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1 INTRODUCTION

Point load tester model PIL-10 is a simple portable apparatus used for testing rock
samples or cores.

The PIL-10 has a maximum loading capacity of 10 metric tons and accepts drill cores or
rock lumps of different sizes having a maximum length of 102 mm.

The point load strength index obtained from a point load test is correlated with the
uniaxial compressive strength of the rock tested. Being rapid and simple to perform, the
point load test allows the user to easily delineate zones of rock of different strength
properties. It then becomes a most useful tool in large-scale mining as well as civil
engineering projects for classifying rock types from a mechanical perspective.

2 DESCRIPTION

The PIL-10 point load tester basically consists of the following components:

- arigid loading frame onto which a fixed hydraulic jack provides the load for
bringing a rock disc to failure in between two conical end platens;

- a hand pump connected to a high-pressure hydraulic coupler onto which a
digital pressure gauge is also connected to a high-pressure hydraulic coupler
for failure load determination.

Protective cover

Pressure gauge

Conical platen

Hand pump

Hydraulic Cylinder
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The top conical end is fixed on the loading frame and the bottom one is mounted on the
piston of the hydraulic jack.

A ruler is fixed on the side of the loading frame and provides easy determination of the
core diameter.

The conical platen shape and tip radius follow the ISRM (International Society for Rock
Mechanics and Rock Engineering) “Suggested method for determining point load
strength”. A copy of this document is provided in appendix A. The user should refer to
the ISRM suggested method for details concerning the point load strength test.

The capacity of the hydraulic jack is 100 kN, which corresponds to a pressure of 70 MPa
on the pressure gauge. The gauge has a pressure range of 100 MPa and features a
peak mode, which provides the failure load for the rock sample tested.

A removable protective cover with replaceable polycarbonate protective screens is fitted

over the top of the tester. The screens connect to a fix steel tray to create an enclosure
capable of containing rock debris and thus providing a clean and safe work environment.

3 TEST PROCEDURE

3.1Types of point load tests
Three points load test configurations are available for core logging.
Diametral test

This test is the most reproducible and is independent of the core length, provided
that the length/diameter ratio is equal to or greater than 1.0.

Axial test
When only rock discs are available or when discs are produced with the diametral
test, the axial test can be performed on core specimens with length/diameter ratios

between 0.3 and 1.0. This test is useful to evaluate strength anisotropy.

Irreqular lump test

If irregularly shaped rock pieces are the only specimens available, tests can still be
performed on lumps having an equivalent core diameter close to 50 mm and an
overall approximately cubical shape. In order to fit this requirement, specimens
may be prepared from larger pieces using a saw or chisel.

ROCIEST AXRSYA,
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3.2 Sample size frame configuration

The apparatus can be configured in two ways to test samples from 14 to 102 mm.

Configuration 1 Configuration 2
Configuration Sample size (mm)
1 14 to 67
2 50 to 102

Note : For samples sized 50 to 67 mm, it is recommended to favour the use of
configuration 1 in order to minimize piston extension. The hydraulic cylinder effective
area advance is 2.24 in? according to the Enerpac specifications.

Proceed as follows to get from configuration 2 to 1.

1. Unscrew both locking nuts.

ROCIEST AXR2YA,
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2. Slide off top beam sub-assembly.

3. Slide off both spacers.

i

4. Reassemble parts in this order. Locking nuts must be hand tightened only.

The apparatus is now ready for shorter samples. The ruler moved with the top beam and
provides the correct reading without the need for adjustment.

ROCIEST AXR2YA,
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3.30peration

Note : On reception, the apparatus is saturated with oil and ready to be used. Before
using the pump, verify that all system fittings and connections are tight and leak free.

The following procedure is used to conduct the point load test with the PIL-10 tester.

1. Connect the hydraulic hose to the quick-connect coupling of the pump assembly.

2. Tighten the release valve located beside the pump support by turning the knob
clockwise. Use hand force only.

Release valve

ROCIEST AXR2YA,
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3. If the Keller pressure gauge is used, set the pressure gauge using the guide
provided in appendix C. Enter into the function menu, then:

- select the unit: 1 (kN)*, bar, MPa or psi
- choose the peak on,
- setthe zero.

*Note: The pressure gauge is delivered configured to display force in kilonewtons (kN)
based on the conversion factor established from calibration. It is represented by
unit 1 which is active when the display alternates between 1 and the real-time
reading. The conversion factor cannot be edited from the pressure gauge menu.

If the APG PG7 pressure gauge is used, set the pressure gauge using the
guide provided in appendix D. Enter into the function menu, then:

- select the unit: KN**, bar, MPa or psi
- choose the peak « P HOLd » to enable the function Peak-Hold,
- setthe zero

**Note: The pressure gauge is delivered configured to display force in kilonewtons (kN)
based on the conversion factor established from calibration. It is represented by
unit KN which is active when the screen displays the number O.

4. Place the rock sample on the lower platen and, using the pump lever, raise the
jack piston until the sample is in contact with the two platens. The contact
location depends on the type of test:

- for a diametral test, the platens must make contact with the core along its
diameter;

- for an axial test, contact with the core is made along a line perpendicular
to its end faces;

- for a lump test, contact is made along the smallest dimension of the lump,
away from edges and corners.

Using a two-speed pump: Under no load, the pump operates at rapid advance. When
the pump reaches 200 psi or 14 bar, you must momentarily stop pumping and raise the
handle to shift to high pressure stage. After the pump shifts, pumping takes less effort.

5. Read the distance separating the two contact point on the ruler fixed on the side
of the loading frame.

6. Place the protective enclosure over the top of the tester.
7. Increase load steadily such that failure occurs within 10 to 60 seconds.

NOTE: To reduce handle effort at high pressure, take short strokes. Maximum
leverage is obtained in the last 5° of stroke.

