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I00 International Society for Rock Mechanics 

INTRODUCTION 

The Commission on Standardization of Laboratory and Field Tests on Rock was appointed in 1967. Subsequent 
to its first meeting in Madrid in October 1968, the Commission circulated a questionnaire to all the members 
of the International Society for Rock Mechanics, the answers received clearly showing a general desire for 
standardized testing procedures. At a further meeting in Oslo in September 1969, tests were categorised and 
a priority for their standardization was agreed upon, as given in Table 1. 

It was also decided that research tests, including many of the rock physics tests, were beyond the scope 
of standardization. Subsequent meetings were held in Belgrade in September 1970, in Nancy in October 1971, 
in Lucerne in September 1972, in Katowice in October t973, in Denver in September 1974, in Minneapolis 
in September 1975 and in Salzburg in October 1976. At the Lucerne meeting the Commission was subdivided 
into two committees, one on standardization of laboratory tests and the second on the standardization of 
field tests. 

The present document has been produced by the Committee on Standardization of Laboratory Tests. The 
present document covers Category II(1) in Table 1. 

It should be emphasized that the purpose of these "Suggested Methods" is to specify rock testing procedures 
and to achieve some degree of standardization without inhibiting the development or improvement of techniques. 

Any person interested in these recommendations and wishing to suggest additions or modifications should 
address his remarks to the Secretary General, International Society for Rock Mechanics, Laborat6rio Nacional 
de Engenharia Civil, Avenida do Brasil, Lisboa, Portugal. 

Acknowledgements--The following persons contributed in the drafting of these "Suggested Methods": Z. T. Bieniawski (South Africa), 
I. Hawkes (U.S.A,). 

TABLE 1. TEST CATEGORIES FOR STANDARDIZATION 

Category I: Classification and Characterization 

Rock 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

material (laboratory tests) 
Density, water content, porosity, absorption.* 
Strength and deformability in uniaxial compression; point load strength.* 
Anisotropy indices. 
Hardness, abrasiveness.* 
Permeability.* 
Swelling and slake-durability.* 
Sound velocity?* 
Micro-petrographic descriptions.* 

Rock 
(9) 

(1o) 
(!1) 
(12) 

mass (.field observations) 
Joint systems: orientation, spacing, openness, roughness, geometry, filling and alteration.* 
Core recovery, rock quality designation and fracture spacing. 
Seismic tests for mapping and as a rock quality index. 
Geophysical logging of boreholes.* 

Category II: Engineering Design Tests 

Laboratory 
(1) Determination of strength envelope (triaxial and uniaxial compression and tensile tests).* 
(2) Direct shear tests.* 
(3) Time-dependent and plastic properties. 

In situ 
(4) Deformability tests.* 
(5) Direct shear tests.* 
(6) Field permeability, ground-water pressure and flow monitoring; water sampling.* 
(7) Rock stress determination.* 
(8) Monitoring of rock movements, support pressures, anchor loads, rock noise and vibrations. 
(9) Uniaxial, biaxial and triaxial compressive strength. 

(10) Rock anchor testing.* 

* Asterisks indicate that final drafts on these tests have been prepared. 
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Suggested Methods for Determining Tensile 
Strength of Rock Materials 
PART 1: SUGGESTED METHOD 

FOR DETERMINING DIRECT 
TENSILE STRENGTH 

I. SCOPE 

This method of test is intended to measure directly the 
uniaxial tensile strength of a rock specimen of regular 
geometry. The test is mainly intended for classification 
and characterization of intact rock. 

2. APPARATUS 

(a) A suitable machine shall be used for applying 
and measuring the axial load to the specimen. It shall 
be of sufficient capacity and capable of applying load 
at a rate conforming to the requirements set in section 
3. It shall be verified at suitable time intervals and shall 
comply with accepted national requirements such as 
prescribed in either ASTM Methods E4, Verification 
of Testing Machines or British Standard 1610, Grade 
A or Deutsche Normen D I N  51 220 and DIN 51 223, 
Klasse 1. 

(b) Cylindrical metal caps shall be cemented to the 
specimen ends, providing a means through which the 
direct uniaxial tensile load can be applied. The dia- 
meter of the metal caps shall not be less than that 
of the test specimen nor shall it exceed the test speci- 
men diameter by more than 2 mm. Caps shall have 
a thickness of at least 15 mm. Caps shall be provided 
with a suitable linkage system for load transfer from 
the loading device to the test specimen. The linkage 
system shall be so designed that the load will be trans- 
mitted through the axis of the test specimen without 
the application of bending or torsional stresses. The 
length of the linkages at each end shall be at least twice 
the diameter of the metal caps.* 

*According to the Annual Book of ASTM Standards, Test 
D2936-71, a roller or link chain of suitable capacity has been found 
to perform quite well in this application. Because roller chain flexes 
in one plane only, the upper and lower segments are positioned at 
right angles to each other to reduce bending in the specimen. Ball- 
and-socket, cable or similar arrangements have been found to be 
generally unsuitable because their tendency for bending and twisting 
makes the assembly unable to transmit a purely direct tensile stress 
to the test specimen. 

