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EQUIPMENT AND PROCEDURES TQ DETERMINE GROUND
STRESSES IN A SINGLE DRILL HOLE

by
G. Herget*, P. Miles** and W. Zawadski***
SUMMARY

The ability to determine absolute stresses in rock becomes
more significant as mining extends to greater depths. To fill a need
for background information on ground stresses and to develop suitable
equipment and procedures for stress determinations, the Mining
Research Laboratories of the Canada Centre for Mineral and Energy
Technology, 1in cooperation with Canadian mining companies, has
developed expertise in determing stresses with the CSIR triaxial
strain cell. A three-dimensional stress field can be determined
using a single drill hole showing comparable success to the method
employing the biaxial strain cell and three drill holes.

Testing procedures have been modified since the CSIR triaxial
strain cell became commercially available in 1968.  Successful
modifications include changing from a nine-gauge triaxial cell to a
12-gauge cell, increasing diameter of the overcored hollow core
cylinder, and using a glue which can tolerate moisture and an
installing tool which operates without compressed air.

Procedures are vreported for a variety of field conditions
such as those adopted for installing triaxial strain cells in
horizontal holes and vertical down holes. Routine testing in the
laboratory to obtain the necessary physical properties of the rock
and to assess quality of the strain gauge bond is described.
Statistical selection criteria are given and a computer program
provided to calculate the best fit stress tensor for four-gauge
rosettes spaced at 120°.

* Research Scientist, ** Engineer and *** Technician, Elliot Lake
Laboratory, Mining Research Laboratories, Canada Centre for Mineral
and Energy Technology, Department of Energy, Mines and Resources,
Elliot Lake, Ontario.
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L'EQUIPEMENT ET LES PROCEDURES A SUIVRE AFIN DE
DETERMINER LES TENSIONS SOUTERRAINES DANS UN TROU DE MINE

par
G. Herget*, P, Miles** et W. Zawadski***
SOMMAIRE

Comme 1'exploitation miniére atteint de grandes profondeurs,
i1 devient tré&s important de pouvoir déterminer Tes tensions absolues
dans les roches. Les Laboratoires de recherche miniére du Centre
canadien de 1a technologie des minéraux et de 1'énergie en coopéra-
tion avec les compagnies minidres du Canada ont mis au point 1'exper-
tise nécessaire pour la détermination des tensions danS un ‘trou de
mine afin de subvenir au besoin de données de base sur les tensions
du terrain et de mettre -au point 1'équipement et les procédures con-
venables pour la détermination de ces tensions.

Les procédurés d'essais ont été modifiées depuis que la cel-
Jule de contrainte triaxiale CSIR fut introduite sur les marchés en
1968.- Les modifications effectuées jusqu'd date-incluent le rempla-
cement d'une cellule triaxiale "& neuf jauges par une cellule & douze
jauges ainsi accroissant le diamétre du cylindre & carotte creuse et
en employant une colle susceptible de tolérer 1'humidité et un outil
d'installation qui fonctionne sans air comprimé. - '

Les -procédures sont employées selon différentes conditions
des chantiers. telles que celles qui ont &té adoptées pour installer
‘les cellules de contrainte triaxiale CSIR dans des trous horizontaux
et des trous verticaux 'dirigés vers le bas. Le rapport décrit les
essais de laboratoire effectués pour trouver les propriétes physiques
des roches et évaluer la qualité de Ta Tiuison de 1'extensiométre.
On retrouve aussi les critéres de sélection et un programme d'ordina-
teur cbngus afin de calculer le meilleur tenseur de contrainte pour
les rosettes a'quatre jauges distancées & 120°,

* Chercheur scientifique, *% Ingénieur et *** Technicien, Laboratoire
d'E1li0t Lake, Laboratoires de recherche miniére, Centre canadien de
la technologie des minéraux et de 1'énergie, Ministére de 1'Energie,
des Mines et des Ressources, El1liot Lake, Ontario.
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1. INTRODUCTION

Determination of ground stress is neces-

applying
theories to the rational design of excavations in

sary for strength testing and failure

raock. The major expense item for ground stress
determination is the drilling of holes to install
equipment and for overcoring. The triaxial strain
cell developed by CSIR in South Africa has the
advantage that only one drill hole is necessary to
determine the

Initial experience

camplete ground stress tensar.

showed, however, that the rate
of success was Tower using the triaxial equipment
than when using the biaxial or doorstopper equip-

ment which requires three drill holes to obtain

the complete stress tensor.
Experience from field tests has resulted

in modifying the

equipment and testing procedures.

triaxial stress determination
These are des-

cribed for the benefit of potential users.

2. EQUIPMENT AND FIELD TESTING PROCEDURE

2.1 Testing Principle

The original equipment was designed by the
Council for Scientific and Industrial Research,
(CSIR), Pretoria, South Africa.
described in detail in "Instruction Manual for the
Use of the CSIR Triaxial
Equipment" (1). In
of a 37.7-mm (1.5~in.) diameter
and read before and after overcoring.