ROCIEST AXRSA,
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8. If the Keller pressure gauge is used, record the reading at failure as shown on
the bottom number of the LEO 1 pressure gauge (the bottom number as to be set
to MAX). The top number of the LEO 1 manometer is the actual value in real time
and should not be used for calculations. The test is considered invalid and
rejected if the fracture surface passes through only one loading point.

: _,,(’ Real time value
4355

LEO 1 ; E-BEE KELLER

Max/Min value

If the APG PG7 pressure gauge is_used, record the reading at failure by
selecting the key SEL. until it displays MAX on the screen. The test is considered
invalid and rejected if the fracture surface passes through only one loading point.

9. Remove the protective enclosure and larger rock fragments, then wipe off debris
from the tray.

10. Release the pressure by slowly turning the pump release valve counter
clockwise. The spring loaded piston will retract by itself.

Note : Reset the pressure gauge to zero between each test

Page 8
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4 INTERPRETATION

The uncorrected point load strength index is calculated using the following relation and
the load value previously calculated.

where s is the point load strength index [MPa]
s=— P is the load at failure [MN]

De is the equivalent core diameter [m]

The index Is may also be obtained graphically using the nomogram shown below
presented by Broch and Franklin (1972). The Is index varies as a function of the
diameter of the core D in the diametral test and as a function of the equivalent diameter
De in axial, block and irregular lump tests.

A size correction must be applied to obtain a unique point load strength value for the
rock sample and one that can be used for purposes of rock strength classification.
Please refer to the size correction procedure explained in the ISRM suggested method
given in appendix A. The same document also provides the method for evaluating the
uniaxial compressive strength of the rock tested from the corrected point load strength
index Is (50).
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5 MAINTENANCE

5.1Plunger cleaning

The piston jack needs to be cleaned frequently. Wipe off dust on piston jack using a lint-
free cloth and lubricate seal at the base of the piston jack with a few drops of Enerpac
hydraulic fluid HF100 regularly.

Disassemble the parts in the following sequence to gain access to the piston base:

1.

2.

Unscrew both locking nuts.

Lift off top beam assembly.

Unscrew lower platen.

Loosen set screws from side of middle plate.

Lift middle plate and tray assembly along the posts.

Do not use any grease with the apparatus.
Grease on the plunger will damage internal components of the jack.

ROCIEST Pege 10 AXR2YA,
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5.2Lubricating the pump

To extend the pump life, lubricate the beam pin (A), cross pin (B), and piston head (C)
regularly using roller bearing grease.

5.30il change and air removal

Filllvent cap

Oil change should be performed when oil is contaminated (turning black) to prevent
components wear. Enerpac recommends every 12 month or more often if the pump is
used in a dirty environment. Retract the plunger and open the Fill/'vent cap. Drain the
used oil into a container and dispose of it according to regulations.

To fill the reservoir, make sure that the jack piston is fully retracted or the system will
contain more fluid than the pump reservoir can hold.

ROCIEST Pee AXR2YA,
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Follow the procedure below :

1. Turn the pump vent/fill cap to the open position and remove it from the reservoir.

2. Slowly add Enerpac hydraulic fluid. Fill reservoir only to level mark shown on the
back end of the pump.

The pump is non-vented and requires air in the reservoir to function properly.

Use only Enerpac hydraulic fluid HF100
otherwise damages can occur to the jack and its plunger.
Another type of fluid will void the warranty.

Hydraulic fluid can be provided by Roctest — Telemac (see spare parts list) or
directly from an Enerpac distributor.

3. Removing air from the system
a. Install reservoir cap in venting position and close release valve.

b. Place the PIL-10 upside down and hold the pump higher than the
cylinder.

c. Operate pump to fully extend the cylinder piston.

ROCIEST Page 12 X oA
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d. Open release valve to retract the piston.

e. Return vent/fill cap to closed position.

Note : Frequent use of the quick acting coupler to disconnect the pump from the
hydraulic line can introduce air into the system. This will make the pumping
action feel inefficient. This can be easily solved by performing the above air
removal procedure.

5.4Keeping oil lines clean
When quick acting coupler halves are disconnected, always screw on clean dust caps.

Use every precaution to guard unit against entrance of dirt because foreign matter may
cause pump, cylinder, or valve failure.

5.5Fixing small oil leaks

If small oil leaks occur at hydraulic connections, unscrew the defective one, add some
Teflon tape, and tight it well.

Replenish any loss in hydraulic fluid and remove air from the system accordingly.

ROCIEST Pege 12 AXRSYA,
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5.6 Spare parts list

PIL-10

Description ltem number Quantity

Protective screen 30-1048B03002 2
Protective screen screw #10-24 99-MCMA90909A518 12
Set of upper and lower conical platen 40-0048A40400 1
—) 20-1048B02007 2

' Locking nut
«p 20-1048B02006 2

5 Spacer
Digital Pressure Gauge APG PG7 99-APG-PG7-10000 1
Ruler 10-1048B01001 1
Ruler screw ¥2-20 x 3/8” 05-V10SS030006 1
Rubber trim for frame base 10-1048B01002 2
Rubber trim for frame tray 10-1048B01003 2
Rubber trim for pump base 10-1048B01004 2
Enerpac Hydraulic jack RC102 05-HO7RC102 1
Enerpac Manual Hand Pump P142 05-HO7P142 1
Hydraulic hose with screw-on fittings 40-1048B40400 1
Bushing Adapter, 1/2 NPTF Male x 3/8 NPTF 99-MCMA51205K353 1
Female
Bushing Adapter, 3/8 NPTF Male x 1/4 NPTF 99-MCMA51205K346 1
Female

Straight Male to Male Connector 3/8 NPT 99-MCMA48805K851 2
Quick disconnect 3/8” coupling male 05-R22STFD3510020606 2
Quick disconnect 3/8” coupling female 05-R22STFD3510010606 2
Enerpac hydraulic oil 05-HO7HF100 1

HF100,1 Quart

If the part you are looking for is not in this list. Send a picture and description to Roctest

for identification.