~: In direct tension tests, the condition of the specimen ends with 
regard to the degree of flatness and smoothness is not as critical 
as in compression tests. End surfaces such as result from sawing 
with a diamond cut-off wheel are entirely adequate. 

t It is recognised that in some cases for some materials (e.g. shale), 
it may be desired to test specimens in other moisture conditions, 
for example, saturated or oven dry at 105°C. Such conditions shall 
be noted in the test report. 

3. P R O C E D U R E  

(a) The test specimens shall be right circular cylinders 
having a height to diameter ratio of 2.5:3.0 and a dia- 
meter preferably of not less than NX core size, approxi- 
mately 54mm. The diameter of the specimen should 
be related to the size of the largest grain in rock by 
the ratio of at least 10:1. 

(b) The ends of the specimen shall be generally 
smooth and flat.t The ends shall not depart from per- 
pendicularity to the axis of the specimen by more than 
0.001 radian (about 3.5 min) or 0.05 in 50 mm. 

(c) The sides of the specimen shall be smooth and 
free of abrupt irregularities and straight to within 
0.1 mm over the full length of the specimen. 

(d) The diameter of the test specimen shall be 
measured to the nearest 0.1 mm by averaging two dia- 
meters measured at right angles to each other at about 
the mid-height of the specimen. The average diameter 
shall be used for calculating the cross-sectional area. 
The height of the specimen shall be determined to the 
nearest 1.0 mm. 

(e) Samples shall be stored, for no longer than 30 
days, in such a way as to preserve the natural water 
content, as far as possible, until the time of specimen 
preparation. Following their preparation, the specimens 
shall be stored prior to testing for 5-6 days in an 
environment of 20°C + 2°C and 50% + 5% humidity.~: 
This moisture condition shall be reported in accord- 
ance with "Suggested method for determination of the 
water content of a rock sample", Method 1, Committee 
on Laboratory  Tests, Document  No. 2, Final Draft, 
November  1972. 

(f) The metal caps should be cemented to the speci- 
men in such a manner as to ensure alignment of the 
cap axes with the logitudinal axis of the specimen. The 
thickness of the cement layer should not exceed 1.5 mm 
at each end. After the cement has hardened sufficiently 
to exceed the tensile strength of the rock, the test speci- 
ment shall be placed in the testing machine in such 
a way that the load transfer system is properly aligned. 

(g) The tensile load on the specimen shall be applied 
continuously at a constant stress rate such that failure 
will occur within 5min of loading; alternatively the 
stress rate shall be within the limits of 0.5 MPa/s  to 
1.0 MPa/s. 

(h) The maximum load on the specimen shall be 
recorded to within 1%. 

(i) The number of specimens per sample tested should 
be determined from practical considerations but at least 
five are preferred. 

4. C A L C U L A T I O N S  

The tensile strength of the specimen shall be calcu- 
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latcd by dividing the maximum load applied to the 
specimen by the original cross-sectional area. 

5. REPORTING OF RESULTS 

(a) Lithologic description of the rock. 
(b) Orientation of the axis of loading with respect 

to specimen anisotropy, e.g. bedding planes, foliation, 
etc. 

(c) Source of sample, including: geographic location, 
depth and orientation, dates of sampling and storage 
history and environment. 

(d) Number of specimens tested. 
(e) Specimen diameter and height. 
(f) Water content and degree of saturation at time 

of test. 
(g) Test duration and/or stress rate. 
(h) Date of testing and type of testing machine. 
(i) Mode of failure, e.g. location and orientation of 

failure surface. 
(j) Any other observations or available physical data, 

such as specific gravity, porosity and permeability, 
citing the method of determination of each. 

(k) The tensile strength for each specimen in the 
sample, expressed to three significant figures, together 
with the average result for the sample. The pascal (Pa) 
or kilopascal (kPa) or mega-pascal (MPa) shall be used 
as the unit of stress and strength. 

(1) Should it be necessary in some instances to test 
specimens that do not comply with the above specifica- 
tions, these facts shall be noted in the test report. 

PART 2: S U G G E S T E D  M E T H O D  
FOR D E T E R M I N I N G  I N D I R E C T  

TENSILE S T R E N G T H  BY THE 
BRAZIL TEST 

1. SCOPE 

This test is intended to measure the uniaxial tensile 
strength of prepared rock specimens indirectly by the 
Brazil test. The justification for the test is based on 
the experimental fact that most rocks in biaxial stress 
fields fail in tension at their unaxial tensile strength 
when one principal stress is tensile and the other finite 
principal stress is compressive with a magnitude not 
exceeding three times that of the tensile principal stress. 

2. APPARATUS 

(a) Two steel loading jaws designed so as to contact 
a disc-shaped rock sample at diametrically-opposed 
surfaces over an arc of contact of approx 10 ° at failure. 
The suggested apparatus to achieve this is illustrated 
in Fig. 1. The critical dimensions of the apparatus are 
the radius of curvature of the jaws, the clearance and 
length of the guide pins coupling the two curved jaws 

/ Holf boll beorlng 

j Upper jaw 

~ H o l e  with N [q c,eo,ooce on,owe, 

TU/H-  °'n 

Test specimen 

Fig. 1. Apparatus for Brazil test. 
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and the width of the jaws. These are as follows: Radius 
of jaws--l .5 × specimen radius; guide pin clearance-- 
permit rotation of one jaw relative to the other by 
4 x 10 -3 rad out of plane of the apparatus (25 mm 
penetration of guide pin with 0.1 mm clearance); width 
of jaws--l .1 x specimen thickness. The remaining 
dimensions can be scaled from Fig. 1. The upper jaw 
contains a spherical seating conveniently formed by a 
25-mm diameter half-ball bearing. 

