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NOTE 4—Ball valves have been found to provide minimum velume-
change charatienistics, however, any other 1ype of valve having the
required volume-change characteristics may be used,

6.10 Specimen-Size Measurement Devices—Devices used
to determine the height and diameter of the specimen shall
measure the raspective dimensions 10 within 0.1 % of the
total dimension and shall be constructed such that their use
will not disturb the specimen.

Nute 3—Circumferential measuring tapes are recommended over
calipers for measuring the diameter, Measure height with a dial gage
mounted on a siand. .

6.11 Sample Extruder—If an extruder is used to remove a
tube sample from the sampling tube, the sample extruder
shall be capeble of extruding the seil core from the sampling
tube at a uniform rate in the same direction of travel as the
-sample entered the tube and with minimum disturbance of
the sample, see 7.3.2, If the scil core is not extruded
vertically, care should be taken to avoid bending stresses on
the core due 10 gravity. Conditions at the time of sample
removal may dictate the direction of removal, but the
principal concern is to minimize the degree of disturbance,

6.12 Timer—A timing device indicating the elapsed
lesting time to the nearest 1 s shall be used to obtain
consolidation data (see 10.4.3).

6.13 Weighing Device—The specimen weighing device
sball determine the mass of the specimen 1o an accuracy of
within £0.05 % of the total mass of the specimen.

6.14 Water Deaeration Device—The amount of dissolved
gas (air) in the water used to saturate the specimen may be
decreased by boiling, by heating and spraying into & vacuum,
cavitation process under a vacuum, or by any other method
that will satisfy the requirement for satumting the specimen
‘within the limits imposed by the aveilable maximum back
pressure and time to perform the test.

6.15 Testing Environment—The consolidation and cyclic
loading portion of the test shall be performed in an environ-
ment where temperature fluctuations are less than 24°C
(£7.2'F) and therc is no direct contact with sunlight.

6.16 Miscellaneous Apparatus—Specimen trimming and
carving toois including a wire saw, steel siraightedge, miter
box and .vertical timming lathe, apparatus for preparing
compacted specimens, membrane and O-ring expander,
water conient cans, and daw sheets shall be provided.as
required, - o i

6.17 Recorders—Specimen behavior may' be recorded
either by electronic digital or analog x-y recorders. It shall be
necessary 1o calibrate the measuring device through the
recorder using known input standards. .

6.18 Pressurizing/Flushing Panel—A system for pressur-
izing the pressure cell and specimen is required. A typical
piping system for this apparatus is presented in Fig. 8.

6,19 System Compliance: !

6.19.1 System—The compliance.of the loading system,
consisting of all paris (1op platen, bottom platen, ‘porous
stones, connections) between where the specimen deforma-
tion is monitored and the specimen shall be determined,
This determination shall be under both tension and com-
pressional loading. -

§.19.2 Insert @ dummy cylindrical specimen of a similar
size and lcngth to that being tested into the location normally
occupied by the specimen. The Young's Modulus of ihe
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dummy specimen should be 2 minimum of ten times the
modulus of the materials being iested. The ends of the
dummy specimen should be flat and mest the tolerances for
parallelism as given in Fig. 5, Typical materials used 1o make
dummy specimens are aluminum and steel, The dummy
specimea should be rigidly attached 1o the Joading sysiem.
This is 1ypically accomplished by cementing the dummy
specimen to the porous stones using either epoxy or hydro-
cement or their equivalent. Allow cement to thoroughly dry
before testing.

6.19.3 Apply 2 static load in both tension and compres-
sion to the dummy specimen in increments up 10 two times
the expected testing load and note the resulting deformation.

6.19.4 Use the maximum system deformation that occurs
al any one load whether in tension or compression.

6.19.5 For any given loading whether ip temsion or
compression, the minimumn deformation that can be moni-
lored and reported during an actual test is ten limes the
corresponding system deformation, see Note 19,

6.19.6 Compliance Between Specimen Cap and Speci-
men—Compliance can be reduced by the following methods:
achieving the final desired height of reconstituted specimens
by tapping and rotating the specimen cap on top of the
specimen, or for both reconstituted and undisturbed speci-
mens, fill voids belween the cap and specimen with plaster of
Pans, hydrostonc grout, or similar material, refer 10 7.3.3.

7. Test Specimen Preparation

7.1 Specimens shall be cylindrical and have a minimum
diameter of 36 mm (1.4 in.}. The height-to-diameter ratio
shall be between 2 and 2.5. The largest particie size shall be
smaller than Y the specinien diameler, If, after completion
of the test, it is found, based on visual observation, that

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

Nore &6—Infortmation on preserving and transporting soil samples
can be found in Practices D 4220,

7.2 Take special care in sampling and transporting sam-
ples 1o be used for cyclic triaxial tests as the quality of the
results diminishes greatly with specimen  disturbance.
Method D 1587 covers proccdures and apparatus that may
be used 1o obtain satisfactory undisturbed samples for
testing.