ROCIEST
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6 TRANSPORTATION

The PIL-10 is sold in a custom made road case for ease of transportation. Before
loading the case, disconnect the pump assembly from the hose and make sure the
pump fill’vent cap is at close position.

Load the PIL-10 frame into the case carefully to avoid damage to the hydraulic line.
Make sure the hose is nicely rolled and tucked in the case opening intended for this
purpose. Close the lid and secure the latches. Avoid flipping the case over during
transportation. The total weight is 35 kg and handling must be done by two people to
reduce the risk of injuries.

7 REFERENCES

BROCH, E., and J.A. Franklin. The Point Load Strength Test, International Journal of
Rock Mechanics, Min. Sci., Vol. 9, 1992, pp. 669-697.
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APPENDIX A

dar f Back Werk Mm Ser d Geemied Abere Vol 220 %a Dopp B (HRS D450 2 ES 300 = 000

Prinied w Great Bruian Perpamon Press Lid

INTERNATIONAL SOCIETY FOR ROCK MECHANICS
COMMISSION ON TESTING METHODS

Working Group on Revision of the Point Load Test Method

SUGGESTED METHOD FOR DETERMINING POINT
LOAD STRENGTH

(to replace original document published in 1972)
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52 ISRM: POINT LOAD TEST

INTRODUCTION

The [SEM Commission on Testing Methods, farmerly the Commission on Standardization of Leboratory and Field
Tests, was established in [967. Iis main ask is the drafting of “Suggested Methods™ for rock testing. Its aim is
to achieve some measurs of standerdization without inhibiting the development and improvement of techniques.

The Paint Load Sirength Test was one of the first 10 be published (in 1972) by this Commission. and is one of
the first 1o be revised, The outcome of earlier “indirect tensile wesis” such as those by Frotodyakanov in Russia
and by Hobbs in England, it was fiest deseribed in its present form as a rock strength index test by Franklin er
al.. and by Broch and Franklin (see Bibliography). References to the early history of Lhe test may be found in the
latter publication.

Subsequent research as detailed in the accompanying bibliography has added greatly to our understanding of
the test and has led, for example, 1o much simpler. more direct and reliable size and shape correction procedures
than those first published. The authors of this research were invited to form a working group for revision of the
Suggesied Method. The revised version is a concensus of their comments and opinions.

The test is primarily intended as an index for rock classification and characterization. As &n index (st it needs
to be simple, and we have tried to retain its essensial simplicity in this revised version,

Acknowiedgemenis—The following persons mads major eontributions o the editing and revision of this Suggested Method: J. A, Franklin
(Working Greup Co-crdinenor, Camadal; P. Peils (Awsiralio ) D, MeLachlin (Canoda); N. Brook and P. ). Robins { Emplandl. M. Greminger
and H. Ketter (F.8 Germary) E. Broch (Werway); W, L. van Heerden snd U. W, Vopler (Sourh AfFieal and G, Wijk (Sweden.

ROCIEST Peoe 7 AXR2YA,
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e
e

Suggested Method for Determining

Point Load Strength

SCOPE

1.(a) Thé Peint Load Strength 1250 is intended a3 an
index test for the strength classification of rock materi-
als. It mav also be used 1o predict other sirength
parameters with which it is correlated. for example
uniaxial tensile and compressive sirength.’”

{B) The test measures the Point Load Strength Index
{150 } O rock specimens. and their Swrength Anisouropy
Index (1,5, which is the ratio of Point Load Strengths
in directons which give the preatest and least values

(c) Rock specimens in the form of either core (the
diametral and axial tests), cut blocks (the block test), or
irregular lumps (the irreguilar fump lest) are broken by
application of concentrated load through & pair of
spherically truncated, conical platens.? Little ar no speci-
men preparation it needed.

{d) The test can be performed with portable equip-
ment or using & lahoratory testing machine. and 50 may
be ponducted either in the field or the laboratory.

APPARATUS

2. The testing machine (Fig. 1} consists of 2 loading
system (for the portable version typically comprising a
loading frame. pump, ram and platens). a svsiem flor
measuring the load P required 1o break the specimen.
and a system for measuring the distance 0 berween the
two platen contael points (but see 3e) below),

Loading sysiem

1.iz) The loading system should have a plaren-io-
platen clearance that allows 1esiing of rock specimens in
the required size range. Typically this range is
15100 mm so that an adjustable clearance 15 needed Lo
accommodate both small and large specimens,

{b) The leading capacity should be sufficient o break
the largest and strongest specimens 10 be tested

(&) The 1est machine should be designed and construc-
ted so that it does mot permanenty distort during
repeated applications of the maximum test load, and so
that the platens remain co-axial within = 0.2 mm
throughout the tesing. No spherical seat or other non-
rigid component i permitted in the loading svstem.
Loading system rigidity is essential o avoid problems of
slippage when specymens of irregular geometry are
tested.

id) Spherically-truncated. conical platens of the stan-
dard geometry shown in Fig. 2 are 10 be used. The 60

* Supersctiol Bumbers refer 1o Merss a1 the end af the en

Page 18

Fig. |. Photograph of ponshle paint load test mackine,

cone and 3mm radius sphencal platen tip should mest
tangentially.* The platens should be of hard matenal
such as tungsien carbide or hardened stesl so that they
remain undamaged during testing.

