QH“y) Designation: C 801 — 98

Standard Test Method for
Determining the Mechanical Properties of

Hardened Concrete Under Triaxial Loads *

This standard is issued under the fixed designation C 801; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 4. Apparatus

1.1 This test method covers the procedures for testing 4.1 Loading Device-A suitable device for applying and
hardened concrete when subjected to triaxial stress conditionsieasuring axial load to the specimen. It must be of sufficient
Materials other than concrete, cement paste, or mortar amapacity to apply the required loads at specified rates. It should
excluded. When the determination of the strength of concretbe verified at suitable time intervals in accordance with the
under a triaxial state of stress is made according to this tegrocedures given in Practices E 4, and should comply with the
method, two of the three principal stresses are always equalkequirements prescribed therein.

There is no provision made for the measurement of pore 4.2 Triaxial Compression ChamberA device in which the
pressures; therefore all strength values are in terms of totaést specimen may be enclosed in an impermeable, flexible
stress. membrane, placed between two hardened bearing blocks, and

1.2 The values stated in inch-pound units are to be regardeslibjected to hydraulic pressure and deviator stress. The bearing
as the standard. The values given in parentheses are mathematcks must be of steel, the bearing faces of which should be
cal conversions to Sl units which are provided for informationhardened to a minimum of 55 HRC, and which should not
only and are not considered standard. depart from plane surfaces by more than 0.0005 in. (0.0127

1.3 This standard does not purport to address all of themm) when the blocks are new and should be maintained within
safety problems, if any, associated with its use. It is thea permissible variation of 0.001 in. (0.0254 mm). In order to
responsibility of the user of this standard to establish appro-develop the required hydraulic pressure, the apparatus should
priate safety and health practices and determine the applicaconsist of a high pressure cylinder with an overflow valve, a

bility of regulatory limitations prior to use. base, suitable entry ports for filling the cylinder with hydraulic
fluid and applying the lateral pressure, and hoses, gages and
2. Referenced Documents valves as needed (2, 3, 4.2 Fig. 1 and Fig. 2 illustrate triaxial
2.1 ASTM Standards: chambers which have proved to be satisfactory.
C 39 Test Method for Compressive Strength of Cylindrical 4.3 Combination Devices-Alternatively, devices may be
Concrete Specimefis used which combine the function of loading device and
C 192 Practice for Making and Curing Concrete Test Specipressure chamber. Fig. 3 illustrates one such de%icé, (7, §.
mens in the Laboratofy 4.4 Pressure-Maintaining Deviee-A hydraulic pump, pres-

C 512 Test Method for Creep of Concrete in Compressionsure intensifier, or other system of sufficient capacity to
C 617 Practice for Capping Cylindrical Concrete Speci-maintain the desired pressures in the triaxial compression

meng chamber.
E 4 Practices for Load Verification of Testing Machifies 4.5 Strain-Measuring DevicesSuitable devices must be
N provided for the measurement of strain in the specimen. Such
3. Significance and Use devices should be readable to the nearest 0.0001 in. (0.00254

3.1 This test method provides data useful in determining thenm) and accurate to within 0.0001 in. (0.00254 mm) in any
strength and deformation characteristics of concrete such &@s001-in. (0.0254-mm) range, and within 0.0002 in. (0.00508
shear strength at various lateral pressures, angle of shearipgm) in any 0.0100-in. (0.254-mm) range. Such devices may
resistance, strength in pure shear, deformation modulus, angnsist of micrometer screws, dial micrometers or linear
creep behavior. variable differential transformers securely attached to the high

pressure cylinder, and designed to measure bearing block travel
(5,6,7,9.

* This test method is under the jurisdiction of ASTM Committee C09 on 45.1 Vlbratmg wire or electrical _reS|stance strain gages may
Concrete and Concrete Aggregates and is the direct responsibility of Subcommitté%e embedded in the concrete, aligned along the axis of the
C09.610on Testing for Strength.