NOTE 7—If oversize particles are found in the specimen afler testing.
a panicle-size analysis performed in accordance wilh Mcthod D422
may be performed to confinn the visual observation and the resulls
provided with the test repon (sce 13.1.4}.

1.3 Undisturbed Specimens:

7.3.1 Undisturbed specimens may be trimmed for tesling
in any manner that minimizes sample disturbance. main-
tains the sampled density of the specimen, and maintains the
initial water content. No matter what timming method is
used, the specimen ends should meet or exceed the [latness
and paraltelism requirement shown in Fig. 5. A procedure
that has been shown to achieve these cnteria for {rozen
specimens is as {ollows:

Notre 8-=If possible, prepare carved specimens in a humidity con-
trolled room. If specimens are not prepared in a humidity-controlled
room, this should be noted in the report of test dats under remarks.
Make every effort 10 prevent any change in the moisture content of the
soil.

Al

7.3.1.1 If 2 milling machine is available, the sample tube
may be cut lengthwise at two diametrically opposite places
using a rapid feed, and then cut into sections with an electric
hacksaw. If a milling machine is not used, the desired section
is cut with an electric hacksaw or a tube cutier with stiffening
collars. The cut ends of the tube are then cleaned of burrs,
and the specimen is pushed from 1he tube. The ends of the
specimen should be trimmed smooth and perpendicular io
the length using a mitre box. Care must be taken 10 ensure
that the specimen remains frozen during the trimming
operation. Place the specimen in the triaxial chamber and
enclose it in a rubber membrane. Apply & partial vacuum of

" 35 kPa (5 psi) 1o the specimen and measure the specimen
dinmeter and height according to the method given in 10.2 in
order to caiculate the inilial volume of the specimen. After
the specimen has thawed, remeasure the specimen 1o deter-
mine specimen conditions immediately prior 10 saturation.
Yolume change during thawing indicates that inadequate
sas:ndpl.ing or specimen preparation techniques may have been
used.

7.3.2 If compressicn or any type of noticeable disturbance
would be caused by the cjection device, split the sample tube
lengthwise or cut it off in small seciions to facilitate removal
of the specimen with minimum disturbance.

7.3.3 Specimens shall be of uniform circular cross section
with ends perpendicular to the axis of the specimen. Where
pebbles or crumbling resull in excessive irrcgulanty at the
ends, pack soil from the trimmings in the irregularitics 1o
produce the desired surface. An alternative procedure would
be to cap the specimens with a minimum thickncss of plaster
of Paris, hydrostone, or similar materal. In this case provi-
sions for specinien drainage would have to be provided by
holes in the cap. When sample conditions permit, a vertical

45

T~

soil lathe that wili accommodate the toial sample may be
uscd as an aide in carving the specimen 1o the required
diameler.

7.4 Reconstituted Specimens:

7.4.1 Fluviation Through Water Method—For this spece
imen preparation method a granular soil is saturated initially
in a container, poured through water into a water-filled
mcmbrane placed on a forming mold. and then densified to
the requircd density by vibration, refer 10 reference by
Chaney and Mulilis”,

NoOTE 9——A specimen mzy be vibrated either on the side of the mold
or the base of the cell using a variety of apparatus. Thess include the
following: tapping with an implement of some 13p2 such as & spoon or
metal rod, pncumatic vibrator, or glectric engraving tool.

7.4.2 Dry Screening Method—For this methbod a tube
with a screen auttached to one end is placed inside a
membrane stretched over a forming mold. A dry uniform
sand is then poured into the tube, The 1ube is then slowly
withdrawn from this membrane/mold allowing the sand to
pass through the screen forming a specimen. If a greater
density of the sand is desired the mold may be vibrated.

7.4.3 Dry or Moist Vibration Method—In this procedure
dompact oven-dried, or moist granular material in layers
{typically six to seven layers) in a membrane-lined split mold
sttached 1o the bottom platen of the triaxial cell. Compact
the preweighed material for each lift- by vibration to the dry
unit weight required 1o obtain the prescribed density. Scarify
the soil surface between lifts. It should be noted that to
obtain uniform density, the bottom layers have to be slightly
undercompacted, since compaction of each succeeding layer
densifies the sand in layers below it. Afier the last layer is
partially compacted, put the top cap in place and continue
vibration until the desired dry unit weight is obtained.