(b) Double thickness (0.24).4mm) adhesive paper 
strip (masking tape) with a width equal to or slightly 
greater than the specimen thickness. 

(c) A suitable machine for applying and measuring 
compressive loads to the specimen. It shall be of suffi- 
cient capacity and be capable of applying load at a 
rate conforming to the requirements set out in section 
3. It shall be verified at suitable time intervals and shall 
comply with accepted national requirements such as 
prescribed in either ASTM Methods E4, Verification 
of Testing Machines or British Standard 1610, Grade 
A or Deutsche Normen DIN 51 220 and DIN 51 223, 
Klasse 1. 

(d) A spherical seat, if any, of the testing machine 
crosshead shall be placed in a locked position, the two 
loading surfaces of the machine being parallel to each 
other. 

(e) It is preferable but not obligatory that the testing 
machine be fitted with a chart recorder to record load 
against displacement to aid in the measurement of the 
failure load. 

3. PROCEDURE 

(a) The test specimens should be cut and prepared 
using clean water. The cylindrical surfaces should be 
free from obvious tool marks and any irregularities 
across the thickness of the specimen should not exceed 
0.025 mm. End faces shall be fiat to within 0.25 mm 
and square and parallel to within 0.25 ° . 

(b) Specimen orientation shall be known and the 
water content controlled or measured and reported in 
accordance with the "Suggested method for determina- 
tion of water content of a rock sample", Method 1, 
ISRM Committee on Laboratory Tests, Document No. 
2, November 1972. 

(c) The specimen diameter shall not be less than NX 
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core size, approximately 54mm, and the thickness 
should be approximately equal to the specimen radius. 

(d) The test specimen shall be wrapped around" its 
periphery with one layer of the masking tape and 
mounted squarely in the test apparatus such that the 
curved platens load the specimen diametraUy with the 
axes of rotation for specimen and apparatus coincident. 

(e) Load on the specimen shall be applied con- 
tinuously at a constant rate such that failure in the 
weakest rocks occurs within 15-30 s. A loading rate 
of 200 N/s is recommended. 

(f) Where the testing machine is fitted with a force/ 
displacement recorder, a record should be taken during 
testing--so that the load for primary fracture can be 
precisely determined (in some cases load continues to 
increase after primary failure as the split specimen is 
still bearing load). If a load/displacement recorder is 
not available on the testing machine, then care must 
be taken by the operator to detect the load at primary 
failure. At primary failure there will be a brief pause 
in the motion of the indicator needle. However, the 
difference between the load at primary failure and ulti- 
mate load bearing capacity is at most only about 5%. 

(g) The number of specimens per sample tested 
should be determined from practical considerations, 
but normally ten are recommended. 

where P is the load at failure (N), D is the diameter 
of the test specimen (mm), t is the thickness of the 
test specimen measured at the center (mm). 

5. REPORTING OF RESULTS 

(a) Lithologic description of the rock. 
(b) Orientation of the axis of loading with respect 

to specimen anisotropy, e.g. bedding planes, foliation, 
etc. 

(c) Source of sample, including: geographic location, 
depth and orientation, dates and method of sampling 
and storage history and environment. 

(d) Number of specimens tested. 
(e) Specimen diameter and height. 
(f) Water content and degree of saturation at time 

of test. 
(g) Test duration and stress rate. 
(h) Date of testing and type of testing machine. 
(i) Mode of failure. 
(j) Any other observations or available physical data 

such as specific gravity, porosity and permeability, 
citing the method of determination for each. 

(k) The tensile strength for each specimen in the 
sample, expressed to three significant figures, together 
with the average result for the sample. 

4. CALCULATIONS 

The tensile strength of the specimen ~r t, shall be cal- 
culated by the following formula: 

at = 0.636 P/Dt  (MPa) 

REFERENCES 

Mellor M. & Hawkes I. Measurement of tensile strength by diametral 
compression of discs and annuli. Enong Geol. 5, 173-225 (1971). 
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INTRODUCTION 

The Commission on Standardization of Laboratory and Field Tests on Rock was appointed in 1967. Subsequent 
to its first meeting in Madrid in October 1968, the Commission circulated a questionnaire to all the members 
of the International Society for Rock Mechanics, the answers received clearly showing a general desire for 
standardized testing procedures. At a further meeting in Oslo in September 1969, tests were categorized and 
a priority for their standardization was agreed upon, as given in Table 1. 

