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Abstract:

In 1996, the common efforts of Atomic Energy of Canada Limited (AECL) and Ecole
Polytechnique de Montreal extended Leeman's application of the doorstopper cell to deep water-
filled boreholes with the Deep Doorstopper Gauge System. Field trials with this system indicated
that consistent bonding of the cell underwater was a problem. Consequently, semi-quantitative
tests were conducted in the laboratories of Ecole Poly technique to identify a potential adhesive.
During the fall of 1998, a field testing program was undertaken at AECL's Underground Research
Laboratory to evaluate the performances of the selected adhesive. The test results confirmed that
the Versilok 410/17 performed well in the actual field conditions. Moreover, the influence of
hydrostatic pressure on the strain gauge response required investigation. Triaxial laboratory tests
were conducted at Ecole Poly technique and showed that hydrostatic pressure less than 6.2 MPa
has a negligible effect on the cell's response.

Resume: En 1996, I'Energie Atomique du Canada Limitee (EACL) et I'Ecole Polytechnique de
Montreal ont mis au point le « Deep Doorstopper Gauge System » , une methodologie de mesure
de contraintes a grande profondeur basee sur I'utilisation de la cellule du « Doorstopper » de
Leeman. Toutefois, certaines difficultes de collage des cellules de mesure so us I'eau furent
rapidement identifiees. Suite a un programme d'essais en laboratoire, un adhesif potentiel a ete
identifie. En octobre 1998, les performances de I'adhesif retenu ont ete verifiees lors d'essais in
situ au Laboratoire Souterrain d'EACL. Les resultats obtenus confirment que le Versilok 410/17
reagit adequatement en conditions d'essais. Par la suite, une etude a permis d'analyser l'influence
de la pression hydrostatique sur la reponse des jauges. Des essais triaxiaux realises aux
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ABSTRACT: In 1996, the common efforts of Atomic Energy of Canada Limited (AECL) and Ecole Polytechnique de Montréal
extended Leeman’s application of the doorstopper cell to deep water-filled boreholes with the Deep Doorstopper Gauge
System. Field trials with this system indicated that consistent bonding of the cell underwater was a problem. Consequently,
semi-quantitative tests were conducted in the laboratories of Ecole Polytechnique to identify a potential adhesive. During the
fall of 1998, a field testing program was undertaken at AECL’s Underground Research Laboratory to evaluate the
performances of the selected adhesive. The test results confirmed that the Versilok 410/17 performed well in the actual field
conditions. Moreover, the influence of hydrostatic pressure on the sirain gauge response required investigation. Triaxial
laboratory tests were conducted at Ecole Polytechnique and showed that hydrostatic pressure less than 6.2 MPa has a
negligible effect on the cell’s response.

RESUME: En 1996, I'Energie Atomique du Canada Limitée (EACL) et I'Ecole Polytechnique de Montréal ont mis au point le
« Deep Doorstopper Gauge System », une méthodologie de mesure de contraintes 3 grande profondeur basée sur l'utilisation
de la cellule du « Doorslopper » de Leeman. Toutefois, certaines difficultés de collage des cellules de mesure sous 'eau
furent rapidement identifiées. Suite & un programme d'essais en laboratoire, un adhesif potentiel a été identifié. En octobre
1998, les performances de V'adhésif retenu ont &té vérifiées lors d'essais in sifu au Laboratoire Souterrain d'EACL. lLes
résuitats obtenus confirment que le Versilok 410/17 réagit adéquatement en conditions d'essais. Par la suite, une étude a
permis d'analyser l'influence de la pression hydrostatigue sur la réponse des jauges. Des essais triaxiaux réalisés aux
laboratoires de I'Ecole Polytechnigue démontrent qu’une pression hydrostatique inférieure 4 6,2 MPa a un effet négligeable
sur la lecture des jauges.