7.4.4 Tamping Method—For this procedure tamp air dry
or moist granular or cobesive soil in layers into 2 mold, The
only difference between the tamping method and the vibra-
tion method is that each Jayer is compacted by hand tamping
with a compaction footinstead of with a vibrator, refer to
reference by Ladd, R S.%

7.4.5 After the specimen has been formed, place the
specimen cap in place and seal the specimen with O-rings or
rubber bands after placing the membrane ends over the cap
and base, Then apply a partial vacuum of 35 kPa (5 psi) to
the specimen and remove the forming jacket. If the test
confining-pressure is greater than 103 kPa (14.7 psi), a full
vacuum may be applied to the specimen in stages prior to
removing the jacket.

8. Mounting Specimen

8.1 Varations in specimen setup techniques will be de-
pendent principally on whether the specimen is undisturbed
or remolded, If the specimen is undisturbed it will be
trimmed and then placed in the triaxial cell. In contrast, if
the specimen is remolded it can either be recompacted on o
off the boitorm platen of the triaxial cell. The determination
of which procedure to use will depend on whether the

?Chaney, R, snd Mulilis, ], “Wet Sample Preparadon  Techniques,”
Gimfechnical Testing Journal, ASTM, 1978, pp. 107-103,

"Lidd, R. S., “"Prepaning Test Specimens Using Under-Compaction,”
Gevrechnical Testing Journal, ASTM, Vol. 1, No. 1, March, 1978, pp, 16-23.
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specimen can support itsclf independent of the tatex rubber
membrane and if it can undergo limited handling without
undergoing disturbance,

8.2 Undisturbed Specimen:

8.2.1 Place the specimen on the botiom platen of the
tnaxial cell.

8.2.2 Place the top platen on the specimen.

8.2.3 Stretch a latex rubber membrane tightly over the
interier surface of the membrane streicher, Apply a vacuum
to the stretcher to force the membrane against the inner
surface of the stretcher and then stip the streicher carcfully
over the specimen. Remove the vacuum from the membrane
stretcher. Roll the membrane ofT the stretcher onto the top
and botiem platen, see Note {0

Noteé 10—The specimen should be enclosed in the rubbcr mem-
brane and the membrane sealed to the specimen top and botiom platens
immediately after the trimming operation 1o prevent desiccation.
Alternatively, lucile plastic dummy top and boltom caps can be used
until & triaxial cell is available,

8.2.4 Remove'the membrane streicher. :

8.2.5 Place O-ring seals around the 1op and bottom
platens,

8.2.6 Auach top and bottom platen pressure lines to
flushing/pressurizing panel.

8.3 Recompacted Specimen:

8.3.1 Dense Unsaturated Specimen—If specimen is com-
pacted in an apparatus separate from the iriaxial celi, then
treat in a manner similar lo that described in 8.2.! to 8.2.5,

8.3.2 All Others—Specimens that are loose unsaturated,
loose saturated or dense saturated, need to be recompacied
directly on the lower platen of the triaxial pressure cell. This
‘is required 10 prevent specimen disturbance.

8.3.2.1 Place the latex rubber membrane on the bottom
platen of the triaxial cell.

8.3.2.2 Secure an Q-ring over the latex rubber membrane
to seal it against the bottom platen,

8.3.2,3 Place a split mold over the botiom platen with the
latey. rubber membrane extending up through it.

8.3.2.4 Stretch the latex rubber membrane tightly over the
interior surface of the split mold (membrane stretcher) and
-over its top upper lip.

8.3.2.5 Apply a vacuum to the split mold to hold the
membrane tightly against the mold during the recompacting
operation,

8.3.2.6 Recompact the specimen within the membrane
using any of the techniques described in 7.4,

8.3.2.7 Afier the specimen is formed, place the top plaien
on the specimen and draw the latex rubber membrane up
tightly over it,

8.3.2.8 Place an O-ring over the top platen to seal the
latex rubber membrane against it.

8.3.2.9 Attach top and bottom platen pressure lines to
flushing/pressurizing panel. :

£.3.2.10 Remove the split mold. See Note 11.

NOTE 11—1If the specimen is unable fo support itself, it will be
necessary 1o.apply a small vacuum through a bubble chamber, see Fig. 9.
A vacuum less than one half the desired final eftective stress or 10 in, of
- Hg., whichever is less, is recommended. If' bubbles continue 1o be
cpresent in the bubble chamber, check for Jeakage cauted by poor
' connections, holes in \he membrane, or innperfect scals at the'lop or

bottom platens. Leakage Lthrough holes in the membranc ean frequently
.+ be eliminated by ¢oating the surface of the membrane with a rubber
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FIG. 9 Method of Applying Yacuvum To Soil Samples

latex, or by use of a second membrane, If bubbles are absent, an aintight
seal has been obtained.