Current edition approved Nov. 10, 1998. Published March 1999. Originally

published as C 801 — 75. Last previous edition C 801 — 91. 3 The boldface numbers in parentheses refer to the list of references at the end of
2 Annual Book of ASTM Standardgol 04.02. this test method.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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L,—Plate bearing on platen of testing machine
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J—Hydraulic jack
P,—Piston
R—Stopper
T—Threaded plug
D,,D ,—Dial gages
FIG. 1 Section Through Test Cell (8)

specimen for measuring axial deformation, or they may bejate, and at least half the specimen length.

affixed to the surface of the specimen, in which case they 4.5.2 Electrical resistance or vibrating wire strain gages
should be placed at two diametrically opposite locations and ahay be applied circumferentially or embedded in the concrete
midlength of the specimen. The effective gage length should bat midlength to measure lateral strains. Gage length and
at least three times the nominal maximum size of the aggreaumbers of gages should be such as to provide average values
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of lateral strain, reducing the effect of localized straifb6)( 5. Test Specimens

4.6 Flexible Membrane-A flexible membrane of suitable 5.1 Test specimens must be right circular cylinders within
material to exclude the confining fluid from the specimen, anghe tolerances specified herein, prepared in accordance with
which does not significantly extrude into abrupt surface porespractice C 192. The relationship of aggregate size to specimen
It should be sufficiently long to extend well onto the bearingsjze shall be in accordance with that required in Practice C 192.
blocks and when slightly stretched be of the same diameter as5 1 1 The sides of the specimen must be generally smooth
the specimeng, 9, 10 and free of abrupt irregularities with all elements straight to

Note 1—Neoprene rubber tubing éfe-in. (1.588-mm) wall thickness ~ Within 0.005 in. (0.1270 mm) over the full length of the

and of 40 to 60 Durometer hardness. Shore, Type A, has been four8P€cimen. Surface voids which are excessive in size and
generally suitable for this purpose. number should be filled with mortar or cement paste to
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preclude puncturing of the flexible membrane. Ends of thedeformation measurement devices required and fill the cham-
specimen that are not plane within 0.001 in. (0.0254 mm) musber with hydraulic fluid. Apply a slight axial load, approxi-
be lapped, ground, or capped. Capping compression specimemmtely 25 Ibf (111 N) to the triaxial compression chamber by
must be done in accordance with Practice C 617. means of the loading device in order to properly seat the
5.1.2 Planeness should be checked by means of a straigltearing parts of the apparatus. Take an initial reading on the
edge and feeler gage, making a minimum of three measureleformation device. Slowly raise the fluid pressure or the axial
ments on different diameters. Ends should be parallel to eadbad, or both, to the predetermined test level as required by the
other as indicated by the agreement with 0.002 in. (0.0508 mmtype of loading adopted for the test.
of five equally distributed measurements of the length of the ¢ 3 | oad the specimen in the desired direction(s) continu-
specimen taken by means of a dial comparator. Ends should ngysly and without shock until the load becomes constant or
depart from perpendicularity to the axis of the specimen byteduces, or a predetermined amount of strain is achieved.
more than 0.25° (approximately 0.01 in. in 2 in. or 0.25 mminapply the load at an initial rate of 35 15 psi (241+ 103
50.80 mm). Specimens should have a length to diameter raligpa)/s. Make no adjustment in the controls of the testing
(L/D) of 2.0 = 0.2 and a diameter of not less than 2 in. (50.8 hachine while a specimen is yielding rapidly immediately

mm). before failure. Maintain the predetermined confining pres-

5.2 The diameter of the test specimen should be determineg; e (s) throughout the test and observe and record readings of
to the nearest 0.01 in. (0.254 mm) by averaging two diameter§aformation as required.

measured at right angles to each other at about midlength of the
specimen. The length of the test specimen shall be th
determined by means of the dial comparator in accordance wi
5.1. 7.1 The presentation of data obtained from triaxial tests may

5.3 Tests in the moist condition of moist cured specimengake one or more of the following forms:
shall be made as soon as practicable after removal from the 7.1.1 Graphical plots of the following equation:
curing room. Specimens tested in a saturated condition shall be f = ' 4+ K(fy)® )

H H H 1 c 3

kept moist by a wet burlap or blanket covering during the
period between their removal from moist storage and testing. or, for the strength increase beyond the uniaxial strength:
Specimens may be tested in a condition other than saturated f— 1/ = K(fy)? 2)
and other than moist-cured at the discretion of the investigator.