The apparatus is

Rock Stress Measuring
principle, strain gauges are
glued on the wall
borehole
From the strain recovery measured in the field and
from the elastic modulus and Poisson's ratio de-
termined in the
stress tensor can be calculated.
Originally the
ried three rectangular gauge
0°, 90°, and 135°
drill hole (2).
the 3-gauge rosette by a 4~gauge rosette and spac-
ing them 120° apart around the periphery would
bring a marked standard
factors, and that the additional redundancy would
improve accuracy of the best fit tensor calcula-
tion (3). The triaxial strain cell was modified

laboratory, a three-dimensional
triaxial strain cell car-
rosettes spaced at
around the perimeter of an EX

Gray et al. showed that replacing

improvement in error

by the CSIR and is commercially available*.

2.2. Drilling of Required Hole Geometry

To install a triaxial strain cell, a stan-
dard H-size borehole of 99.27 mm (3.906 in.) di-
ameter is drilled to the required depth (Fig.
1a). The end of this hole 1is ground flat with a
suitable full-face diamond bit. An EX hole, 37.7
mm (1.5 in.) diameter, is then drilled into the
end of and concentric with the H borehole for a
distance of 45 cm (18 in.) (Fig. 1b).
removed, the EX hole is washed with water, sprayed
Then the tri-
containing three strain gauge
into the EX portion of the
borehole. The installing tool places the gauges
20 cm (8 in.) from the collar of the EX hole. A
wedge activated by air pressure presses the strain
rosettes against the inside of the EX hole (Fig. 1
c). After the
fully to the borehole wall and stable readings re-
corded, the
borehole and the collar of the
A cylinder about 50 cm (20 in.) long is

then overcored by means of the H bit (Fig. 1d).
The cylinder is removed from the borehole by spe-

cial wedge and shovel equipment and elastic strain

The core is

with acetone, and dried with air.
axial strain cell
rosettes is inserted

rosettes have been glued success-
installing tool is removed from the
EX borehole is
plugged.

recovery is obtained by reconnecting the overcored
test cell (Fig. le) to the
reading the gauges again.
ment is given in Table 1.
The bottom of the
flat to ensure proper collaring of the EX hole and

installing tool and
A Tist of field equip-

H hole must be ground

to provide a fiat collar for centering the instal-
1ing tool in the EX hole. If the installing tool
is not centered, the strain rosettes will be
pushed at an oblique angle against the EX hole re-
sulting in improper bonding.

The arrangement for drilling and centering
the EX hole Guides with
bearings can be used to steady the core barrel. A
light, air driven, screw-fed JV diamond drill has
in drilling

is shown in Fig. 2, (4).

no difficulty and overcoring to a

* W.H. Luwes, P.0. Box 718, Silverton, 0127 Trans-
vaal, South Africa.
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| Table 1: Testing equipment for elastic strain

! recovery measurements
Electrical EX hole preparation
20-m cable Full face bit
12-position switch box EX bits, adaptors, couplings
Strain indicator 45-cm core barrel and reaming shell
12-gauge triaxial cells

Installation and recovery

Cleaning and glueing Installing tool and guide
Container with alcohol Rubber plug
Container with acetone Retrieval shovel
Plastic bag with Q-tips, mixing cups, paper Wooden wedges

towels, rags
Cleaning tool for EX hole
Philips resin and hardener
Fleming resin and hardener

Installing rods

Miscel laneous
Electrician's tape, pencil, note-paper, Allen keys
screwdriver, measuring tape

H reaming shell
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depth of 12 m (40 ft).

In many cases, the hollow core cylinder

broke during overcoring. To reduce this possibil-

ity two options are available:

a. increase diameter of the overcored hollow core
cylinder, or ,

b. wuse a double or triple tube core barrel for
overcoring. '

Either method may be used, the only prob-
lems are to modify the centering device so that
the centre of the large drill hole can be ground
flat before collaring the EX hole and that the in-
stallation of the strain cell is possible.

The standard drill bit giving a core size
larger than an H bit is the PQ bit with an OD of
122.7 mm (4.83 in.) and an approximate core diame-
ter of 85.7 mm (3.35 in.). In one case, stress
determinations were atfempted in a bedded gypsum
material and the overcoring of the installed tri-
axial strain cell was carried out with a 145-mm
(5.7-in.) diameter core barrel. Overcoring in the
friable material was so successful that a continu-
ous piece 76.2 cm (30 in.) Tong was obtained.

The hollow core cylinders sometimes break
because of geological discontinuities. To avoid
test failures of this type, an inspection of the
recovered EX core prior to installation of a
strain cell can prove worthwhile.