£.3.2.11 Place the cover plate on the tie rods,

8.3.2.12 Insert the loading pision through the seal as.
sembly and connect 1o the 1op platen. It is imporant that the
connection of the loading piston to the top platen be tight 1o
eliminate compliance,

8.3.2.13 Place the chamber in position and fasten into
position. :

8.3.2.14 Place the triaxial pressure cell on the cyclic
loading frame.

8.3.2.15 Place chamber fluid into pressure cell.

9. Calibration and Standardization

9.1 Two typical piston sealing arrangements employed in
cvclic triaxial apparatus are shown in Fig. 10. Such amange-
ments are necessary if external load measurement devices are
used, The linear bearing/O-ring seal is the most common, see
Fig. 10, The primary difficulty with this seal is’ friction
developed between the O-ring and the surface of the load
piston. To reduce this friction two methods can be em-
ployed. These methods are over sizing the O-ring, and
freezing the Q-ring with electronic freon spray then thawing
out and chroming the load piston, The air bearing seal
arrangement produces the minimum friction on the load
piston, see Fig, 10, The primary difficulty with this seal is the
maintenance of the close tolerance between the slides and the
load piston. Dirt and salt build-up tend to either block this
zone ot increase [riction. Cleanliness is absolutely necessary
for operation of this seal.

9.2 Triaxial cell designs 10 achieve requirements of platen
alignment and reduce compliance are shown in Fig, 11,

9.3 Typical top platen connections that have been em-
ployed are shown in Fig. 6. The purpose of the connection is
to provide a rigid fastening that is easy to assemble. The hard
lock systems (see Fig. 6{a})) arc necessary for testing stiff
materials but require the ability to tighten the nut with a
wrench. If it is nol possible to emptoy a wrench or if testing
relatively sofl maerials, then cither a magnetic system (see
Fig. 6{b)) or vacuum system (sec Fig. 6{c)) can be used.

9.4 The effect of system compliance on test results is

>
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iljustrated in Fig. 12. A review of Fig. 12 shows that as the
compliance increases in the triaxial test system the deviation
from the resonant column results incréases, A detailed
discussion of system compliance is provided in 6.19 and
Note 12, ]

MNoTe 12=—Example calculation of sysiem measurement capability. A
sysiem deformation of 0.0001 in, is measured al & given.load, (either
tension of compression) then E .

minimum system Taeasuring capability for given load
. = 0,0001 in. % 10 = 0.001 in.

Therefore if the actual n'n'{ple being tested is 5.0 in. (127 mm) long then
the corresponding minimum axial strain (¢,) that can be measured and
reporied with this system is the following!

: 0.001 in.

= 100 = 2% 1072 %
= Tsoin, m2x10

10. Procedure ) . 2

10,1 Gencral—Because of the wide varety, of . trinxial
equipment currently in-use for cyclic soil testing, it-i5 not
possible 1o prescribe a step-by-siep testing procedure that is
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compatible with the characteristics of all equipment. The
following procedures, however, will be common to any cyelic
triaxial test on either saturated or unsaturated specimens.
10.2 Specimen Measurement—Because density greatly in-
fMuences the cyclic triaxial strength, it is imperative ‘that
accurate density determination and volume change measure-
ments be made during saturation and consolidation. Base the
initial specimen conditions en measurements taken after the
mold is removed {with the specimen under vacuum). Take
diameter measurements for specimens up to 150-mm (6 in.}
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using a.circumferential 1ape 1o the nearest 0,025 mm (0.001
in.). For larger specimens measure (o nearest 0.25 mm (0.01

in,). Take height measurements 1o the nearest 0.025 mm
(0.001 in.) for specimens [30 mm (6 in.) or less in diameter
and 0.25 mm (0.0l in) for specimens having diameters
greater than 150 mm at four locations, and measure weights
10 the ncarest 0.01 g for specimens 63.5 mm (2.5 in.) or less
in diameter and 0.1 g for specimens having diameters greater
than 63.5 mum (2.5 in.). Determine waler contents taken of
specimens trimmings (o within 0.1 % (sec Method D 2216).