5.4 Number of SpecimenasMake no fewer than two speci- where:
mens from each batch of concrete for each test condition off ;
type of loading.

‘;’z. Presentation of Data

largest principal stress,
3 smallest principal stress,
f's unconfined compressive strength, and
SHORT-TIME BEHAVIOR K, a empirical coefficients3, 4, 7, 12.
7.1.2 A graphical plot of the stress difference versus axial
6. Procedure strain. Stress difference is defined as the maximum principal
6.1 In general, three types of loading can be followed wheraxis stress minus the minimum principal stress. The value of
conducting a triaxial test: the minimum principal stress should be indicated on the curve.
6.1.1 Type —Hydrostatic pressure is increased to a prede- 71 3 A graphical plot of axial stress versus axial strain for
termined level, and held constant while the axial stress igjifferent confining pressures.
increased until failure occurs.
6.1.2 Type 2—Hydrostatic pressure is increased to a prede
termined level, then the axial stress is held constant while th
lateral stress is increased until failure occurs.

7.1.4 Mohr stress circles constructed on an arithmetic plot
with shear stresses as ordinates and normal stresses as abscis-
€as. At least three triaxial compression tests, each at a different

; . . confining pressure, should be made on the same material to
6.1.3 Type 3—The ratio of axial to lateral stresses is held Jgp

. M define the envelope to the Mohr stress circls (
constant and the stresses are increased until failure occurs. 7141 “Best-fit’ th the Moh | hould
6.1.4 When a specimen is to be tested under triaxiagE . est-fit” smooth curve (the Mohr envelope) shou

compression, a loading sequence whereby the lateral stres N be_drav_vn tangent to the Mofr circles, as ShOW” in Fig. 4.
are kept zero while the axial stress is increased or vise ver a straight line can be drawn tangent to all stress circles, draw

should be avoided since premature failure may occur und uch a line and indicate the angle of internal frictibhand the
uniaxial or biaxial compression, respectively), cohesiong, as shown in Fig. 4. The figure should also include

6.2 Wipe clean the bearing faces of the upper and lowef* brief note indicating vvhether or not a pronoqncgd failurg
bearing blocks and of the test specimen, and place the teBpane was developed during the test, an_d the _|nc_l|nat|on of this
specimen on the lower bearing block. Place the upper beari ane with reference to th? plane of major principal stress.
block on the specimen and properly align. Fit the flexible 7-1.4.2 If the stress circle envelope can be accurately
membrane over the specimen and bearing blocks and instglescribed by a straight line, fit the data with a straight line
rubber or neoprene O-rings to seal the specimen from thSing the theory of least square.(Express the envelope in
confining fluid. Enclose the specimen and bearing blocks in théhe following form:
pressure vessel, ensuring proper seal at points of connecting
parts. Connect the hydraulic pressure lines. Position any Y=c+ X tan ¢ ©))
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where: (A-B[_,  (A+D? ,\®
Y = shearing stress at failure, and Y = ( n-2 [Zf% * AA + BZ)X ™
X = normal stress at failure. o
: ; - where:

e Iﬁ::ieorrrg.ne the parametecsand tand using the following sY ,x = standard error of the estimated shearing strength
q ’ for the regression line of on X, psi (or MPa),

C_Efl—AEf3 @

2m/A ,  nSfif, - SfSf @

tan & = ’;;\/; 5) nSf,? — (3f,)2

where: (2 N2’ - (3h)° ©)
AT R © . n?
C\n3f2 - (3fy)2)

n = number of tests.

