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STRESsOUT—A DATA REDUCTION PROGRAM FOR INFERRING STRESS
STATE OF ROCK HAVING ISOTROPIC MATERIAL PROPERTIES:
A USER’S MANUAL

By Mark K. Larson’

ABSTRACT

Researchers at the U.S. Bureau of Mines have developed a FORTRAN computer program that can
calculate stress states from overcoring measurements obtained from hollow inclusion cells, triaxial cells,
strain gauges installed on the wall of a bored raise, doorstopper gauges, borehole deformation gauges,
or a combination of any of these gauges. Such stress states are calculated with reference to global and
principal coordinate systems.

The background of the development of the program, its capabililies, and its special features, as well
as the input required, are described in this report. Sample output is also shown in appendix C.

Difficulties associated with numerical calculations of principal stresses and directions are pointed out.
Threshold values for detecting these problems are reported; these values may be changed by the user
as desired.

Several test problems were set up to verify the computer program and were successfully solved.

"Mining engineer, Spokane Research Center, U.S. Bureau of Mines, Spokane, WA.



INTRODUCTION

As more difficult ground conditions are encountered
during underground mining operations, mining engincers
are increasingly integrating the principles of rock me-
chanics into the design of excavations and mine layouts.
To do this, estimates of the stress state in the surrounding
rock mass become more important. A vital link to esti-
mating stress-state components is a computer routine that
will calculate the best fit stress state given the specific
data.

As part of its program to improve mine safety, the U.S.
Burcau of Mines has developed and tested such a com-
puter program. STRESsOUT fits the stress state to col-
lected measurements using the least-squares method. This
method was demonstrated by Panek (I)? for overcoring
data obtained from a borehole deformation gauge devel-
oped by the Bureau.

STRESsOUT is a modification of the program
MIMSICELL (2), written by D. J. Fitzgerald, which re-
duces measurements obtained during overcoring with the
hollow inclusion stress cell developed by the Common-
wealth Scientific and Industrial Research Organization
(CSIRO),* Mount Waverley, Australia. The analysis was
for a continuous, isotropic, linearly elastic rock medium.
There were threc significant disadvantages in using
MIMSICELL.

1. Although MIMSICELL was structured to include
the possibility of reducing measurements obtained from
doorstopper gauges and other instruments, these routines
were never included in the code.

2, Because MIMSICELL was written before the full
set of equations for K-factors, which relate an analysis to
strains in the instrument’s epoxy shell, were derived (3),
K-factor equations were not included. Instead, constant
values for the K-factors were assumed, and the depend-
ence of the K-factors on the properties- of the host rock
and the cell, the size of the borehole, and the radial posi-
tion of the strain gauge in the epoxy shell was neglected.

3. MIMSICELL’s option to determine fitted elastic
rock properties, based on results from a biaxial compres-
sion test on overcores, was flawed because it assumed
values for the K-factors,

Ytalic numbers in parentheses refer to items in the list of references
preceding the appendixes at the end of this report.
Reference to specific products does not imply endorsement by the
U.S. Bureau of Mines.

The MIMSICELL program was improved when
Jalkanen (4) wrote a subroutine to calculate the K-factors
and developed a scheme that iteratively determined the
elastic properties of the rock and the K-factors when
biaxial compression data from tests on the overcores were
given. These improvements were incorporated into the
STRESsQUT program.

An imperfection was later discovered in the
MIMSICELL program. In the code routing, principal
stresses and directions are calculated from fitted global
stress components according to the equations found in
reference 1. This procedure does not guarantee that the
principal stresses will be listed in a consistent, algebraic
order, nor does it guarantee a right-handed system. In
addition, singularities in the calculation routine, which
signify nonunique angles or other difficulties, and com-
puter errors created by rounding off generally resulted in
flawed calculations of principal directions.

At the suggestion of W. G. Pariseau, McKinnon pro-
fessor of mining engincering at the University of Utah,
changes were made in the code that would force algebraic
ordering of the principal stresses from maximum to min-
imum, force a right-handed principal system, and filter
out nonunique principal direction angles (azimuth and
inclination).

Other capabilities were added to the program at the
request of various users. STRESsOUT can now fit stress
states to measuremen(s from hollow inclusion cells, triaxial
cells, strain gauges installed on the walls of bored raises,
doorstopper gauges, borchole deformation gauges, or any
combination of these gauge types as long as the combin-
ation of measurements, boreholes, and borchole orienta-
tions are sufficient. Finally, STRESsOUT has been re-
vised so that a user can move through the program more
easily. Additional comments have been inserted in the
code to aid a user in understanding the flow of the
program.

In this manual, it is assumed that the user is acquainted
with the instruments for which this computer program was
written, the redundancies of measurements for each instru-
ment, the overcoring process, and how to screen measure-
ments. The number of measurements and boreholes re-
quired for each instrument to determine the stress state is
repeated to aid the discussion about using measurements
from several instrument types in the same analysis to
determine the stress state.
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PROGRAM PACKAGE AND SYSTEM REQUIREMENTS

The program package consists of one double-sided,
double-density IBM PC or IBM-compatible 5-1/4-in floppy
diskette and this report. A copy of the diskette can be
obtained by sending one double-sided, double-density,
5-1/4-in floppy diskette to the Spokane Research Center,
U.S. Bureau of Mines, East 315 Montgomery Ave.,
Spokane, WA 99207-2291, Requests for the package
should reference this report.

STRESsQUT 1is designed to be used on a computer
with a minimum of 256 Kb of random access memory
(RAM). Additional RAM may be needed if the user in-
creases the size of the arrays. The user should have a
FORTRAN compiler so that PARAMETER statements
and threshold values in the code may be changed as
desired.

PROGRAM CAPABILITIES

STRESsOUT fits six independent stress-state compo-
nents to overcoring data using the least-squares method.
The stress field near the measurement site is assumed to
be constant except for the effect of the boreholes. The
rock at each measurement site may be assigned a different
set of material properties, but the analysis assumes that
material properties of each overcore are isotropic and
lincarly elastic. The program also fits isotropic elastic
properties when data are provided from compressive bi-
axial tests on an overcore in those cases where a hollow
inclusion cell or a triaxial cell is bonded to the wall of the
borehole. The kinds of instruments and equations used in
the analysis are reviewed here to aid the user and to point
out features of STRESsOUT.

OVERCORING MEASUREMENTS

The program reduces measurements to stresses accord-
ing to

M; = {C}] {0} +c,, 1)
where M, = local measurement i,
{C}T = transposed vector of dimension 1 x 6
of coefficients for measurement i,
{e*} = vector of six independent stress com-

ponents in local coordinate system
(that is, the coordinate system of the
particular borehole),

and e; = error for ith measurement. The stress
components are fit by minimizing the
sum of the squared error. The stress
state is referred to a global coordin-
ate system (fig. 1) by
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where o, through o, stress state components in local

coordinate system,

stress state components in glob-
al coordinate system,

ann through oy

tranformation matrix,

[T]

and {5}

vector of gobal stress com-
ponents.

STRESsQUT has built in the various {C}T for hollow
inclusion cells, triaxial stress cells, strain gauges installed
on the wall of a bored raise, doorstopper gauges, and
borehole deformation gauges. A menu gives the user the
choice of reducing measurements from any one of these
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Figure 1.—Local xyz coordinate system with reference to
global coordinate system.

gauges or from a combination of any of these gauges. The
{C}T for each measurement is referenced to the global
coordinate system by multiplying {C}T by [T]. The
resulting coefficients are assembled in an [XX] array—that
is, the {C} T for one measurement (the ith measurement)
occupies one row (the ith row) in [XX]—and the measure-
ments are assembled in a {YY} array.

1 |Ki-» K, +

. Y cos(28) - (1 - ) cos(2a) (1 + cos(28.) K,

In performing the least-squares fit on N measure-
ments, the N x 6 matrix [XX] and the N x 1 array [YY]
are condensed to the 6 X 6 coefficient matrix [A] and the
6 x 1 array {B}, respectively. It is then possible to solve
equation 3 for the global stress-state components {9},
that is,

[A] {9} = {B}. 3

After solving for the global stress state, the program
calculates the principal stresses and directions in terms of
azimuth and inclination.

The {C}T for each instrument is shown next. In the
expressions below, a is an angle showing location or
orientation of the gauge of interest, and B is the tilt of the
gauge. The definition of positive a for hollow inclusion
cells, triaxial cells, strain gauges on the wall of a bored
raise, doorstopper gauges, and borehole deformation
gauges, respectively, are illustrated in figure 2. The former
three instruments also require angle B to define the tilt of
the strain gauge of interest. Referring to the polar co-
ordinate system, or raz coordinate system, positive 8 is
defined as the angle from the positive a-direction toward
the positive z-axis to the centerline of the strain gauge of
interest {fig. 3).* The definition of 8 in MIMSICELL is
different than in STRESsOUT (fig. 3).

Hollow Inclusion Cells

The transposed {C} T for hollow inclusion cells (2, 5-6)
is shown in equation 4 below

“The angle definition convention adopted for « and $ in
STRESsOUT is as follows: Let there be a right-handed coordinate
system 1,2.3. Let a,b.c also represent that system such that a,b,c rep-
resents an even permutation (that s, 1,2,3; 2,3,1; or 3,1,2). Looking from
the positive c-direction, the angle is delined as positive from the a-axs
caunterclockwise to the item of interest.

-

YM 2
-K K ]
- + Vv
Y;/[ 12 * 12 cos(2B8) + (1~ v?) cos(2a;) (1 + cos(28;)) K,
1 1- VK4 1+ VK4
{C)i = « YM| 2 B cos(25;) E “)
1

YM

1
| YM

[20:2 - D sin(2ay) (1 + cos(26)) Ky
?lﬁ [2(1 + ) cos(a;) sin(28)) K3

[-2(1+ ) sin(ay) sin(28;) Ky,
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where {C}; = ith vector of coefficients
(tranpose of {C} D),
K., Ky, K5, and K, = K-factorsthatrelatestrain
on the walls of a bore-
hole to the strain at the
locations of the strain
gauges (3),
YM = isotropic Young's modu-
lus,
v = isotropic Poisson’s ratio,
and a = angle between x-axis and

centerline of strain

gauge (fig. 2).
Triaxial Cells

{C}; for strain gauges in a triaxial cell (6-7) is the same
as in equation 4, except that K, K,, K, and K, are set
equal to 1.

Strain Gauges on Wall of Bored Raise

{C}, for strain gauges on the wall of a bored raise is
found by replacing K, K,, K,, and K, by 1.0 in equation 4
and treating the bored raise in the same way a borehole is
treated for a hollow inclusion cell or a triaxial cell.

This method consists of bonding strain gauge rosettes
directly to the wall of a bored raise in at least three loca-
tions of different orientation (different a). Each rosette
is overcored separately.

Doorstopper Gauges

{C}, for strain gauges on a doorstopper (7-8) is shown
in equation 5,

%[(a - Ub) COsz(ai) + (b - ua) Sinz(ai)]
?%‘1‘ [ (b - Ua) COsz(ai) + (a - Vb) Sinz(ai)]
{C}i=‘%[c(l-u)] :(5)
ﬁ [Zd(l +v) sin(a;) cos(a;) ]
0
. 0 )

= factors that describe stress concen-
trations on end of borehole.

where a, b, ¢, d

Several researchers have proposed values of, or equa-
tions for, finding the stress concentration factors (table 1}).
STRESsOUT has three options for determining the stress
concentration factors. The first option is to calculate the
factors with the equations proposed by Rahn (9), which he
obtained from results of a finite-element analysis using
axisymmetric elements.

132 + 0.08v (1 +v),

-0.12 + 0.18v (1 + 2.55v),
= -1.09 x (0.33 +v),

=a-b. (6)

(=T ST = ]
1]

and



Table 1.—Stress concentration factors at flat end of borghole
In Isotropic rocks {after Rahn (9))

Method v a b [ Source
Photoelastic 048 155 0O NM
experiment. 29 151 0 M }Leeman, 1964 (8).
26 153 0 NM
Da. 47 156 0O NM Galle and Wilhiot,
1966 (710).
Experiment ... 22 156 OQ NM Hoskins, 1967 (171).
Do. 44 142 -06 -1.10
37 138 .20 -98 pHiramatsu and Cka,
29 132 -29 -82) 1968 (12).
Photoelastic 48 125 -07 -85
experiment. 35 128 -02 -74 }Van Heerden,
30 124 -07 71
26 122 -10 -e7) 1982013

Coates and Yu,

FEM 4 1456 0 -51
(axisymmetric}. .3 1.41 -04 -84
2 140 -08 -75

0" 13 -12 -s2) 'TOU4
Experiment ... 38 125 0 NM Bonnechere and
Fairhurst, 1971
(15).
Dynamic 45 145 NM -85
relaxation. 4 1.35 NM - 81
3 1.28 NM
5 195 NM GD Hiltscher, 1971 (76).
A 1.21 NM -51
0 112 NM -41)
BIEM (3-D) .. .. 475 133 .08 -91)
4 138 03 -82
3 136 .03 -70
25 136 -05 -84 >Hocking, 1976 (17).
2 1.35 -07 -58
A 1.34 -10 -48
0 1.33 -13  -37.
FEM (annual or 475 137 06 -86)
elements). 4 1.36 .02 -80
g lgi g; 23 >Rahn, 1981 (78).
A 1.33 -10 -.47
] 1,32 -18 -37)
BIEM Boundary-integral-element method.
FEM Finita-element method.
NM Not measured,

NOTE.—Data arranged in chronological order.

The second option uses a series of equations that were
fit to results from a threc-dimensional, boundary-element
analysis performed by Hocking (17), in which:

= 1.3302 + 0.085290v + 0.087445.2,

=a
n

~0.12745 + 0.17342v + 0.54919.2,
¢ = -0.37140 - 1.0139v - 0.25717v%,
and d=a-b. O]

The third option is a series of user-supplied values for
a, b, ¢, and d.

The Rahn and Hocking options give stress concen-
tration factors that are state of the art. Values from both
options are very similar. However, if the user wants to use
other values, table 1 may be used as a guide.

Borehole Deformation Gauges

The {C}, that relates the change in stress state to the
change in borehole diameter measured with a borehole
deformation gauge is shown in equation 8 (19).

5

(Dram [1+2(1 -1?) cos(2a)]

DIAM
YM

DIAM _V]
O . ®

DIAM

[1 -2(1 - vz) cos(hi)]

[4(1 - ) sin(2ay |

g
[ 0 J

DIAM

where = diameter of borchole.

The instrument and the measurement method are de-
scribed in Merrill (20) and Leeman (21), while the over-
coring method is described in Hooker and Bickel {22).

Combination of instruments

The use of this option may be better demonstrated with
an example.

Suppose that an engineer desires to measure the stress
state in some area of an underground mine and so selects
a site at the end of a drift or crosscut. Suppose alse that
a hollow inclusion cell is overcored in the first borehole,
a borehole deformation gauge is overcored in the second
borehole, and a doorstopper is overcored in the third
borehole (fig. 4).

Examination of the overcore of the hollow inclusion
gauge reveals poor bonding or air bubbles in the epoxy
near two of the rosettes, thus requiring the elimination of
six of the nine strain gauges when determining the stress
state. Assuming that there is reason for confidence in the
other three readings from the hollow inclusien cell and
that there is no reason to discount the three measurements
from the borehole deformation gauge or the four measure-
ments from the doorstopper gauge, then the measurements
from all three instrument types may be used together to
determine the stress state even though the measurements
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example scenario for which measurements from combination of
instrument types are used to infer stress state,

of each gauge type are insufficient in themselves to make
the determination.’

In combining these readings, the [XX] array contains
the {C}7T transformed to the global coordinate system
corresponding to each measurement. For example, the
first three rows of the array would contain the transformed
{C}T shown in equation 4 for the hollow inclusion cell,
which corresponds to the three good strain measurements.
According to equation 8, the next three rows would have
the transformed {C} T for the three borehole deformation

gauge measurements. The final four rows of [XX] would
contain the {C}7T shown in equation 5 transformed to the
global coordinate system, which corresponds to the four
doorstopper measurcments.

The {YY} array contains the three hollow inclu-
sion cell measurements, the three borehole deformation
gauge measurements, and finally, the four doorstopper
measurements.

BIAXIAL TEST MEASUREMENTS

STRESsQUT solves for the isotropic Young’s modulus
and Poisson’s ratio using data from a biaxial compression
test on an overcore obtained with a hollow inclusion stress
cell or a triaxial cell. Only Young’s modulus can be deter-
mined from biaxial compression test data of an overcore
collected with a borehole deformation gauge; this routine,
found in Kim and Franklin (6), was not included in
STRESsQUT.

STRESsOQUT has two options for biaxial test data, The
first option is for measurements taken with a hollow
inclusion cell. The program must determine K-factors
through a predictor-corrector scheme proposed by
Jalkanen (4). Initial estimates of K; and Cl factors®
provide a beginning point, after which the program fits
the rock elastic properties and calculates new K-factors.
It then corrects rock properties by calculating the least-
squares fit on the basis of the latest K-factors. This iter-
ative process continues until improvements in both K, and
C1 are less than a tolerance specified by the user. A sug-
gested tolerance is given in the section “Input Data.”

The second biaxial test data option is for measurements
taken with a triaxial cell. In this calculation, the K-factors
are set equal to 1.0, so that the program calculates the ma-
terial properties directly using the least-squares method.

MODIFICATIONS

Several modifications to MIMSICELL in STRESsOUT
were incorporated to enhance the program. These
changes are described as follows:

To determine the stress state from borehole deformation gauge
measurements, the user is referred to Moody (23}, who peints out that
Leeman's assertion (27) that three nonparallel measurements in each of
two borcholes are required to determine the six independent stress
components is false. Instead, Moody states that a total of six meas-
urements from three nonparalicl boreholes is required. The same
requirements apply for doorstopper gauge measurements. Gray and
Tocws (24) discuss requircd mcasurements from doorstopper gauges
in addition to the borehole deformation gauges.

For strain measurements obtained with hollow inclusion cells, triaxial
cells, or gauges on the wall of a bored raise, a total of at least six
measurements from more than two locations on the wall of the borehole
or bored raise are necded (J1).

1. Angle 8 (fig. 3), which describes the tilt of strain
gauges for hollow inclusion cells, triaxial cells, or strain
gauges on the wall of a bored raise, is defined differ-
ently in this manual than in the installation manual for the
CSIRO HICell (2) and in MIMSICELL. In STRESsOUT,
B is defined (with reference to the polar coordinate system
raz) as positive from the positive a-axis counterclockwise
to the axis of the gauge when looking from the positive
r-axis toward the negative r-direction.” The equations in
the hollow inclusion cell subroutine have been adjusted to

SThis C1 is not the C, described by Duncan Fama and Pender (3},
but that C, without the radii squared. In the STRESsOUT program, Cl
is a variable used in subroutine MODCAL to set up the system of
cquations to solve for the material properties of an overcore.