It was also decided that research tests, including many of the rock physics tests, were beyond the scope 
of standardization. Subsequent meetings were held in Belgrade in September 1970, in Nancy in October 1971, 
in Lucerne in September 1972, in Katowice in October 1973, in Denver in September 1974, in Minneapolis 
in September 1975 and in Salzburg in October 1976. At the Lucerne meeting the Commission was subdivided 
into two committees, one on standardization of laboratory tests and the second on the standardization of 
field tests. 

The present document has been produced by the Committee on Standardization of Laboratory Tests. The 
present document covers Category II (1) in Table 1. 

It should be emphasized that the purpose of these "Suggested Methods" is to specify rock testing procedures 
and to achieve some degree of standardization without inhibiting the development or improvement of techniques. 

Any person interested in these recommendations and wishing to suggest additions or modifications should 
address his remarks to the Secretary General, International Society for Rock Mechanics, Laborat6rio Nacional 
de Engenharia Civil, Avenida do Brasil, Lisboa, Portugal. 

Acknowledgements--The following persons contributed in the drafting of these "Suggested Methods": U. W. Vogler (South Africa), 
K. Kovari (Switzerland). 

TABLE 1. TEST CATEGORIES FOR STANDARDIZATION 

Category I: Classification and Characterization 
Rock material (laboratory tests) 

(1) Density, water content, porosity, absorption.* 
(2) Strength and deformability in uniaxial compression; point load strength.* 
(3) Anisotropy indices. 
(4) Hardness, abrasiveness.* 
(5) Permeability. 
(6) Swelling and slake-durability.* 
(7) Sound velocity.* 
(8) Micro-petrographic descriptions.* 

Rock mass (field observations) 
(9) Joint systems: orientation, spacing, openness, roughness, geometry, filling and alteration.* 
(10) Core recovery, rock quality designation and fracture spacing. 
(11) Seismic tests for mapping and as a rock quality index. 
(12) Geophysical logging of boreholes.* 

Category II: Engineering Design Tests 
Laboratory 

(1) Determination of strength envelope (triaxial and uniaxial compression and tensile tests).* 
(2) Direct shear tests.* 
(3) Time-dependent and plastic properties. 

In situ 
(4) Deformability tests.* 
(5) Direct shear tests.* 
(6) Field permeability, ground-water pressure and flow monitoring; water sampling. 
(7) Rock stress determination.* 
(8) Monitoring of rock movements, support pressures, anchor loads, rock noise and vibrations. 
(9) Uniaxial, biaxial and triaxial compressive strength. 
(10) Rock anchor testing.* 

* Asterisks indicate that final drafts on these tests have been prepared. 
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Suggested Methods for Determining 
the Strength of Rock Materials 
in Triaxial Compression 

1. S C O P E  

This test is intended to measure the strength of cylindri- 
cal rock specimens subjected to triaxial compression. 
This provides the values necessary to determine the 
strength envelope and from this the value of the inter- 
nal friction angle ~ and the "apparent"  cohesion C may 
be calculated.* 

2. APPARATUS 

The apparatus  consists essentially of three parts  (See 
Fig. 1): a triaxial cell, a loading device and a device 
for generating confining pressure. 

2.1. A triaxial cell 

This comprises:  
(a) Test specimens shall be right circular cylinders 

be placed jn order to apply the confining pressure. The 
body of the cell should have an air bleeder hole and 
a connection for a hydraulic line. 

(b) A flexible jacket of suitable material to prevent 
the hydraulic fluid from entering the specimen, and 
which shall not significantly extrude into abrupt  surface 
pores. 

(c) The triaxial cell shall be filled with hydraulic fluid, 
than C30 shall be placed at both specimen ends. The 
diameter  of the platens shall be between D and 
D + 2 mm, where D is the diameter of the specimen. 

* No provision has been made for drainage of the pore water, 
nor for the measurement of its pressure. In certain rock types (e.g. 
shales) and under certain conditions the pore water pressure may 
influence the results. In such cases it is advisable to conduct tests 
on specimens with different degrees of saturation, e.g. saturated, oven 
dried at 105°C or any other. A comparison of the results allows 
an estimation of the influence of the pore water. 

Such conditions shall be reported in accordance with "'Suggested 
method for determination of the water content of a rock sample", 
Method 1, ISRM Committee on Laboratory Tests, Documcnt 2, 
Final Draft, November 1972. 

t The concave halves of the spherical seats in triaxial machines 
usually have no freedom of movement in the direction perpendicular 
to the specimen axis. In order to align itself, the specimen must 
have two spherical seats. This is contrary to the uniaxial compression 
test where the top concave seat half has freedom in the lateral direc- 
tion and where only one spherical seat is thus required. 

The procedure for, and time intervals between verifications are 
usually given in the National Standard specifications, e.g. ASTM E4; 
DIN 51300 and B.S. 1610. 

§ In order to fulfil the requirements of section 2.3. (b) for the accu- 
racy of the pressure indicating device, it may be necessary to use 
two or more interchangeable pressure indicating devices having dif- 
ferent ranges. Their accuracy will generally have to be 4-5 times 
better than that of the pressure to be maintained. 

The thickness of the platens shall be at least 15 m m  
or D/3. Surfaces of platens should be ground and their 
flatness should be 0.005 mm. 

(d) Spherical seats which are incorporated in each 
of the platens.t  The curvature centre of the seat sur- 
faces should coincide with the centre of  the specimen 
ends. 