Load medsuring svetem

4.(a) The load measunng system. for example a load
cell or a hydraulic pressure gauge or transducer con-
nected 1o the ram. should permit derermination of the
failure load F required to break the specimen and should
conform 1o the reguirements (b) through {d) below.

(b} Measuremems of P should be to an accuracy
of + 5%.F or better, irrespective of the size and strength
af specimen that is tested.™

{c) The svstem iz 1o be resistant 1o hydraulic shock and
vibration so that the accuracy of readings is not ad-
versely affected by repeated testing.

(d) Failure is often sudden and a maximum load
indicating device is essential so that the failure load is
retained and can be recorded afier each test,

Fig 2 Platen shape and up sadeus

h NOVA
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Distance measuring sviem

5.(a) The distance measuning system. for example a
direct reading scale or displacement transducer, i3 1o
permit  measurement of the distance [ between
specimen-platen contact points and should conform with
requirements (b} through (d) below.t

(b] Measuremenis of D should be 1o an acturacy af
4+ 2% 0 or better irrespective of the size of specimen
tested.

(c) The svstem is 1o be resistant to hydraulic shock and
vibration so that the accuracy of readings is not ad-
versely affected by repeated testing.

(d) The measuring svstem should allow a check of the
“zero displacement” value when the two platens are in
contact, and should preferably include a zero adjust-
ment.

(e} An instrument such as calipers or a stesl rule is
required, 1o measure the width B of speciment for all
but the diametral test.

PROCEDURE

Specimen selection and preparation

fi.{a) A west sampie s defined as a set of rock specimens
of similar swrength for which a single Poim Load
Strength value is to be determined.

(b} The test sample of rock core or fragments is to
contain sufficient specimens conforming with the size

fal

Lbﬂ!lE}L-L_'-l

PIL-10

ISRM: POINT LOAD TEST

and shape requirements for diamerral, axigl, block or
irregular Jump testing as specified below.’

() For routine testing and classification, specimens
should be tested either fully water-saturated or at their
natural water content.?

Calibration

7, The test equipment should be perodically cali-
brated using an independently certified load cell and set
of displacement blocks, checking the P and D readings
over the full range of loads and displacements pertinent
1o lesting.

The digmerral test®

8.(a) Core specimens with length/diameter ratio
greater than 1.0 are suiteble for diametral testing.

(b) There should preferably be at least 10 tests per
sample, more if the sample i5 heterogeneous or amiso-
tropic.’

(c) The specimen iz inserted in the test machine and
the platens closed to make contact along 2 core di-
ameter, ensuring that the distance L between the contact
points and the nearest fres end is at least 0.5 times the
core diameter (Fig. la).

(d} The distance £ is recorded + 29..°

(=) The load s sieadily inereased such that failure
occurs within 10-60sec, and the failure load P is
recorded, The test should be rejected as iovalid if the

(b}

=

—

Egievoient core

OEW <€ 0w W

L=0%0
I
Equrvaiend core
= —_—
) 03weDew
it
(gl
L>*O50D 1—-!..___
; =]
= i
Ecsnwnient core
.
| Swehich 1hiougn
foodng poinls
| :|3'u'¢'q|:!-:'n we -

2

Fig. 3. Specimen shape requirements for (a0 the darmessal test. (e the axial vesa. icy the block vest, and di the rrregular lump

Page 19
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[bl

Fig, 4. Tymcal modes of fadure (or valid and invalid tsts. (a)
{d) invalid core test;

fracture surface passes through only one loading point
{Fig. 4d).

() The precedure (¢) through (g) above is repeated for
the remaining specimens in the sample.

The axial test®

9,(a)} Core specimens with length/diameter ratio of
0.3-1.0 are suitable for axial twestng (Fig. 3b). Long
pieces of core can be tested diamewally o produce
suitable lengths for subsequent axial testing (provided
that they are not weakend by this initial 1esting]; alterna-
tively, suitable specimens can be obtained by saw-cutting
or chisel-splitting.

(b) There should preferably be au least 10 tests per
sample. more if the sample is helerogeneous or aniso-
tropic.”

(c) The specimen is inseried in the test machine and
the platens closed 1o make conuact zlong 2 line perpen-

Lat

Walid diameiral 1esis; (b} valid axial tests; (e} vald bleek 12915
{2} invelid amial vest,

dicular to the core end faces (in the case of isotropic
reck, the core axis. but see paragraph 1] and Fig. 5)

{d) The distance D between platen contact points 15
recorded £ 2%.* The specimen width W perpendicular o
the loading direction is recorded + 53,7

(e) The load is steadily increased such that failure
occurs within |0-60sec, and the failure load P i
recorded. The test should be rejected as invalid if the
fraciure surface passes through only one loading point
{Fig. 4¢).

([) The procedures (c} through () above are repeated
for the remaining 1es1s in the sample.

The block and irregular lump tess
10.fa) Rock blocks or lumps of size 50 £ 35 mm and
of the shape shown in Fig. 3(¢) and (d) are suitable for

the block and the irregular lump tests. The rato D/H
should be between 0.3 and 1.0, preferably close 10 1.0,

(gl

Wrong

|
5

Fip. & Loading direcuans fes LeSls of anasoaropie ek

Page 20
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The distance L {Fig. 3¢ and d} should be at feast 0.5H
Specimens of this sizz and shape may be selecied if
available or may be prepared by trimming larger pieces
by saw-or chisel-cutting.

(b} There should preferably be at least 10 tests per
sample, more il the rock is heterogenéous or aniso-
trapic.’

{c) The specimen is inserted in the testing machine and
the platens closed 0 make contact with the smallest
dimension of the lump or block. sway from edges and
corners (Fig. 3¢ and d).