10.3 Saturation—i it is desired to test the spectmen
saturated then follow the procedure outlines in this section,
Il it is desired to test the specimen in an unsaturated
condition then proceed to 10,4,

10.3.1 The objective of the saturation phase of the test is
1o fill all voids in the specimen with water without undesir-
able prestressing of the specimen or allowing the specimen 1o
swell (unless the specimen will swell under the desired
effective consolidation stress). Saturation is usuaily accom-
plished by applving back pressure 10 the specimen pore water
1o drive air into sotution after cither: applying vacuum to the
specimen and dry drainage system {(lincs, porous discs,
pore-pressure device, filter-siips or cage, and discs) and
allowmg de-aired water to saturate the systern while main-
taining the vacuum; or saturating the drainage sysiem by
boiling the porous dises in water and allowing de-aired water
to Now through the system priot to mounting the specimen,
It should be noted that time is required 1o place air into
solution. Accordingly, removing as much air es possible
prior to applying back pressure will decrease the amount of
air that will have to be placed into soluticn and will also
decrease the back pressure required for saturation. In addi-
tion, air remaining in the specimen and drainage system just
prior to applying back pressure will go into solution much
more readily if the de-aired water is used. Mnny procedures
have been deveioped 1o accomplish saturation. For speci-
mens 1o be tested under consolidation stresses exceeding 103
kPa (14.7 psi), the following procedure has been found to be

effective. For-specimens requiring consolidation stresses less .

than 103 ¥Pa (i4.7 psi} all the stresses given in 10.3.2
“through 10.3.4 must be reduced to a level that will not cause
overconsolidation.

10.3.2 Apply the highest available vacuum to the specimen
tbrough the specimen cap and after assembling and filling
the .triaxial. chamber with: fluid, ailow de-mred water to
slowly sesep through the specimen from the bottom. The
upward movement of water should be sufficiently slow to
minimize entrapment of possible air pockets and to avoid
significant presiressing of the specimen. Also take care to
ensure that fines arc not washed from the specimen.

10.3.3 When water appears in the burret in communica- °

tion with the specimen cap, hill the remainder of the burret
with de-gired water and then simultaneously reduce the
vacuum and increase the chamber pressure until the spec-
imen pore-water is at aitmospheric pressure and the chamber
pressureis 103 kPa (14.7 psi).- Back pressurc the specimen in
sieps, maintaining an effective confining stress of less than
103 kPa (14,7 psi). Isolropic stress.conditions may be
maintained during back pressuring by adding axial load to
the piston according to the procedure described in 10.4,1,
Evaluate the degrec of saturation at appropriate inervals by
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measuring Skepton’s Porewater Pressure Paramecter B,

10.3.4 Measurement of the Pore Pressure Parameter B—
The Pore Pressure. Parameter B is defined by the following
equation:

B = Aufday {2)
where:

Au = the change in the specimen pore water pressure that
occurs as a result of a change in the chamber pressure
when the spccime.n drainage valves are closed, and

Aay = the change in the chamber pressure.,

The value of the Pore Pn:ssurc Parameter B shall be

determined as foliows:

10.3.4.1 Clése the specimen drainage valves and increase
the chamber pressure 35 kPa (5 psi).

NOTE 13—The amount of increase in chamber pressure shouid be
Jess than the desired effective stress.

10.3.4.2 Afier approximately 2 min determine and record
the maximum value of the induced pore pressure. For many
specimens, the pore pressure may decrease after the imme-
diate response and then increase slightly with time, If this
occurs, values of At should be plotted with lime and the
asymptotic pore pressure used as the change in pore pressure.
A large increase in A with time with values of Aw greater
than Ag; may indicate a leak of chamber fluid into the
specimen. Decreasing values of Au with time may indicate a
leak in that part of the pore pressure measurement system
located outside the chamber or incompiete saturation.

10.3.4,3 Calculate the B value using the equation given in
10.3.4.

}0.3.4.4 Reapply the same confining pressure (chamber
pressure minus back pressure) as existed prior to the 5-value
by reducing the chamber pressure by 35 kPa (5 psi) or by
alternatively, increasing the back pressure by 35 kPa (5 psi),
If B is continuing to increase with increasing back pressure
continue with back pressure saturation, If 5 is equal 10 or
greater than 0.95 or if a plot of B versus back pressure
indicates no further increase in B with increasing back
pressure, initiate consolidation.

104 Consolidation—The objective of the consolidation
phase of the test is to allow the specimen to reach equilib-
rium in a drained state under the effective consolidation
stress for which a test is required. During consolidation, data
is obtained for use in determining when consolidation is
complete,

10.4.1 During the consolidation process, measure the
change in height of the specimen to the .nearest 0.025 mm
(0,001 in.). In addition, during consolidation an axial load
must be applied 1o the piston (that is screwed into- the top
cap) in order 10 compensate for the uptift force on the load
tod so that the specimen is maintained in an isotropic or
other known state of stress. The static load 10 maintain an
isotropic condition can be c.alcu]ated from the. followmg
cquation;

PoeayAd, - . M (3
where: |
M = mass of thc load rod and top platen,
P, =slatic piston correction load,
o3 = cell pressure, and
A, = cross sectional arca of the load rod,
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10.4.2 With the specimen dratinage valves closed, hold the
maximum back pressure constant and increase ths chamber
pressuce until the dilference hetween the chamber pressure
and the back pressure equals the desired effective consolida-
tion pressure.