2.2. A loading device for applying and controlling axial 
load 

(a) A suitable machine shall be used for applying, 
controlling and measuring the axial load on the rock 
specimen. It shall be of sufficient capacity and capable 
of applying the load at a rate conforming to the re- 
quirements as set out in section 4(e). It shall be verified 
at certain time intervals:~ and shall comply with the 
accepted national requirements such as prescribed in 
either ASTM Methods E 4, Verification of Testing 
Machines;  British Standard 1610, 1964, Grade  A or 
Deutsche Normen D I N  51 220 and D I N  51 223, Klasse 
1 and D I N  51 300. 

(b) The spherical seat of the loading machine, if any, 
and if it is not complying with specification 2.1 (d) 
above, shall be removed or placed in a locked position, 
the two loading faces of the machine being parallel to 
each other. 

2.3. Equipment for generating and measuring the confin- 
ing pressure 

This includes: 
(a) A hydraulic pump  or pressure intensifier or other 

system of sufficient capacity and capable of maintaining 
constant confining pressure within 2% of the desired 
value. 

(b) A pressure indicating device§ (pressure gauges or 
pressure transducers) which shall be accurate enough 
to allow the above to be observed or recorded. 

3. P R E P A R A T I O N  O F  T H E  TEST S P E C I M E N  

(a) Test specimens shall be right circular cylinders 
having a height to diameter  ratio of 2.0-3.0 and a dia- 
meter preferably of not less than NX core size (approxi- 
mately 54 ram). The diameter  of the specimen should 
be related to the size of the largest grain in the rock 
by the ratio of at least 10: 1. 

(b) The ends of the specimen shall be flat to 0.02 mm 
and shall not depart from perpendicularity to the longi- 
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tudinal axis of the specimen by more than 0.001 radian 
(about 3.5 minutes) or 0.05 mm in 50 mm. 

(c) The sides of the specimen shall be smooth and 
free of abrupt irregularities and straight to within 
0.3 mm over the full length of the specimen. 

(d) The use of capping materials or end surface treat- 
ments other than machining is not permitted. 

(e) The diameter of the test specimen shall be 
measured to the nearest 0.1 mm by averaging two dia- 
meters measured at right angles to each other at about 
the upper-height, the mid-height and the lower-height 
of the specimen. The average diameter shall be used 
for calculating the cross-sectional area. The height of 
the specimen shall be determined to the nearest 1.0 mm. 

(t) Samples shall be stored for no longer than 30 
days, in such a way as to preserve the natural water 
content, as far as possible, until the time of specimen 
preparation. Following their preparation, the specimens 
shall be stored prior to testing for 5-6 days in an en- 
vironment of 20°C ___ 2°C and 50% ___ 5% humidity.* 
This moisture condition shall be reported in accord- 
ance with "Suggested method for determination of the 
water content of a rock sample", Method 1, ISRM 
Committee on Laboratory Tests, Document No. 2, 
Final Draft, November 1972. 

(a) The number of specimens to be tested as well 
as the number of different confining pressure values 
should be determined from practical considerations, 
but at least five specimens per rock sample are pre- 
ferred in addition to the uniaxial compressive strength 
tests conducted according to the relevant specifica- 
tions.t 

4. PROCEDURE 

(a) The cell shall be assembled with the specimen 
aligned between steel platens and surrounded by the 
jacket.~ The specimen, the platens and the spherical 
seats shall be accurately aligned so that each is coaxial 
with the others. 

(b) The spherical seats should be lightly lubricated 
with mineral oil. 

(c) The triaxial cell shall be filled with hydraulic fluid, 
allowing the air to escape through an air bleeder hole. 
Close air bleeder hole. 

(d) The cell shall be placed into the axial loading 
device (Fig. 1). 

(e) The axial load and the confining pressure must 
be increased simultaneously and in such a way that 
axial stress and confining pressure be approximately 
equal, until the predetermined test level for the confin- 
ing pressure is reached. Subsequently, the confining 
pressure shall be maintained to within 2% of the pre- 
scribed value. 

* See footnote * on p. 48. 
t The test programme, i.e. the choice of the confining pressure 

values, depends on practical considerations regarding the purpose 
of the tests. 

$ The acceptable triaxial cells in use differ widely. No exact guide- 
lines as how to install the rock specimen or how to assemble the 
cell can therefore be given. 
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Fig. 1. Block diagram showing test arrangement for determining the 
triaxial compressive strength. 

(f) The axial load on the specimen shall then be in- 
creased continuously at a constant stress rate such that 
failure will occur within 5-15 min of loading. Alterna- 
tively the stress rate shall be within the limits of 0.5 
to 1.0 MPa/s. 

(g) The maximum axial load and the corresponding 
confining pressure on the specimen shall be recorded. 

5. CALCULATIONS 

(a) The compressive strength of the specimen shall 
be calculated by dividing the maximum axial load, 
applied to the specimen during the test, by the original 
cross-sectional area. 

(b) The confining pressures and the corresponding 
strength values for the different specimens are plotted 
with the confining pressures as abscissae and strengths 
as ordinates (Fig. 2). 