The most convenient driil
is b° above the horizontal, allowing hole drainage

hole direction

and easy handling of drill rods.
also been obtained with vertical
down-holes which both require special precautions

Experience has
up-holes and

for handling drill rods and core recovery. In
vertical down-holes, a stand pipe or casing has to
be sealed into place and the EX test hole extended
beyond the required depth to provide a small sump.

2,3. Installation of Strain Cells

Bond between the rock surface and strain
gauges has to be very good, especially as consid-
erable force 1s required to detach the installing
tool from the cell. Great care has therefore to
be exercised when preparing and cleaning the hole
for the cell installation. A good system involves
pushing an EX aluminum rod into the EX borehole
and washing the hole with water for a few minutes

to remove even the finest mud from the inside.

‘Then the hole should be washed with acetone by

means of a spray arrangement provided with the
stress measuring equipment. Following this, com-
pressed air can be blown in through a metal filter
until the EX collar and hole are "white dry".

Philips quick-hardening strain gauge
cement, PR9244/04, can be used 1in dry holes at
room temperature, and a good bond is generally
achieved in one hour when overcoring can begin.
Time available for installation at room tempera-
ture is about two minutes but can change drastic-
ally with temperature. At near freezing tempera-
tures, waiting periods can be 1longer than 2.5
hours. :

Moist holes can create problems, but these
can be avoided by using a strain gauge cement,
Fleming* GC 104, which is more tolerant to mois-
ture and sets successfully on a moist surface.
Whereas the Philips cement requires one hour for
setting at room temperature, the Fleming
requires about three times as long.

The CSIR system of placing the strain
gauge rosettes against the inside of the EX hole
uses a wedge which is activated by air pressure
(1). Air pressures of about 0.5 MPa (73 psi) are
necessary. This that the system which
pushes the strain gauge rosettes

cement

requires
against the in-
side of the wall is checked before each installa-
tion and that sufficient air pressure is available
to push a wedge into the triaxial strain cell. To
do away with compressed air hoses and the need for
a sufficiently high air pressure, a completely
mechanical system of strain cell installation was
developed in the Mining Research Laboratories of
CANMET, as shown 1in
successfully.

Fig. 3, and has been used
A wiring diagram showing switch
positions and strain gauge orientations is given
in Fig. 4,

Waterproofing of equipment is very impor-
tant. The strain readings, both before and after
overcoring, have to be obtained with completely
dry electrical connections and equipment. Differ-
ences of up to 500 x 10°° (cm/cm) were observed

* Fleming Services, 15 Coppice Avenue, Great Shel-
ford, Cambridge, CB25AQ, England.







Water repellent grease on
If the hollow
core cylinder breaks during overcoring, it usually
In this
to be washed

with moist contacts.
the contacts yielded good results.

becomes soaked with fine mud and water.
case the overcored strain cell has
and strain readings after overcoring may be taken

only when the cell is completely dry.

3. FIELD TESTING

Analysis of the ground stress tensor is
based on the assumption that the material - trans-
mitting the stresses s homdgeneous, iédtropic,
and elastic.
find rock formations where ideal rock properties
are approached. Areas of intense fracturing and
inhomogeneity, faults, shear zones, and rock con-
tacts where the rock properties may vary consider-
ably should thus be avoided.

are often

Tests in such areas
spoiled because of numerous fractures.

Efforts must therefore be made to

In addition,

as one

the rapid change in ground stresses
from a fault zone
makes reproducibility of strain recoveries in sub-
sequent tests in the same drill hole difficult.
Ground stresses were determined in a mine
depth of 853 m (2800 ft) below surface in a
The drill
Fig. 53
mine openings were about 4.25m (14 ft) square.
No faults were present in the vicinity of the test

approaches or recedes

at a
fine-grained andesite/diorite rock.

hole Tlocation and direction are given in

are given in Fig. 6.
Hole T13 was drilled at an inclination of about 5°
above horizontal.

site and joint orientations

The large hole was of PQ-size
and- the recovered core was -approximately 85.1 mm
(3.35 in.) in diameter. Drilling was done with a
skid-mounted JV machine which required compressed
air and water. Overcoriﬁg was carried out at a
speed of 1 cm/min (0.4 in./min) and tests were
performed at depths of 3 m (10 ft), 4.5 m (15 ft),

6m (20 ft) and 7.5 m (25 ft).’
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Fig. 5 - Dril1l hole orientation for ground stress

determinations with

CSIR triaxial strain cell on 2800 level -




Grid
North

True
North
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GN 97°/78°
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Fig. 6 - Contoured polar plot of joints 1in 2800 exploration drift
approximately 30 m (100 ft) north and south of test area (contours in
% per 1% area) (120 measurements)

A typical field sheet is given in Fig. 7 in Fig. 8.
and a summary of the strain recoveries obtained is The hollow overcored cylinders were care-
provided in Table 2. The core from drill hole TI3 fully brought to surface and shipped to the labor-
was photographed for future reference and is shown atory for further testing.