1. INTRODUCTION order to improve its efficiency, a research project by Cabot

(1999) focused on the identification of an adhesive able fo

The determination of in silu stresses is necessary to
optimize the size, geometry and orientation of an
underground excavation. When excavations are fo be
located at great depths, the siress measurements must be
conducied in deep water-filled boreholes. The two most
common methods of determining deep in situ stresses are
hydraulic fracturing and deep overcoring. In areas of high
horizontal stress magnitudes, hydraulic fracturing can often
be difficult to interpret as a result of sub-horizontal fracture
formation, and standard deep overcoring methods using a
pilot hole often fall to produce results because of core
discing.

In the sixties, E. R. Leeman developed the doorstopper cell
{Leeman, 1967), based on the strain recovery principle, to
measure absolute stresses in rock masses. Since then the
technique has evolved and in 1996, the common efforts of
Atomic Energy of Canada Limited {(AECL) and Ecole
Polytechnique de Montréal have extended its application to
deep (1000 m) water-filled boreholes with the development
of the Deep Doorstopper Gauge System (DDGS).

Early testing of the DDGS {Thompson et al.,1997), showed
that the methodology stiil required some improvements, In

bond a modified doorstopper cell at the bottem of a deep
(1000 m) water-filled borehole, and on the investigation of
hydrostatic pressure effects on the measuring system.

2. PRINCIPLE OF THE DDGS

As described by Thompson et al. (1997), the DDGS,
Hlustrated In Figure 1, incorporates several features that
enable it to be used for deep overcoring measurements:

+ The Modified Deorstopper Gauge, a strain and
temperature measuring cell consisting of a four 120 O
strain gauges rosette and a thermistor;

« A self-contained Inielligent Acquisition Module (IAM)
working as a remote battery-powered data logger
attached to the Modified Doorstopper Gauge during a
stress measurement test (Leite et al., 1996a);

+« An Installation assembly, composed of a wireline
adapter, a gravity-based orientation device and a diving
bell sleeve, protecting the doorstopper gauge and the
adhesive from water during the lowering of the unit.
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Figure 1: The Deep Doorstopper Gauge System
(Thompson, et al.,1997)

The successive steps of in situ rock stress determination
with the DDGS, as illustrated in Figure 2, consist of the
following:

« Flatten the borehole bottom;

+ Install the DDGS into HQ3 drill rods and HQ3 wireline
core barrel once the |IAM has been programmed and an
adhesive applied on the Modified Doorstopper Gauge
(step 1);

e Record the orientation of the strain gauges, with a
gravity-based orientation device, when the DDGS
reaches the borehole bottom (step 2);

Wait for the adhesive to cure (step 3);
* Retrieve the installation assembly (step 4);

e Record initial strain readings with the IAM and release
the rock mass stresses by overcoring and continuously
recording the associated strains and temperature
changes (step 5);

*« Retrieve the core and the doorstopper-IAM unit to
download the stored data and measure the installed
orientation (step 6).

Afterwards, biaxial pressure tests and Brazilian tests are
performed on the recovered core to determine the elastic
properties of the rock.

Using the recovered strains and elastic properties of the rock
in an appropriate stress calculation model, the in situ
stresses can be determined.

3. ADHESIVE INVESTIGATION

Based on the bonding failures experienced during the 1996
stress measurement campaign with the DDGS as well as on
the in situ testing conditions, basic criteria were established
regarding the selection of potential adhesives. To work

efficiently in a 1000 m-deep water-filled borehole, the
selected adhesives should have the following specifications:

» Firmly adhere to the measuring cell (gauges, rubber) as
well as to the substrate (rock);

« Have a sufficiently high viscosity to stay in place during
the installation of the measuring unit in a subvertical
borehole;

« Have a minimum pot life of 25 min at 10-15 °C to insure
the unit reaches the bottom of the hole before the
adhesive starts to set;

* Have an underwater (12 "C) curing period of less than
2 h compatible with the limited lifetime of the IAM
battery power supply;

« Present a relatively high bonding strength to direct
uniaxial tensile stress and to flexion in order to resist to
the most probable in situ forces;

e« Transmit strains without significant interference during
the overcoring process and reloading tests on the cores
during further laboratory testing.

With the use of technical datasheets published by adhesive
suppliers, a dozen of epoxy and acrylic resins, intended for
underwater cementing, were pre-selected for evaluation.