(d} The distance D berween platen contact points is
recorded + 2%;, The smallest specimen width W perpen-
dicular to the loading direction is recorded + 5%;. 1f the
sides are mot parallel, then ¥ is calculated as
(¥, <+ W.)f2 as shown in Fig. 3d.* This smallest width
W is used irrespective of the actual mode of failure (Figs
3 and 4)

(¢} The lead is steadily increased such that failure
occurs within 10-60sec., and the fzilure load P is
recorded. The test should be rejected as invalid if the
fracture surface passes through only one leading point
(see examples or other shapes in Fig. 44 or g).

{f) The procedure () through (e) above is repeated for
the remaining tests in the sample.

Anirorropic rock

11. (2) When a rock sample is shaly, bedded, schistose
or otherwise observably anisotropic it should be tested
in directions which give the greatest and least strengih
values, which are in general parallel and normal 10 the
planes of amisotropy.

(b) If the sample consists of core drilled through the
weakness planes, a s21 of diamerral tests may be com-
pleted first, spaced at intervals which will vield pieces
which can then be tested axially,

(c) Best results ane obtained when 1he core axis 1§
perpendicular to the planes of weakness, so that when
possible the core should be drilled in this direction, The
angle berween the core axis and the normal to the
weakness planes should preferably not exceed 307,

{d) For measuremen? of the I, value in the directions
of least strength, care showld be taken to ensure that load
is applied along a single weakness plane. Similarly when
testing for the I, value in the direction of greatest
strength. care should be taken to ensure that the load is
applhied perpendicularly 1o the weakness planes (Fig. 51

(e} I the sample consists of blocks or irmegular lumps.
it should be tested as two sub-samples. with load applied
firstly perpendicular 1o, then along the obszrvable planes
af weakness.," Again, the required minimum strength
value s obtained when the platens make contact along
2 single plane of weakness.

CALCULATIONS

Uncarrected point load sirength

12. The Uncorrecied Point Load Streneth 1, is caleu-
lated as P D7 where 0, the “equivalent care diameter”,
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is given by:
D= D for diametral tests:
=44 /n for axial, block and lump 1ess;
and

A= WD = minimum cross sectional area of a
plane through the platen conuact points.*

Size correction

13.(2) I, varies as a function of I in the diametral test,
and &5 a function of D, in axial, bleck and irregular lump
Lests, 50 that a size correction must be applied 1o obtain
a unique Point Lead Strengeh value for the rock sample,
and one that can be wsed for purposes of rock strength
classification.

(b) The size-corrected Point Loed Strength Index Ly,
of a rock specimen or sample is defined as the value of
I, that would have been meesured by a diametral test
with D = 50 mm.

(¢} The most reliable methed of obtaining Lsg, pre-
ferred when a precise rock classification is essential, 15 1o
conduct diamerral tests at or close to D = 50 mm. Size
correction 15 then either unnecsssary (D = S0 mm) or
introduces a minimum of error. The latter is the case, for
example, for diametral wests on NX core, £ = 34 mm.
This procedure is not mandalory, Most peint load
strength testing is in fact done using other sizes or shapes
of specimen. In such cases, the size correction id) or 5]
below must be applied.

{d) The most reliable method of size correction is to
test the sample over a range of D or D, values and 1o plot
graphically the refation between P and DI, If a log-log
plot is used the relation is generzily a siraight line (Fig.
6). Paints that deviate substantially from the straight line
may be disregarded {althcugh they should not be de-
leted). The value of Py, corresponding to D? = 2500 mm®
(D, = 50 mm) can then be obtained by interpolation. if

oo St 1B T e B s
e
0 - " ’_/{
a0
z
X -
.3 S:
ik
£l
|
1.
A=
2l
| &
! 1 |
o e 200 e 300 N00
ol imm?

Fig. & Procegure for graphucal determumnanon of [, from a se1 af
resulis a1 O values other than 50 mm
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Fig. 7. Siz# eorvection factor cham.

necessary by extrapelation, and the size-corrected Foint
Load Strength [ndex calculated as P /50°.

{¢) When neither (¢} nor (d) is pracuical. far example
when testng single sized core at a diameter other than
SOmm orif only a few small pieces are available, size
correction may be accomplished by using the formula:

Ly =F 2 L

The “Size Correction Factor £ can be obuained from
the char in Fig. 7."" or from the expression:

F = (D, /50)™
For tests near the standard $0mm size, very little error
is introduced by using the approximate expression:

F = /1D,/50)

{f) The size correction procedures specified in :?ﬂs
paragraph have been found 10 be applicable irmespective
af the degres of anisotropy I, &nd the dirsction of
loading with respect 1o planes of weakness, a result that
greatly enhances the usefulness of this test.

Mean value calculation

14.i2) Mean values of L, as defined in (¥) below are
1o be used when classifying samples with regard to their
Point Load Strength and Point Load Streagth Aniso-
tropy Indices.

{b) The mean value of L, is 10 be caloulated by
deleting the two highest and lowest values from the 10
or more valid tests, and calculating the mezn of the
remaining values, 17 significantly fewer specimens are
tested, only the highest and lowest values are 1o be
deleted and the mean calculated from those remaining. =

Point load sirengeh anisoiropy index

15, The Strength Anistropy Index 1., is defined as the
ratio of mean ., values measured perpendicular and
parallel 10 planes of weakness. i.e. the ratio of greatest
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10 least Poini Load Strength Indices. 1, 4, assumes values
clase 1o 1.0 for quasi-isotropic rocks znd higher values
when the rock is anisotropic.

REPORTING OF RESULTS

16, Results for diametral tests, axizi tests, block tests
and irregular lump tests, and for tests perpendicular and
parallel to planes of weakness should be rabulated
sepatately (see rypical results form, Fig. 8). The repoen
should conain calibration data for the west machine and
at least the fellowing information for each sample tesied:

{a) The sample number, sounce location and rock type.
and the nature and in sfre orientaton of any planes of
ANiSITOPY OF wedkness.