’See footnote 4.



reflect this change. Angle o, the local coordinate system,
and the global coordinate system are unchanged.

2. The user designates whether input is entered from
a keyboard or from a file.

3. Allinput is in free format, except input for character
variables.

4. The user may enter material properties or applied
stresses from biaxial tests in either English or metric units.
The program prompts the user to designate which system
is desired.

5. All floating point variables are of the REAL*8 type.
Having all variables involved in the least-squares sum-
mation and the matrix-solving routine in double precision
achieves greater accuracy.

6. Six COMMON blocks minimize storage require-
ments. MEAS includes arrays having information about
the measurements. BH contains arrays of angles describ-
ing orientation of boreholes. LS contains matrices with
assembled equations that will provide the fitted least-
squares solution when solved. The MP block contains the
material properties, and BIAX includes a pointer and a
flag used in the biaxial test data routine. FILE has the
paramgeter IFL, which designates whether the input comes
from a keyboard or a file.

7. The number of maximum measurements (currently
98) can be changed easily by setting NDIM?# equal to an-
other value (other than 99) in all FORTRAN PARAME-
TER statements in the code.

8. The program can handle measurements from sever-
al boreholes in the same analysis. The maximum number
of boreholes is currently set at 10. This number is easily
altered by setting NBHL to the desired value in all appro-
priate PARAMETER statements.

9. The program can handle multiple sets of isotropic
properties in the same analysis. The maximum number of

sets of properties is currently set at 10. This number is
casily altered by setting NMTYP to the desired value in all
appropriate PARAMETER statements.

10. The program can handle multiple values of bore-
hole diameter in the borehole deformation gauge analysis.
This capability should be used when the borehole diameter
differs among overcores. The maximum number of differ-
ent borehole diameters is currently set at 10, This number
is casily altered by setting NDIA to the desired value in all
appropriate PARAMETER statements.

11. MIMSICELL calculates a least-squares fit based
on all measurements and calculates successive fittings
after eliminating that measurement with the greatest ab-
solute difference from the fitted strain. This process
continues until the number of measurements is one more
than the number required to determine the stress state.
STRESsOUT goes through the same procedure, but the
program prompts the user to designate the number of
successive measurements to be eliminated in this fashion.
The prompt informs the user as to the maximum number
of measurements that can be eliminated but that will still
yicld an overdetermined system of equations so that the
program can determine a solution and perform a statistical
analysis.

12. The program can combine measurements from
various gauge types for fitting the stress state. However,
care must be taken to satisfy the necessary conditions for
determining the stress state.

13. To aid in determining whether sufficient condi-
tions for determining the stress state have been met (that
is, whether six independent equations of the form of equa-
tion 1 are established by the selection of measurements),
the determinant of the 6 x 6 cocfficient matrix [A] (the
cocfficient matrix formed in the least-squares fit} is cal-
culated and displayed. The analysis proceeds no further
if the determinant shows that the matrix is singular,
which indicates that there are less than six independent
equations.

CODE STRUCTURE

STRESsOUT consists of a mainline program, nine sub-
routines, and two functions. The mainline program, SO-
MAIN, acts as a menu and calls up appropriate subrou-
tines according to input (figs. 5-6).

8NDIM » maximum number of measurements + 1, which gives
room to enter a dummy measurement that fulfills the escape clause for
exiting from the measurement input routine.

MAINLINE PROGRAM (SO-MAIN)
Selects type of input (keyboard or file) and output file.
Selects type of data (overcore or biaxial).

Calls READ1.
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Mainline Program READ1
(SO-MAIN) — Optional
Menu: SFTI.NC KFACT
1= Hollow inclu-— (Optiens 1,
sion cell 2, 3, 6) - DCS
2— Triaxial cell
32— Bored raise DOORST DCS
4— Doorstopper (Options
gauge —-— 4, 6)
5- Borehole
deformation BDG o DCS
gauge (Options
6— Combination
5, B)
of these L
C— End program
MULTR "] DETERM DETSUM
- MATINV
Figure 5.—Dlagram of overcoring options for STRESsOUT.
Mainline - "1 READT
Program
(SO—MA|N) Option 7 Loop’ -
1 MODCAL MULTR DETERM |e DETSUM
Menu:
7— Hollow inclu— - - MATINV
sion cell
8- Triaxial cell KFACT
O0- End program
Option 8 _ _ L
MODCAL MULTR DETERM | DETSUM
_ - | MATINV

Figure 6.—Dlagram of blaxial test options for STRESsOUT.




Calls appropriate subroutine for type of data:

SFTINC for hollow inclusion, triaxial, or bored raise
data,

DOORST for doorstopper data,
BDG for Bureau borehole deformation gauge data,
MODCAL for biaxial test data.

Subroutines SFTINC, DOORST, and BDG assemble
the matrices, except where measurements from dif-
ferent instrument types are combined. In this case,
SO-MAIN assembles the coefficient matrix and the
measurement matrix. For biaxial data, MODCAL
runs the appropriate analysis.

Calls MULTR for overcoring data.
SUBROUTINES

READ1 Reads and writes information about instru-
ments, their location, elastic properties,
and borehole orientations to the output

file.

SFTINC Reads or calculates K-factors for hollow in-
clusion cell; calls KFACT to calculate K-
factors if indicated; sets K-factors to 1.0

for triaxial cells or bored raise data
(fig. 5).

Reads measurements, angles, borehole num-
bers, and material types.

Calculates coefficient matrix elements.
Calls DCS to calculate direction cosines.

If indicated, writes local and global coefficients
to output file.

DOORST Reads stress concentration factor option.

Computes or reads in stress concentration
factors.

Reads doorstopper gauge measurements, ori-
entation angles, borehole numbers, and

material types.

Calculates coefficient matrix elements.
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Calls DCS to calculate direction cosines.

If indicated, writes local and global coeffi-
cients to output file,

BDG Reads diameters of boreholes.

Reads measurements obtained from borehole
deformation gauges, orientation angles,
borehole numbers, material types, and
borehole diameter designations.

Calculates coelficient matrix elements.

Calls DCS to calculate direction cosines.

Ifindicated, writes local and global coefficients
to output file.

MODCAL Reads inner and outer diameters of overcores.

Reads biaxial test data, that is, strain, stress,
and tilt angle of gauges.

Assembles coefficients

matrices.

of equations in

For hollow inclusion cells:
Reads properties and geometries of cells
and reads estimates for correction

factors.

Executes iterative cycle to determine rock
properties and K-factors:

Calls MULTR to fit rock properties.

Calls KFACT to calculate K-factors
with current rock properties.

Checks improvement; if below tol-
erance, stops iteration cycle.

Recalculates coefficients.
For triaxial celis:

Calls MULTR to fit rock properties.

KFACT  Calculates K-factors for given geometries and
material properties of overcores and hol-
low inclusion cells.

DCS Calculates direction cosines relating local and

global coordinate systems.
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MULTR  Reads number of additional analytical runs in
which the measurements farthest from the
fitted solution are eliminated.

Calculates principal stresses and directions
in the case of overcoring data; writes
results to output file.

Assembles least-squares coefficient matrixand  DETERM  Calculates the determinant of a matrix passed

vector. as an argument.
Runs output cycle: Enters a loop to sum the product of the
oo . . . clements. In doing so, it calls DETSUM to

If indicated, writes coelficients of equations calculate products of the elements it
to be solved to output file. designates.

Cal::sOEfEﬁ':gl:f\:nt;f;lculale determinant of NDETSUM Calculates the product of designated elements

) of the matrix.

If matrix is singular, makes no attempt to ) . .
solve for t}%c global stresses or l;ock MATINV  Inverts coefficient matrix and solves matrix
properties; instead, returns to calling equation, storing the result in the one-
program or subroutine. dimensional array B(6,1).

Calls MATINY to invert coelficient matrix  ASIN External function that determines the arc sine
and calculate global stresses (or rock of the variable X.
properties, if these are biaxial test
data); writes results to output file. ACOS External function that determines the arc

cosine of the variable X.

Performs analysis of variance of results;
writes results to output file.

INPUT DATA

The information presented here will assist the user in
preparing input for the program. Terminal prompts are
listed and required input is described.

STRESsOUT is designed as an interactive program, but
it is likely that the user will want to gather all input data
into a file, because the task of entering data from a key-
board is very tedious. Reviewing sample input files listed
in appendix B may be of some help.

The general information to be entered depends on
whether an overcoring or a biaxial test option is selected.
For any option, prompts differ according to instrument
type. Below, the prompts and input data will be handled
according to the instrument option selected. (The line-by-
line prompts shown on the computer screen are indicated
by bold lettering.)

Step 1
ENTER 0 TO INPUT DATA FROM A KEYBOARD
1 TO ACCEPT INPUT FROM A DATA FILE

The variable read is IFL. The user should enter either
0 or 1 and press Return. The prompt will be repeated if

any character other than 0 or 1 is entered. Here, 0 and 1
are the unit numbers of input devices, but they can be
changed to be compatible with various systems or com-
pilers. If a change in unit numbers is desired, the changes
must be made in the following lines of code of the
mainline program:

1. 11 FORMAT (etc.).
2. The IF statement
READ(**) IFL statement.
3. OPEN (UNIT=1, etc.).

immediately following the

Step 2
1f the user enters 1 for IFL, the next prompt is
ENTER INPUT DATA FILE NAME

The variable name is IOUTPI. Up to 36 characters can
be entered for the file name, including the path.

Step 3

HELLO, YOU ARE RUNNING PROGRAM



*  STRESsOQUT *
*  (Version 1.00) *

A MULTIPLE LINEAR REGRESSION PROGRAM
FOR DETERMINING STRESS

COMPONENTS FROM STRAIN
PLACEMENT READINGS.

GAUGE OR DIS-

TYPE IN THE CODE APPROPRIATE TO YOUR DATA:
0-STOP..NO MORE DATA
OVERCORING DATA
1-HOLLOW INCLUSION CELL
2-TRIAXIAL CELL
3-STRAIN GAUGES ON WALL OF BORED RAISE
4-DOORSTOPPER GAUGE
5-BOREHOLE DEFORMATION GAUGE
6-COMBINATION OF THE ABOVE
BIAXIAL COMPRESSION DATA ON OVERCORE
7-HOLLOW INCLUSION CELL
8-TRIAXIAL CELL
The variable is IDTYPE. The user should enter the
code for the appropriate option. Option 0 ends the pro-
gram. Option 6 allows the user to use measurements from
various types of instruments (soft inclusion cell, strain
gauge on wall of bored raise, doorstopper gauge, borehole
deformation gauge) in fitting the stress state.
Step 4
TYPE IN OUTPUT FILE NAME
The variable name is IOUTPT. Up to 36 characters
may be entered for the file name. To protect existing
output files, the program searches for the file name. If
that name already exists, the statement FILE ALREADY

EXISTS appears on the screen and the program ends
without the file being replaced.
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Step 5

DO YOU WANT MATRIX COEFFICIENTS PRINTED?
(Y/N)

The variable is ANS. The input must be Y or N in
either uppercase or lowercase. The matrix coefficients are
the elements of the N X 6 matrix in both local and global
coordinate systems. Generally, the user will not want
these coefficients in the output file. The program will
repeat the prompt if the user does not supply acceptable
characters.

Step 6

The program now enters READ1.,

TYPE IN LABEL DESCRIBING INSTRUMENT TYPE(S)

The variable is CTYPE. The user may enter 1 line of
up to 80 characters.

Step 7
TYPE IN TEST SITE LOCATION INFORMATION

The variable is CLOC. The user may enter 1 line of up
to 80 characters.

Step 8
For options 1 through 6, the prompt is

TYPE IN NORTHING, EASTING, AND ELEVATION OF
TEST SITE

The variables are NORT, EAST, and ELEV, entered
in free format. If option 7 or 8 was selected, skip this step
and proceed to step 9.

Step 9

For overcoring options 1 through 6, the prompt is
TYPE IN DATE OF INSTALLATION INFORMATION

For biaxial test options, the prompt is

TYPE IN DATE OF BIAXIAL TEST

The variable in either case is DATI.
enter 1 line of up to 80 characters.

The user may
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Step 10
For overcoring options 1 through 6, the prompt is
TYPE IN DATE OF OVERCORING INFORMATION
The variable is DATO. The user may enter 1 line of
up to 80 characters. If biaxial test option 7 or 8 was
selected, skip this step and proceed to step 11.
Step 11

For overcoring options 1 through 6, the prompt is

TYPE IN § LINES OF 80 CHARACTERS OR LESS
DESCRIBING

SETTING DEPTH
INSTRUMENT

INFORMATION FOR EACH

(Return after each line)

The variables (one per line) are CLAB1, CLAB2,
CLAB3, CLAB4, and CLABS5. As indicated in the
prompt, each line may contain as many as 80 characters.

For biaxial test option 7 or 8, the prompt is

TYPE IN LINES OF 80 CHARACTERS OR LESS
DESCRIBING

OVERCORE (LENGTH, ROCK TYPE, CONDITION,
ETC.)

(Return after each line)
Step 12
ENTER NUMBER OF MATERIAL TYPES

The variable is NMAT, which must be entered as an
integer.

Step 13

The program allows the user to enter Young's modulus
in either English or metric units. The next prompt asks
the user to designate which one.

ENTER E IF ROCK MODULUS WILL BE INPUT IN
ENGLISH UNITS (psi)

M IF ROCK MODULUS WILL BE INPUT IN
METRIC UNITS (GPa)

The variable is IMPMET, which accepts one character.
The prompt will be repeated if a character other than E,
e, M, or m is entered.

Step 13.A
If E or e is selected, the next prompt is

ENTER THE ELASTIC PROPERTIES FOR MATERIAL
#H#:

POISSON’S RATIOQ (in/in) AND YOUNG’S MODULUS
(*10*%*6 psi)

## is a counter suppled by the program and ranges
from 1 to NMAT. The variables PR (isotropic Poisson’s
ratio) and YM are entered in frec format. The prompt
repeats if the user enters 0. for Young’s modulus. The
value of Young's modulus in metric units (YMM in giga-
pascals) is calculated in the program (YMM = YM X
6.895).

The calculations of the program are in English units.
However, the answers are written to the output file in both
English and metric units.

Step 13.B
If M or m is selected, the next prompt is

ENTER THE ELASTIC PROPERTIES FOR MATERIAL
it

POISSON’S RATIO (m/m) AND YOUNG’S MODULUS
{(GPa)

## is a counter supplied by the program and ranges
from 1 to NMAT. The variables PR and YMM are
entered in free format. The prompt repeats if the user
enters 0. for Young’s modulus. The value of Young’s
modulus in English units (YM in pounds of force per
square inch) is calenlated in the program (YM =
YMM/6.895).°

Step 14

ENTER NUMBER OF BOREHOLES (OR BORED
RAISES)

®After the material properties input loop is finished, three warnings
may be written to the output file following the material properties table
if unusual or unreasonable values of material propertics have been
entercd. See appendix A for specific warnings and conditions under
which these warnings appear.



The variable is NUMBH, which must be entered as an
integer.

Step 15

ENTER AZIMUTH (DEGREES CLOCKWISE FROM
NORTH)

AND INCLINATION (DEGREES POS. DOWN, NEG.
UP)

FOR BOREHOLE (OR BORED RAISE) ##

This prompt and format is repecated NUMBH times,
and input must be supplied after each prompt. The
azimuths and inclinations are stored in the arrays
AZ(NBHL) and DP(NBHL), where NBHL is the dimen-
sion of the array. NBHL can be altered by changing the
appropriate number in the FORTRAN PARAMETER
statements. NBHL is currently set at 10. AZ(##) and
DP(##) (where ## represents the value of the DO loop
counter) are entered in free format,

The borehole azimuth as defined in the program is the
angle clockwise from north to the vertical plane containing
the centerline of the borehole, such that the line of sight
from the vertex of the angle is into the borehole. The
borehole inclination is the smallest angle from the hori-
zontal plane to the centerline of the borehole and is
defined as positive down. Thus, a vertical borehole down-
ward has an inclination of 90.0° and a vertical borehole
upward has an inclination of -90.0°

The local x-axis (fig. 1) is (1) the direction in a plane
perpendicular to the z-axis (which is the centerline of the
borehole) that forms the largest angle with and above the
herizontal plane, and (2) the direction north if the bore-
hole is vertically up or down. The azimuth of a borchole
that is vertical 1s nonunique, but as a result of the def-
inition of the local x-axis, the azimuth must be entered as
0.0 for a vertical borehole, whether that borehole is up or
down.

Step 16

At this point, different subroutines are called, de-
pending on which option the user selected in step 3 of
the SO-MAIN menu. Under the options for overcoring
data, the program may call one or more of the three
subroutines SFTINC, DOORST, or BDG. For example,
if option 1, hollow inclusion cell, was chosen, then the
program calls up the subroutine appropriate for that
option, in this case SFTINC (fig. 5). Under the options
for biaxial data, the program calls MODCAL, which
performs the appropriate analysis for a bollow inclusion
cell or a triaxial cell as selected in step 3 (fig. 6).
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OPTIONS—OVERCORING DATA
Step 16: Option 1—Hollow Inclusion Cell

To analyze measurements taken with a hollow inclusion
cell, subroutine SFTINC is called.

Option 1, I
ENTER 1 IF K-FACTORS ARE TO BE INPUT

2 IF K-FACTORS ARE TO BE CALCU-
LATED

The variable, KFFLAG, is an integer. If KFFLAG is
set to 1, the user must supply the K-factors. If KFFLAG
is set to 2, the program will call subroutine KFACT to
calculate the K-factors using cell properties supplied by the
user.

Option 1, I1.1
If KFFLAG is 1, the prompt is
ENTER K1, K2, K3, AND K4 FOR MATERIAL ##

The factors (variables) Kl##, K2##, K3##, and
Kd4## (where ## represents the value of the DO loop
counter) are entered in free format. These factors com-
pensate for the fact that the strain gauges are embedded
in a hollow inclusion stress cell rather than bonded directly
to the wall, If strain gauges arc bonded to the borehole
wall, cach of the K-factors should be set to 1. (See ref-
ercnce 3 for the derivation of the equations for calculating
these variables.)

Option 1, II.2
If KFFLAG is 2, the series of prompts is

ENTER E IF EPOXY CELL MODULUS WILL BE
INPUT IN ENGLISH UNITS (psi)

M IF EPOXY CELL MODULUS WILL BE
INPUT IN METRIC UNITS (GPa)

The variable is IMPMET, which accepts one character.
The prompt repeats if a character other than E, e, M, or
m is entered.

Option 1, 1.2.a
If E or e is selected, the next prompt is

FOR HOLLOW INCLUSION CELL, ENTER:

PQISSON’S RATIO OF EPOXY,
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YOUNG’S MODULUS OF EPOXY (*10%%6 psi),

INNER RADIUS OF CELL,

OUTER RADIUS OF EPOXY OR HOLE,

AND RADIUS OF STRAIN GAUGES.