7.1.4.3 If the data are fitted using the theory of least squarex = X - M, (Pickx at a convenient interval from lowest to
as described above, compute and plot the 95 % confidence highest stress circle), and
limits for Eq 3 using the following equation:
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9. Precision and Bias

9.1 Precisiof—The repeatability coefficient of variation
See Fig. 5 for Mohr's diagram with 95 % confidence limits has been found to be 5.0%for the estimated shear strength at
about Eq 3 failure at the mean value of normal stress. Therefore, results of

' two properly conducted tests by the same operator should not
Note 2—Different envelopes may be obtained for different types ofd'frer from weach Othe_r_ by more_ than 14'@% .
loading as described in 6.1. A unique envelope may be obtained only for 9.1.1 The repeatability coefficient of variation for cohesion

X (Sf, + ASfy) (10)

1
M«=ra 7D

materials which obey the Mohr-Coulomb theory of failure. and tand has been found to be 10.8%%nd 7.3 %, respec-
tively. Therefore, results of two properly conducted tests by the
8. Report same operator should not differ from each other by more than

30.5 % for strength in pure shear, and 20.6 %6r angle of
8.1 In addition to the provisions of the Sections on Preseninternal friction.
tation of Data and Presentation of Creep Data, report the 9.1.2 The reproducibility standard deviation is being deter-
following: mined and will be available on or before December 2005.
9.2 Bias—This test method has no bias because the values
determined can only be defined in terms of the test method.
8.1.2 Specimen dimensions in inches (or millimetres), 10. Keywords

8.1.1 Specimen identification number,

8.1.3 Cross-sectional area, 10.1 angle of internal friction; compressive strength; con-
8.1.4 Concrete batching data crete; creep; Mohr's diagram; shear strength; strain; triaxial
testing

8.1.5 Moisture condition of specimen, and

8.1.6 Curing history. 4 Supporting data have been filed at ASTM Headquarters and may be obtained by
requesting Research Report RR: C09-1020.
® These numbers represent, respectively, the (Is %) and (d2 %), as described in
ASTM C 670.

APPENDIX
(Nonmandatory Information)

X1. LONG-TIME BEHAVIOR (CREEP) (13, 14)

X1.1 Apparatus X1.2.2 Number of Specimens

X1.1.1 Devices for loading and for development of hydro- No fewer than six specimens should be made from a given
static pressure on cylinder specimens conforming generally tbatch of concrete for each test condition: two tested for
the provisions of Section 4 must be provided. In addition, duecompressive strength, two loaded and observed for total
to the nature of the test, any loading or hydrostatic pressurdeformation, and two kept unloaded for use as controls to
devices must be capable of maintaining specified loads andicate deformations due to causes other than load. Each
pressure levels for long periods of time. Hydraulic devicesstrength and control specimen should undergo the same curing
must have provision for automatically maintaining the speci-and storage treatment as the loaded specimen.
fied pressure. Mechanical devices must be able to follow any
long-time strain and still maintain the specified load. Thex1.3 Procedure
application of load through heavy coil springs has been found
to be generally useful for this purpose. However, periodic
checking and possibly adjustment of the compression in th
spring is required.

X1.3.1 Prepare the testing apparatus and position the speci-

en therein in accordance with Section 6. Immediately before

oading the creep specimens, determine the compressive

X1.1.2 Strain-Measuring Devices strength of the strength specimens in ac_cordance with T_est

Strain gages must conform in general to the provisions opethod C 39. Seal the u_nloaded C(.)erI cylinders, or otherwise

45. protect them in a fashion that simulates the environmental
conditions to which the test specimens are subjected.

Note 'Xl.l—Cautlon should be exercised in the use of bonded electri- X1.3.2 Load the specimens at the rates specified in Section
cal resistance gages, since some cements attaching the gage to the

specimen tend to creep, in which event the gages do not follow completel until the predetermined stress levels are reached. Take strain

the strain experienced by the specimen. readings immediately before and after loadingp%th later,
) then daily for one week, then weekly until the end of one
X1.2 Test Specimens month, and finally monthly until the end of one year. Take
X1.2.1 Test specimens should be prepared in accordanctrain readings on the control specimens on the same schedule
with the provisions of Section 4. as the loaded specimens.
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X1.4 Presentation of Creep Data My, My, My, = Poisson’s ratio for creeplp).