TRIAXIAL STRAIN CELL TEST DATA

Project: Liocation: Date: Test No.: Test Depth:
TG 1976 2800 L 10th May, 1976 13-2 15ft
Read Out Unit; Cable: Installing Tool: Cement: Installed by:
Vishay 60 ft- C.S,. LR, Philips W, Zawadski
Strain gauge readings at switch positions:
Time
1 2 3 4 5 6 7 8 9 10 14 12
Out of hole 10: 00 | 14000 | 13900 | 14250 | 13900 | 12280 | 14440 | 43240 | 43760 | 14620 | 14200 | 44220 | 13740
Cell cemented | 10:30 | 414520 | 13960 | 14340 | 43920 | 12245 | 44440 | 14220 | 14750 | 14580 | 44290 | 44350 | 413700
11:45 | 44830 14020 | 14220 | 14085 | 12860 | 14570 | 14400 | 45270 | 44780 | 14340 | 44260 | 13790
12: 00 | 44840 | 44020 | 14220 | 14095 | 12840 | 14565 | 14405 | 15260 | 14780 | 14340 | 14255 | 13790
Pressure off | 12:05 | 14840 | 14025 | 14220 | 14090 | 12840 | 44570 | 44405 | 15260 | 41780 | 14340 | 44255| 13790
Cell overcored| 12:30 | 412540 44245 | 14590 | 14925| 13970 | 15485 | 14405 | 15740 | 42340 | 14840 | 44575 | 14480
12:45 | 12500 | 44240 | 14595 | 14920 | 13940 | 45490 | 143951! 15740 | 42340 | 44835 | 44580 | 14480
1100 | 12500 | 44245 | 44590 | 44935| 13925 | 45490 | 44420 | 45705 | 12335 | 14835 | 14570 | 14470
1:45 | 42490 | 14200 | 44580 | 44925 43940 | 45500 | 44390 45700 | 12335 | 14830 | 14565 | 44165
Strain 670 15 : 560 500 320 390
difforence 190 370 8351 4430 9 300 450
Fig. 7 - Fieldsheet for recording of elastic strain recovery from 12-
gauge triaxial strain cell
Table 2: Strain recovery from triaxial strain cell on 2800 level with CSIR tool
Test No. Depth Gauge Number
1 2 3 4 5 6 7 8 9 10 11 12
Hole No. T13, Azimuth; Grid North 90° 00' 00", Inclination; + 04° 29' 33"
T13-1 3m (10") 110 -370 -255 100 995 460 260 740 170 130 165 - 210
T13-2 4.5 m (15") 670 190 370 835 1130 915 300 450 560 500 320 390
T13-3 6 m (20") 785 230 310 830 990 850 325 565 165 590 460 255
T13-4 7.5 m (25') 360 -95 375 780 1180 1000 355 540 490 615 350 220
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Table 3: Determination of elastic modulus and Poisson's
ratio from axial unloading of the overcored
hollow core cylinder from 41.4 MPa to 27.6 MPa
{6000 to 4000 psi)

Sample no. Elastic modulus Poisson's ratio
MPa (10° psi)

T13-1 86.8 (12.58) 0.13
T13-2 95.8 (13.89) 0.19
T13-3 96.5 (13.99) 0.34
T13-4 81.6 (11.83) 0.30

Mean 90.1 (13.07) 0.24

Table 4: Determination of elastic moduli and Poisson's ratios
during unloading in radial compression tests

Sample Elastic modulus (1) Elastic modulus (2). Poissoﬁ's ratio

no. MPa (10° psi) MPa (106 psi)
T13-1 82.6 (11.98)* Specimen failed 0.28*.
during loading

T13-2 91.9  (13.33) 94.5 (13.69) 0.34

90.4 (13.11) 90.2  (13.08) 0.24

92.5 (13.42) 92.5 (13.41) 0.31

84.3 (12.23) 84.3 (12,22) 0.29

Mean 89.8  (13.02) 90.3  (13.10) 0.30

T13-3 ' 92.5 (13.42) 94.8  (13.75) 0.30

100.3  (14.55) 100.7  (14.60) 0.23

91.9  (13.33) 93.2  (13.52) 0.33

97.8  (14.18) 93.1  (13.51) 0.33

Mean 95.6 .(13.87) 95.5  (13.85) 0.30

T13-4 . 83.6 (12.12) 86.2  (12.50) 0.20

75.2  (10. 90) 75.8 - (11.00) 0.26

70.5  (10.22) 86.6 (12.56 0.25

81.3 (1 .80) 79.4  (11.52) 0.36

Mean 77.7  (11.26) 82.1  (11.90) 0.27

* obtained during loading cycle.
(1) According to Equation 1.
(2) According to tensor analysis.
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(0.75 in.)
Due to the symmetry of

not applied at infinity, but 1.91 cm
from the EX drill hole.
the hydraulic loading system for the hollow core
cylinder, distribution for a
circular opening can be used to simplify
the calculations. distribution of the
component infinitely thick
core cylinder with a coaxial drill hole is defined

a planar stress
single
The stress
radial stress in an

as:

(1 -3
b2

P =35

b = S Eq 3

O
I

applied radial pressure at radius b

inside radius of hollow core cylinder

i

outside radius of hollow core cylinder

54

stress at infinity

In the
of 6.9
stress

above laboratory test, the applied pressure
MPa (1000 psi), was known and the radial
applied at infinity was required. This is:

s, = —1000pst . y333 33 psi

vy . 0.75 in.?
1.5 in.?