The variables are V1, E1, R1, R2, and P, entered
in free format. The program will convert Young's mod-
ulus of the epoxy to metric units for later output
(EIM = E1 x 6.895).

Option 1, I1.2.b

If M or m is selected, the next prompt is

FOR HOLLOW INCLUSION CELL, ENTER:

POISSON'’S RATIO OF EPOXY,

YOUNG’S MODULUS OF EPOXY (GPa),

INNER RADIUS OF CELL,

OUTER RADIUS OF EPOXY OR HOLE,

AND RADIUS OF STRAIN GAUGES.

The variables are V1, EIM, R1, R2, and P, entered
in free format. The program will convert Young’s mod-
ulus of the epoxy to English units for later output
(E1 = E1M/6.895).

The variables R1, R2, and P may be entered in any unit
of measure as long as each variable is entered in that same
unit. This is because the variables only appear as ratios in
the calculation of K-factars.

Option 1, III
ENTER MICROSTRAIN,

ALPHA (GAUGE ORIENTATION ANGLE CLOCK-
WISE FROM UP OR NORTH),

BETA (TILT OF GAUGE),

BOREHOLE NUMBER,

AND MATERIAL TYPE,

ENTER 0 FOR BOREHOLE NUMBER OR MATE-

RIAL TYPE TO END MEASUREMENT INPUT
LOOP.

TYPE IN MICROSTRAIN, ALPHA, BETA, BORE-
HOLE NUMBER,

AND MATERIAL TYPE FOR READING ###.

### is a counter supplied by the program. Micro-
strain (the measurement in microlength per length), alpha
(in degrees), and beta (in degrees) are real numbers, while
the borehole number and the material type are integers.
These variables are stored in arrays STR(NDIM), ALP
(NDIM), BET(NDIM), NBH(NDIM), and MT(NDIM}),
respectively, whereas NDIM is the maximum size of the
arrays. The last two lines of the prompt repeat until 0 is
entercd for borehole number or material type, which
forces an exit from the loop.

The maximum number of measurements that can be
analyzed is NDIM - 1, since there must be one level left to
enter a dummy measurement line, such as 0. 0. 0. 0 0, to
leave the measurement input loop. NDIM is currently set
at 99, but this number can be altered by changing the
value in all FORTRAN PARAMETER statements.

Option 1, IV and V

At this point, the program returns to SO-MAIN (IV)
and subroutine MULTR (V) is called.

ENTER NUMBER OF RUN PASSES
EXECUTED

TO BE

IN WHICH SUCCESSIVELY WORST READINGS
ARE ELIMINATED;

NUMBER MUST BE EQUAL TO OR LESS THAN
(MAXDEL).

MAXDEL is a number supplied by the program and is
equal to the number of measurements minus the number
of independent parameters minus 1. Here, it is equal to
7 less than the number of measurements. The variable
input is NDEL, an integer. If NDEL exceeds MAXDEL,
the prompt will be repeated.

NDEL indicates how many runs should be executed so
that the measurement with the greatest absolute difference
from the "fitted measurement" (calculated using the fitted
stresses) will be eliminated. For example, in a series of
nine measurcments, MAXDEL is 2. If the user enters 2
for NDEL, the program will perform three analytical runs._
The first run will fit the stresses to all nine measurements.
The next two runs will fit stresses to all measurements
used in the previous run except the measurement with the
greatest absolute difference.

After assembling the coefficient matrix [A] and the
vector {B} (equation 3) in each analysis run, DETERM is
called to calculate the determinant of [A]. If the absolute



value of the determinant is less than a threshold value, the
matrix is considered to be singular and the program will
abort the analysis runs (see paragraphs 4 through 6 in the
"Threshold Values for Numerical Problem Identification”
section). Go to step 3.

Option 1, VI
Return to SO-MAIN menu (step 3).
Step 16: Option 2—Triaxial Cell

To analyze measurements of strain obtained from over-
cored triaxial cells, subroutine SFTINC is called. The
program goes directly to the prompts in option 1, 11T, and
proceeds through IV, V, and VI

Step 16: Option 3—Bored Raise Gauge

To analyze measurements of strain obtained from
overcored gauges bonded to the wall of a bored raise,
subroutine SFTINC is called. The program goes directly
to the prompts in option 1, IIT, and proceeds through IV,
V, and VL.

Step 16: Option 4—Doorstopper Gauge

To analyze measurements taken from overcored door-
stopper gauges, subroutine DOORST is called.

Option 4, 1

SELECT OPTION FOR STRESS CONCENTRATION
FACTORS

1 - FACTORS ACCORDING TO RAHN (1984)
(AXISYMMETRIC ELEMENTS)

2 - FACTORS BASED ON HOCKING (1976) (3-D
BEM)

3 - SELECT OWN FACTORS

The variable is IFTYPE, of integer type. If the user
does not supply an input of 1, 2, or 3, the prompt will re-
peat. The program computes the stress concentration fac-
tors, which are attempts to take into account the effect of
stress concentration at the end of the hole for 1 and 2.

Option 4, IT

If 3 is selected, the user must supply the stress con-
centration factors a, b, ¢, and d. The next prompt will be

ENTER STRESS CONCENTRATION FACTORS a,
b, ¢, AND d

FOR MATERIAL ##
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The variables are Al##, Bl##, Cl##, and D1#+#
(where ## represents the value of the DO loop counter).
The purpose of 1 in the variable names is to prevent
confusion with the arrays A, B, C, and D.

Table 1 is a summary of stress concentration values for
isotropic rock obtained by several researchers. The user
may refer to this information as a guide for selecting
values. The factor d is determined by the difference a - b.
Option 4, 1T

ENTER MICROSTRAIN,

ALPHA (GAUGE ORIENTATION ANGLE CLOCK-
WISE FROM UP OR NORTH),

BOREHOLE NUMBER,
AND MATERIAL TYPE.

ENTER 0 FOR BOREHOLE NUMBER OR MATE-
RIAL TYPE

TO END MEASUREMENT INPUT LOQOP.

TYPE IN MICROSTRAIN, ALPHA, BOREHOLE
NUMBER, AND MATERIAL TYPE

FOR READING ###.
Input continues as in optien 1, IV, V, and VI.
Step 16: Option 5—Berehole Deformation Gauge

To analyze measurcments obtained with a borehole de-
formation gauge, subroutine BDG is called.

Option 5, 1

ENTER NUMBER OF DIFFERENT VALUES OF
BOREHOLE DIAMETER

The variable is NDIAM, which must be entered as an
integer.

Option 5, IT

ENTER E IF BOREHOLE DIAMETER WILL BE
INPUT IN ENGLISH UNITS (in)

M IF BOREHOLE DIAMETER WILL BE
INPUT IN METRIC UNITS (mm)

The variable is IMPMET, which accepts one character.
The prompt will be repeated if a character other than E,
e, M, or m is entered.
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Opiion 5, I1.1
If E or e is selected, the next prompt is
ENTER BOREHOLE DIAMETER (in) # 1?

?7 is a counter supplicd by the program and ranges
from 1 to NDIAM. The variable is DIAM, which is real.
The program will compute the metric equivalent for later
output.

Option 5, I1.2
If M or m is selected, the next prompt is
ENTER BOREHOLE Dl& <. R (mm) # ??
?? is a counter supplied by the program and ranges
from 1 to NDIAM. The variable is DIAMM, which is real.

The program will compute the English equivalent for later
output.

Option 5, IIT
ENTER MICROINCHES,

ALPHA (GAUGE ORIENTATION ANGLE CLOCK-
WISE FROM UP OR NORTH),

BOREHOLE NUMBER,
MATERIAL TYPE,
AND BOREHOLE DIAMETER DESIGNATION.

ENTER 0 FOR BOREHOLE NUMBER, MATERIAL
TYPE, OR

BOREHOLE DIAMETER DESIGNATION TO END
MEASUREMENT INPUT LOQP.

TYPE IN MICROINCHES, ALPHA, BOREHOLE
NUMBER, MATERIAL TYPE,

AND BOREHOLE DIAMETER DESIGNATION FOR
READING ###.

### is a counter supplicd by the program. Micro-
inches (the measurement in inches x 10%) and alpha (in
degrees) are real numbers, while borehole number, mate-
rial type, and borehole diameter designation are integers,
These variables are stored in arrays STR(NDIM), ALP
(NDIM), NBH(NDIM), MT(NDIM), and NDD(NDIM),
respectively, where NDIM is the maximum size of the

arrays. The maximum number of measurements that can
be analyzed is NDIM - 1, because there must be one level
left to enter a dummy measurement line, such as 0. 0. 0
00, to leave the measurement input loop. NDIM is cur-
rently set at 99, but this number can be altered by chang-
ing the value in all FORTRAN PARAMETER statements.

At this point, the user proceeds as in option 1, 1V, V,
and VI

Step 16: Option 6—Combination of Gauge Types

For this option, the program is driven from SO-MAIN,
and subroutines SFTINC, DOORST, and BDG are called
according to the type of measurements involved. The pro-
gram prompts the user to (1) select the type of instrument
and (2) indicate how many measurements of that type of
instrument are to be entered.

Option 6, I

SELECT THE CODE APPROPRIATE TO YOUR
DATA

1-HOLLOW INCLUSION CELL

2-TRIAXIAL CELL

3-STRAIN GAUGES ON WALL OF BORED RAISE
4-DOORSTOPPER GAUGES

5-BOREHOLE DEFORMATION GAUGE
0-STOP..NO MORE DATA

The variable is ICOMB, an integer. ICOMB designates
the type of the next group of measurements. The prompt
repeats after measurements from that group have been
entered.

If the measurements entered are not sufficient to
determine the stress state, one of the following situations
may result:

1. A division-by-zero condition, which stops the pro-
gram, or

2. One of infinitely many stress states that could cause
the measured strains or displacements is calculated and
written to the output file.

When combining measurements from various gauge
types for fitting the stress state, the user must select
measurements so that the coefficient matrix [XX] and
therefore [A] has a rank of 6, for six independent equa-
tions. This number is required to determine uniquely the



six stress-state components. The coefficient matrix will
have the required rank if any of its submatrices have that
rapk. Therefore, the user may guarantee a rank of 6 by
ensuring that one of the subsets (that is, the coefficients
for measurements from one instrument type) has a rank
of 6.

The coefficient matrix rank may still be 6 even if none
of the instrument type subsets has that rank. The program
later checks this by calculating the determinant of the
least-squares coefficient matrix [A] and writing it to the
output file. If the determinant is less than or equal to a
tolerance about zero (set currently at 1.0 X 10), then the
following message is written to the output file and is dis-
played on the screen.
lf"ll”ﬂ'!}!l””!'!'fl"”l"!'”'l”!ll!l!'"”!"!'H'l’”"1?']'!'""”

----------------------------------------------------------------------------

THE COEFFICIENT MATRIX, A, MAY BE SINGULAR.
THE MEASUREMENTS MAY NOT BE SUFFICIENT
TO DETERMINE A UNIQUE STRESS STATE.

R R R R AR R AR AR RN R

..............................................................................

The rest of the analytical runs on that set of data are
skipped.

The value of the determinant is written to the output
file before this warning, When the warning appears, fur-
ther analysis of measurements is halted, and the program
returns to SO-MAIN and displays the SO-MAIN menu in
step 3.

Optior: 6, IT
HOW MANY READINGS OF THIS KIND?

The variable is ICOMBN, an integer, which indicates
the number of measurements in the group that will be
read next. The next prompt depends on the value of
ICOMB. Go to the appropriate step according to the
value of ICOMB,

Option 6, 1.1

ICOMB = 1 (hollow inclusion cell measurements).
Proceed as in option 1, T, I1, and ITI. The last two lines of
prompt III are repeated ICOMBN times, after which the
program returns to SO-MAIN (IV). Proceed as in option
6, 1

Option 6, II1.2

ICOMB = 2 (triaxial cell measurements). Proceed as
in option 1, III. The last two lines of the prompt are
repeated ICOMBN times, after which the program returns
to SO-MAIN (IV). Proceed as in option 6, L.
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Option 6, I11.3

ICOMB = 3 (bored raise measurements). Proceed as
in option 1, III. The last two lines of the prompt are
repeated ICOMBN times, after which the program returns
to SO-MAIN (IV). Proceed as in option 6, L.

Option ¢, II1.4

ICOME = 4 (doorstopper gauge measurements).
Proceed as in option 4, I, II, and III. The last two lines of
prompt III are repeated ICOMBN times, after which the
program returns to SO-MAIN (IV). Continue as in option
6, L

Option 6, IT1.5

ICOMB = 5 (borehole deiormation gauge measure-
ments). Proceed as in option 5, I, II, and III. The last
two lines of prompt IIT are repeated ICOMBN times, after
which the program returns to SO-MAIN (IV). Continue
as in option 6, 1.

Option 6, I11.6

When there are no more measurements, enter 0 to exit.
After leaving the loop, the program calls subroutine
MULTR (V) and returns to the SO-MAIN menu (VI).
Press 0 to exit.

Figure 7 summarizes the procedures for analyzing
overcoring data.

OPTIONS—BIAXIAL TEST DATA

To fit isotropic rock elastic properties to strain meas-
urements obtained with a hollow inclusion cell or a triaxial
cell, the user should select option 7 (hollow inclusion cell)
or § (triaxial cell) from the SO-MAIN menu (step 3).
MODCAL is called (fig. 6).

Step 16: Option 7—Hollow Inclusion Cell
The user must furnish some information for calculation
of K-factors, so that the next prompt is the same as in
option 1, IL.2.

Option 7, I

ENTER E IF EPOXY CELL MODULUS WILL BE
INPUT IN ENGLISH UNITS (psi)

M IF EPOXY CELL MODULUS WILL BE
INPUT IN METRIC UNITS (GPa)



Option chosen 16.1 161 1610 16 IV 16V 18Vl
in step 3
] ———p» KIL.K2ZKLK e »
Microstrain, ———9 SOMAN — 5 MULTR SO-MAIN
Optien 1: Paoisson’s ratio alpha, beta, {Nurnber menu (Exit
Hollow inclu- E | Young's modulus borehole of runs) =0}
sion cell 2 __’{ Inner radius ——§ |number,
SFTING M | Quter radius material type
Radius of strain
gauges
Option 2 Microstrain, —  p» SOMAIN — » MULTR SO-MAIN
Triaxial cell alpha, beia, (Number menu (Exit
SFTING » {berehote of runs) =0}
number,
malerial type
Option 3 Microstrain, —— 49 SOMAN — 5 MULTR SO-MAIN
Swrain gauges alpha, beta, (Number menu {Exit
on bored raise —p {borehols of runs) =0
SFTINC number,
material type
COption &: Microstrain —_—  » SOMAN ———  » MULTR SO-MAIN
Docrstopper 1 » |apha. (Number menu {Exit
gauge 2 » 4{borehole of runs) =0)
DOORST 3 ———__pabcd $ |number,
material type
Option § Microinches, ——3% SOMAN ———— 9 MULTR SO-MAIN
Borehcle Number . alpha. bore- {Number menu {Exit
detormat.on of —» {E Diameterof o Ingle number, of runs) = 0}
gauge BDG diameters M {boreholes material type,
diameter
designation
Option & 1 ——— 9 Number of readings ———  Option 1, [, Il 1ll
Comtina- 2 ———— Number of readings ————p Opton 1, 1ll
tion of 3 .~ Numberofreadings ——§ Opton 1, 1ll ——» SO-MAN
gauge 4 _____ _» Numberofreadings — ¢ Option 4 | 1L 11 (Repeat
types S » Numberofreadings — g Options, | Il Il Option 6, 1)
o » MULTR SO-MAIN
{Number menu {Exit
of runs) =0)

Flgure 7.—Procedures for overcoring data in STRESsOUT.

The variable is IMPMET, which accepts one character.

The prompt will be repeated if a character other than E,

e, M, or m is entered.

QOption 7, 1.1
If E or e is selected, the next prompt is
FOR HOLLOW INCLUSION CELL, ENTER:
POISSON’S RATIO OF EPOXY,
YOUNG’'S MODULUS OF EPOXY (*10**6 psi)
INNER RADIUS OF CELL,
OUTER RADIUS OF EPOXY OF HOLE,

AND RADIUS OF STRAIN GAUGES.

The variables are V1, E1, R1, R2, and P, entered

in free format. The program will convert Young's mod-

ulus of the epoxy to metric units for later output (EIM =
El X 6.895).

Option 7, 1.2

If M or m is selected, the next prompt is

FOR HOLLOW INCLUSION CELL, ENTER:

POISSON’S RATIO OF EPOXY,

YOUNG'’S MODULUS OF EPOXY (GPa),

INNER RADIUS OF CELL,

OUTER RADIUS OF EPOXY OR HOLE,

AND RADIUS OF STRAIN GAUGES.



The variables are V1, E1, R1, R2, or P, entered in free
format. The program will convert Young’'s modulus of the
epoxy to English units for later output (E1 = E1IM/6.895).

Option 7, IT

ENTER INITIAL ESTIMATES FOR K1 AND C1
FACTORS,

MAXIMUM NUMBER OF ITERATIONS FOR
ROUTINE,

AND TOLERANCE FACTOR ON BOTH K1 AND C1.

The variables to be entered are K11, C11, MNIT, and
TF. K11, C11, and TF are real variables and MNIT is an
integer variable. Estimates ranging between 0.9 and 1.1
are usually sufficient for K1 and C1 factors (K11 and Ci1).

MNIT and TF are values that the program uses to
determine when to discontinue the iteration process.
When the improvements in values of both K11 and C11
are both less than TF from one iteration to the next, the
iteration process halts. In case the input tolerance is too
small, the integer entered for MNIT specifies the maxi-
mum number of iterations that will be executed. Reason-
able numbers for MNIT and TF are 0.0001 and 20,
respectively.

Option 7, IIT

ENTER INNER AND OUTER DIAMETER OF ROCK
OVERCORE

(ENGLISH OR METRIC UNITS)

The variables are AA and BB. The real numbers are
used as a ratio in the program, so any system of units is
acceptable,

Option 7, IV

ENTER BIAXIAL HYDROSTATIC TEST DATA AS
REQUESTED,

TO FINISH...SET BETA=777.0.

ENTER E IF APPLIED STRESS WILL BE INPUT IN
ENGLISH UNITS (psi)

M IF APPLIED STRESS WILL BE INPUT IN
METRIC UNITS (MPa)

The variable is IMPMET, which accepts one character.
The program repeats the prompt if a character other than
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E, e, M, or m is entered. The unit selected here is for
applied stress from the biaxial test data.

Option 7, V

ENTER VALUES OF STRAIN, STRESS, AND BETA
FOR READING ###

The wvariables are the arrays STR(NDIM),
STRES(NBIAX), and BET(NDIM), which are additional
arrays needed for the biaxial routine. ### is a counter
supplied by the program. The prompt repeats itself for
each successive reading until the user supplies data in
which BET(###) is read as 777. The maximum size of
arrays is currently set at 99 for NDIM and, because the
maximum number of strain readings likely for biaxial tests
is 12, 13 for NBIAX. These numbers may be altered by
making the appropriate changes in the FORTRAN
PARAMETER statements.