NoTe 14=—In cases where significant amounts of fines may be
washed from the specimen because of high initial hydraulic gradients, it
is permissible to gradually increase the chamber pressure to the total
desired pressure over a penod of up to 10 min with the drainage valves
open, Il this is done, recording of data should begin immediately after
the total pressure is reached.

NoTe 15—In cemain circurnstances, consolidation in stages may be
desirable, espevially when radial drainage is used.

10.4.3 Obtain an initial burette reading and then cpen
appropriale drainage valves so that the specimen may drain
from both ends into the burette, see 6.4.6, At increasing
intervals of elapsed time (0.1, 0.2, 0.5, 1, 2, 4, 8, 15 and 30
min and at 1, 2, 4, and 8§ h, etc.) observe and record the
burette readings and afier the |5-min reading record the
accompanying deformation indicator readings obtained by
carefuily coupling the piston with the specimen cap, I
burette and deformation indicator readings are to be piotted
against the square root of time, the time intervals at which
readings are taken may be adjusted to those that have easily
obtained square roots, for exampie, 0.09, 0.25, 0.49, 1,4, 9
min, etc. Depending on soil type, time intervals may be
changed to convenient time intervals that allow for adequate
definition of volume change versus time,

10.4.4 Plot the bureti¢ and deformation indicator read-
ings versus either the logarithm or square root of elapsed
time. if the readings are plotted versus the logarithm of
elapsed time, allow consolidation to continue for at least one
log cycle of time or onc overnight period after a marked
reduction in the slope shows that 100 % primary consolida-
tion has been achieved. If the readings are piotted versus the
square root of elapsed time, allow consolidation to continue
at least 2 h after 100 % primary consolidation has been
achieved. A marked deviation between the slopes of the
burette and deformation indicator curves toward the end of
consolidation based on deformation indicator readings indi-
cates leakage of fluid from the chamber into the specimen
and the test should be terminated.

10.4.5 Determine the time for 50 % primary consolida-
tion, {sq, in accordance with one of the procedures outlined
in Test Method D 2435,

10.5 Cyelic Loading or Déformation:

MNOTE 16—A soil material typically behaves like an elastic solid
exhibiting a non-destructive response 10 the application of cyclic loading
below a threshold shearing sirain Jevel of <10~ %, Above this strain
level the respanse of the specimen is cither elastoplastic or plastic and
therefore destructive, The actual threshold strain level is dependent
upon the initial stiffness of the specimen. A materia! that is soft will have
a higher threshold strain while a stiff maierial will have lower threshold
strain.. To develop a curve of modulus and damping versus strain
requires either a serics of specimens be tested cach at a specific strain
level or a single specimen to undergo staged loading. Staged loading
involveq the application of progressively increasing levels of either cyclic
load or deformation, Al ¢ach level or stage of cyclic Joad or deformation
pcrfon.-n a test sequence as described in 10.5.1 to 10.5.3. ARer the
aoperation as described in 10.5.3 has been completed the operator at the
direction of the engineer may then either open the specimen drainage
valves 10 re-cstablish the effective consolidation siress or maintain the

cxisting excess pore water pressure before moving on to the nexl higher
cyclic load or deformation level.
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10.5.1 For constant cyclic load (sec Test Method A)
cstimate the magnitude of cyclic load 10 be applied lor the
desired stress ratio, SR, with the following cquation:

Pom2Xo' ) xSRX A, (4)
where,
P. = csiimated cyclic load to be applied to the specimen,
o'y, = consolidated pressure (chamber pressure minus back
pressure}, .
SR = desired stress ratio (xod)/(204,.), and
A, = area of specimen after consolidation, see Note 17,

NOTE |7—=Refer to 12.2.2 for procedures to calculate A,

10.5.2 For constant cyclic deformation (see Test Method
B) select a desired single amplitude shear strain (eg,) and
caiculate the required axial strain (eg,} using Eq. 3.
Determine the resulting single amplitude deformation using .
the following:

Lsqa= g % Lg (5)
where:
Ly, = single amplitude deformation, in. (m),
€5, = single amplitude axial strain (dimensionless), and
L, = length of test samples, in. (m).