To evaluate the physical and mechanical properties of the
adhesives, a semi-qualitative testing program was
undertaken at AECL's Underground Research Laboratory in
Pinawa, Manitoba. The main objectives of the program were
to:

* Determine the viscosity, pot life and curing period of the
pre-selected adhesives;

e Evaluate the mechanical strength and ability to transmit
strains of those having the minimum requirements in
terms of viscosity, pot life and curing period.

3.1 Viscosity, Pot life and Curing Period

In order to evaluate the viscosity, pot life and curing period of
the adhesives, a specific testing procedure, reproducing in
situ conditions, was developed.

The resins and hardeners were mixed for 30 s at a room
temperature of 15 °C and then spread on a doorstopper cell.
Five minutes later, the doorstopper cell and adhesive were
transferred to an environmental chamber, set at 12 °C and
100 % humidity, for 20 min to simulate the expected
conditions in a borehole during the lowering of the DDGS to
the borehole bottom.

Afterwards, the adhesive was pressed against a rock core
that had been submerged in temperate water (12°C). A
100 N load was applied directly on the doorstopper cell for
2 h to simulate the weight of the DDGS and installation
equipment during the curing period of the adhesive in an
actual overcore test.





The viscosity of the adhesive was then observed others decomposed underwater (note 2), crept under the
qualitatively after 5 min. The pot life and curing period were load applied (note 3), did not adhere to the substrate (note
then determined for each adhesive. As shown in Table 1, 4), partially (note 5) or totally (6) hardened during testing.
certain adhesives had an exothermic reaction (note 1), while
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Figure 2: Operation of the Deep Doorstopper Gauge System (Courtesy of AECL)

Table 1: Semi-qualitative evaluation of adhesives properties Among the tested adhesives, only the Versilok 410/17 met
Adhesive Mass | Viscosity | Pot | Curing |Note | Mark all of the established criteria (P = passed and F = failed) and
Tested Ratio Life | Period was subjected to further testing.
Brand | Code R:H (min.| (h)
) 3.2 Mechanical Strength
Loctite |1T00NS| 0.82:0.75 | Tolerable | 5 <05 1 F
Loctite | 105CL| 0.90:0.95 | Tolerable] 5 | <05 | 1 F The strength of the selected adhesive (Versilok 410/17) was
Toctite [120FL 100085 High |>25] NA > F then evaluated with conventional pull and peel tests.
L°°tfte AZ0HF) 1.00:0.55 | Tolerabls | >28) >2 | &5 F Pull tests consisted of measuring the axial load necessary to
Loctite |520NS| 1.00:0.48 | Tolerable | 25 | >2 | 35| F break the bond between the cell and the rock core while peel
Loctite | Weld | 1.82:1.75 |Very High| 15 | <05 | 1 F tests submitted the bonded area to a bending moment.
Versilok|406/17| 10.00:1.00 | Tolerable | 7 >2 6 F
- - Even though not enough results were obtained to
VerSflOk 406/17} 10.00:2.00 | Tolerabls | 25 S S e established reliable statistical data, it was observed that
Versilok|410/17| 10.00:1.00 | Tolerable | 25 | >2 § | F bonding failures always occurred at the rock interface.
Versilok|410/17| 10.00:1.50 | Tolerable | > 25| 2 6 | P Considering the expected high force (bending moment
Versilokl410/171 10.00:1.75 | Tolerable | 25 2 51 P caused by the total weight of the doorstopper-IAM unit), the
- - peeling strength of the tested adhesive was satisfactory.
Ve.rsﬂok sl RS Toteral'nle = 2 N s Also, for tests using non-standard resin and hardener ratios
Biodur | 561 | 1.82:1.75 |Very High| 25 >2 5 F (R:H), it appeared that strength increased with the amount of
HBM | X-60 |10.00:2.20 | Tolerable | 5 2 64| F hardener in the mixtures.
Sika | 31 |16.16:7.58 |Very High|>25] >2 5| F T : ;
Silikal | R-41 | 10.00:0.30 [VeryLow] 5 | <05 | 1 | F 8.5, Ability 10 trangmit Strains






The ability of the adhesive to transmit strains was verified
indirecly by submitling aluminum cores, of known
properties, to 1AM biaxial loading tests using a Hoek cell.