Option 7, VI

At this point, the iteration loop begins. A message on
the screen tells the user the number of the iteration loop.

#xxxx BEGIN ITERATION # ??

?? is the counter. During the iteration procedure,
subroutine MULTR 1is called to fit the elastic properties
and run an analysis of variance.

Option 7, VII
Upor catering MULTR, the user is prompted with

ENTER NUMBER OF RUN PASSES TO BE
EXECUTED

IN WHICH SUCCESSIVELY WORST READINGS
ARE ELIMINATED;

NUMBER MUST BE EQUAL TO OR LESS THAN
(MAXDEL)

MAXDEL is a number supplied by the program and
is equal to 3 less than the number of measurements. The
variable is NDEL, an integer variable. If NDEL exceeds
MAXDEL, the prompt will be repeated.

In each iteration, NDEL indicates how many runs
should be executed in which the measurement or factor
with the greatest absolute difference from the "fitted fac-
tor" (calculated using the fitted material properties) will be
eliminated. For example, in a series of nine measure-
ments, MAXDEL is 2. If the user 2 for NDEL, the
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program will perform three analytical runs. The first run
will fit the material properties to all nine measurements.
The following two ruas will fit the material properties to
all measurements used in the previous run except the
measurement whose associated factor has the greatest
absolute difference. This prompt is only given the first
time MULTR is called; the flag NDFLAG suppresses the
prompt when MULTR is called subsequently.

Option 7, VIIT

Another screen message tells the user in which
analytical run the program is during each iteration.

RUN NUMBER ?

? is the counter.

Upon meeting the "stop iterations’ criteria, the pro-
gram lcaves MODCAL and returns to SO-MAIN. The
menu in step 3 appears on the screen. Enter 0 to leave
the program.

Step 16: Option 8—Triaxial Cell
The K-factors are all set to 1.0 for the triaxial cell.

Therefore, I and I1, which deal with K-factors in option 7,
are not needed. Proceed to III.

Option 8 1If

Proceed as in option 7, IIL.
Option 8 IV

Proceed as in option 7, IV.
Option 8§ V

Proceed as in option 7, V.

The program does not enter an iteration loop here, but
calculates the rock elastic properties directly. Skip VI and
continue with VIL
Option 8, VII

The program continues as in option 7, VII.

VIII is skipped, and after performing the analysis runs,
the program leaves MODCAL and returns to SO-MAIN.

The menu in step 3 appears on the screen. Enter 0 to
leave the program.

OUTPUT DATA

The program writes output to unit 4, which is identified
in the code as a file. The user supplies the name of the
output file as part of the input.

The following outline describes the output:

1. Echo of general information, such as instrument
type, location, date of installation, material properties,
orientation of boreholes, ete.

2. Echo of measurements and gauge orientation angles.

3. Analytical runs, including—

a. Determinant of coefficient matrix, [A].

b. Table of measurements, fitted measurements,
and differences.

c. Fitted global stresses or material properties,
standard deviations, and correlation coefficients,

d. Analysis-of-variance table,

e. When stress states are being fitted, table of
principal stresses and principal directions calculated
from the fitted global stress state.

Output for several sample problems can be found in
appendix C.

CALCULATION OF PRINCIPAL STRESSES

Solving for principal stresses and directions is a prob-
lem in solving for the eigenvalues (principal stresses) and
their eigenvectors (direction cosines I, m;, and n). Equa-
tions 12 through 14 are used in STRESsOQUT to calculate
the direction cosines directly from the stress state.!® In
the equations below, B, C, D, E, F, and G are auxiliary

%Equations 9, 10, 11, and 12 appear as equations 52, 53, 54, and 55
in Panek () and are discussed by Timoshenko and Goodier (25) and
Eshbach (26).

variables used to calculate the principal stresses, as are
auxiliary variables FFEE and BC below, and AD, BD,
CD, DDD, DEN1, DEN2Z, and DEN3, are auxiliary
variables used to calculate direction cosines.

The eigenvalues (principal stresses) are the three roots
of the cubic equation

o’ +3Bo’ +3Co; + D =0, ©)
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The three roots, 0,, g, and o,, of equation 9 are found
by

E = (B?- Q)7
F = -B®+(3BC - D)/2,
cos(3G) = = F/EJ,
o, = - B + 2E cos(G),
g5 = - B £ 2E cos(G + n/3),
and gy = =B * 2E cos(G + 2n/3) (22). (11)

Where * appears, use + if F is positive and - if F is
negative.

Direction cosines L, m, and n; for principal direction ,
with respect to the global coordinate system may be found
from solving

(@i - oxpli - ongm; - ovnn = 0,
- ongli + (g - ogp)m; - opyn; = G,
- oy - opym; + (05 - ayy)n; = 0,
and liz + rni2 + ni?‘ =1, (12)
but are directly calculated from

L = AD, x DDD,

m;

ED, x DDD,,

where

1 1

i - ]
DEN1;  (oj - o) X 9pv * ONg X OyN
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1 1
BDl = = s
DEN2; (o; - ogp) X 0yn * Opy X ONE
D, = L _ - L ,
DE‘:I\]:;l (Ui 'Uw)XO'NE +GVNXGEV
and
DDD, = ! (14)

2 2 2.
(AD,” + BD;" + CD;")

Equations 9 through 11 do not guarantee that the
principal stresses will be calculated in algebraic order.
Neither can these eguations guarantee a right-handed
system. Therefore, after calculation of stresses, the prin-
cipal stresses and their directions are written to the output
file in algebraic descending order. The direction cosines
associated with the first principal stress are then modified
to guarantee a right-handed system. For example, the sign
of each component of that set of direction cosines may
have to be changed to reflect the opposite direction.

There are additional numerical conditions that may
result in calculations of nonunique principal directions,
as described in the following section. The discussion of
threshold valucs used to detect difficulties may serve as a
guide if the user desires to change the values.

IDENTIFICATION OF NUMERICAL PROBLEMS
Division by Zerc

Nonunique principal directions are detected in
STRESsOUT so that they are not written to the output
file. Difficultics arise when a division-by-zero (or by a
number close to zero) situation arises when calculating the
principal stresses and direction cosines associated with the
principal directions. Rounding-off errors associated with
a particular computer permits this mathematical operation
to take place, resuiting in specific values for azimuths or
inclinations that do not reflect nonuniqueness of the
angles.

An cxamination of the equations for determining the
principal stresses (equations 9, 10, and 11), direction
cosines (equations 12, 13, and 14), and azimuth and in-
clination angles (equation 15) will help identify the possi-
bilities for division by zero. The azimuth and inclination
are calculated by

Az, = tan (m/1),

and § = tan’l(n), (15)
where Az, = azimuth,

§; = inclination,
and L, m;n; = direction cosines of ith principal

direction.
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Several conditions could cause division by zero or by a
very small number in the calculation of Az, and §. These
are—

1. In the process of calculaling principal stresses, the
variable E may be very small for certain stress states.
Because it appears in the denominator of the calculation
of FFEE," a check prevents a spurious solution. The pro-
gram compares the value of E to a threshold value. If E
is not above the threshold value, then the principal stresses
and directions are not calculated. Instead, the following
messages are written to the output file:

PRINCIPAL STRESSES WERE NOT CALCULATED
DUE TO NUMERICAL PROBLEMS.

THE VARIABLE E (VALUE = XX.XXXXXXE-XXX) IS
CLOSE TO ZERO.

BECAUSE E OCCURS IN THE DENOMINATOR OF
THE EQUATION FOR

CALCULATING PRINCIPAL STRESSES, CONTINU-
ING WILL RESULT

IN DIVISION BY ZERO OR SPURIOUS VALUES OF
PRINCIPAL STRESS.

In the messages above, XX XXXXXXE-XXX repre-
sents a numeric field in which the value of E is written.

2. If the stress state is hydrostatic, then DEN1, DEN2,
and DEN3, in equation 14 are zero or very close to zero.
Principal directions are nonunique, and therefore the
output flags for azimuths and inclinations are set so that
they are not printed.

3. If two of the principal stresses are equal, then a
plane exists in which the stress is the same in any direc-
tion. There are an infinite number of solutions for the
principal stress directions in that plane. The azimuth and
inclination of the out-of-plane principal direction are writ-
ten to the output file, but the in-plane principal direction
flags are set so that azimuth and inclination are ignored
and dashed lines appear.

4. If a combination of stress-state component values
exists in which DEN1,, DEN2, or DEN3, equals zero, then
division by zero occurs. For example, DEN1 will be zero
if (1) either (o, - ) or oy is zero and (2) oy or g4y
is zero. In these instances, the program takes advantage
of rounding-off error and machine word length to calculate
the direction cosines. In all but one case, the ratios are
preserved in the calculations so that the resulting values

FFEE = ABS(F)/E? (see equation 11). FFEE is used so that the
program can correctly identify the sign in calculating the principal stress.

for 1, m, and n, are accurate. The exception is when there
are two global shear stresses and one principal stress that
are zero. In that case, numerical difficulty is experienced
in calculating one of the variables DEN1, DEN2, or
DEN3,. The effect is that one of the calculated principal
directions is incarrect. This condition can be detected and
the principal direction correctly determined given the other
two principal directions,

5. If a principal direction is vertical, the azimuth is
meaningless. If the inclination is within a certain tolerance
of +90° or -90°, then the program sets the output flag so
that the azimuth will not be written to the output file.

Improper Range for Variables Used
in Internal Functions

Experience with STRESsOUT has uncovered other pos-
sible difficulties with the range of values of variables used
in internal functions. STRESsOUT detects the following
situations in MULTR:

1. In order to prevent taking the arc cosine of FFEE
when FFEE is slightly outside the range -1.0 to 10, a
tolerance is given; if FFEE 1s within the tolerance of that
range, then the program sets FFEE equal to 1.0 (or -1.0).
Otherwise, the principal stresses and their directions are
not calculated, and the program writes the following mes-
sage to the output file:

PRINCIPAL STRESSES WERE NOT CALCULATED
DUE TO NUMERICAL PROBLEMS.

THE VARIABLE FFEE (VALUE = XX. XXXXXXE-XXX)
IS OUTSIDE THE RANGE

FOR WHICH THE ARC COSINE FUNCTION IS
DEFINED.

In the messages above, XX XXXXXXE-XXX repre-
sents a numeric field in which the value of FFEE is
written.

2. If the variable BC (BC = B? - C) is less than zero
(it can only be slightly less than zero), an error condition
results in the calculation of E = SQRT (BC). To correct
that problem, the program sets E equal to zero if BC is
less than or equal to zero. In this case, however, the
check described in item 1 in the section "Division by Zero"
does not need to be done. Instead, the program sets AB
to 0.0 and skips calculation of FFEE.

Last Check for Nonorthogonal Principal Directions

After the principal stresses and their direction cosines
have been calculated, it is possible that the checks



performed have not caught numerical problems in the
calculation of direction cosines, Therefore, if no previous
output flags have been set, a check is performed to see if
the principal directions are all orthogonal. The principal
stress table is written to the output file, but if the principal
directions are not mutually orthogonal, the message
PRINCIPAL DIRECTIONS ARE NOT ORTHOGONAL
appears beneath the table. This check is primarily aimed
at the hydrostatic case to detect nonorthogonal principal
directions that were not detected earlier and flagged.

THRESHOLD VALUES FOR NUMERICAL
PROBLEM IDENTIFICATION

To avoid numerical problems, such as division by a very
small number, and to detect some of the conditions
described above, STRESsQUT has several IF statements
in which a variable is compared with a threshold value.
The threshold value represents a limit or tolerance that
allows detection of a potential problem.

The author determined threshold values mostly through
trial and error when running the verification test problems,
In practical, real-world calculations, the user may never
encounter any of the numerical difficulties some of the
threshold values were designed to detect. However, the
user may find it necessary to change some of the threshold
values if the computer used has a different word length or
for some other reason. The statements containing the
threshold values can be identified by four-digit labels,
starting at 1000, found in subroutine MULTR,

Statement numbers, variable compared, and threshold
values as given in the code are listed in table 2. An expla-
nation of each comparison and threshold value follows.

Table 2.—Thresheld values for detection of numerical
problems in subroutine MULTR

Statement Variable Threshold value

1000 .............. ABS(DETR) 1.0E-06
1001 ... ... ..., ABS{DETR) 1.0E-06
1010 ... ... . s 58T 1.0E-08
1011 ... SS8T 1.0E-08
1020 .. ... ... ... .. GF 1.0E-00
1030 .............. ABS(E) 1.0E-08
1031 .. ABS(E) 1.0E-08
1040 .............. ABS(1.-FFEE} 1.0E-05
1041 ... ABS(1.-FFEE) 1.0E-05
1050 .............. DEN1, DEN2, DEN3 1.0E-21
060 ............ .. ABS(CX/81) 1.0E-05
1070 ... .. . 54, 55, 56 1.0E-05

ABS(C(K,1)) 5.0E-01
1080 .............. ABS(ABS({CN(K)}-1.) 3.8E-05
00 ... .. ABS(CL{K)) 1.0E-15
1001 ... ABS(CL(K)) 1.0E-15
MO0 .. BR(K) -5.0E-02
30 . ABS(ABS(DET4)-1.) 1.0E-02
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Statements 1000 and 1001 are attempts to identify
whether the coefficient matrix [A] is singular. A singular
matrix would indicate that there are not enough
independent equations, that is, that there are not enough
different borehole or instrument orientations and/or
instrument readings to determine the stress state. The
variable DETR is the value of the determinant of [A]. If
the absolute value of DETR is less than or equal to the
threshold value, the following warning is written to the
output file and the screen:

ll!l!!!!!!!!!H"H"HH|||Hl|ll!"”"l"HH'IHHH!"HTH"HH'HH”HH

....................................................................

THE COEFFICIENT MATRIX, A, MAY BE SINGULAR.
THE MEASUREMENTS MAY NOT BE SUFFICIENT
TO DETERMINE A UNIQUE STRESS STATE.

R T I R T TR R O TR R T e ey

................................................................................

The value of the determinant is written to the output
file before this warning. Further analysis is halted and the
program returns to the SO-MAIN menu (step 3).

The user must be aware that this check cannot correctly
judge the singularity of matrix [A]. Computer word length
and rounding-off error cause the calculated determinant
for a singular matrix to be small, but often nonzero.
However, poor selection of borehole or gauge orientations
may result in an ill-conditioned matrix so that a small
determinant may be calculated. There is no unique
threshold value that will distinguish singular matrices from
those with some degree of ill-conditioning in these cases.
Therefore, the user must use the information accordingly
and adjust the threshold value according to his or her
needs.

In statements 1010 and 1011, the variable SST will be
small if error in the measurements is negligible. If SST is
less than or equal to the threshold value, the program does
not run an analysis of variance. The user will generally
want the analysis of variance performed and printed, so
the user needs to set the threshold value for $ST so that
it is very small, yet sufficiently large to prevent division by
zero in the statement R2 = SSR/SST.

In statement 1020, the value 1.0 should not be changed.
The statement is labeled to call the user’s attention to the
fact that an F-value of 1000 in the output reflects an exact
salution (that is, there is no error in measurement). The
user could rewrite this statement and the one preceding so
that 1000.0 is written to the output file for a certain
tolerance about 1.0 for the variable GF.

Statements 1030 and 1031 are checks on variable E to
avoid division by a very small number when FFEE is being
calculated. These variables are used in the calculation of
principal stress. Therefore, if ABS(E) is less than or equal
to the threshold value, the program does not calculate the
principal stresses or directions and writes the message
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shown in item 1 in the section "Division by Zero" to the
output file.

The purpose of statements 1040 and 1041 is to avoid
taking the arc cosine of a number greater than 1.0 or less
than -1.0. The threshold value represents a tolerance
about 1.0 or -1.0 in which the program will set FFEE to
1.0 or -1.0 if FFEE is outside this range. If FFEE is
outside the tolerance, the program will stop because of an
error condition (that is, trying to compute the arc cosine
of a number outside the defined range) and write the
message shown in item 1 in the section "Improper Range
for Variables Used in Internal Functions" to the output
file.

Statement 1050 is a check for the hydrostatic stress
condition. It was found that if any of the values of DEN1,
DEN2, or DEN3, are less than the threshold value, a
division-by-zero error condition occurs. In this case, the
flags of all principal direction angles are set so that they
are not written to the output file (that is, they are
nonunique in a hydrostatic state). If the user finds that
the angles are written to the output file, but that they are
nonunique or ar¢ not orthogonal (the program checks for
this; if not orthogonal, a message appears in the output file
stating so0), then it may be desirable to raise the threshold
value.

Statement 1060 is a check for equality of two principal
stresses. If any two principal stresses are equal, there is
an infinite number of sclutions for their principal direc-
tions, which lie in a plane perpendicular to the other
principal direction. If the difference between two of the
principal directions is less than or equal to the threshold
value, then flags are set so that the azimuth and in-
clination of those two principal directions are not written
to the output file. The threshold value may be adjusted
according to the user’s needs.

Statement 1070 is an attempt to detect the condition
where one calculated principal direction may be in error
because of numerical problems. The variables $4, S5, and

S6 are the absolute values of the ratios of the three global
shear stress components oyg, Ogy, and .., respectively,
with reference to the largest magnitude of the principal
stresses. When any of these ratios is small and the current
principal stress (the one designated in the code by first the
index K) is also small, then the condition is present. The
two threshold values were determined by trial and error,
but may need adjustment,

In statement 1089, the threshold value represents a
tolerance around the vertical direction, up or down (-90°
or 90°), within which the azimuth is determined to be
meaningless; therefore, a flag is set so that it is not written
to the output file, The current threshold value of 3.8E-5
causes the azimuth to be flagged if the absolute value of
the inclination is greater than or equal to 89.5° (that is, the
threshold value is a tolerance about 1.0 or -1.0).

Statements 1090 and 1091 are attempts to avoid division
by zero when the principal stress direction is east-west. In
statement 1090, the azimuth is set to 90°. The user should
be aware that the system of principal stresses may not be
right handed if the azimuth is always set to 90° however,
a left-handed system has not been encountered during
problem verification.

Statement 1100 is an attempt to eliminate any negative
angles as azimuths, Presently, angles arc rounded to the
nearest 10th of a degree in the output file, so an angle
could be less than zero but displayed as 0.0 if 360° was not
added to it. An angle of 0.0 instead of 360.0 is preferable
for an azimuth, and therefore the threshold value was set
at -0.05. The user may prefer a threshold value of 0.0.

In statement 1110, the threshold value represents a
tolerance such that if the determinant of the principal
direction cosines (DET4) falls inside the range (-1.0 +
tolerance} < DET4 < (1.0 - tolerance), then the principal
directions are considered not to be orthogonal. If DET4
is inside that range, the message PRINCIPAL DIREC-
TIONS ARE NOT ORTHOGONAL appears in the ocutput
file beneath the principal stresses and directions table.