10.5.3 Form a large air pocket at the top of the triaxial
chamber by draining water from the celt without allowing -
the cell pressure to drop, The air pocket is required -so that
piston movement in and out of the chamber during cyclic
loading or cyclic deformation does not create chamber
pressure fluctuations,

10.5.4 Close drainage valves to the specimen and cycli-
cally load the specimen through 40 cycles with the first half
cycle in compression using 0.5 to | Hz sinusoidal load or
deformation extension values. ’

10.5.5 During cyclic loading or cyclic deformation keep
the cell pressure constant and record the axial load, axial
deformation, and if applicable the change in pore-water
pressure with time,

10.5.6 Under load control soft to medium stff soils will
undergo a permanent deformation, The permanent deforma-
tion is caused typically by either a slightly unbalanced cyclic
load .or anisotropic consolidation, {see 10.4). As a resuft of
this compression a plot of load versus deformation (a), as
shown schematicatly in Fig. 13 (hysteresis loops), will tend to
move along the deformation axis, Because the determination
of Young's Modutus and damping at any strain level depend
on the ability to identify a distinct hysteresis .loop it is
necessary lo restrict the maximum closure error {Ac) be-
tween two successive peaks as shown in Fig. 13 to 0.0001 in.
For a 127 mm (5 in.) long sample this corresponds: to an

LOAD CLOSURE ERROR

¢

—

4 DEFORMATION
C ta})

FIG. 13 Dsfinition of Closure Error
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axial strain of 0.2 %, If the closure error exceeds this value
the data is not valid.

10.5.7 For staged loading return to either 10.5.1 or 10.5.3,
as appropriate.

11, Specimen Removal

11.1 Following cyclic testing perform the following steps:

11.1.]1 Remove the axial ioad from the load piston and
reduce the chamber and back pressure to zero.

11.1.2 Close specimen drainage valves.

11.1.3 With the specimen drainage vaives remaining
closed, quickly remove the specimen from the apparatus so
that the specimen will not have time to absorb water from
the porous disc.

11.1,4 Remove the rubber membrane (and the filter-

paper strips or cage from the specimen if they were used) and
determine the water’ content of the total specimen in
accordance with the procedure cutlined in Method D 2216.
(Free water remaining on the specimens of cohesive soils
after removal of the membrane should be blotted away
before obtaining the water content,} In cases where there is
insufficient material {rom trimmings for index property tests,
that is, where specimens have the same diameter as the
sampling tube, the specimen should be weighed pror to
removing material for index property tests and a representa-
tive portion of the specimen used to determine its final water
content. Prior to placing the specimen (or portion thereof) in
the oven to dry, sketch a picture or take a photograph of the
specimen.

12. Calculation

12.1 [nitial Specimen Properties—Using the dry mass of
the total specimen, calculate and record on the appropriate
data sheet the initial water content, volume of solids, initial
void ratio, initial degree of saturation, and initial dry unit
weight. Calculate the specimen volume from values mea-
sured in §.10. Calculate the voiume of solids by dividing the
dry mass of the specimen by the specific gravity of the solids
and dividing by the density of the water. Calculate void ratio
by dividing the volume of voids by the volume of solids
where the volume of voids is assumed to be the difference
between the specimen volume and the volume of lids.
Calculate dry unit weight by dividing the dry mass of the
specimen by the specimen volume,

NOTE |8-~The specific gravity of solids can be determined in

accordance with Test Method D 854 or it may be assumed based on
previous test results,

12.2 Specimen Properties After Consolidation:
12.2.1 Calculate the specimen height and area after con-
solidation as follows:

Ho=H, =~ AH (5)

where:

H, = initial height of specimen, mm (in.), and

Al = change in height of specimen at end of consolidation,
mm {in.).

12.2.2 The cross-sectional area of the specimen, after
consolidation, A, shall be compuied using one of the
following methods (assuming consistent units are used), The
choice of the method to be used depends on whether shear
data are being computed before the test is performed {in that
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cise Test Method A would be used) or on which of the two
test methods in the opinion of a qualified person vield
specimen conditions considered to be most representative of
those afier consolidation.

12.2,2.} Test AMfethod A:

Ao = (¥, —~ ¥,

sai

- aV. )}/ H, [£)]

where:

¥, = initial volume of specimen, mm? (in.%),

AV, = change in volume of specimen during and satura-

tion, mm? (in,%),
AV, = IV AHIH,

where: ‘

AN, = change in height of specimen during saturation, mm
(in.), and

AF, = change in volume of specimen during consolidation
as indicated by burette readings, mm- (in.%).

12,2,2.2 Test Method A:

LA s (Vo V)/H, (8)

where:

V.r = final volume of water (based on final water content),
< mm? (in.),

= volume of solids, mm? (in.%),

V: - m,/(G,p.,)

v

£

where:

n1, = specimen dry mass, kN (ib),

G, = specific gravity of solids, and

., = density of water, mg/m? (Ib/in.%).