The aluminum alfloy tested had a Young's moedulus of 70
GPa and a Poisson'’s ratio of 0.33.

The test consisted of loading and unloading an aluminum
core, at a rate of 100 kPa/s, from 0 to 4500 kPa, in
increments of 500 kPa, and measuring the corresponding
strains every 5 s. Pressure was held constant for 30 s at
each level so that strains could stabilize over time.

A total of 12 biaxial loading tests were performed with the
Versilok 410/17 in three R:H ratios: 10:1.5; 10:1.75; and
10:2. The Young's modulus of the aluminum tested is given
by equation [1].

(1] Emlg—v: (;.67
4) siope
where:

E is the measured Young's modulus (7.1 %) (GPa);

v is the Poisson's ratio supplied by the manufacturer;

F is the isotropic pressure applied in the Hoek cell (kPa);
£is the strain measured by the doorstopper gauges {(us).

in order to evaluate the ability of the adhesive o transmits
strains, the measured Young's modulus was compared to
the value supplied by the manufacturer (70 GPPa).

The tests resuits, shown in Figure 3, have been grouped info
short term (ST) and long term (LT) properties to take inio
account the delays encountered during field testing.

EE {test 1) EE (test2) |

S0

85

80

75 s

70

Young's Modulus {GPa)

65 1

60 4

§T- ST- ST- LT- LT - LT-

10:1.50  10:1.75  10:2.60 10:1.50 10:1.78 10:2.00
Figure 3: Variation in the measured Young's modulus of
aluminum
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Short term properties refer to Young's moduli obtained
during the hour following the 2 h curing period, while icng
term properties refer fo those obtained afterwards.

In general, short term properties under-estimate the Young's
moduius of the aluminum tested by up fo 8.25 %, depending
an the ratic, while long term properties overestimate it by up
to 22.9 %.

Even if the short term properties of the Versiiok 410/17
measured with the 10:2 ratio, appear to best match the
supplied value of the aluminum Young's modulus (70 GPa),
using the Versilok 410/17 with a ratio of 10:1.5 would give a
better overall representation (ST and LT).

Knowing that in situ stress determination refies on the
measurement of recovered straing during field testing
(overcoring) and subsequently on the measurement of
strains during laboratory testing (biaxial loading tests and
Brazilian tests), it is crucial that the adhesive transmits
strains in the same proportions, on a short term basis {during
field testing) as it does on a long term basis (during
laboratory testing), independent of the actual sirain
magnitudes.

As Figure 3 shows time dependant strain transmission
levels, further tesling was required to establish the
appropriate correction factors,

As a preliminary study, other biaxial loading tests were
performed with the Versilck 410/117 at a ratio of 10:1.5.
Figure 4 shows a normalisation of the results to the Young's
modulus measured just after the 2 h curing period (Eq).

a 8§ 10 15 20
Time after the initial 2 h curing period (h}
Figure 4: Normalized aluminum modulus measured with

V440/17 adhesive vs. time

From the results obtained, we can conclude that § h after the
initlal curing period, the ftransmission of strains had
stabilised. The measured Young' modulus is then 2 % higher
than the initial value (Es). However, further tests should be
performed to confirm the observed trend.

4. FIELD TESTING PROGRAM
Based on the laboratory results described above, an in situ

stress measurement campaign was undertaken at AECL's
Underground Research Laboratory, in Pinawa, Manitoba.





A total of 12 tests were performed, using Versilok 41017 at
a ratio of 10:1.5 with the DDGS, in a single HQ3 borehole,
with an azimuth of 296,36° and plunging +75,58°. The test
depths, ranging from 50 m to 100 m, were measured from
the collar of the hole, located 420 m below the ground
surface,

Unlike previous testing (Thompson and al., 1997), no test
failures were related o the adhesive performance. Howaver,
due to several operating problems (interruptions of the 1AM
power supply, debris on the hole bottom, seal failures of the
IAM etc.), 4 of the 12 tests performed failed to produce
results, for a test success rate of 67%.