CODE VERIFICATION PROBLEMS

Several test problems were devised to check
STRESsOUT thoroughly. These problems were formulat-
ed from 12 different stress states and 11 different borehole
orientations. The "measurements” were back calculated
from the stress state, given the borehole orientation(s) and
material type(s) of the particular test problem.

The 12 stress states used in the test problems are
designated by number and listed in tables 3 and 4. The
stress states listed provide several numerical difficulties in

the calculation of principal stresses and directions so that
threshold values in subroutine MULTR can be tested.

The 11 borehole orientations used in the test cases are
listed in table 5. These include four horizontal directions,
two vertical directions, and five inclined directions.

The combinations of stress state and borehole orienta-
tion that make up the test problems for each instrument
are listed in table 6. Test problems were run to verify the
hollow inclusion cell; the doorstopper gauge in which a, b,



¢, and d were set according to Rahn (9); the doorstopper
gauge in which a, b, ¢, and d were set according to equa-
tions based on Hocking (17); and borehole deformation
gauge options. In addition, one problem was run to verify
the triaxial cell option, one problem was run to verify
the option for strain gauges bonded to the wall of a
bored raise, and three problems were run to verify the
combination-of-instruments option. Three problems were
run to verify the biaxial data option, two for the hollow
inclusion cell, and one for the triaxial cell.
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Three problems were devised to test warning messages
that may appear in the output files, The first problem
tests for a condition that results in a spurious K, factor
for the hollow inclusion cell {that is, when Poisson’s ratio
is at or near zero). The second problem tests for con-
ditions insufficient to determine the stress state. The third
problem tests for the condition in which Poisson’s ratio is
outside its usual isotropic range. Input files of these test
problems are found in the program package diskette.

Table 3.—Global stress state of verlficatlon problems

Case Component Stress, psi Case Componeni Stress, psi
1T N 1,000 7o NN 1,000
Ogg 0 CEE 1,000
Sy 0 Ty Q
INE 0 TNE 0
ey 0 Tgv 0
TuN 0 oyN 0
2 . LN 0 B ... ONN -1,000
Ep -1,000 EE 0
o\ 0 Oy 1,000
INE 0 INE 0
Ogy 0 v 0
N 0 TN 0
< I Inn 0 9 .. TN 1,000
CEE 0 YEE 1,000
vy 1,000 o 1,000
’NE 0 INE 0
opv 0 Tev 0
TyN 0 TN 0
4. N 0 10 ... T 1,000
9EE 0 OgE -1,500
Ty 0 Ty 3,000
INE 1,000 INE o}
TEy v} gy 0
CuN 0 TYN 0
5 ......... TN 0 11 ..., INN 0
YEE 0 9EE 0
Ty o] Ty 0
NE o] INE 500
oy 1,000 Ty 0
SuN 0 TuN -1,000
B ... NN 0 12 ..., TNN -500
TEE 0 opp -1,680
Oy 0 Sy 1,200
INE 0 aNg 300
Oy 0 v 700
Fun -1,000 Ty -800




Table 4.—Principal stresses and directions of verification

problems
Case Component Stress, Azimuth, Inclination,
psi deg deg
T Py 1,000 0 0
o, 0 Ut ub
o, 0 ub ub
2 ..., oy 0 ub up
7, 0 up ub
o3 -1,000 S0 0
3. o 1,000 uD 90
7, 0 ub up
73 0 UD UD
4 ..., 7, 1,000 135 0
75 0 uD 80
oy -1,000 45 0
5...... e, 1,CC0 20 45
N o 0 o}
o -1,000 Q0 -45
Boovvn.. 7 1,000 0 -45
7, 0 30 o}
o3 -1,000 0 45
7o o 1,000 uD up
o 1,000 up up
o3 0 8]o] g0
8 ...... o) 1,000 uc 90
7, 0 S0 0
o3 -1,000 180 0
9 ...... o, 1,000 uo ¥]n]
o, 1,000 up ub
o3 1,000 ub ub
0 ..... oy 3,000 up 90
o, 1,000 0 0
o3 -1,500 90 0
11 ... .. oy 1,118.03 2041 38.2
o 0 S0 26.6
oy -1,118.03 155.9 -39.2
12 ..... 7 1,756.71 29.2 -63.7
o, -887.94 359.9 23.3
o -1,848.77 274.9 115
UuD Undefined.

Table 5.—Borehole orientations
used In test cases

QOrientation Azimuth, Inclination,

designator deg deg
AL 0 0
B........ 90 o]
C........ 180 0
D........ 270 D
E........ 0 80
F........ 0 -80
G........ 60 30
H........ 45 -45
[P 150 25
Jd oo 255 75
K........ 300 80

CALCULATION OF INPUT DATA

Mecasurements for the input files were calculated with
the aid of a sprcadshect program. This facilitated calcula-
tion of each stress state in the local coordinate system for
each borehole orientation. The local stress states were
then used to calculate measurements for each gauge type.

Various matcrial propertics were chosen for the verifi-
cation problems. For overcoring verification test problems
not involving a combination of instrument types, Young’s
modulus was kept constant at 1 x 10° psi (6.895 GPa), and
Poisson’s ratio values were 0.05, 0.15, 0.25, 0.35, and
0.45. The biaxial test problems were determined using
2 x 10° psi (13.790 GPa) for Young’s modulus and 0.25
for Poisson’s ratio. For the combination of instruments
overcoring problems, Young’s moduli selected were 1 X
10° (6.895 GPa), 2 x 10° psi (13.790 GPa), 3 x 10° psi
(20.685 GPa), 4 x 10° psi (27.580 GPa), and 5 x 10° psi
(34.475 GPa); and Poisson’s ratios were 0.05, 0.15, 0.25,
0.35, and 0.45.

The hollow inclusion cell properties were assumed to be
0.40 for Poisson’s ratio and 0.384 X 10° psi (2.65 GPa) for
Young’s modulus. For these problems, standard CSIRO
RICell and borehole dimensions were assumed; that
1s, inner radius of the hollow inclusion cell = 0.639 in
(16 mm), hole radius = 0.75 in (19.05 mm), and radius of
strain gauges = 0.689 (17.5 mm).!2

1215 using STRESsOUT to analyze measurements with a hollow in-
clusion cell, the user should check the cell properties and dimensions
currently given by the manufacturer of the particular instrument at the
time.



Table 6,—Stress states and borehole orlentations used In teat cases for code verification

Type of Designation in Test problems by stress state case number
measurement file names and borehoie orientation
HiCell (K-factors calculated HK iA 1E 1G 2B 2F 2H
for hollow inclusion cell). 3C 3E 31 4D 4F 4
SA SE 5K 6B 6F &G
7C 7€ 7H 8D 8F 8l
9A 9E S8J 10B 10F 10K
11C 1E 11G 12D 12F 12H
Triaxial cell . . .............. T 12H
Cvercored strain gauges on BR 12H
wall of bored raise.
Doorstopper [{using Rahn {9} DR 1ABJ 1BFK 1CEl 2AEI 2DGJ 2HJK
stress concentration factors)]. 3CFG 3DEH 3GHI 4ABJ 4BFK  4CEl
S5AEl 5DGJ SHJK 6CFG 6DEH 6GHI
7ABJ 7BFK 7CEl  BAEI 8DGJ 8HJUK
9CFG 9DEH 9GH! 10ABJ 10BFK 10CEI
11AEl 11DGJ 11HJK 12CFG 12DEH 12GHI
Doorstopper [(using Hocking (77) DH 1ABJ 1BFK 1CEl  2AE] 2DGJ 2HJK
stress concentration factors)]. 3CFG 3DEH 3GHI 4ABJ 4BFK  4CE
S5AEl 5DGJ SHJK 6CFG 6DEH  6GHI
7ABJ 7BFK 7CEl 8AEl 8DGJ B8HJK
9CFG 9DEH SGHI 10ABJ 10BFK 10CEIl
11AEN 11DGJ  11HJK 12CFG 12DEH  12GHI
Borehole deformation gauge . . BDG 1ABJ 1BFK 1CEl 2AEl 2DGJ 2HJK
3CFG 3DEH 3GHI 4ABJ 4BFK  4CEl
5AEl §DGJ 5HJK 6CFG 6DEH  6GHI
7ABJ 7BFK 7CE! BAEl 8DGJ 8HJK
9CFG 9DEH 9GHI 10ABJ 10BFK 1QCEIl
11AEl 11DGJ 11HJK 12CFG 12DEH 12GHI
Combination of gauge types .. HDB 12CFG 12GHI
HTD 12DEH
Biaxial test with hollow inclusion BIAX 23
cell.
Biaxial test with triaxjal cell . . , . BIAX 1
Miscellaneous (warning test) . . . WARN 123

NOTE.—The format of filte names is XOU##YYY.ZZZ, where XXX reprosents the designation of type of
measuiement (up to three characters), ## represents the stress-state case designation (up to two digits),
YYY represents the borehole orientation(s) (up to three characters), and ZZZ distinguishes between an
input file {INP) and an output file {QUT).
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Measurements from the spreadsheet were assembled in
files. A listing of some of the input files is in appendix B.
Also, the input files, the STRESsOUT FORTRAN listing,
and the executable file can be obtained on floppy diskette
from the program package.

RESULTS

Results of the verification runs are not reproduced here
because of their size. However, appendix C lists sample
outputs, one for each type of measurement.

The difference between the stress output (global and
principal systems) for the test problems and those listed in
table 3 are less than 0.005 psi, or 0.0005 pct!? of the largest

magnitude of principal stress in each case. The error
involved depends mostly on the precision of the calculated
strains in the input.

The principal directions as written to the output file
coincided to those given in table 3. However, the positive
directions (as defined by the azimuth and inclination) may
not coincide with the values in the table since there is
more than one way to define a positive principal direction.
Numerical differences, even between output runs (for ex-
ample, output runs 1, 2, or 3 in the same output file), may
cause differences in the definition of the positive principal
axes, but the principal directions are the same. The user
may recall that the program forces the output to list the
principal system as a right-handed system.

CONCLUSIONS

The U.S. Bureau of Mines computer program
STRESsOUT calculates stress state, given reliable meas-
urements with instruments such as a hollow inclusion cell,
a triaxial cell, strain gauges on the wall of a bored raise, a
doorstopper gauge, a borehole deformation gauge, or a

combination of any of these. In addition, the program fits
the isotropic material properties of an overcore, given
biaxial test measurements with a hollow inclusion cell or
rosettes of a triaxial cell bonded to the wall of the smaller
hole.

REFERENCES

1. Panek, L. A. Calculation of the Average Ground Stress Com-
ponents From Measurements of the Diametral Deformation of a Drill
Hole. BuMines RI 6732, 1966, 41 pp.

2. Commonwealth Scientific and Industrial Research Organization
(North Ryde, Australia). Field Manual C.S.LR.O. HI Stress Gage.
Undated. 72 pp; available from RST Instruments, Yakima, WA,

3. Duncan Fama, M. E, and M. J. Pender. Analysis of the Hollow
Inclusion Technique for Measuring In Situ Rock Stress. Int. J. Rock
Mech., Min. Sci., & Geomech. Abstr,, v. 14, No. 3, 1980, pp. 137-146.

4. Jalkanen, G. J. A First Experience With the CSIRO Hollow
Inclusion Stress Cell To Estimate In Situ Rock Stresses. M.S. Thesis,
MI Tech. Univ., Houghton, MI, 1982, 160 pp.

5. Worotnicki, G., and R. J. Walton. Triaxial "Hollow Inclusion”
Gauges for Determination of Rock Stresses In Situ. Paper in Preprints,
L.S.R.M. Symposium, Investigation of Stress in Rock—Advances in Shear
Measurement (Sydney, Australia, Aug. 11-13, 1976). Inst. of Eng.,
Sydney, Australia, 1976, pp. 1-8.

6. Kim, K., and J. A. Franklin (coordinators). International Society
for Rock Mechanics, Commission on Testing Methods: Suggested Meth-
ods for Rock Stress Determination. Int. J. Rock Mech., Min. Sci,, &
Geomech. Abstr., v. 24, No. 1, 1987, pp. 53-73.

7. Leeman, E. R. The "Doorstopper” and Traxial Rock Stress
Measuring Instruments Developed by the CSER. J. S. Afr. Inst. Min.
and Metall, v. 69, 1969, pp. 305-334.

8. . The Measurement of Stress in Rock: Parts I, I, and IIL
1. S. Alr. lnst Min. and Metall,, v. 65, 1964, pp. 45-114, 254-284.

9. Rahn, W. Stress Concentranon Factors for the Interpretation
of "Deoorstopper” Stress Measurements in Anisotropic Rocks. Int. J.
Rock Mech, Min. Sci, & Geomech. Abstr, v. 21, No. 6, 1984,
pp. 313-326.

BThe number of significant figures did not allow closer deter-
mination of error.

10. Galle, E. M., and J. Wilhiot. Stresses Around a Well Bore Due
to Internal Pressure and Unequal Geostatic Stresses. Soc. Pet. Eng. J.,
v. 2, 1966, pp. 145-155.

11. Hoskins, E. R. An Investigation of Strain Rosette Relief Methods
of Measuring Rock Stresses. Int. J. Rock Mech. and Min. Sci., v. 4,
Ne. 2, 1967, pp. 155-164.

12. Hiramaisu, Y., and Y. Oka. Determination of the Stress in Rock
Unaffected by Boreholes or Drifts From Measured Strains or Defor-
mations. Int. J. Rock Mech. and Min. Sci,, v. 5, No. 4, 1968, pp. 337-353.

13. Van Heerden, E. W. Stress Concentration Factors for the Flat
Borehole End for Use in Rock Stress Measurements. Eng. Geol
(Amsterdam), v. 3, 1969, pp. 307-323.

14. Coates, D.F, and Y. S. Yu. A Note on the Stress Concentrations
at the End of a Cylindrical Hole. Int. J. Rock Mech. and Min. Sci., v. 7,
Ne. 6, 1970, pp. 583-588.

15. Bonnechere, F. A., and C. Fairhurst. Determination of Regional
Stress Field From "Doorstopper” Measurements. Ch. in International
Symposium on the Determination of Stresses in Rock Masses (Proc.,
Lisbon, Portugal, 1969). Natl. Lab. Civ. Eng, Lisbon, Portugal, 1971,
pp. 307-333.

16. Hiltscher, R. Beitrag zur Gebirgsspannungsmessung Nach dem
Bohrlochboden-Entspannungsverfahren. Ch. in International Sympeo-
sium on the Determination of Stresses in Rock Masses (Proc., Lisbon,
Portugal, 1969). Natl. Lab. Civ. Eng, Lisbon, Portugal, 1971,
pp- 200-229.

17. Hocking, G. Three-Dimensional Elastic Stress Distribution
Around the Flat End of a Cylindrical Cavity. Int. J. Rock Mech., Min.
Sci., & Geomech. Abstr., v. 13, No. 12, 1976, pp. 331-337.

18. Rahn, W. Zum Einflup der Gesteinsanisotropie und des
Bruchbedingten Nichtlinearen Materialverhaltens auf die Ergebnisse
von Spannungsmessungen im Bohrloch (The Influence of Rock Aniso-
trophy and Nonlinear Behavior Affected by Material Fracture on the



Results of the Measurements of Stress in a Borehole). Bochumer Geol.
u. Geotech. Arb,, v. 5, 1981, p. 209 (Engl. sum.).

19. Hiramatsu, Y., and Y. Oka. Stress Around a Shaft or Level
Excavated in Ground With a Three-Dimensional Stress State. Mem.
Fac. Eng., Kyoto Univ,, v. 24, No. 1, 1962, pp. 56-76.

20. Merrill, R. H. Three-Component Borehole Deformation Gage for
Determining the Stress in Rock. BuMines RI 7015, 1967, 38 pp.

21. Leeman, E. R. The Borehole Deformation Type of Rock Stress
Measuring Instrument. Int. J. Rock Mech. and Min. Sci., v. 4, No. 1,
1967, pp. 2344,

22, Hooker, V. E, and D. L. Bickel. Overcoring Equipment and
Techniques Used in Rock Stress Determination. BuMines IC 8518,
1974, 32 pp.

31

23. Moody, W. T. Contribution to the Discussion of E. R. Leeman’s
Paper "The Borehole Deformation Type of Rock Stress Measuring
Instrument.” Int. J. Rock Mech. and Min. Sci, v. 5, No. 1, 1968,
Pp. 123-125. )

24. Gray, W. M., and N. A. Toews. Analysis of Accuracy in the
Determination of the Ground-Stress Tensor by Means of Borehole
Devices. Ch. in Status of Practical Rock Mechanics: Proceedings, Ninth
Symposium on Rock Mechanics (CO School of Mines, Golden, CO,
Apr. 17-19, 1967), ed. by N. E. Grosvenor and B. W. Paulding, Ir.
AIME, New York, 1958, pp. 45-78.

25. Timoshenko, S., and I. N. Goodier.
McGraw-Hill, New York, 3d ed., 1970, 591 pp.

26. Eshbach, O. W, (ed.). Handbook of Engincering Fundamentals.
Wiley, New York, sec. 2, 1936, pp. 13-14.

Theory of Elasticity.



32

APPENDIX A.—~WARNINGS FOLLOWING UNREASONABLE VALUES
OF MATERIAL PROPERTIES

First, if the user enters a value for Poisson’s ratio that
is outside of the usual range of isotropic values
(0 = PR = 0.5), the pro-gram writes the following message
to the output file:

WARNING: POISSON’S RATIO FOR THE FOLLOW-
ING MATERIALS IS

OUTSIDE OF THE USUAL RANGE OF
ISOTROPIC VALUES (0. TO 0.5).

#Hi#t, ##

The symbols ##, ## are the material types with
Poisson’s ratios outside of the usual range of values.

Second, if the magnitude of Poisson’s ratio is close to
zero, the calculation of one of the K-factors (K,) for the
hollow inclusion cell causes numerical problems because
the denominator is very small (3).! Thercfore, if the user
selects options 1 or 6 in step 3 and any entered Poisson’s
ratio falls within a program-specified tolerance of zero, the
program writes the following to the cutput file:

WARNING: THE VALUE OF POISSON’S RATIO FOR
THE FOLLOWING

'talic numbers in parentheses refer to items in the list of references
preceding this appendix.

MATERIALS MAY CAUSE CALCULA-
TION OF UNREASONABLE VALUES

FOR HOLLOW INCLUSION CELL K-
FACTORS.

##, ##

The symbols ##, ## are the material types whose
Poisson’s ratios are less than or equal to the tolerance.
The tolerance is currently set at 0.01 and may be changed
in the code if the user desires. (The IF statement with the
tolerance is identificd by statement 1000 in subroutine
READ1)

Third, if Young’s modulus is entered as a negative
value, the program writes the following to the output file:

WARNING: YOUNG'S MODULUS FOR THE FOL-
LOWING MATERIALS 1§ NEGATIVE.