(c) A strength envelope is obtained by fitting a mean 
curve to the above points. From practical consider- 
ations it may be advisable to fit a straight line to only 
the most relevant part of the curve, or to fit several 
straight lines to different parts of the curve. Each 
straight line is characterized by calculating its gradient 
(tangent of the inclination) m and its Y intercept, b. 
In each case the range in which the respective straight 
line is valid must be shown on the abscissa. 

(d) Using parameters m and b, the internal friction 
angle O and a value for the "'apparent" cohesion C 
(in the sense of Coulomb's failure theory) may be calcu- 
lated using the formulae: 

m - 1 1 - sin ~b 
~ b = a r c s i n - - "  C = b  

m + 1 ' 2 cos ~b 

6. REPORTING OF RESULTS 

The report should include the following: 
(a) Lithologic description of the rock. 
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Fig. 2. Strength envelope. 

(b) Orientation of the axis of loading of specimen 
with respect to anisotropy, bedding planes, foliation, 
etc. 

(c) Source of sample including: geographic location,  
depth and orientation, data and method of sampling 
and storage history and environment. 

(d) Water content and degree of saturation at time 
of test. 

(e) Test duration and/or stress rate. 
(t) Date of testing and description of testing machine, 

triaxial cell and equipment for creating and measuring 
of confining pressure. 

(g) Number of specimens tested. 
(h) Any other observations, e.g. mode of failure or 

available physical data, e.g. specific gravity, porosity, 
etc., citing the method of determination of each. 

(i) A table giving specimen number, specimen height, 
specimen diameter, confining pressure and the corre- 
sponding axial strength to 3 significant figures. 

(j) The plot of axial strength vs confining pressure 
as discussed in section 5(b) (Fig. 2). 

(k) A table giving the values of C and 4~ together 
with the range of confining pressures in which they 
are valid. 

(1) Should it be necessary in some instances to test 
specimens that do not comply with the above specifica- 
tions, these facts shall be noted in the test report. 
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Suggested Methods for Determining 
the Uniaxial Compressive Strength 
and Deformability of 
Rock Materials 

PART 1. SUGGESTED METHOD 
FOR DETERMINATION OF THE 

UNIAXIAL COMPRESSIVE 
STRENGTH OF 

ROCK MATERIALS 

1. SCOPE 

This method of test is intended to measure the uni- 
axial compressive strength of a rock sample in the form 
of specimens of regular geometry. The test is mainly 
intended for strength classification and characterization 
of intact rock. 

2. APPARATUS 

(a) A suitable machine shall be used for applying 
and measuring axial load to the specimen. It shall be 
of sufficient capacity and capable of applying load at 
a rate conforming to the requirements set in Section 
3. It shall be verified at suitable time intervals and shall 
comply with accepted national requirements such as 
prescribed in either ASTM Methods E4: Verification 
of Testing Machines or British Standard 1610, Grade 
A or Deutsche Normen DIN 51 220, DIN 51 223, 
Klasse 1 and DIN 51 300. 

(b) A spherical seat, if any, of the testing machinel 
if not complying with specification 2(d) below, shall be 
removed or placed in a locked position, the two loading 
faces of the machine being parallel to each other. 

(c) Steel platens in the form of discs and having a 
Rockwell hardness of not less than HRC58 shall be 
placed at the specimen ends. The diameter of the 
platens shall be between D and D + 2 mm where D 
is the diameter of the specimen. The thickness of the 
platens shall be at least 15 mm or D/3. Surfaces of the 
discs should be ground and their flatness should be 
better than 0.005 mm. 

(d) One of the two platens shall incorporate a spheri- 
cal seat. The spherical seat should be placed on the 

* It is recognized that in some cases for some materials it may 
be desired to test specimens in other moisture conditions, for 
example, saturated or oven dry at 105°C. Such conditions shall be 
noted in the test report. 

R.M,M.S. 16 /2  I 

upper end of the specimen. It should be lightly lubri- 
cated with mineral oil so that it locks after the dead- 
weight of the cross-head has been picked up. The speci- 
men, the platens and spherical seat shall be accurately 
centred with respect to one another and to the loading 
machine. The curvature centre of the seat surface 
should coincide with the centre of the top end of the 
specimen. 

3. PROCEDURE 

(a) Test specimens shall be right circular cylinders 
having a height to diameter ratio of 2.5-3.0 and a dia- 
meter preferably of not less than NX core size, approxi- 
mately 54 mm. The diameter of the specimen should 
be related to the size of the largest grain in the rock 
by the ratio of at least 10:1. 

(b) The ends of the specimen shall be fiat to 0.02 mm 
and shall not depart from perpendicularity to the axis 
of the specimen by more than 0.001 radian (about 
3.5 min) or 0.05 mm in 50 mm. 

(c) The sides of the specimen shall be smooth and 
free of abrupt irregularities and straight to within 
0.3 mm over the full length of the specimen. 

(d) The use of capping materials or end surface treat- 
ments other than machining is not permitted. 