Typical strain recovery curves obtained with the DDGS
technique, for each one of the doorstopper cell gauges
{Vertical, Horizontal, 45° and 135°), are shown in Figure 5.

—e— Vartical Gauge
—s—45° Gauge
~%— [nvariant 1

- Horzontal Gauge
~%— 136° Gauge
—o— |nyariant 2

3000

2500

2000

Microstrains fus)

s00 |

A

13:17:20

13:24:32 13:31:44 13:38:56 13:46:08

QOvercoring period (h:min:s}

Figure 5: Strain recovery curves —~ Test depth: 54.82 m

An indication of the measurement accuracy is given by the
comparison of the first and second strain Invariant curves.
As they closely agree and as the four strain gauge curves
compare welil {o the theoretical strain recovery curve, we can
conclude this is an accurate and relisble data set.

in order to evaluate the stress tensor components, it is
necessary to combine the recovered strains, obtained during
in situ testing, with the deformability parameters of the rock,
obiained during subsequent laboratory tests,

The Young's moduli and Poisson’s ratios of the rock are
obtained respectively from biaxial loading tests and Brazilian
tests. Six overcore samples were tested at the Rock
Mechanics Laboratory of Ecole Polytechnique (Table 2). A
description of the testing and calculation methods can be
found in Corthésy et al. (1993).
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An interpretation model incorporating transverse isotropy,
with E+ and E: representing the maximum and minimum
moduli in the measurement plane and v representing the
Poisson’s ratio, has been used to properly estimate the in
situ rock properties (grey granite of the Canadian Shieid).

Tabie 2: Strain parameters of retrieved overcore samples

Depth at the coliar (m) | £;/(GPa) | E;’(GPa) v
54.41 33.27 30.22 0.24
54.61 34.39 30.40 0.18
54.82 43.88 38.26 0.15
5543 35.04 25.63 0.08
55.63 40.47 34.81 C.14
55.84 39.86 31.56 0.14

Because the above results were measured in one plane, the
properties obtained are apparent. Also, because the rock
type is granite, it was assumed that the difference between
Poisson’s ratios in directions parallel and perpendicular to
the isotfropic piane was negligible. The experimental error
associated with Young's modulus is estimated at £ 2.1 %
and the error associated with Poisson’s ratio is estimated at
+ 4.6 %.

Far-field stress determination, based on measured strains
with the doorstopper technique at the hole bottom, requires
the evaluation of stress concentration factors with physical
and numerical models. Leite et al. {1996b) showed that far-
field stresses are related fo bottom hole stresses with the
following expressions when hydrostatic pressure is applied
at the measuring point:

(21 ;J'—‘:ﬂHlO"t+H26'y+H3O'2 -HP,

~H,P

o

[3] g;‘—‘Hsz +Ho, +H,o,

with:
5] H, =1.32+0.08v(1 + v)

18] H,

~0.12+0.181(1 + 2.55v)

7 H, =-1.09(0.33+v)





(81 H, = 0.1862 +0.61v
9] P, = p,gh=p, g(420 + Lsina)

where:;

,,0,,1, are the stresses at the hole bottom (MPa);
c,,0,,0, ¢ the far-field stresses (MPa);

Hy, H., Hs, H; are the stress concentration factors;

v is the rock Poisson's ratio;

Pois the hydrostatic pressure at the measuwring point (MPa);
P18 the water density (1000 kg/m?);

< is the earth gravitational acceleration (9,84 m/s%);

L is the test depth taken from the collar of the hole {m);

 is the absoclute depth of the measuring point (m);

a is the plunge of the borehole (°).

Considering the measurements have been completed in a
single borehole, an hypothesis has to be made to obtain the
far-field stress tensors. Regarding the siress component
value paraliel to the borehole axis {c:), one of the following
three hypotheses can be made:

[10) o, =

where vy is the rock volumetric  weight

average
(0.027 MN/m®, or

1] o, = Ach

where Aoy is the verlical stress gradient, evaluated to
0.0506 MPa/m, from earlier shallower stress measurements
performed at the Underground Research laboratory of
AECL, in Pinawa, Manitoba, or

SR(O’I + O'y)

[2) o, =
: 2

where SR is a stress ratio determined by the RPR method
{Corthésy et al,, 1994 and l.eite et. al. 1996¢).