{b) Information on the water content of the rock at the
time of testing.

(¢} Information on which specimens were loaded
parallel (), perpendicular {1}, or a1 unknown or
randem directions with respect to plames of weakness.

{d) A wbulation of the values of P, B, (W, 0} and [,
il required), L, (F if required) and Ly, lor each specimen
in the sampie. .

{e] For all isorropic samples, & summary tabulation of
mean L values

(f) For il enisotropic samples, 4 summary wbulauon
of mean Ly, values for sub-samples tested perpendicular
and parallel 1o the planes of weakpess, and of the
corresponging L values.

NOTES

1. When frst iptroduced, the peint lead strength test
was used mainly 10 predict uniaxial compressive strength
which was then the established test for general-purposs
rock strength classification. Poim load sirengih now
often repiaces uniaxial compressive sirength n this role
sinee when properly eonducted it is as refiable and much
quicker 1o measure, |y, should be used directly for rock
classification, since correlations with uniaxial com-
pressive strength are only approximate. On averags,
uriaxial compressive strengeh is 20-23 times point load
sirength, 25 shown in Fig. 5. However, in (esis on many
different rock types the ratio can vary betwesn 15 and
50 especially Tor anisotropic rocks, so that errors of up
1o 1007 are possible in using an arbitrary ratio valee 1o
predict compressive strength from point lead strengih,
The point load strength test is a form of “indirect
tensile™ test. bun this is largely irrelevant 1o i primary
role in rock classification and strength charactenzation.
Iysy 15 Epproximately 0.80 times the umaxal tensile or
Brazilian tensile sirength,

I, Of the four allernative forms of this rest, the
diametral 125t and the axial test with saw-cut faces are
the most acocurate if performed near the standard 50 mm
size, and are preferred for strength clagificauon when
core s available. Axial 1est specimens with saw-cul faces
can easily be obtained from large block samples by
coring in the laboratory. Specimens in this form are

h NOVA
METRIX



F1048B-240417

PIL-10

ROCIEST

58 ISRM: POINT LOAD TEST
Sample Details Foint Lood Test Cote 17/11/83
1 tiock sample from Gasblétherpe Opencast site.
Fine grained pale grey Coal Messuraes sandscone
with numerous coaly stceaks along heshesncal
vedding planes.
Specimens 1-¢ chisel out blocks, air-dzied 1 weexs)
=10 zawn blocks, air-draed 1 wasksgp
11-1% cores, air-acied 1 weeks;
14=20 tores, air-dried 2 weekd)
= TRACAD if lABOTACOTY.
- 3 -
bo. Type W (e} Uim} P () O i(m} D, im) 1, F Iy gsod |
1 L4 3L 17.2 2,687 55 5.8 .03 0.73 e
] il 18 B .77 141 12.8 5,99 0.54 3.24
3 Ll 18,7 15,6 1.042 391 19.8 3.02  D.68 L3
L i1 5B 148.1 J.681 ] 8,7 a,bl 0,785 Lk
5 i L 4d.5 29 6,115 15685 b 1,50 0.BTS Raas
& 1L a2 35 1,391 1872 4.3 1,85 0,535 THheR
7 B AL 44 4 & 500 e 3.3 3.5 O.3s 1.3
] mkL al o 5,940 1528 .1 J.BE D.E9 EN-
] bl 19.5 15 2,060 72 19.2 5,05 0,655 "Ry
1 Bl M 16 2.57 £72 25,9 17 075 L |
11 d = 69,83 2.107 - - - = .05
12 a4 - a5 B 4,615 = - - - 1.8%
13 d i = 49,62 5.582 - - - - “reld,
1% i = GF.82 4,139 - - - = el
15 d# = 59,86 L SE = - - = 1.82
16 da = 15.23 1.837 - - 2:39 0,0 Zeld
7 a = 2500 1,891 - - 3.0z 0,735 3.321 11
1B ds = 25,07 1.11% - - 3.7 0735 "Ll !
W odw - 15,06 Ll.ads - - 2,32 0,735 "Il
20 & - 15,08 L340 2,48  0.735 Ll.8]
4 % diametrali Hedn Lo vamy 1 |!.SB |
a = axial}
b= block; HMean I, l |
i ® irregular lump cest: v (g0) /411,98
4 ® perpendiculasi 1
4 ® parallsl to plames cf weaknesi. & (500 171

Fig. & Typecal resuhs form.

particularly suitable when the rock is anisowropic and the
direction of weakness planes must be nowed.

3. Loads of vp to 30kN are commonly required for
the Jarger hard rock specimens. The maximum specimen
size that can be tested by a given machine s determined
By the machine's load capacity, and the smallest by the
machine's load and disiance measunng sensitivity. Tests
on specimens smaller than [ = 25 mm require parucular
precaulions Lo ensure that the MEASUNNG SENSINITY is
sufficient, The range of required test loads should be
sglimated hefore 1esting. from appromimile assumed
strength values. 10 ensure that Lhe lead capaciy and
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sensitivity of the equipment are adequaté. 11 may be
necessary 10 change the load measunng gauge or load
cell, or te 1est emaller or larper specimens to conform
with the capaaty of available equipment or with the
accuracy specifications for this test,

4. The comical plaren design is inlended 10 give
standardized pemetration of softer specimens. When
testing i confined 10 hard rocks and small {less than
Imm) penetrations the conical design is unimporiani
provided that the up radius remains al the standard
imm. For such testing the platen can be manufaciured
by embedding a hard sieel or tungsien carbade ball in a
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2%

agor-

130 =

Compressive stignagh C, {MPgl

1,0 MP 1

Fig. % Exampie af correlation berween point load and usmiawal
compressive siren gl reselis,

cofter metal base of any geomeiry that will ensure that
only the platen tp is in contact with the rock.