#Hi#t, #H#

The symbols ##, ## are material types whose Young's
moduli are negative.



APPENDIX B.—SAMPLE INPUT FROM VERIFICATION
TEST PROBLEMS

Hollow Inclusion Cell:

Filename: HK12H.INP

1

HK12H.OUT

N

Verification test of HICell with
K-factors

Case 12H

0. 0. 0.

This test conducted July 1989
(Six blank lines here)
1

E

.05 1.

1

45, -45.

2

E

4 .384 16. 19.05 17.5
1452.19 323, 90. 1 1
-1022.65 300. 0, 11
1513.58 300. 45. 11
-87.72 163.5 45. 11
-1006.42 163,5 135, 11
-3323.04 180. 0. 1 1
1452.19 83. 90. 1 1
-3053.15 60, 0. 1 1
-3213.09 60. 45. 1 1

0. 0. 0. 00

2

0

Triaxial Cell:

Filename: TR12H.INP

2

TR12H.0UT

N

Triaxial Cell

Case 12H

g. 0. 0.

This test conducted December 1990
(Six blank lines here)
1

E

.25 1.

1

45. =45,

1915.46 300. 90. 1 1
-1185.69 300. 0. 11

1872.63 300. 45. 1 1
490.83 180. 45. 11
-2095.13 180. 135. 1 1
-3519.76 180. 0. 1 1
1915.46 60. 90. 1 1
=-3245.92 60, 0. 11
-3465.96 60. 45, 1 1
0. 0. 0. 00

2

0

Bored Raise!

Filename: BR12H.INP

3

BR12H.QOUT

N

Verification test of Bored Raise
Option

Case 12H

0. 0. 0,

This test conducted December 1990
{Six blank lines here)

1

E

.25 1.

1

45. -45.

1915.46 300. 90. 1 1
-1185.69 300. 0. 11
1872.63 300. 45. 11
490,83 180. 45, 1 1
-2095.13 180, 135. 11
-3519.76 180. 0. 11
1915.46 60. 90. 1 1
-3245.92 60. 0. 11
=-3465.96 60. 45. 11
0. 0, 0.00

2

0

Doorstopper gauge (Rahn):

Filename: DRIOQABJ.INP

4

DR10ARJ.OUT

N

Doorstopper gauges——Rahn
Case 10ABJ

0. ¢. 0.
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This test conducted August 1989
(Six blank lines here)
1

E

.25 1.

3

0. 0.

90. 0.

255. -75.

1

4169.43 0. 1 1
-3656.70 90. 1 1
256.36 45. 1 1
256.36 -45. 1 1
4398.40 0., 2
920.12 90, 2
2659.26 45. 2 ¢
2659.26 -45. 2 1
-3017.31 0. 31
243,30 90. 3 1
-337.08 45. 31
-2436.93 ~45. 3 1
6. 0. 00

2

0

Doorstopper gauge {Hocking):

Filename: DHYCFG.INP

4

DH9CFG.OUT

N

Doorstopper gauges--Hocking
Case 9CFG

0. 0. 0.

This test conducted August 1989
(Six blank lines here)

180. 0.

0. -90.

60. 30.

2

312.59 0. 11
312.59 90. 11
312.59 45. 1 1
312.59 -45. 11
312.59 0. 2 1

312.59 90. 2 1
312.59 45, 2 1
312.59 =45. 2 1
312.59 0. 31
312,59 90. 3 1
312.59 45. 31
312.59 -45. 31
0. 0. 00

2

0

Borehole Deformation Cauge:

Filename: BDGS8HJK.INP

5

BDGBHJIK.OUT

N

Borehole deformation gauges
Case 8HIK

0. 0. 0.

This test conducted August 1989
(Six blank lines here)

1

E

.35 1.

3

45, -45,

255, =75.

300. 60.

1

E

1.5

118.63 -60. 1 1 1

1468.12 0, 1 11

-3105.50 60, 1 1 1

-2013.18 -60. 2 11

587.70 0. 2 1 1
-4215,31 60. 2 1
-751.78 -60. 3 1
746.72 0. 311
-4171.,49 60, 311
0. 0. 00O

2

Q

1
1
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Combination of gauges:

Filename: HTD12DEH.INP

6

HTD12DEH,QUT

N

Combination—--HICell, triaxial cell, doorstopper gauge, and BDG
Case 12deh

0. 0. 0.

This test conducted December 1990

--— HICell installed at 16 ft 10 in.

-- Triaxial cell installed at 18 ft 9 in.
Doorstopper at 20 ft 8 in —-- Rahn

-- Doorstopper at 16 ft 3 in -- Hocking.

~- Borehole Def. Gauge installed at 18 ft 9 in.

Borehole
Borehole
Borehole
Borehole
Borehole
5

E

.05 5,
.15 4.
.25 3.
.35 2.
45 1.

3

270. 0.
0. 90,
45. =45,
1

6

2

E

.4 .384 16. 19,05 17.5
-618.33 323, 90. 1 3
1991.19 300. 0. 1 3
21.16 300. 45. 1 3
163.58 163.5 45. 1 3
-692.32 163.5 135. 1 3
-746.28 180. 0. 1 3

2

3

-1995.00 83. 90. 1 5
325.39 60. 0. 1 5
488.23 60, 45. 1 5

4

4

1

-168.25 0. 2 1

-523.61 90. 2 1
~255.58 45, 2 1
-436.27 -45. 21

4

W Wk = -
1
1



4

2

-630.87 0. 3 4
-1059.68 90. 3 4
-551.90 45. 3 &
-1138.65 -45. 3 4

QS

N~ ER WD

~1516.53 -60. 3 2 1
-603.91 0. 3 21
-710.98 60. 3 2 1
-2022.04 -60. 3 2 2
-805.22 0. 3 2 2
-947.98 60. 3 2 2

0

5

0

Biaxial Test on Overcore with Hollow Inclusion Cell:

Filename: BIAX2.INP
7
BIAX2.0UT
N
Hollow Inclusioen Cell
SRC
August 1990
The strains here are nearly exact for a biaxial test with pressure
placed at a radius of 2.875 in. (5.75 diameter).
The strain gauges are embedded in a hollow inclusion cell.
The strains should converge to
Poisson's ratio = 0.25 Young's modulus = 2,00 * l.e6 psi
E
4 .5 16. 19,05 17.5
1,01 1,01 10 .0000L
1.5 5.75
E
-532.72 2000, 90.
2258.72 2000. 0.
863.00 2000, 45.
863.00 2000, 45,
863,00 2000. 135,
2258.72 2000. 0.
-532.72 2000, 90.
2258.72 2000. 0.
863,00 2000. 45.
0. 0. 777.



™o

Biaxial Test on Qvercore with Triaxial Cell:

Filename: BIAX1.INP
8
BIAX1.OUT
N
Triaxial cell
SRC
August 1990
The strains here are nearly exact for a biaxial test with pressure
placed at a radius of infinity (7.5e6 in. radius).
The strain gauges are on the wall of the hole.
The results should converge to
Poisson's ratio = 0.25 Young's = 2,00 * l.e6é psi
1.5 15000000,
E
-500. 2000. 90.
2000, 2000, O,
750. 2000. 45.
750. 2000. 45.
750. 2000. 135.
2000, 2000, O,
-500. 2000. 90.
2000. 2000. O.
750. 2000, 45,
0. 0. 777,
2
]
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APPENDIX C.—SAMPLE OUTPUT FROM VERIFICATION
TEST PROBLEMS

Qvercoring Data -- Hollow Inclusion Cell:

Filename: HK12H.OQOUT
e e vk i ol sy v vk ok sk Sk v ok sl e i ok ok ok ok ok ol o vk i ok e e ol ol kv e ke vk ok A ke e e o ok ok o ok

STRESsOUT
(Version 1.00)

A STRESS MEASUREMENT DATA REDUCTION PROGRAM

* % ¥ % & % *
% % ¥ » * N B

e el e e e e e i s s e sk sk 3 ol sk sk e ole ok ke ol ok ok sk ok sk e e sl sie S 3k ol sk v e vl vk e ol S o ok ok

GENERAL INFCORMATION

INSTRUMENT TYPE: Verification test of HICell with K-factors
INSTRUMENT LOCATION: Case 12H

NORTHING: .00

EASTING: .00

ELEVATION: .00

DATE OF INSTALLATION: This test conducted July 1989
DATE OF QVERCORING:

SETTING DEPTH INFORMATION:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSON’S YOUNG*S YOUNG’S
TYPE RATIO MODULUS MODULUS
{m/m) (*10**6 psi) (GPa)

1 .0500 1.0000 6.8950

BOREHOLE ORIENTATIONS:

BOREHOLE AZIMUTH INCLINATION
NUMBER {deg) {deg)
1 45.00 -45.00

PROPERTIES OF HOLLOW INCLUSION CELL:

POISSON’S YOUNG'S YOUNG'’S INNER HOLE RADIUS OF
RATID MODULUS MODULUS RADIUS RADIUS GAUGES
(m/m) (psi) {GPa)

.40000 .38400 2.647468 16.00C 19.050 17.500

CORRECTION FACTORS FOR HOLLOW INCLUSION CELL:

MATERIAL K1 K2 K3 Ké
1 1.04518 92629 1.02550 67726
READINGS:

-THE READINGS REFLECT THE CHANGE [N STRAIN OR DISPLACEMENT AT THE GAUGE



DUE TO OVERCORING. SIGN CONVENTION: TENSILE STRAIN DR EXTENSION IS POSITIVE.

BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION

FOR STRESS 1S OPPOSITE -- COMPRESSIVE STRESS IS POSITIVE.

-ALPHA IS THE ANGLE IN DEGREES DESCRIBING THE POSITION OF THE

MIDPOINT OF THE GAUGE OR TRE CIRCUMFERENCE OF THE BOREHOLE OR RAISE.
(LOOKING INTO THE BOREHOLE, IT IS MEASURED CLOCKWISE FROM NORTH OR UP,)
-BETA IS THE ANGLE IN DEGREES DESCRIBING THE TILT OF THE GAUGE.

LOOKING ALONG THE POSITIVE R-AXIS (R-ALPHA-Z SYSTEM), BETA IS

MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TO THE AXIS OF THE
STRAIN GAUGE.

MICROSTRAIN
OR BOREHOLE MATERIAL DIAMETER
MICROINCKES ALPHA BETA NUMBER TYPE HUMBER INSTRUMENT
1452.19 323.00 90.00 1 1 Hollow Inclusion Cell
-1022.65 300.00 00 1 1 Hollow Inclusion Cell
1513.58 300.00 45.00 1 1 Hollow Inclusion Cell
-87.72 163.50 45.00 1 1 Kollow Inclusion Cell
-1006.42 163.50 135.00 1 1 Hollow Inclusion Cell
-3323.04 180.00 .00 1 1 Hollow Inclusion Cetl
1452.19 83.00 90.00 1 1 Hollow Inclusion Cell
-3053.15 60.00 .00 1 1 Hollow Inclusion Cell
-3213.09 60.00 45.00 1 1 Hollow Inclusion Cell

QUTPUT RESULTS: RUN NUMBER 1

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS 49993699E+06
DEVIATIONS:

STRAIN COMPUTED STRAIN OIFFERENCE
1452.19 1452.1¢9 .00
-1022.65 -1022.65 .00
1513.58 1513.58 .00

-87.72 -87.72 .00
-1006.42 -1006.42 .00
-3323.04 -3323.04 .00
1452.19 1452.19 .00
-3053.15 -3053.15 .00
-3213.09 -3213.09 .00

STANDARD DEVIATION OF DIFFERENCES IS
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

.00 ON 3 DEGREES OF FREEDOM.

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THBE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

**** STRESS COMPONENTS IN REFERENCE SYSTEM *#*~

COMPONENT STRESSES
DESIGNATION {psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 -3.447
STANDARD ERROR 000 .0000

NORMAL EAST-WEST -1680.00 -11.584
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STANDARD ERROR .000 .0000

NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .001 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERRCR .000 .0000
SHEAR E-W/VERT -700.00 -4.B26
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -%00.00 -6.205
STANDARD ERRCR .000 .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPOMENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES DF  MEAN .
VARIATION SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 33361453.56 6 5560242.26
o dr e o de e de deode e e e
DEVIATION .00 3 .00
TOTAL VARIATION 33361453.56 9
PRINCIPAL STRESSES AZIMUTH INCLINATICN
(psi) (MPa) (deg) (deg)
1756.71 12.113 29.2 -63.7
-887.%94 -6.122 359.9 23.3
-1848.76 -12.747 274.9 -11.5

NOTE: (1) AZIMUTH 1S THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION 1S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE 1§ NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS . 16006964E+06

DEVIATIONS:
STRAIN COMPUTED STRAIN DI1FFERENCE
1452.19 1452.19 .00
-1022.65 -1022.65 .00
1513.58 1513.58 .00
4 DISCARD NO. 1
-1006.42 -1006.42 .00
-3323.04 -3323.04 .00
1452.19 1452.19 .00

-3053.15 -3053.15 .00



-3213.09 -3213.09 .00

STANDARD DEVIATION OF DIFFERENCES IS .00 ON 2 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHODY OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM.
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

wwwx STRESS COMPONENTS IN REFERENCE SYSTEM ****

COMPONENT STRESSES
DESIGNATICN (psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 -3.447
STANDARD ERROR .0oo .0000
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .oco .0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERROR .000 .0000
SHEAR E-W/VERT -700.00 -4.827
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -900,00 -6.205
STANDARD ERROR .000 .0000

MOTE: THE STANDARD ERROR 1§ THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSICN

ikl e e

SOURCE OF SUM OF DEGREES OF MEAN
VARIATION SQUARES  FREEDOM  SQUARES
REGRESSION 32774895.34 6 5462482.56
DEVIATION .00 2 .00
TOTAL VARIATION 32774895.34 8

PRINCIPAL STRESSES AZIMUTH [INCLINATION

(psi) (MPa) (deg) (deg)
1756.77 12.113 29.2 -63.7
-887.94 -6.122 359.9 23.3

-184B.76 -12.747 274.9 11.5

THE MAGNITUDE AND
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NOTE: (1) AZIMUTH IS THE ANGLE [N DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--» INDICATES VALUE IS NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 3

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .55780071E+05
DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
1452.19 1452.19 .00
-1022.65 -1022.65 .00

3 DISCARD NO. 2
4 DISCARD NO. 1

-1006.42 -1006.42 .00
-3323.04 -3323.04 .00
1452,19 1452.1¢9 .00
-3053.15 -3053.15 -00
-3213.09 -3213.09 .00
STANDARD DEVIATION OF DIFFERENCES 1S .00 ON 1 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATICN COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHCD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS,

*k%k STRESS COMPONENTS IN REFERENCE SYSTEM **+*

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NCRTH-SOUTH  -500.00 -3.447
STANDARD ERROR .000 .0000
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .000 .0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERRCR .000 -0000
SHEAR E-W/VERT -700.00 -4.827
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -900.00 -6.205
STANDARD ERROR .000 .0000

NQTE: THE STANDARD ERROR [S THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.



ANALYSIS OF VARIANCE TABLE

SQURCE OF
VARIATION

REGRESSION
DEVIATION

TOTAL VARIATION

FOR MULTIPLE REGRESSION

SUM OF DEGREES OF MEAN
SQUARES  FREEDOM  SQUARES F-TEST

26117062.49 6 4352843.75
ki
.00 1 .00
26117062.4% 7

PRINCIPAL STRESSES AZIMUTH INCLINATION

(psi)

1756.71
-8B7.94

-1848.76

NOTE: (1) AZIMUTH IS THE

(MPa) (deg) {deg)
12.113 29.2 -63.7
-6.122 359.9 23.3

-12.747 274.9 -11.5

(3) "--" INDICATES VALUE 1S KOT UNIQUE.

ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION [S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
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Overcoring Data -- Triaxial Cell:

Filename: TR12H.OUT
HERNRRRARRAN TRk R kR kR w
STRESSOUT

{(Version 1.00)

* ko ok R F R

A STRESS MEASUREMENT DATA REDUCTION PROGRAM

* B B 3 X B

ke ke i W v i o ool o i o ol ok ok o o o o ol sty oy e ot e ol Vil e kel e o o o o o ke o o el ek

GENERAL INFORMATION
INSTRUMENT TYPE: Triaxial Cell
INSTRUMEHT LOCATION: Case 12H
NORTHING: .00
EASTING: .00
ELEVATION: .00
DATE OF INSTALLATION: This test conducted December 1990
DATE OF OVERCORING:

SETTING DEPTH INFORMATION:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSOM’S YOUNG’S YOUNG'S
TYPE RATIO MODULUS MODULUS
(m/m) (*10%%5 psi) (GPa)

1 .2500 1.0000 6.8950

BOREHOLE ORIENTATIONS:

BORE HOLE AZIMUTH  INCLINATION
NUMBER (deg) (deg)
1 45.00 -45.,00
READINGS:

~THE READINGS REFLECT THE CHANGE IN STRAIN OR DISPLACEMENT AT THE GAUGE
DUE TO OVERCORING. SIGN CONVENTION: TENSILE STRAIN OR EXTENSION IS POSITIVE.
BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION

FOR STRESS 1S OPPOSITE ~-- COMPRESSIVE STRESS [S POSITIVE.

-ALPHA IS THE ANGLE IN DEGREES DESCRIBING THE POSITION OF THE

MIDPCINT OF THE GAUGE ON THE CIRCUMFERENCE OF THE BOREHOLE OR RAISE.
(LOOKING INTO THE BOREHOLE, [T IS MEASURED CLOCKWISE FROM NORTH OR UP.)
-BETA IS THE ANGLE IN DEGREES DESCRIBING THE TILT OF THE GAUGE.

LOOKING ALONG THE POSITIVE R-AXIS (R-ALPHA-Z SYSTEM), BETA IS

MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TO THE AXIS OF THE
STRAIN GAUGE,

MICROSTRAIN

OR BOREHOLE MATERIAL DIAMETER
MICROINCHES  ALPHA BETA NUMBER TYPE NUMBER  INSTRUMENT



1915.46 300.00 90.00 1 1 Triaxial Cell
-1185.69 3006.00 .00 1 1 Triaxial Cell
1872.63 300.00 45.00 1 1 Triaxial Cell
490.83 180.00 45.00 1 1 Triaxial Cell
-2095.13 180.00 135.00 1 1 Triaxial cell
-3519.76 180.00 .00 1 1 Triaxial Cell
1915.46 60.00 90.00 1 1 Triaxial Cell
-3245.92 60.00 .00 1 1 Triaxial Cell
-3465.96 60.00 45.00 1 1 Triaxial Cell
OUTPUT RESULTS: RUN KUMBER 1
THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .B2490500E+06
DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
1915.46 1915.46 .00
-1185.69 -1185.69 .00
1872.63 1872.63 .00
490.83 490.83 .00
-2095.13 -2095.13 .00
-3519.76 -3519.76 .00
1915.46 1915.46 .00
-3245.92 -3245.92 .00
-3465.96 -3465.96 .00
STANDARD DEVIATION OF DIFFERENCES IS .00 ON 3 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHQD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOO) QF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS,

**kk STRESS COMPONENTS IN REFERENCE SYSTEM wa##

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL MORTH-SQUTH  -500.00 -3.447
STANDARD ERRCR -001 .0000
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .001 -0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .00 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERROR .000 .0000
SHEAR E-W/VERT -700.00 -4.826
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -$00.00 -6.205
STANDARD ERROR .000 .00o0

NOTE: THE STAKNDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.



CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S

T DISTRIBUTION FOR THE DESIRED PROBABILITY.

THE STANDARD ERROR TAKES NO ACCOUNT

OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF MEAN
VARIATION SQUARES FREEDOM  SQUARES F-TEST
REGRESSION 45868170.34 6 T644695.06
i i il o ik
DEVIATION .00 3 .00
TOTAL VARIATION 45868170.34 9
PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPa) (deg) (deg)
1756.70  12.112 29.2 -63,7
-887.94 -6.122 359.9 23.3
-1848.77 -12.747 274.9 -11.5

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.

(3) »--" INDICATES VALUE IS NOT UNIGUE.

OUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .24059730E+06
DEVIATIONS:

STRAIN COMPUTED STRAIN DIFFERENCE

1915.46 1915.46 .00
-1185.69 -1185.69 .00

1872.63 1872.63 .00

490.83 490.83 .00
-2095.13 -2095.13 .00
-3519.76 -3519.76 .00

1915.46 1915.46 .00
-3245.92 -3245.92 .00

¢ DISCARD NO. 1

STANDARD DEVIATION OF DIFFERENCES IS
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

.00 ON 2 DEGREES OF FREEDOM.

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES

METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM.

THE MAGNITUDE AND

DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

waw¥ STRESS COMPONENTS [N REFERENCE SYSTEM *w*w



COMPONENT STRESSES

DESIGNATION {psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 -3.447
STANDARD ERROR .boo .0000
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .000 .0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERROR -000 .cooo
SHEAR E-W/VERT -700.00 -4.826
STANDARD ERROR .000 .000¢
SHEAR VERT/N-S -900.00 -6.205
STANDARD ERROR .000 .000o0

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT'S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATION SQUARES FREEDOM  SQUARES F-TEST
REGRESSION 37950915.26 6 6325152.54

ok ko
DEVIATION .00 2 .00
TOTAL VARIATION 37950915.26 8

PRINCIPAL STRESSES AZIMUTH INCLINATION

(psi) (MPa) (deg) (deg)
1756.70  12.112 29.2 -63.7
-887.94 -6.122 359.9 23.3

-1848.76 -12.747 274.9 -11.5

NOTE: (1) AZIMUTH IS THE ANGLE [N DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION 1S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE IS NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 3

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS 137484 17E+06

DEVIATIONS:

STRAIN COMPUTED STRAIN DIFFERENCE



1915.46 1915.46 .00

-1185.49 -1185.69 .00
1872.63 1872.63 .00
490.83 490.83 .00
-2095.13 -2095.13 .00
-3519.76 -3519.76 .00
7 DISCARD NO. 2
-3245.92 -3245.92 .00

9 DISCARD NO. 1

STANDARD DEVIATION OF DIFFERENCES IS .00 ON 1 DEGREES OF FREEDCM.
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHCD
WHICH GIVES VARIOUS STATISTICAL DATA - AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPOHENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*k** STRESS COMPONENTS IN REFERERCE SYSTEM wh&&

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 =3.447
STANDARD ERROR .000 .Dooo
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .000 .0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERROR .000 .0000
SHEAR E-W/VERT -700.00 -4.826
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -900.00 -6.205
STANDARD ERROR 000 .0000

NOTE: THE STANDARD ERROR 1S THE STAWDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF MEAN
VARIATION SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 31384641.95 6 5230773.66

i e 9 e e e e e ke ol
DEVIATION .00 1 .00
TOTAL VARIATION 31384641.95 7

PRINCIPAL STRESSES AZIMUTH INCLINATION



NOTE:

{psi) (MPa) (deg) (deg)
1756.70  12.112 29.2 -63.7
-887.94  -6.122 359.9 23.3

-1848.76 -12.747 274.9 -11.5

(1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION !S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE 1S NOT UNIQUE.
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Overcoring Data -- Strain Gauges on Wall of Bored Raise:

Filename: BR12H.0UT

i sk 3 o e e e vy ok o vl v o e ok e e e sk v e e ke ol sk vk e sl ol vl ke ol ol b sl ol i ke ok ke ol o o ol ol ek e

* *
* STRESsOUT *
* *
* (version 1.00) -
L] *
* A STRESS MEASUREMENT DATA REDUCTION PROGRAM *
L ] *
EETEHNRER AR EE A A A A AR dordedrrrrwrr st
GENERAL INFORMATION
INSTRUMENT TYPE: Verification test of Bored Raise Option
INSTRUMENT LOCATICN: Case 12H
NORTHING: .00
EASTING: .00
ELEVATION: .00

DATE OF INSTALLATION: This test conducted December 1990
DATE OF OVERCORING: :

SETTING DEPTH INFORMATICN:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSON'S YOUNG'S YOUNG'S
TYPE RATIO MODULUS MODULUS
(m/m} (*10**6 psi) (GPa)

1 .2500 1.0000 6.8950

BOREHOLE ORIENTATICONS:

BOREHOLE AZIMUTH INCLINATION
NUMBER {deg) (deg)
1 45.00 -45.00
READINGS:

-THE READINGS REFLECT THE CHANGE IN STRAIN OR DISPLACEMENT AT THE GAUGE
DUE TO OVERCORING. SIGN CONVENTION: TENSILE STRAIN OR EXTENSION IS POSITIVE.
BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION
FOR STRESS IS OPPOSITE -- COMPRESSIVE STRESS [S POSITIVE.

-ALPHA 1S THE ANGLE IN DEGREES DESCRIBING THE POSITION OF THE
MIDPOINT OF THE GAUGE ON THE CIRCUMFERENCE OF THE BOREHOLE CR RAISE.
(LOOKING INTO THE BOREHOLE, IT 1S MEASURED CLOCKWISE FROM NORTR CR UP.)

-BETA [S THE ANGLE [N DEGREES DESCRIBING THE TILT OF THE GAUGE.

LOOKING ALONG THE POSITIVE R-AXIS (R-ALPHA-Z SYSTEM), BETA IS

MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TQ THE AXIS OF TRE

STRAIN GAUGE.

MICROSTRAIN
OR BOREHOLE MATERIAL DIAMETER
MICROINCHES  ALPHA BETA NUMBER TYPE NUMBER INSTRUMENT



1915.46
-1185.69
1872.63
490.83
-2095.13
-3519.76
1915.46
-3245.92
-3465.96

300.00
300.00
300.00
180.00
180.00
180.00
60.00
60.00
60.00

QUTPUT RESULTS:

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS

DEVIATIONS:

STRAIN
1915.46
-1185.69
1872.63
490.83
-2095.13
-3519.76
1915.46
-3245.92
-3465.96

90.00
.00
45.00
45.00
135.00
.00
90.00
.00
45.00

RUN NUMBER

COMPUTED STRAIN

1915.46
-1185.69
1872.63
490.83
-2095.13
-3519.76
1915.46
-3245.9¢2
-3465.96

— b b ok ek b = e

Gauges
Gauges
Gauges
Gauges
Gauges
Gauges
Gauges
Gauges
Gauges

NS S (T QT I G g 4

DIFFERENCE

.00
.00
.00
.00
.00
.00
.00
.00
.00

STANDARD DEVIATICON OF DIFFERENCES 1S
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

on
on
on
on
on
on
on
on
on

.82490500E+06

wall
Wall
Wall
Wall
Wall
Wall
Wall
Wall
Wall

.00 ON 3 DEGREES OF FREEDOM.

Bored
Bored
Bored
Bored
Bored
Bored
Bored
Bored
Bored

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES {BY LEAST SQUARES

METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM.

THE MAGNITUDE AND

DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

#*dk STRESS COMPONENTS IN REFERENCE SYSTEM *#%¥

COMPONENT

DESIGNATION

STRESSES

{(psi)

NORMAL NORTH-SOUTH  -500.00
STANDARD ERROR

NORMAL EAST-WEST

STANDARD ERROR

NORMAL VERTICAL
STANDARD ERROR

SHEAR N-S/E-W
STANDARD ERROR

SHEAR E-W/VERT
STANDARD ERROR

SHEAR VERT/N-S
STANDARD ERROR

NOTE:

THE STANDARD

.001

-1680.00
.001

1200.00
.001

300.00
.000

-700.00
.000

-900.00
.000

(MPa)
-3.447
.0000

-11.584
.0000

8.274
-0000

2.068
.0000

-4.826
.0000

-6.205
.0000

ERROR 15 THE STANDARD DEVIATION OF THE STRESS COMPONENTS.

Raise
Raise
Raise
Raise
Raise
Raise
Raise
Raise
Raise
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CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S

T DISTRIBUTION FOR THE DESIRED PROBABILITY.

THE STANDARD ERROR TAKES NO ACCOUNT

OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF MEAN
VARIATION SQUARES FREEDOM SQUARES F-TEST
N REGRESSION 45868170.34 6 T644695.06
e vk v % e ve e ok Wik
DEVIATION .00 3 .00
TOTAL VARIATION 45858170.34 9
PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPa) {deg) (deg)
1756.70 12.112 29.2 -63.7
-B87.94 -6.122 359.9 23.3
-1848.77 -12.747 274.9 -11.5

NOTE:

(1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.

(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) u--% INDICATES VALUE IS NOT UNIQUE,

QUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS

DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
1915.46 1915.46 .00
-1185.69 -1185.6% .00
1872.63 1872.63 .00
490.83 490.83 .00
-2095.13 -2095.13 .00
-3519.76 -3519.76 .00
1915.46 1915.46 .00
-3245.92 -3245.92 .00

9 DISCARD NO. 1

STANDARD DEVIATION OF DIFFERENCES IS
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

.00 oN

. 24059730E+06

2 DEGREES OF FREEDOM.

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES

METHOD) OF THE STRESS COMPONENTS [N THE GLOBAL SYSTEM.

THE MAGNITUDE AND

DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*kw% STRESS COMPONENTS IN REFERENCE SYSTEM *¥w*



COMPONENT STRESSES

DESIGNATICN (psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 -3.447
STANDARD ERROR .000 .0qoo
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .000 .0o0o
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .agao
SHEAR N-S/E-W 300.00 2.068
STANCARD ERROR .000 .0cao
SHEAR E-W/VERT -700.00 -4.826
STANDARD ERROR .000 .0ooo
SHEAR VERT/N-S -900.00 -6.205
STANDARD ERROR .gaa .0000

NOTE: THE STANDARD ERROR [S THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAIKED BY USING THE STUDENT‘S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATION SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 37950915.26 6 6325152.54

e e sy il it e ol ol e e e ke
DEVIATION .00 2 .00
TOTAL VARIATION 37950915.26 8

PRINCIPAL STRESSES AZIMUTH [NCLINATION

(psi) (MPa) (deg) (deg)
1756.70 12.112 29.2 -63.7
-B87.94  -46.122 359.9 23.3

-1848.76 -12.747 274.9 -11.5

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL,
¢3) "--" INDICATES VALUE 1S NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 3

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .13748417E+06

DEVIATIONS:

STRAIN COMPUTED STRAIN DIFFERENCE



1915.46 1915.46 .00

-1185.69 -1185.69 .00
1872.63 1872.63 .00
490.83 490.83 .00
-2095.13 -2095.13 .00
-3519.76 -3519.76 .00
7 DISCARD NO. 2
-3245.92 -3245.92 .00

@ DISCARD NO. 1

STANDARD DEVIATION OF DIFFERENCES IS .00 ON 1 DEGREES OF FREEDOM.
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTIC! 27 SRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

***% GTRESS COMPONENTS IN REFERENCE SYSTEM ****

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NORTH-SOUTH  -500.00 -3.447
STANDARD ERROR .000 .0000
NORMAL EAST-WEST -1680.00 -11.584
STANDARD ERROR .000 .0000
NORMAL VERTICAL 1200.00 8.274
STANDARD ERROR .000 .0000
SHEAR N-S/E-W 300.00 2.068
STANDARD ERROR .000 .0000
SHEAR E-W/VERT -700.00 -4.826
STANDARD ERROR .000 .0000
SHEAR VERT/N-S -900.00 -6.205
STANDARD ERRCR ~ .00oo .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDERCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT‘S
T DISTRIBUTIOKR FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES,

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATION SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 31384641.95 6 5230773.66

EE 2 A0 b b a b bt
DEVIATION .00 1 .00
TOTAL VARIATION 31384641.95 7

PRINCIPAL STRESSES AZIMUTH INCLINATION



{psi} {MPa) (deg) (deg)
1756.70 12.112 29:2 -63.7
-887.94  -6.122 359.9 23.3

-184B.76 -12.747 274.9 -11.5

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH,
(2> INCLINATION 15 THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE 1S NOT UNIQUE.
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Overcoring Data -- Doorstopper (Rahn):

Filename: DR10ABJ.OUT
WA AR R TR w ATk ekw kb kkk

STRESsOUT
(Version 1.00)

A STRESS MEASUREMENT DATA REDUCTION PROGRAM

* % N N X ¥ X
* % % X X % *

e 3 99 o e v e o o ok vk i e e e o o ok e ok ot o o e Aol e e ok ol e ok e o e ke ok e e ke A ke ek

GENERAL INFORMATION

INSTRUMENT TYPE: Doorstopper gauges--Rahn
[NSTRUMENT LOCATIOM: Case 10ABJ

NORTHING: .00

EASTING: .00

ELEVATION: .00

DATE OF INSTALLATION: This test conducted August 198
DATE OF OVERCORING: .

SETTING DEPTH INFORMATION:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSON’S YOUNG'S YOUNG’S
TYPE RATIO MODULUS MODULUS
{m/m) (*10**6 psiy (GPa)

1 .2500 1.0000 6.8950

BOREHOLE ORIENTATIONS:

BOREHOLE AZIMUTH INCLINATION
NUMBER (deg) {deg)
1 .00 .00
2 90,00 .00
3 255.00 -75.00

STRESS CONCENTRATION FACTORS (RAHN):

MATERIAL a b [ d
1 1.345000 -.046312 -.632200 1.391313
READINGS:

-THE READINGS REFLECT THE CHANGE IN STRAIN OR DISPLACEMENT AT THE GAUGE

DUE TO OVERCORING. SIGN CONVEMTION: TENSILE STRAIN OR EXTENSION IS POSITIVE.
BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION

FOR STRESS [S OPPOSITE -- COMPRESSIVE STRESS 1S POSITIVE.

-ALPHA [S THE ANGLE IN DEGREES DESCRIBING THE POSITION OF THE

MIDPOINT OF THE GAUGE ON THE CIRCUMFERENCE OF THE BOREHOLE OR RAISE.

(LOOKING [NTO THE BOREHOLE, IT IS MEASURED CLOCKWISE FROM NORTH OR UP.)

-BETA IS THE ANGLE IN DEGREES DESCRIBING THE TILT OF THE GAUGE.



LOOKING ALONG THE POSITIVE R-AX1S (R-ALPHA-2Z SYSTEM), BETA IS
MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TO THE AXIS OF THE
STRAIN GAUGE.

MICRQSTRAIN

OR BOREHOLE MATERIAL DIAMETER
MICROINCHES  ALPHA BETA NUMBER TYPE NUMBER INSTRUMENT
4169.43 .00 1 1 Doorstopper--Rahn
-2656.70 90.00 1 1 Doorstopper--Rahn
256.36 45.00 1 1 Doorstopper-=-Rahn
256.36 -45.00 1 1 Doorstopper--Rahn
4398.40 .00 2 1 Doorstopper--Rahn
920.12 90.00 2 1 Doarstopper- -Rahn
2659.26 45.00 2 1 Doorstopper--Rahn
2659.26 -45.00 2 1 Doorstopper--Rahn
-3017.31 .00 3 1 Doorstopper--Rahn
243.30 %0.00 3 1 Doorstopper--Rahn
-337.08 45,00 3 1 Doorstopper--Rahn
-2436.93 -45.00 3 1 Doorstopper--Rahn

CUTPUT RESULTS: RUN NUMBER 1

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .14218843E+05
DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
4169.43 4169.43 .00
-3656.70 -3656.71 .01
256.36 256.36 .00
256.36 256.36 .00
4398.40 4398.40 .00
$20.12 920.12 .00
2659.26 2659.26 .00
2659.26 2659.26 .00
-3017.31 -3017.31 .00
243.30 243.30 .00
-337.08 -337.08 .00
-2436.93 ~2436.93 .00
STANDARD DEVIATION OF DIFFERENCES IS .00 ON & DEGREES OF FREEDQOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHCD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*4dk STRESS COMPONEMTS IN REFERENCE SYSTEM *##*

COMPONENT STRESSES
DESIGNATION {psi) (MPa)
NORMAL NORTH-SQUTH  1000.00 6.895
STANDARD ERRCR .003 .0000
NORMAL EAST-WEST -1500.00 -10.342

STANDARD ERROR .003 .0000



NORMAL VERTICAL 3000.00 20.685

STANDARD ERROR .002 .0000
SHEAR N-S/E-W .00 .000
STANDARD ERRCR .002 .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .002 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .002 .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CORFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT'S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERRCR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATICN SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 77322956.51 & 12887159.42

s ok e ke ek ok
DEVIATION .0g & .00
TOTAL VARIATION 77322956.51 12

PRINCIPAL STRESSES AZIMUTH INCLINATION

(psi) (MPa) (deg) (deg)
3000.00 20.485 -- 0.0
1000,00 6.895 180.0 .0

-1500.00 -10.342 270.0 .0

NOTE: (1) AZIMUTH 1S THE ANGLE I[N DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2> INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
¢3) "--" INDICATES VALUE IS NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .85824065E+04

DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
4169.43 4169.43 .00
2 DISCARD NC. 1
256.36 256.36 .00
256.36 256.36 .00
4398.40 4398.40 .00
920.12 920.12 .00
2659.26 2659.26 .00
2659.26 2659.26 .00
-3017.31 -3017.31 .00

243.30 243.30 .00



-337.08 -337.08 .00
-2436.93 -2436.93 .00

STANDARD DEVIATION OF DIFFERENCES I§ .00 ON 5 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOQUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM.
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