X1.4.1 Determine the creep strain due to load by subtracting This equation is used for the general case and is based upon
the strain observed in the control cylinders from the strainthe assumption that the principle of superposition is valid.

observed under load. X1.4.3 Plot the total creep strain (linear scale) against time
X1.4.2 Express the total creep stra@, ., observed in the (logarithmic scale) and determine the time function of creep.
direction of the maximum principal stredf, as follows: For procedure to be followed in this determination, see Test
€10 = €10 — (Mye8e + Mu€s30) (X1.1) Method C 512.
where:
€10 & €3¢ = creep strains occurring in the principal

stress directions 1, 2 or 3 and caused by
the principal stressefs, f, or f;, and

REFERENCES

(1) “Method of Test for Behavior of Cylindrical Specimens of Concrete or ~ Proceedings Am. Soc. Testing Mats., Vol 65, 1965, pp. 697-709;
Rock Subjected to Triaxial Compression,” Serial CRD-C93-70, Wa-  discussion, pp. 710-711.
terways Experiment Station, Vicksburg, Miss., September 1970. (9) Richart, F. E., Brandtzaeg, A., and Brown, R. L., “A Study of the
(2) Bellamy, C. J., “Strength of Concrete Under Combined Stress,” Failure of Concrete Under Combined Compressive StresBedigtin
ProceedingsAmerican Concrete Institute, Vol 58, 1961, pp. 367-381; 185 Engineering Experiment Station, University of lllinois, Urbana,

discussion, pp. 865-866. IIl. Nov. 20, 1928.
(3) Cambell-Allen, D., “Strength of Concrete Under Combined Stresses,(10) Hannant, D. J., “Creep and Creep Recovery of Concrete Subjected to
Constructional Reviemwol 35, No. 4, April 1962, pp. 29-37. Multiaxial Compressive StressProceedings American Concrete

(4) Smee, D. J., “The Effect of Aggregate Size and Concrete Strength on  Institute, Vol 66, 1969, pp. 391-394.
the Failure of Concrete Under Multiaxial CompressioRRgsearch  (11) Hilsdorf, H. K., Lorman, W. R., and Monfore, G. E., “Triaxial Testing
Report R73 School of Civil Engineering, University of Sydney, of Nonreinforced Concrete SpecimensJburnal of Testing and
Australia, October 1966. Evaluation JTEVA, Vol 1, No. 4, July 1973, pp. 330-335.

(5) Balmer, G. G., “Shearing Strength of Concrete Under High Triaxial (12) Hobbs, D. W., “Strength of Concrete Under Combined Stress,”
Stress-Computation of Mohr’s Envelope as a Curve,” Report SP-23, Cement and Concrete Reseagréfol 1, No. 1, January 1971, pp
Structural Research Laboratory, Bureau of Reclamation, U.S. Dept. of ~ 41-56.
the Interior, Denver, Colo., October 1949. (13) Duke, C. M., and Davis, H. E., “Some Properties of Concrete Under

(6) Balmer, G. G., “Strength and Elastic Properties of Black Canyon Dam  Sustained Combined StresseBrbceedingsAm. Soc. Testing Mats.,
Concrete and Rock-Boise Project, Idaho,” Report SP-36, Concrete  \ol 44, 1944, pp. 888—896.

Laboratory, Bureau of Reclamation, U.S. Dept. of Interior, Denver,(14) Hannant, D. J., “Strain Behavior of Concrete up to 95°C Under
Colo., November 1952, Compressive Stresses,” Paper 17, Conference on Prestressed Con-

(7) Chinn, J., and Zimmerman, R. M., “Behavior of Plain Concrete Under crete Pressure Vessels, Institution of Civil Engineers, London, En-
Various High Triaxial Compression Loading Conditions,” Technical gland, 1968, pp. 177-191; discussion, pp. 205-207, 209, and 217.
Report WL-TR-64-163. U.S. Air Force Weapons Laboratory, Kirtland (15) Gopalakrishnan, K., Neville, A. M., and Ghali, A., “Creep Poisson’s

Air Force Base, Albuquerque, N. M., August 1965. Ratio of Concrete Under Multiaxial CompressiorPfoceedings
(8) Krahl, N. W., Victory, S. P., Erkmen, E., and Sims, J. R., “The American Concrete Institute, Vol 66, 1969, pp. 1008-1020; discus-
Behavior of Plain Mortar and Concrete Under Triaxial Stress,” sion, Vol 67, 1970, pp. 479-480.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