(e) The diameter of the test specimen shall be 
measured to the nearest 0.1 mm by averaging two dia- 
meters measured at right angles to each other at about 
the upper-height, the mid-height and the lower height 
of the specimen. The average diameter shall be used 
for calculating the cross-sectional area. The height of 
the specimen shall be determined to the nearest 1.0 mm. 

(f) Samples shall be stored, for no longer than 30 
days, in such a way as to preserve the natural water 
content, as far as possible, and tested in that condi- 
tion.* This moisture condition shall be reported in ac- 
cordance with "Suggested method for determination of 
the water content of a rock sample", Method 1, ISRM 
Committee on Laboratory Tests, Document No. 2, 
First Revision, December 1977. 

(g) Load on the specimen shall be applied con- 
tinuously at a constant stress rate such that failure will 
occur within 5-10min of loading, alternatively the 
stress rate shall be within the limits of 0.5-1.0 MPa/s. 

(h) The maximum load on the specimen shall be 
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recorded in newtons (or kilonewtons and mega- 
newtons where appropriate) to within l°~o. 

(j) The number of specimens tested should be deter- 
mined from practical considerations but at least five 
are preferred. 

PART 2. S U G G E S T E D  M E T H O D  
FOR D E T E R M I N I N G  
D E F O R M A B I L I T Y  OF 

ROCK MATERIALS IN 
U N I A X I A L  C O M P R E S S I O N  

4. CALCULATIONS 

(a) The uniaxial compressive strength of the specimen 
shall be calculated by dividing the maximum load car- 
ried by the specimen during the test, by the original 
cross-sectional area. 

1. SCOPE 
This method of test is intended to determine stress- 

strain curves and Young's modulus and Poisson's ratio 
in uniaxial compression of a rock specimen of regular 
geometry. The test is mainly intended for classification 
and characterization of intact rock. 

5. REPORTING OF RESULTS 

(a) Lithologic description of the rock. 
(b) Orientation of the axis of loading with respect 

to specimen anisotropy, e.g. bedding planes, foliation, 
etc. 

(c) Source of sample, including: geographic location, 
depth and orientations, dates and method of sampling 
and storage history and environment. 

(d) Number of specimens tested. 
(e) Specimen diameter and height. 
(f/ Water content and degree of saturation at time 

of test. 
(g) Test duration and stress rate. 
(h) Date of testing and type of testing machine. 
(i) Mode of failure, e.g. shear, axial cleavage, etc. 
(j) Any other observations or available physical data 

such as specific gravity, porosity and permeability 
citing the method of determination for each. 

(k) Uniaxial compressive strength for each specimen 
in the sample, expressed to three significant figures, 
together with the average result for the sample. The 
pascal (Pa) or its multiples shall be used as the unit 
of stress and strength. 

(1) Should it be necessary in some instances to test 
specimens that do not comply with specifications as 
stated above these facts shall be noted in the test report. 

2. APPARATUS 

(a) to (d)--See Part 1. 
(e) Electrical resistance strain gauges, linear variable 

differential transformers, compressometers, optical 
devices or other suitable measuring devices. Their 
design shall be such that the average of two circumfer- 
ential and two axial strain measurements, equally 
spaced, can be determined for each increment of load. 
The devices should be robust and stable, with strain 
sensitivity of the order of 5 × 10 -6 .  

Both axial and circumferential strains shall be deter- 
mined within an accuracy of 2% of the reading and 
a precision of 0.2 percent of full scale. 

If electrical resistance strain gauges are used, the 
length of the gauges over which axial and circumferen- 
tial strains are determined shall be at least ten grain 
diameters in magnitude and the gauges should not 
encroach within D/2 of the specimen ends, where D 
is the diameter of the specimen. 

If dial micrometers of LVDT's are used for measur- 
ing axial deformation due to loading, these devices 
should be graduated to read in 0.002mm units and 
accurate within 0.002mm in any 0.02mm range and 
within 0.005mm in any 0.25mm range. The dial 
micrometer or LVDT's should not encroach within D/2 
of the specimen ends. 

(t) An apparatus for recording the loads and defor- 
mations; preferably an X-Y recorder capable of direct 
plotting of load-deformation curves. 
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1B-TB. 

4. ASTM. Standard method of test for unconfined compressive 
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and Materials. ASTM Designation D-2938-71a. 
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3. PROCEDURE 

(a) to (e)--See Part 1. 
(f) Moisture can have a significant effect on the defor- 

mability of the test specimen. When possible, in situ 

moisture conditions should be preserved until the time 
of the test. When the characteristic of the rock material 
under conditions varying from saturation to dry is 
required, proper note shall be made of moisture condi- 
tions so that correlation between deformability and 
moisture content can be made. Excess moisture can 
create a problem of adhesion of strain gauges which 
may require making a change in moisture content of 
the sample. The moisture condition shall be reported 
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in accordance with "Suggested method for determina- 
tion of the water content of a rock sample", Method 
1, ISRM Committee on Laboratory Tests, Document 
No. 2, December 1977. 

(g) Load on the specimen shall be applied con- 
tinuously at a constant stress rate such that failure will 
occur within 5-10min of loading, alternatively the 
stress rate shall be within the limits of 0.5-1.0 MPa/s. 