The partial far-field stress tensors are presented for each
hypothesis in Tables 3 1o 5. Secondary principal stresses
have been calculated with respect to the North, East and
Sub-Vertical system.

Calculations showed that secondary principal stress
directions change significantly with depth. This variation can
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be explained by the small differences existing hetween the
major and minor principal stress magnitudes.

The overburden stress (o) obtained with hypothesis 1
{Table 3) is half that obtained with hypothesis 2 (Table 4).
Brown and Hoek {1978) observed the same phenomenon at
similar depths for others measurements taken in the
Canadian Shield. Also, the results obtained with hypothesis
3 (Table 5) are abnormally low. For a reason still unknown,
the RPR value approaches a limit value that induces a zero
value on the stress component parallel to the borehole axis

{o2).

Table 3: Far-field stress tensors (Hyp. 1)

Depth o, {gravity) — MPa
(m | oo & o) o

54,41 | 46.03 [ 45.24 | 543 | 12.76
54.61 [ 44.04 | 39.23 | 2.38 [ 12.77
54.81 | 52.38 | 46.72 | 10.70 [ 12.77
55.43 144.64 | 36.82 | 4547 | 12.79
55.63 146.55 1 42.86 1 30.55 | 12.79
55.84 {5249 | 44.90 |1 111,33] 12.80

Table 4: Far-field stress tensors (Hyp. 2)

Depth o, (gradient) - MPa
(!Tl) ;1_ & e8] (c) Ty
5441 { 5227 |50.58 | 543 1 23.92
54,61 | 48.01 [44.11| 2.39 | 23.93
54.81 | 57.06 | 51.39 | 10.70 1 23.94
5543 | 48.73 140.90 | 45.47 | 23.97
55.63 | 51.15 147.47 | 30.65 | 23.88
55,84 | 57.05 14946 |111.33| 23.99
Table 5: Far-field stress tensors (Hyp. 3)

Depth RPR — MPa

{m) A () o
54.41
54,61
54.81 [ e
5543 {4110 |33.28| 45.47 | 3.10
55.83 | 46.84 |43.15| 30.55 | 13.50
£5.84 | 50.44 |42.85(111.331 7.77

5. WATER PRESSURE EFFECTS ON THE DDGS

The main objective of the study was to complete the fine
tuning of the DDGS in order to proceed with stress
measurements at great depths (1000 m). Leite et al. (1997)
already showed the influence of hydrostatic pressure on the
stress calculation methods. However, the eventual effects of
hydrostatic pressure on the modified doarstopper cell as well
as on the data logging system (IAM) still had fo be
investigated.





Previous experiments completed by Miligan (1964) and
Brace (1964), showed that hydrostatic pressure effects on
Constantin  strain  gauges produce an increase in the
recorded strain of 0.7pe/MPa.

For strains measured at great depths, the above statement
implies that hydrostatic pressure has a negligible effect on
the strain gauges. But as the DDGS does not include only
strain gauges, the influence of the hydrostatic pressure (Po)
has been investigated on the whole system. An illustration of
the triaxial test set-up used is shown in Figure 6. '

Loading Frame Reaction
v

ot Hydraulic Pressure Pipe
4 iAM
Doorstopper cell
/? Adhesive
1 Brass Casing
/’/
. | Adiminum Core
Hoek Cell
I =5 Lq | Hydrostatic Pressure Valve
Loading Frame Reacfion

Figure 8: Sectlon of triaxial test set-up

The influence of increasing hydrostatic pressure on the
measurement system response was evaluated by biaxial
loading tests on an aluminum core of known properties
(E=70GPa, v=0.33).

The MB 200 strain gauge adhesive, from Micro-
measurement, was selected for this application. '

A total of 7 tests were performed at increasing pressure
ievels (Table 6). Figure 7 iflustrates the respective loading
directions.

Asg the hydrostatic pressure remains constant for a given
test, the increase in strains observed during testing should
correspond to the hydraulic pressure applied. Therefore, if
the stress-strain ratios {e:P) obtained are identical, the
hydrostatic pressure has no effect on the measuring system.