Eq 4

Using the strain readings
radial the best fit stress tensor
analysis would provide a stress of 1333.33 psi if
the exact elastic modulus and Poisson's ratio were
known and used. To determine the exact value for
the elastic modulus, a tensor analysis is carried
out with the Tlaboratory and an
estimate of the elastic modulus (e.g., 10 x 10°
psi). Converting the obtained radial stresses X
and Y to 1333.33 psi then allows determination of
a correction factor for the estimated modulus.

The elastic moduli obtained by this pro-
cedure are given in Table 4. Table 4 shows that
both elastic modulus determinations are nearly
identical and to simplify the calculation process,
the elastic modulus should be calculated according
to Equation 1. The elastic modulus (Equation 1)
and Poisson's ratio obtained during radial testing
were chosen as the most representative for the
stress tensor calculation. Figure 9a shows the
equipment used for loading the overcored hollow

obtained during
unloading,

strain readings

11

rock cylinders. A graph is presented in Fig. 9
to show how well the best fit stress
analysis can calculate actual stresses

tensor
from mean
elastic constants and strain readings during un-
loading. Also shown is a comparison between ex-
perimentally applied and calculated stresses under

Taboratory conditions for radial unloading.

5.  GROUND STRESS TENSOR ANALYSIS

Obvious test failures occur in the field
and may involve poor cell installation, malfunc-
tion of strain gauge circuits and instruments, and
cracking of rock samples. Additional rejections
may occur during mechanical quality testing in the
laboratory. Even so, overcored
which performed satisfactorily in the laboratory
might have recorded "wild" outliers of strain re-
covery, which relate to partially relaxed rock in
a shear zone or to extreme stresses in the vicin-
ity of a fracture. Statistical screening of re-
sults 1is therefore necessary before they are
admitted to the pool of strain recovery data for
stress tensor analysis.
Gray et al, this can
standard deviations

strain gauges

Following a suggestion by
be done by comparing the
of groups of similar observa-

tions (6). A quick way to do this is to divide
the range of such observations by a value, dn’
given by Davies (7, p 378). Some values of dy
are:
No. of

observations 2 3 4 5 6 7

dn 1.7 1.7 2.1 2.3 2.5 2.7
A mean standard deviation for all groups can be

obtained and group standard deviations can then be
examined as to whether or not they are consistent
with it. An example 1is given below for a 9-gauge
triaxial strain cell where gauges 1, 4, and 7 are
parallel and point in the axial direction.

In a group of strain recovery readings ob-
tained in holes C1 and C2, the standard deviation
of strain recovery readings for gauges of
showed large variations compared with

similar
orientation






the mean standard deviation for the whole group as
shown in Table 5. Strain readings for gauges 1, 4
and 7 in hole C1 showed a standard deviation of
816 compared with the mean standard deviation of s
= 300 for the whole group. Within the C1 group,
gauges 1, 4 and 7 included the observations: 300,
2150, 220, 755, 110, and 335. The reading 2150 is
easily recognized as an extreme observation which

can be proven by a t-test.

Sub-Group_1 Sub-Group 2
2150 300
220
755
110
335
X1 = 2150 X2 = 344
n, = 1 n, = 5
‘)_(-1-;2
t =

sY/(1/ny + 1/ny)
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_ 2150 - 344 _
300/(1.2)

t 5. 50
Degrees of freedom (o)
=30 - 12 =18
¢ = 18, t(0.005) = 2.88. As 2.88 < 5,50, the
value 2150 can be rejected as being significantly
different at the 1% After re-
jecting the outlying observation, the estimate of
the standard deviation is reduced to 280.