5. I & quick-retracting ram is used to reduce the delay
betwssn tests. either the ram return spring fores and ram
friction should together be less than abour 57, of the
smallest load to be measured during testing, or an
independent load cell rather than an oil pressure gauge
shouid be used for load determination. These forces can
be significant when testing weaker and smaller speci-
METS,

b. If significamt platen peneiration ocurs., the dimen-
sion D 1o be used in calculating point load strength
shotild be the value [’ measured at the imstant of failure,
which will be smaller than the iniual value suggested in
paragraphs B(d), %(d) and 104d). The error in 2ssuming
D to be its initial value is negligible when the specimen
is large or swong. The failure value may always be used
as an aliernative to the inital value and s preferrsd if
the equipment allows it 1o be measured {for example by
elecrrical maximum-indicating load and displacement
measurement). When testing specimens that are smalier
than 25 mm. such as rock aggrezate particles., equipment
with electrical readout is usually necessary 10 obtain the
required measuring accuracy, and thould be designed to
record D at failure. Measurements of W oor D made
perpendicular to the line joining the platens arc not
affected and are reczined at their onginal valuss. The
value of D, for strength calculation can then be found

from:
Dle D=0 for cores

D;= éqH' w [17) for other shapes

7. Because this test is intended primarily as a simple
and practical one for field classification of rock materi-
als. the requiremens relating to sample size, shape,
numbers of lests etc. can when necessary be relaxed 10
overcome pracucal limitations, Such modifications 10
procedure should however be clearly stated in the report.
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It is cfien better 10 obwin strength values of limited
reliability than none at all. For example, rock is often
100 broken or slabby to provide specimens of the ideal
sizes and shapes, or may be available in fimited quan-
tities such as when the 1est is used to log the strength of
drill core. In core logging applications, the concept of &
“gample™ has little meaning and tests are ofien condue-
1ed at an arbitrary depth interval, say one test every I m
or im depending on the apparent vanability or um-
formity of strength in the core and en the total lengih
of core 10 be sirength-logged.

8. As for all strength rtests om rocks, point load
strength vares with the water content of the specimens.
The varations are particularly proncunced for water
saturations below 257, Oven dried specmens, for exam-
ple. are usually very much stronger then moist ones. Al
water saturations above $0% the siremgth 15 less
influenced by small changes in water content, so that
tests in thit water conlent rangs are recommendad unless
tests on dry rock are specifically required.

All specimens in a sample should be iested at a similar
and well-defined water content. and one that is appropri-
ate 10 the project for which the test daa are required,
Fizld testing of chisel-cut samples, not affected by dril-
ling fluids, offers a method for testing at 1he i st water
content. If possible, numerical vaiues skould be given for
both water content and degree of saturation ai the time
of testing. The ISEM Suggested Mehod for Water
Content Determination should be employed. Whether or
not walel content measurements cia be made. the
sample storage conditions and delay between sampling
and testing should be reported.

4. Some researchers argue in favour of measuring B/
a3 the minimum dimensien of the failure surface after
testing rather than of the specimen tefore failure {the
German standard for this test is an example). Point load
sirengihs computed using the twe alternaive W
definitions may differ slightly, The minimum specimen
dimension alternative has been adopred in this Suggested
Method mainiy because it i5 quicker and easier o
measurs, particularly in the fisld when fragments of
broken specimens are easily lost.

10. Commonly the shoriest dimension of nawrally
occurring anisotropic rock lumps is perpendicular to the
weakness planes.

11. The size correction factor chan (Fig. 7) is derived
from data on cores tested diametrally and axially and
from tests on blocks and irregular lumps, for rocks of
varicus strengths, and gives an averaged factor, Some
rocks do not conform to this behaviour. and size cor-
rection should therefore be considered an approximate
method. although sufficient fer mos practical rock
classification applications. When a large number of 12515
are to be tun on the same wvpe of rock it may be
advaniageous 1o first perform a series of 1ens at differen
sizes 10 obuain a graph of lead vs D7 asin Fig. &, I the
slope of such a log=log graph is determined as “n™. the
size correction factor ig  them (D507 where
o= 31 — u). This can eithér be calculated directly or a
chart constructed.
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12. Mean results for small populations are generzlly

better measures when the extrems wvalues are not in-
cluded in the calculation.
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GUIDE FOR DIGITAL MANOMETER KELLER MODEL LEO 1

KEY FUNCTIONS KEY

ON

SELECT _ . ,
Wait for the instrument measuring mode (about 3 s).
RESET

SELECT | Max. / min. value and peak value are set to the actual | ENTER
pressure.
OFF

SELECT ENTER
Turns off the manometer.
MANO

SELECT ENTER

Enter into manometer functions.

PEAK OFF / PEAK ON

Peak off: Normal measuring mode with 2
SELECT | measurements per second. ENTER

Peak on: Fast measuring mode with 5000
measurements per second.

ZERO SET
SELECT ENTER
Sets a new zero reference.

ZERO RES
SELECT _ ENTER
Sets the zero to factory setting.

CONT ON / CONT OFF

SELECT Cont_ on: Deactivates the automatic turn-off ENTER
function.

Cont off: Activates the automatic turn-off function.

UNIT SELECTION

SELECT ENTER
Bar
UNIT SELECTION

SELECT ENTER
MPa
UNIT SELECTION

SELECT ) ENTER
psi
UNIT SELECTION

SELECT ENTER
1 (kN)
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Example: Setting a new zero reference

Turn on the manometer by shortly pressing the SELECT key.
Press the SELECT key 3 times: MANO appears.

Press ENTER: PEAK ON or PEAK OFF appears.