Figure 8 shows a normalization of the ¢P ratios obtained at
increasing hydrostatic pressure leveis by the zP ratio
obtained at the atmospheric pressure (test 1). The drift of the
ratios observed ranges from 1 to 5 %, depending on the
gauge monitored, and has an average value less than 3.5 %.

L5

Considering those results, hydrostatic pressure below 6.2
MPa has a negligible effect on the measuring system.

Table 6; Loading specifications

Pressures (MPa)
Test Hoek Triaxial
Cell Cell P,
NO Pi = Pf Pmax PZ
1 0.0 10.3 0.0
2 2.1 10.3 1.0
3 3.1 10.3 2.1
4 4.1 10.3 3.1
5 5.2 10.3 4.1
6 6.2 10.3 5.2
7 7.2 10.3 6.2 Fiaure 7: Core Loadina
—e~Verlical Gauge = Horizontal Gauge -~ 45° Cauge I
~w- 135 Gauge ¥ Average
102
;.}.. 104 .
T
£ oee ﬁ
£ o N /"”:/ g
g 0.97 \-ﬁz% " /W/
2 -
5 o -
g oss E————
. E 0.94
0.93
6oz

21 3.1 4.1 52 6.2
Hydrostatigue Pressure P, {(MPa)

Figure 8: Hydrostatic pressure effects on the measuring sys.

c.o 1.0

6. CONCLUSION

In the sixties, E.R. Leeman developed the doorstopper cell,
based on the strain recovery principle, 1o measure absolute
stresses in rock masses, Since then the technique has
evolved and in 1996, the common efforts of Atomic Energy
of Canada (AECL) and Ecole Polytechnique de Montréal
have extended its application to deep waterfilled boreholes
with the design of the Deep Doorstopper Gauge System
{DDGS).

The present research project aliowed the identification and
testing of an adhesive capable of bonding the modified
deorstopper cell at the bottom of a deep (1000 m) water-
filled borehole as well as the investigation of water pressure
effects on the overall measuring system.

Following a semi-guantitative laboratory testing program, the
Versilok 410/17 adhesive, with a 10:1.5 resinthardener ratio,
has been successfully used during a deep in sity stress





measuring campaign at the Underground Research
Laboratory, in Pinawa, Manitoba, using the DDGS.

Also, triaxial tests clearly demonstrated the negligible effect

of hydrostatic pressure on the measurement system for
pressures as high as 6.2 MPa.

7. ABREVIATIONS AND NOTATIONS

o Borehole dip (%)

o Angle measured counter clockwise between
North and o, (%)

& Strains measured by the deorstopper cell (ue)

¥ Average rock voiumetric weight (MN/m®)

P Water density (kg/m®)

Aoy Measured vertical stress gradient (MPa/m)

gl,}; Major and minor secondary principal stresses

(MPa)
};B_:,;"; Stresses at the hole bottom (MPa)

0,,0,.0. Far-field stresses (MPa)

v Poisson’s ratic

14 Apparent Poisson’s ratio

E Aluminum Young's modulus {GPa)

Eg Aluminum Young’s modulus obtained just after
the adhesive's 2 h curing period (t=0) {GPa)

Ey Rock apparent Young's moduius for the direction
parallel to the isotropic plane (GPa)

Ey Rock apparent Young’s modulus for the direction
perpendicular to the isotropic plane (GPa)

F Faiied mark

g Earth gravitational acceleration (m%s)

h Total depth of the measuring point (m)

Hi Strain concentration factors{i=1,2,3,4)

Hyp Hypothesis

L Depth taken from the collar of the borehole (m}

LT Long term

P Isotropic pressure applied with the Hoek cell
{MPa)

P Pass mark

P Initial hydraulic pressure during biaxial testing
(MPa}

Py Final hydraulic pressure during biaxial testing
{MPa)

Poor P,  Hydrostatic pressure at the measuring point
(MPa)

R:H Resin:Hardener ratio

RPR Recovered to peak ratio

S€C Secondary

ST Short term

STD Standard

sys System
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