After screening, the acceptable strain re-

Total observations = 30
For

confidence Tlevel.

covery readings can be compiled and using the
appropriate elastic modulus and Poisson's ratio,
The computer
program for analyzing the ground stress tensor is
described in Appendix 1 for the 12-gauge triaxial

Results using this program are re-

the stress tensor can be calculated.

strain cell,
ported in the form of stress tensor components and
their error in relation to the drill hole orien-
tation in Table 6 and principal stresses, orienta-

tions, and magnitudes in Table 7. Figure 10 shows

Table 5: Estimated standard deviation of readings of
similar gauge directions in triaxial strain cell
Hole Gauges Range of No. of dn STDV
Observations Observations
C1 1, 4, 7 2040 6 2.5 816
2 470 2 1.1 427
3 575 2 1.1 523
5 295 2 1.1 268
6 180 2 1.1 164
8 15 2 1.1 14
9 585 2 1.1 532
c2 1, 4, 7 145 4 2.1 69
2 230 2 1.1 209
3 450 2 1.1 409
5 45 2 1.1 4
6 140 2 1.1 127
8 - - - -
9 - - - -
Mean(s) 300
STDV 245
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Table 6: Stress tensor components from triaxial strain cell measurements, Timmins, Ontario
Test Elastic Poisson's Stress components in psi (2) STDV
no. “modulus ratio (standard error in brackets)(l) q
5
oy o, o, Tyy Ty Ty (10%)
(10° psi)
T13-1 11.98 0.28 4180 1310 2040 -1570 -450 -270 33.93 237
(890) (890) (1460) (520) (640) (640)
T13-2 13.02 0. 30 6640 5920 7990 -1110 -1560 510 0.65 33
(140) (140) (220) (80) (100) (100)
T13-3 13.87 0.30 5710 6290 8990 - -1630 -1620 -80 4.84 90
(400) (400) (650) (230) (280) (280)
T13-4 11.26 0.27 5650 3690 6530 -1220 -1920 80 0.08 1
' (40)  (40) (70) (20) (30)  (30)
(1) x,y,z, are coordinates of an orthogonal right handed coordinate system.
zt s parallel to the drill hole direction and points towards the collar.
X s on right hand side when looking down the drill hole.
y+ is vertical. ‘ '
(2) Residual sum of squares.
Table 7: Magnitude and orientation of principal stresses from
triaxial strain cell measurements, Timmins, Ontario
Test Depth o1 Orientation 02 Orientation O3 Orientation
no. m (ft) MPa (Azimuth/plunge) MPa (Azimuth/plunge) MPa (Azimuth/plunge)
(psi) (psi) (psi)
T13-1 3 (10) 33.7 GN 177°/08° 15.2 GN 086°/14° 3.1 GN 293°/75°
(4890) (2210) (450)
T13-2 4,5 (15) 63.5 GN 052°/10° 45.4 GN 144°/16° 32.8 GN 288°/72°
(9210) (6580) (4760)
- T13-3 6 (20) 67.9 GN 066°/16° 48.6 GN 335°/10° 28.1 GN 216°/72°
(9850) (7050) (2370)
T13-4 7.5 (25) 53.2 GN 57°/12° 39.9 GN 150°/18° 16.3 GN 298°/70°
(7710) (5780) (2370)
NOTE: GN (Grid North) is 20° east of true north (in this particular case the triaxial cells

were installed with X" = 30° above horizontal, y+ = 30° counter clockwise from vertical).



True

Fig. 10 - Principal stress
in equal area net

the magnitude and the orientation of the principal
stresses in the Tower hemisphere projection of an
equal area net.
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APPENDIX 1

GROUND STRESS TENSOR ANALYSIS

W.M. Gray and N,A. Toews (1973) determined axes and gauge orientation are shown in Fig, A-]
the strain equations for each gauge direction in and A-2. The strain equations are reproduced be-
four-gauge rosettes spaced at 120° around the cir- Tow:
cumference of the strain cell. The coordinate

Rosette 1 (8 = )

eqp = CqMyq * My, + CoMas (1a)

e = CMyy * Cglyy + C Mg (1b)

erc = CgMyy + CgMyp *+ CyMag + 4CeM,, (Tc)

erp = CgMfyq * Cglyp * CoMyq - 4CeM,, (1d)

Rosette 2 (B = w/3)

epn = (1/4) (Cy + 3C My, + CoM,, + (1/4) (301 + Cy)Maq (2a)
- (v3/2) (C) - CyMy,

€yp = CoMyy * CgMpp + CoMss (2b)

epe = (178) (G + 3C,)M 0 + Cellyy + (1/4) (364 + Co)Myy + 2/3 Gyt (2¢)
~(/3/2) (Cg - Co My, - 26,

e = (1/4) (Cx + 30,0, + Cyy + (1/4) (305 + €)My - 2/3 CM, o (2d)
~(/3/2) (Cg - C Mgy + 2CM,,

Rosette 3 (6 = 5m/3)

egq = (1/4) (g * 3000, + C My, + (178) (3¢, + ColMay + (/3/2) (C) - C)My, (3a)

€gp = CoMyy + CyqMyy * CoMgg (3b)

e3c = (1/8) (Cg + 36 )Myq + Ceyy + (1/4) (30, + Co)Myy - 2/3 Coh, (3c)
+(/3/2) (Cg - CoMyy - 20gH,,

egp = (1/4) (Cg + 360Ny, + Calyy + (1/8) (305 + Co)M 5 + 2/3 Cohty, (3d)

)
+(v3/2) (Cg - Cy)Mgy + 2CMy,
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z+
towards Mz | \ x" is horizontal on right hand side
collar T when looking into the hole.