Press SELECT: ZERO SET appears.

Press ENTER: The new Zero reference is set.

The manometer returns to the measuring mode.

ROCIEST Peoe 7 AXRSA,
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APPENDIX C

GUIDE FOR DIGITAL PRESSURE GAUGE APG PG7

Principle of operation of APG PG7 pressure gauge

Each of the three buttons on the PG7 performs multiple functions. The primary function
applies when in standard operating mode. The secondary functions are used for
programming operations and when special features, such as Peak-Hold, are enabled.

KEY PRIMARY FUNCTION SECONDARY FUNCTION

Press and hold for 1 second to turn on | Press once to access the main

ON/OFF
or off the gauge power. setup menu

Press to “zero” the gauge reading (the
ZERO reading must be less than 5% of full-
scale in order to zero the gauge).

Cycles through the options in the
setup menus.

Cycles between the current, | Used to accept the displayed
maximum, and minimum pressure | option while in the setup menus.

SEL. | readings. Resets the peak-hold reading
when the peak-hold feature is
enabled.

The following figure shows all the available options to configure the pressure gauge. To
see the operator’'s manual in full access, please visit the following link to find the
document :

https://www.apgsensors.com/sites/default/files/manuals/PG7-full-access-manual.pdf

APG PG7 pressure gauge configuration details

To configure the APG PG7 digital pressure gauge in a custom unit (tonnes, tons, kN,
newton, kg, Ibs or Ibf), a multiplier (or conversion factor) must be calculated using Pound
per Square Inch (psi) as the base unit of measure.

When configuring the pressure gauge, the kN unit has been registered with its own
multiplier based on the calibration of the PIL-10 Point Load Tester as well as the
conversion of the imperial unit Ibf to the metric unit kN (1 Ibf = 0.0044482216 kN). This
explains the mention « APG gauge custom KN unit multiplier: X.XXXX » on the
calibration certificate and product labels. If needed to enter again the kN multiplier in the
pressure gauge, please follow the instructions below to configure the PG7 pressure
gauge.
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APG PGY7 pressure gauge configuration

1. KN UNIT CONFIGURATION

1. Cycle through the configuration menu options using the key ON/OFF to the
option UNITS and select this option by clicking the key SEL..

2. Select the mode CUSTOM and enter the previously determined multiplier. Once
the last digit is entered, press the key SEL. and select the kN unit (cycle using
the ON/FF button).

3. Adjust the desired precision by moving the decimal place using the key ON/FF to
get 4 digits after the decimal point and confirm everything by pressing the key
SEL..

4. Exit the menu by pressing the key ON/OFF to the option EXIT et select this
option.

2. SAMPLE RATE CONFIGURATION

1. Select the option AAVSET from the main menu and then choose the option
SAMPLE.

2. Choose the mode FAST and press SEL..

3. Exit the menu by pressing the key ON/OFF to the option EXIT et select this
option.

3. RESOLUTION CONFIGURATION

1. Select the option AAVSET from the main menu and then choose the option
deC PL.
Choose the mode HI RES and press SEL..

2.
3. Exit the menu by pressing the key ON/OFF to the option EXIT et select this
option.
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Rewv. B, 07118 PGT
5 CLSTOM ONLY
MAXMIN YES b
- o “ FULL ACCESS MENU
— 1 CUSTOM
<= 120 psi N Wi
UNITS J e ¥ LBF
MMHG SELECT [ ] KN
MULTIFLIER LBS
Pl G
nAR ' NEWTOM
¥ - Kk
oN »120psi cusToM
bl (GCM=2
FHOLD OFF MEA
ETHz20
CMHE | CuLsTOM ONLY

OFF, 2 MIN, & MIN, 8 MIN, 16 MIN, 32 MIN, 15 5EC, 30 5EC, 1MIN

HIRES, MEd Res, LO RES |

SLOW, MEDIUM, FAST |

SET BAR GRAPH 0% |

SET BAR GRAPH 100% |

SET RANGE (LBS ONLY) |

FAST CALIBRATE, ZERD AND SFAN |

TARE o

OFF

WES
UEFALLT NO SETANALOG LOW SETPRESSURE |
SET ANALDG HIGH SETPRESSURE |

OUTPUT

SET ANALOG LOW CALIERATION | =
SET ANALOG HIGH CALIBRATION | *

TYPED, TYPET, TYPEZ, TYPE3, TYPEA, TYFES | *

SET TRIP PRESSURE 1 START PRESSURE | *

SET TRIP PRESSURE 1 WINDOW SIZE | *

TYPED, TYPET. TYPEZ TYPE3. TYPE4, TYPES | ¥

SET TRIF PRESSURE 2 START PRESSURE | *

* Menu options only available
for gauges with an analog
output or relays.

SET TRIF PRESSURE 2 WINDOW SIZE | *

APGtt,
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F1048B-240417 PIL-10

APPENDIX D

GUIDE FOR INSTALLING THE BRAZILIAN DEVICE

Here are steps to ensure proper installation of the device:

1.

Replace the conical platens on the PIL-10 with the bottom flat platen (#6) and the
top seat (#5) using Allen keys. Use the same hex screw for the top seat as used
for the top conical platen.

Release all pressure from the pump before installing the bottom part of the NX
base (#1) on the bottom flat platen (#6).

Insert the two dowel pins (#2) through the hole in the bottom part of the NX base
(#1) and into the holes in the top part of the NX base (#3), ensuring the markings
on both parts of the NX base face the same direction.

Place the two-piece leveling washer (#4) in the designated seat on the top part of
the NX base (#3).

Once everything is aligned, begin the test by placing the rock specimen between
the two parts of the NX base and start pumping.

Optionally, add lubricant to the dowel pins and the hex screw to decrease friction
and provide smoother operations.
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