12,23 Using the calculated dimensions of the specimen
after consolidation and assuming that the water content after
consolidation is the same as the final water content, calculate
the consolidated void ratio and degree of saturation.

NOTE 19—In this test method, the equations are written such that
compression and consolidation are considered positive.

12.3 Hysteresis Loop Calculations—Calculations are per-
formed on each individual hysteresis loop using the form
shown in Fig. 14 ot its equivalent.

12.3.1 Caiculate the material damping ratio (D) for a
given hysteresis loop using Eq. (9) and record these values on
Fig. 10:

A
drAp

D=

x 100 9

where:

A, = area of hvsieresis loop,

Ay = area of shaded right triangle shown in Fig, 1, and

D = material damping ratio, %, .
12,3.2 Calculate the Young's Modulus (E) for a given

hysteresis loop using Eq. 10 and record these values on Fig.

10:

Loy L,

—_—

SDA A 3

Em (1)
where:

L4 =double amplitude toad, kN {Ib),

Spa = double amplitude deformation, mm (in.),

L, = height of specimen afier consclidation, mm {in.),
A, = area of specimen after consolidation, mm? (in.2), and
E = Young's Modulus, kPa {lb/in.%),

12.3.3 Calculate the single amplitude axial strain {«S4) for
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FiG. 14 Cyclic Triaxial Medulus/Damping Caiculation Form

a given hysteresis loop using Eqs. (i1} and (12} and record
these values in Fig, 10:

eDA = Sp,/Ls
oS = (DAS?

{n
(12)
where:

¢D4 = double amplitude axial strain (dimensionless), and
«S4 = single amplitude axial strain (dimensionless},

13, Report

13.1 Repont the following information:
13.1.1 Identification data and visual description of spec-
imen, including soil classification in accordance with Prac-

tee D 2488 and whether the specimen is undisturbed, or
cemolded {indicate preparation method). Indicaic f any
method was cmployed Lo reduce end restraint,

17.1.2 Values of plastic limit and liquid limit, if deter-
mined in accordance with Test Method D 4318,

13.1.3 Value of specific gravity of solids and notation il
the value was determined in accordance with Method D B34
or assumed.

13.1.4 Parjcle-sizc analysis, if determined in accordance
with Method D 422,

13.1.5 Initial spccimen dry unit weight, void ralio, water
content, and degree of saturation.

13.1.6 Initial height and diameter of specimen.

13.1.7 Method followed for specimen saturation {that i,
dry or wet method).

3.1.8 Total back pressure.

13.1.9 ‘The Pore Pressure Parameter B at the end of
saturation.

13.1,10 Effective consolidation stress.

13.1.11 Time 10 50 % primary consolidation.

13.1.12 Specimen dry unit weight, void ratio, waler con-
tent, and degree of saturation afier consolidation.

13.1.13 Specimen cross-sectional area after consolidation
and method used for determination.

13.1.14 Hysteresis loop for each Joad or strain level at
cvcles number | through §, 10, 20, and 40.

13.1.15 Plot of Young's Modulus E and material damping
D versus the logarithm of single emplitude axial strain using
data from cycle Number 1 unless requested otherwise.

i3.1.16 Skeich or photograph of the specimen after
testing.

13.1.17 Remarks and notations regarding any unusual
conditions or other information necessary to properly inter-
pret the results obtained, including any depariures from the
procedure outlined.

14, Precision and Bias

14.1 The variability of soil and resultant inability 1o
determine a true reference value prevent developmeni ofe
meaningful staternent of bies. Data are being evaluated to
determine the precision of this test method. In addition, the
subcommittee is seeking pertinent data (rom users of this test
method.

15, Keywords

15.1 damping; laboratory test; physical properties. triaxial
stress

The Amarican Saciety for Testng and Mararials [aKES NO POIHION reSpATIingG the validly of any patent Fiphis a1serted in connection
with any item mentioned In this standard, Users of this standard are expressly advised thal dofermination of the vaiidity of any such

palenl rignts, and tha risk of inftingement of such rights,

ara entirely their own responsibility.

This standatd is subjec! o rovision s any lims by the tasponsibh tachnical commitiee and mMust be raviewed every live years and
if not tavited, sither reaporoved or withdrawn. YOour COMMmAnis are inviied eithet for revision of this stendard or for acghional standeards

and shouid be addressed
(echnical commitiea, which you may attend, if you

458

ta ASTM Headquarters. Your comments will receive csreful consideration af & meeling of the responsmie

{eal thal your commenis hava not raceived a fair heating you should make your
views known 1o the ASTAf Committee on Standards, 1916 Race St., Philagelphia, PA 1810,
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