Fig. A1 - Coordinate sysfems for triaxial strain cell

v
/

Gauge Orientation Switch Position
+
A (transverse gauges) 1, 5, 9
to:ﬁ:ds g B (axial gauges) 3, 7, 11
collar 2 C (45° gauges) 2, 6, 10
D (45° gauges) 4, 8, 12

.
2

Fig. A-2 - Strain gauge configuration for rosettes. (Axes my, My, Ny,
n, refer to rosette No. 1 only. Axes n;, n,, ny are introduced to ob-
tain strains measured by gauges C and D of rosette No., 1)




Mij are the stress components relative to
the axes Mps Mys M, equivalent to Leeman's Y, Z,

X respectively, and Ci are strains measured in

19

= -(1-v)(1+2v)/2E Cg = (1+v)2E

C;

Where E is Young's modulus and v is

directions as shown by Fig. A-2. Poisson's ratio for the rock.
A computer program has been written which
¢, = (3-2v2)/E C, = -v/E applies the above equations. The least squares
solution provides tensor components and their
Cy = -(1-2V2)/E Cy = 1/E errors, residual sum of squares, and the standard
deviation about the regression 1line. A printout
Cy = (1-v)(3+2v)/E Co = (1-v)/2E is attached. Principal stresses are calculated
with eigenvalue analysis.
COMPUTER PROGRAM TRIAX12
TRIAXI2 11:d8 12729777 THURSDAY 37a
183 REM PROGRAM CALCULATES STRESS TENSOR OF BEST FIT AND STANDARD
113 REM ERROR OF TENSOR COMPONENTS FROM 12 MEASUREMENTS OF STRAIN
122 REM RECOVERY WITH CSIR 122 DEGREE TRIAXIAQ;STRAIN CELL.
13@ REM ORTHOGONAL COORDINATES ARE RELATED TO DRILL HOLE: 72+ IS
146 REM PARALLEL TO DRILL HOLE AND POINTS TOWARDS COLLAR,X+ IS
15¢ REM HORIZONTAL AND ON LEFT HAND SIDE WHEN LOOKING IN Z+ DIR~-
160 REM ECTION,Y+ IS8 AT RIGHT ANGLES TO Z+ AND X+.ROSETTE 1 IS
170 REM VERTICAL ,GAUGES 3,7,11 HAVE LONGITUDINAL AND 1,5,9 HAVE
182 REM TRANSVERSAL DIRECTION TO DRILL HOLE.INPUT FOR STRAIN READ-
I19@ REM INGS ACCORDING TC SWITCH POSITIONS 1 TO 12.
202 REM HERGET-CALL/36@/BASIC-JULY 76.
218 DIM UC13),F(6,6),2(6,6),C(13,36),D(13,6),T(6,7),E(6),H(&),B(E)
220 Ez5,11
230 R=,26
24@ PRINT "ELASTIC MODULUS (120@@3@®» PSI) AND POISS, RATIO™
25@ PRINT E,R
260 Cl=(3~-2%R12)/E
273 C2=-R/E
280 C3=~(1-2%Rt2)/E
29@ C4=1/E
308 C5=(1=-RI*(3+2%R)/(2%E)
31@ C6=(1-R)/(2%E)
328 CT=-(1-R)% (1+2%R)/ (2%E)
33@ C&= (1+R)/(2%E)
34@ PRINT "STRAIN READINGS U]l TO U112 IN 2.000@8@81 IN,/IN."
358 FOR I1=1 TO 12
368 READ U(I)
378 PRINT UCI)
389 DATA 375,-95,365,780,1160,1000,350,535,488,615,345,220
390 GOTO 430,600,670,742,810,880,678,95a, 1020, 109,673, 1167, ON I
400 NEXT 1
410 GOTO 1240
42@ REM CALCULATION OF COEFFICIENTS Al TO AS
430 A(l)=CI
440 A(2)=C2
450 A(3)=C3
460 AC4)=0
470 AC5)=0
488 A(6)=0
490 REM CALCULATION OF COEFFICIENTS FOR LEAST SQUARE SOLUTION
50@ FOR J=1 TO 6§
51@ FOR L=1 TO §
520 M=6%(J=-1)+L
530 CCI,M)=ACJI*ACL)
540 NEXT L




554

569
579
57
599
670
510
620
630
640
658
660
870
689
650
103
1%
120
730
740
750
760
719
780
190
830
810
820
230
840
850
860
879
880
89
907
918
920
938
947
95@
964
972