(h) Load and axial and circumferential strains or 
deformations shall be recorded at evenly spaced load 
intervals during the test, if not continually recorded. 
At least ten readings should be taken over the load 
range to define the axial and diametric stress-strain 
curves. 

(i) It is sometimes advisable for a few cycles of load- 
ing and unloading to be performed. 

(j) The number of specimens instrumented and tested 
under a specified set of conditions shall be governed 
by practical considerations but at least five are pre- 
ferred. 

4. CALCULATIONS 

(a) Axial strain, Co, and diametric strain, Ed, may be 
recorded directly from strain indicating equipment or 
may be calculated from deformation readings depend- 
ing upon the type of instrumentation such as discussed 
in paragraph 2(e). 

(b) Axial strain is calculated from the equation 

AI 

E.- lo 
where 
lo = original measured axial length 
Al = change in measured axial length (defined to be 

positive for a decrease in length) 

(c) Diametric strain may be determined either by 
measuring the changes in specimen diameter or by 
measuring the circumferential strain. In the case of 
measuring the changes in diameter, the diametric strain 
is calculated from the equation 

Ad 
Ed --  

do 
where 
do = original undeformed diameter of the specimen 
Ad = change in diameter (defined to be negative for 

an increase in diameter) 

In the case of measuring the circumferential strain ~a, 
the circumference is C = rid, thus the change in circum- 
ference is AC = hAd. Consequently, the circumferential 
strain, ec, is related to diametric strain, ed, by 

AC Ad 

Co do' 

so that 
E c = E d 

where Co and do are original specimen circumference 
and diameter, respectively. 

(d) The compressive stress in the test specimen, a, 
is calculated by dividing the compressive load P on 

E d 

Diometr¢ siren 

/ o'u 

/ F I G U R E  I.-Format for Graphical / rO  Ao, ,:Land O,ome,rio 

0 ~o + 

Axial strain 

Fig. 1. Format  for graphical presentation of axial and diametric 
stress-strain curves. 

the specimen by the initial cross-sectional area, Ao. 
Thus 

P 
(7 = - -  

A0 

where in this test procedure, compressive stresses and 
strains are considered positive. 

(e) Fig. 1 illustrates typical plot of axial stress versus 
axial and diametric strains. These curves show typical 
behaviour of rock materials from zero stress up to ulti- 
mate strength, a,. The complete curves give the best 
description of the deformation behaviour of rocks hav- 
ing non-linear stress-strain behaviour at low and high 
stress levels. 

(f) Axial Young's modulus, E (defined as the ratio 
of the axial stress change to axial strain produced by 
the stress change) of the specimen may be calculated 
using any one of several methods employed in accepted 
engineering practice. The most common methods, listed 
in Fig. 2, are as follows: 
(1) Tangent Young's modulus, Et, is measured at a 
stress level which is some fixed percentage of the ulti- 

o- u 

Percent, o- u 
Q 

- -  -J Et : / I Ear = &--¢ 

/ __;o_ J ~ ' °  

ea ~a 
(O) Tangent Modulus Measured at a (b )  Average Modulus of Linear 

Fixed Percentage of Ultimate Portion of Axial Stress-Strain 
Strength Cur ve 

- /  
/ i  

A %  ~a 

(C) Secant Modulus Measured up 
to a Fixed Percentage of 

Ultimate Strength 

Fig. 2. Methods for calculating Young's modulus from axial stress- 
,strain curve. 
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mate strength (Fig. 2a). It is generally taken at a stress 
level equal to 50~o of the ultimate uniaxial compressive 
strength. 
(2) Average Young's modulus, E,v, is determined from 
the average slopes of the more-or-less straight line por- 
tion of the axial stress-axial strain curve (Fig. 2b). 
(3) Secant Young's modulus, E~, is usually measured 
from zero stress to some fixed percentage of the ulti- 
mate strength (Fig. 2c), generally at 50~o. 
Axial Young's modulus E is expressed in units of stress 
i.e. pascal (Pa) but the most appropriate multiple is 
the gigapascal (GPa = 10 9 Pa) .  

(g) Poisson's ratio, v, may be calculated from the 
equation 

slope of axial stress-strain curve 
V =  

slope of diametric stress-strain curve 

E 
slope of diametric curve 

where the slope of the diametric curve is calculated 
in the same manner for either of the three ways dis- 
cussed for Young's modulus in paragraph 4(t). Note 
that Poisson's ratio in this equation has a positive 
value, since the slope of the .diametric curve is negative 
by the conventions used in this procedure. 

(h) The volumetric strain, Ev, for a given stress level 
is calculated from the equation 

~, ,=~. + 2Ea. 

5. REPORTING OF RESULTS 

The report should include the following: 
(a) to (j)--See Part 1. 
(k) Values of applied load, stress and strain as tabu- 

lated results or as recorded on a chart. 
(1) Young's modulus and Poisson's ratio for each 

specimen in the sample, expressed to three significant 
figures, together with the average result for the sample. 

(m) Method of determination of Young's modulus 
and at what axial stress level or levels determined. 

(n) Sould it be necessary in some instances to test 
specimens that do  not comply with the above specifica- 
tions, these facts shall be noted in the test report. 
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