#4kx STRESS COMPONENTS IN REFERENCE SYSTEM ****

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NORTH-SOUTH  1000.00 6.895
STANDARD ERROR .002 .0000
MORMAL EAST-WEST -1500.00 -10.343
STANDARD ERROR .002 .0000
NORMAL VERTICAL 3000.00 20.685
STANDARD ERROR .002 .0000
SHEAR N-S/E-W .00 .000
STANDARD ERROR .001 .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .001 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .001 .0000

THE MAGNITUDE AND

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS,
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT'’S
T DISTRIBUTION FOR THE DESIRED PROBABIL1TY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

e 0 e o ke e i

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATION SQUARES  FREEDOM  SQUARES
REGRESSION 58387448.74 6 9731241.46
DEVIATION .00 5 .00
TOTAL VARIATION 58387448.74 1

PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPa) (deg) (deg)

3000.00 20.685 -- -90.0
1000.00 6.895 180.C .0
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-1500.00 -10.343 90.0 .0

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
{3) "--" [NDICATES VALUE 1S NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 3

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS J49223328E+04
DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
4169.43 4169.43 .00
2 DISCARD NO. 1
256.36 256.36 .00
256.36 256.36 .00
4398.40 4358.40 .00
920.12 920.12 .00
2659.26 265%9.26 .00
2659.256 2659.26 .00
-3017.31 -3017.31 .00
10 DISCARD No. 2
-337.08 -337.08 .00
-2436.93 -2436.93 .00
STANDARD DEVIATION OF DIFFERENCES IS .00 ON 4 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

WEk® STRESS COMPONENTS IN REFERENCE SYSTEM ®wx=

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NORTH-SOUTH  1000.00 6.895
STANDARD ERRCR .001 .0000
NORMAL EAST-WEST -1500.00 -10.343
STANDARD ERRCR .002 .0000
NORMAL VERTICAL 3000.00 20.685
STANDARD ERROR .001 .0000
SHEAR N-S/E-W .00 .00a
STANDARD ERRCR .001 .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .001 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .001 .0000

NOTE: THE STANDARD ERROR 1S THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONEMTS ARE OBTAINED BY USING THE STUDENT‘S



T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS CF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF MEAN

VARIATION SQUARES  FREEDOM  SQUARES F-TEST

REGRESSION 57929838.01 6 9654973.00
AXREERRERR LW

DEVIATION .00 4 .00

TOTAL VARIATION 57929838.01 10

PRINCIPAL STRESSES AZIMUTH [INCLINATION

(psi) (MPa) {deg) (deg}
3000.00 20.685 -- -90.0
1000.00 6,895 180.0 .0

-1500.00 -10.343 0.0 .0

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--¥ INDICATES VALUE IS NOT UNIQUE.
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Overcoring Data -- Doorstopper (Hocking):

Filename: DHY9CFG.OUT
WER TR A AR R AR A AT TN T AR A AAAAN AN RA T TR TS

STRESsOUT
{Version 1.00)

A STRESS MEASUREMENT DATA REDUCTICON PROGRAM

ok % % % ¥ »
* % % 4 % »

A drirde A ddd ek ko ko Ak Ak A A Ak R ek kA AR

GENERAL INFORMATION

INSTRUMENT TYPE: Doorstopper gauges--Hocking
INSTRUMENT LOCATION: Case 9CFG

NORTHING: .00

EASTING: .00

ELEVATION: .00

DATE OF INSTALLATION: This test conducted August 1989
DATE OF OVERCORING:

SETTING DEPTH INFORMATION:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSON‘S YOUNG’S YOUNG’S
TYPE RATIO MDDULUS MCOULUS
(m/m) (*10**6 psi) (GPa)

1 .4500 1.0000 6.8%50

BOREHOLE ORIENTATIONS:

BOREHOLE AZIMUTH INCLINATION
NUMBER (deg) (deg)
1 180.00 .00
2 .00 -90.00
3 60.00 30.00

STRESS CONCENTRATION FACTORS (HOCKING):

MATERIAL a b c d
1 1.386288 .061800 -.879732 1.324488
READINGS:

-THE READINGS REFLECT THE CHANGE IN STRAIN OR DISPLACEMENT AT THE GAUGE

DUE TO OVERCORING. SIGN CONVENTION: TENSILE STRAIN OR EXTENSION IS POSITIVE.
BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION

FOR STRESS IS OPPOSITE -- COMPRESSIVE STRESS IS POSITIVE.

-ALPHA 1S THE ANGLE IN DEGREES DESCRIBING THE POSITION OF THE

MIDPOINT OF THE GAUGE ON THE CIRCUMFERENCE OF THE BOREHOLE OR RAISE.

(LOOKING INTO THE BOREHOLE, IT IS MEASURED CLOCKWISE FROM NORTH OR UP.)

-BETA 1S THE ANGLE IN DEGREES DESCRIBING THE TILT OF THE GAUGE.



LOOKING ALONG THE POSITIVE R-AX1S (R-ALPHA-Z SYSTEM), BETA IS
MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TO THE AXIS OF THE
STRAIN GAUGE.

MI1CROSTRAIN
CR BOREHOLE MATERIJAL DIAMETER
MICROINCHES ALPHA BETA NUMBER TYPE NUMBER INSTRUMENT
312.59 .00 Doorstopper--Hocking

312.59 ©0.00
312.59 45.00
312.59 -45.00
312.59 .00
312.5%9 90.00
312.59 45.00
312.59 -45.00
312.59 .00
312.5%9 90.00
312.59 45.00
312.59 -45.00

1

1 Doorstopper--Hocking
1 Doorstopper--Hacking
9 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking
1 Doorstopper--Hocking

WHWWWMNRANRMNR = - -

OUTPUT RESULTS: RUN NUMBER 1

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .BOT40549E+04

DEVIATIONS:
STRAIN COMPUTED STRAIN D1FFERENCE
312.59 312.59 00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.5%9 312.59 .00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSICN METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES {BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
OIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

wkk¥ STRESS COMPONENTS IN REFERENCE SYSTEM *#*»*

COMPONENT STRESSES
CESIGNATION (psi) (MPa}
NORMAL NORTH-SQUTH 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL EAST-WEST 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL VERTICAL 999.98 6.895

STANDARD ERROR .000 .0000



SHEAR N-S/E-W .00 .000

STANDARD ERROR .0ao .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .000 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .000 .0oo0

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT'S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF RESIDUALS WAS NOT DONE BECAUSE OF NEGLIGIBLE ERROR IN MEASUREMENTS.

PRINCIPAL STRESSES AZIMUTH [INCLINATION
(psi) (MPa) (deg) (deg)

999.98 6.895 -- --
999.98 6.895 -- --
999.98 6.895 -- --
NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.

(2) INCLINATION [S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORI[ZONTAL.
(3) v--" INDICATES VALUE 1S NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS L36764751E+04

DEVIATIONS:
STRAIN COMPUTED STRAIN DIFFERENCE
312.59 312.59 .00
312.59 312.59 .00
312.5¢9 312.59 .00
312.5¢9 312.59 .00
5 DISCARD NO. 1
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00
312.59 312.59 .00

THE STRESSES [N THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*#xx STRESS COMPONENTS I[N REFERENCE SYSTEM **»*



COMPONENT STRESSES

DESIGNATION {psi) {MPa}
NORMAL NORTH-SOUTH 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL EAST-WEST 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL VERTICAL 999.98 6.895
STANDARD ERROR .000 .0000
SHEAR N-S/E-W .00 .000
STANDARD ERROR .000 .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .000 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .000 .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF RESIDUALS WAS NOT DONE BECAUSE OF NEGLIGIBLE ERROR IN MEASUREMENTS.

PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPa) (deg) (deg)

999.98 6.895 -- --
999.98 6.895 -- --
999.98 6.895 -- --
NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POUSITIVE CLOCKWISE FROM NORTH.

(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE IS NOT UNIGQUE.

QUTPUT RESULTS: RUN NUMBER 3

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .21865281E+04

DEVIATICNS:

STRAIN COMPUTED STRAIN DIFFERENCE

312.59 312.59 .00
2 DISCARD NO, 2

312.59 312.59 .00

312.5%9 312.59 .00
5 DISCARD NO. 1

312.59 312.59 .00

312.59 312.59 .00

312.59 312.5¢9 .00

312.5% 312.5¢9 .00

312.5¢9 312.59 .00



312.59 312.5% .00
312.59 312.59 .00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTICN OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS LOMPONENTS.

wx*k STRESS COMPONENTS IN REFERENCE SYSTEM **=*

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NCRTH-SOUTH 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL EAST-WEST 999.98 6.895
STANDARD ERROR .000 .0000
NORMAL VERTICAL 999.98 6.895
STANDARD ERROR .gao .0000
SHEAR N-S/E-W .00 .000
STANDARD ERROR .000 .0000
SHEAR E-W/VERT .00 .000
STANDARD ERROR .0ag .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .000 .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCCURNT
OF THE POSSIBLE ERROR IN THE STRESS COMPCNENTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF RESIDUALS WAS NOT DONE BECAUSE OF NEGLIGIBLE ERROR IN MEASUREMENTS.

PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPs) (deg) (deg)

999.98 6.895 -- --
999.98 6.895 -- -
999.98 6.895 -- --
NOTE: (1) AZIMUTH 1S THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.

(2) INCLINATION [S THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--" INDICATES VALUE IS NOT UNIQUE.



Borehole deformation gauge:

Filename: BDG8HJK.OUT
RN EER A EFEER TR T YAk kAT TR AR

STRESsQUT

(Version 1.00)

* % % % F X *
& * F * & %

A STRESS MEASUREMENT DATA REDUCTION PROGRAM

e e vhe ke e vk ok e s v e Aol vk sl e o e ok ol ol o o ok e e ok oy iy o o sk At e dedr e

GENERAL INFORMATION
INSTRUMENT TYPE: Borehole deformation gauges
INSTRUMENT LOCATION: Case 8HJK
NORTHING: .00
EASTING: .00
ELEVATION: .00
DATE OF INSTALLATION: This test conducted August 1989
DATE OF OVERCORING:

SETTING DEPTH INFORMATION:

ROCK ELASTIC PROPERTIES:

MATERIAL POISSON'S YOUNG'S YOUNG’S
TYPE RATIO MODULUS MODULUS
{m/m) (*10*%*6 psi)  (GPa)

1 .3500 1.0000 6.8950

BOREHOLE ORIENTATIONS:

BOREHOLE AZIMUTH INCLINATION
NUMBER (deg) (deg)

1 45,00 -45.00

2 255.00 -75.00

3 300.00 60.00

BOREHOLE DIAMETER:

DIAMETER * ¥ DIAMETER * *
NUMBER {in) (mm}
1 1.5000 38,1000
READINGS:

-THE READINGS REFLECT THE CHANGE [N STRAIN OR DISPLACEMENT AT THE GAUGE

DUE TO OVERCORING. SIGN CONVENTION: TENSILE STRAIN OR EXTENSION 1S POSITIVE.
BECAUSE THE READINGS ARE DUE TO STRESS RELIEF, THE SIGN CONVENTION

FOR STRESS 1S OPPOSITE -- COMPRESSIVE STRESS 1S POSITIVE.
-ALPHA S THE ANGLE IR DEGREES DESCRIBING THE POSITION OF THE

MIDPOINT OF THE GAUGE ON THE CIRCUMFERENCE OF THE BOREHOLE QR RAISE.

(LOOKING INTO THE BOREHOLE, IT 1S MEASURED CLOCKWISE FROM NCRTH OR UP.)



-BETA IS THE ANGLE IN DEGREES DESCRIBING THE TILT OF THE GAUGE.
LOOKING ALONG THE POSITIVE R-AXIS (R-ALPHA-Z SYSTEM), BETA IS
MEASURED POSITIVE FROM THE ALPHA-AXIS CLOCKWISE TO THE AXIS OF THE
STRAIN GAUGE.

MICROSTRAIN
OR BOREHOLE MATERIAL DIAMETER
MICROINCHES ALPHA BETA NUMBER TYPE NUMBER INSTRUMENT
118.63 -60.00 1 1 1 Borehole Deformation Gsuge
1468.12 .00 1 1 1 Borehole Deformation Gauge
-3105.50 60.00 1 1 1 Borehole Deformation Gauge
-2013.18 -60,00 2 1 1 Borehole Deformation Gauge
587.70 .00 2 1 1 Borehole Deformation Gauge
-4215.31 60.00 2 1 1 Borehole Deformation Gauge
-751.78 -60.00 3 1 1 Borehole Defarmation Gauge
746.72 .00 3 1 1 Borehole Deformation Gauge
-4171.49 60.00 3 1 1 Borehole Deformation Gauge
DUTPUT RESULTS: RUN NUMBER 1
THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS .28348450E+09
DEVIATIONS:
DISPL. COMPUTED DISPL. DIFFERENCE
118.63 118.63 .00
1468.12 1468.12 a0
-3105.50 -3105.50 .00
-2013.18 -2013.18 .00
587.70 587.70 .00
=4215.31 -4215.31 .00
-751.78 -751.78 .00
746.72 746.72 .00
-4171.49 -4171.49 .00
STANDARD DEVIATION OF DIFFERENCES IS .00 ON 3 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHGD
WHICH GIVES VARIOUS STATISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES
METHOD) OF THE STRESS COMPONENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*%%** STRESS COMPONENTS IN REFERENCE SYSTEM **»*

COMPONENT STRESSES
DESIGNATION (psi) (MPa)
NORMAL NORTH-SOUTH -1000.00 -6.895
STANDARD ERROR .001 .0000
NORMAL EAST-WEST .00 .000
STANDARD ERROR .001 .0000
NORMAL VERTICAL 1000.00 6.895
STANDARD ERROR .003 .0000

SKEAR N-S/E-W .00 .000
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STANDARD ERROR .000 .0000
SHEAR E-W/VERT ‘ .00 .000
STANDARD ERROR .001 .0000
SHEAR VERT/N-S .00 .000
STANDARD ERROR .00 .0000

NOTE: THE STANDARD ERROR IS THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
CONFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T DISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NO ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENMTS DUE TO INACCURATE READINGS OF

THE STRAIN GAUGES.

ANALYSIS OF VARIANCE TABLE FOR MULTIPLE REGRESSION

SOURCE OF SUM OF DEGREES OF  MEAN
VARIATION SQUARES  FREEDOM  SQUARES F-TEST
REGRESSION 38226247.31 & 6371041.22
e vie vir o ol ohe sk ok ok iy oy oy
DEVIATION .00 3 .00
TOTAL VARIATION  3B226247.31 9
PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi (MPa) (deg) (deg)
1000.00 6.895 -- -90.0
.00 .000 270.0 .0
-1000.00 -6.895 180.0 .0

NOTE: (1) AZIMUTH IS THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
{2) INCLINATION 1S THE ANGLE IN DEGREES POS1TIVE DOWN FROM HORIZONTAL.
(3) ™--" INDICATES VALUE 1S NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 2

THE DETERMINANT OF THE COEFFICIENT MATRIX, A, IS . 14020382E+09
DEVIATIONS:
DISPL. COMPUTED DISPL. DIFFERENCE
118.63 118.63 .00
1468.12 1468.12 .00
-3105.50 -3105.50 .00
-2013.18 -2013.18 .00
587.70 587.70 .00
6 DISCARD NO. 1
-751.78 -751.78 .00
746.72 T46.72 .00
-4171.49 -4171.49 .00
STANDARD DEVIATION OF DIFFERENCES 1S .00 ON 2 DEGREES OF FREEDOM.

GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT =1.00



THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHOD
WHICH GIVES VARIOUS STATISTICAL DATA AKD BEST FITTING VALUES (BY LEAST SQUARES
METHOD)Y OF THE STRESS COMPOMENTS IN THE GLOBAL SYSTEM. THE MAGNITUDE AND
DIRECTION OF PRINCIPAL STRESSES ARE DETERMINED FROM THESE STRESS COMPONENTS.

*#%% STRESS COMPONEMTS IN REFEREMCE SYSTEM *#**

COMPONERT STRESSES
DESIGNATION (psi) (MPa)
NGRKAL NORTH-SOUTH -1000.00 -6.895
STANDARD ERROR .00 .0000
NORMAL EAST-WEST .00 .000
STANDARD ERROR .001 .0000
MORMAL VERTICAL 1000.00 6.895
STANDARD ERROR .002 .0000
SHEAR N-S/E-W .00 .000
STANDARD ERROR .000 .ocoo
SHEAR E-W/VERT .00 .000
STAMDARD ERROR .001 .0000
SHEAR VERT/N-§ .00 .000
STANDARD ERROR .001 .0000

NOTE: THE STANDARD ERROR 1S THE STANDARD DEVIATION OF THE STRESS COMPONENTS.
COMFIDENCE LIMITS FOR THE STRESS COMPONENTS ARE OBTAINED BY USING THE STUDENT’S
T OISTRIBUTION FOR THE DESIRED PROBABILITY. THE STANDARD ERROR TAKES NCQ ACCOUNT
OF THE POSSIBLE ERROR IN THE STRESS COMPONENTS DUE TQ INACCURATE READINGS OF

THE STRAI¥ GAUGES.

ANALYSIS OF VARIAMNCE TABLE FOR MULTIPLE REGRESSION

SQURCE OF SUM QF DEGREES OF KEAN
VARIATION SQUARES FREEDOM SQUARES F-TEST
REGRESSION 28397768.93 & 4732961.49
TRERETETTERE
DEVIATION .00 2 .00
TOTAL VARIATION 28397768.93 8
PRINCIPAL STRESSES AZIMUTH INCLINATION
(psi) (MPa) (deg) {deg)
1000.00 6.895 -- -90.0
.00 .000 270.0 .0
-1009.00 -6.895 160.0 .0

NOTE: (1) AZIMUTH 1S THE ANGLE IN DEGREES POSITIVE CLOCKWISE FROM NORTH.
(2) INCLINATION IS THE ANGLE IN DEGREES POSITIVE DOWN FROM HORIZONTAL.
(3) "--m INDICATES VALUE [S NOT UNIQUE.

OUTPUT RESULTS: RUN NUMBER 3



THE DETERMINANT OF THE COEFFICIENT MATRIX, A, 1S .538953649E+08

DEVIATIONS:

DISPL. COMPUTED D
118.63 118.63
1468.12 1468.12
-3105.50 -3105.50
-2013.18 -2013.18
587.70 587.70

& DISCARD NO. 1
-751.78 -751.78

8 DISCARD NO. 2
-4171.49 -4171.49

STANDARD DEVIATION OF D
GOODNESS OF FIT =1.00
CORRELATION COEFFICIENT

ISPL. =~ DIFFERENCE
.00
.00
.00
.00
.00

.00
.00
|FFERENCES IS .00 ON 1 DEGREES OF FREEDOM.

=1.00

THE STRESSES IN THE ROCK ARE COMPUTED BY THE MULTIPLE LINEAR REGRESSION METHQD

WHICH GIVES VARIOUS STA

TISTICAL DATA AND BEST FITTING VALUES (BY LEAST SQUARES

METHO