087

950

NEXT J

FOR J=1 TO 6
DCI,Jd)=UCI)%A ()
NEXT J

GO TO 495

ACld=CS

A(2)=C§

ACE)=CT

A (4)=4%C8

p(5)=0

ACEI=0

GO TO 500

AClY=C2

A(2)=C4

AC3)=C2

pACA=D

ACS)=0

ACS=@

GO0 TO 540

AC1Y=C5

p(2)=C6

A(3)=CT

A(4)z~4%C8

A(5):=0

p(6Y=0

GO TO 502 )
A(1)Z@.,25%(C1+3%C3)
A(2)=C2
A(3)=0.25%(3%C1+C3)
ACAI=0

A(5)=0

A(B)z=(31@,5)%(C1-C3)/2
GO TO 50&
AC1)=0,25%(C5+3%CT)
A(2)=C6

A(3)=@.25% (3%C5+CT)

A (4)=-2%C8
A(5)=2%310,5%CH
A(8I==(318.5)%(C5-CT) /2
GO TO 508

A (1)=0,25%(C5+3%CT)
A(2)=C8

A(3)=0.25% (3%C5+CT)
AC4)=2%C8
A(5)==-(310,5)%2%C8

1823 A(6)==(31@.,5)*%(C5-CT)/2
1618 GO To 508

[028 AC1)=@.25% (CI+3%C3)
1833 A(2)=C2

12400 A(3)=@.25% (3%C1+C3)

1850

AC4) = O

1860 A(5)=0
1876 A (6)=312.5%(C1~-C3)/2

1288
1992
1198
1110
1120
1130
1140

GO TO 506
ACL)=0.25%(C5+3%CT)
A(2) = C6

A(3)=@25% (3%C5+CT)
A(4)z-2%CE
A(5)=-2%310,5%C8
A(8)=318,5%(C5-CT)/2

1152 GO TO 50@

1168 AC1)=@.25% (C5+3%CT)
1176 A(2) = C6

1188 A(3)=8.25%(3*%C5+CT)
1198 A(4)=2%C8

1280 A(5)=2%3108,5%C8

1218 A(68)=318,5%(C5-CT) /2
1222 GO TO 500

1248 FOR M=l TO 36
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1250
1260
1270
1280
1290
1300
132
1320
1330
1340
1350
1360
1370
1380
1290
1400
1410
1420
1430
1440
1450
1460
1477
1480
1490
1500
1510
1520
1530
1540
1550
1560
1579
1580
1590
1600
1610
1620
1630
1640
1650
1668
1670
1680
1690
1700
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FOR N=1 TO 12

CC13,MI=CC13,M)+C(N,M)

NEXT N

NEXT M

FOR M=1 TO 6

FOR N=1 TO 12

D(13,M)=D(13,M)+D (N,M)

NEXT N

NEXT M

FOR I=1 TO 6

FOR N=1 TO 6

Mz 6% (I=1)+N

FCILN) = CCI3, M)

NEXT N

NEXT 1

REM SOLUTION OF FINAL SET OF EQUATIONS BY MATRIX INVERSION
MAT Z=INV(F)

PRINT "TENSOR COMPONENTS Y,Z,X,YZ,ZX,XY"
FOR L=1 TO 6

FOR J=1 TO 6

T(L,d) = Z(L,J) * DC13,J)

T(L, =T (L, D+T(L,J)

NEXT J

PRINT T(L,T)

NEXT L

FOR Nz1 TO 12

UCI3) = UC13) + UCN) + 2

NEXT N

FOR N=1 TO 6

HNI=Z (N, NDT .5

NEXT/ N

FOR Nz=1 TO 6

ECN) = TCN,7) % DCI3,N)

NEXT N

0 = UCI3) = (EC1+E(2)+E (3)+E (4)+E (5)+E (6))
PRINT "RESIDUAL SUM OF SQUARES"

PRINT @

S = (Q/C12-6)) 1t .5

PRINT"STANDARD DEVIATION ABOUT FITTED REGRESSION LINE"
PRINT S

PRINT"STANDARD ERROR FOR TENSOR COMPONENTS"
FOR N=1 TO 6

B(N)=S*H (N)

PRINT B(N)

NEXT N

END
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RUN
TRIAX 12 12341 ?1/03/78 TUESDAY To1

FLASTIC MODULUS (1820@¢@@ PSI) AND POISS. RATIO
511 .26
STRAIN READINGS Ul TO Ul2 IN @.002281 IN./IN.
375 -
-95
365
180
1160
1000
350
535
480
615
345
200 :
TENSOR COMPONENTS Y,Z,X,YZ,ZX,XY
1663.,29
2882,
2509 ,72
-882,083
40,976
-543,181
RESIDUAL SUM OF SQUARES
1041 '
STANDARD DEVIATION ABOUT FITTED REGRESSION LINE
13,1719
STANDARD ERROR FOR TENSOR COMPONENTS.
20,88
34,1328
20.881
15,4209
15,4209
12,0314
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