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Abstract:

Destress blasting is a technique that aims to reduce high stress fields in the rock mass
immediately ahead of the production face to reduce the potential of face burst. Destress blasting
in tunnels and mine access developments has been often practiced in zones of high stress and/or
brittle rock. The technique is usually implemented by drilling and blasting relatively long holes
ahead of the mining face prior to production round blasts. A recent survey of literature by the
authors revealed that, to date, there is no specific design method. This has given the incentive to
the authors to develop a new design/analysis method for destress blasting. The paper focuses on
destress blasting in tunnelling; previously practiced-destressing programs are reviewed. The new
method of analysis is presented with an application to a deep, hard rock tunnel case study. The
benefits of destress blasting in such situations are demonstrated and discussed.
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ABSTRACT

~Destress blasting is a technique that aims to reduce high stress fields in the rock mass immediately

ahead of the production face to reduce the potential of face burst. Destress blasting in tunnels and mine
access developments has been often practised in zones of high stress and/or brittle rock. The technique
is usually implemented by drilling and blasting relatively long holes ahead of the mining face prior to
production round blasts. A recent survey of literature by the authors revealed that, to date, there is no
specific design method. This has given the incentive to the authors to develop a new design/analysis
method for destress blasting. The paper focuses on destress blasting in tunnelling; previously practised-
destressing programs are reviewed. The new method of analysis is presented with an application to a
deep, hard rock tunnel case study. The benefits of destress blasting in such situations are demonstrated
and discussed.

RESUME

Les tirs de relaxation est une technique dont le but est de réduire les champs de contraintes élevées dans
le massif rocheux en avant de la face miniére afin de réduire le potentiel de sa rupture violente. Les tirs
de relaxation dans les tunnels et les galeries d’accés ont été pratiqués dans des zones de contraintes
¢élevées et/ou dans un roc dur. La technique est d’habitude effectuée par le forage et le sautage des
trous de mine relativement longs, en avant de la face miniére juste avant le sautage de production. Une
revue de littérature récente faite par les auteurs indique qu’a date, il n’y a pas encore une meéthode de
design spécifique pour les tirs de relaxation. Cet article met 1’accent sur les tirs de relaxation dans les
tunnels; les programmes de tirs déja effectués sont décrit. Une nouvelle méthode de design est
présentée par une étude de cas d'un tunnel dans un roc dur. Les avantages des tirs de relaxation sont
démontrés et discutés.

1 INRODUCTION pumber and pattern of drill holes vary dépendi‘ng

on the application, however, the location is

Destress blasting is regarded as one of two
ground preconditioning techniques that are used
to stress-relieve burst-prone rock; the second
technique being the drilling of destress slots or
boreholes. As illustrated in Figure 1, ground
preconditioning, rock supports and alternative
mining methods, are three distinct techniques that
are well recognized today for the control of
rockburst in underground hard rock mines (Mitri,
2000).

The technique is implemented in the field by
drilling and blasting with relatively small charge
explosives, prior to a mining cycle. The length,
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generally where high stress and energy are likely
to accumulate as a result of mining activities. In
face advance situations, like in the development
of drifts, cross cuts, and tunnels, the length of
destress holes is usually greater than that of the
production blast round. The blastholes are loaded
from the toe for one length of round as illustrated
in Figure 2. When integrated in the mining cycle,
the repeated application of destressing should
assure that the immediate face rock is stress-
relieved.

Destress blasting was first developed and widely
used in the Witwatersrand gold mines in South
Africa in the 1950s {Roux et al., 1957). The





concept of destress blasting evolved from the
observation that the zone of highly fractured rock
immediately surrounding some deep underground
openings seemed to offer some shielding to both
the occurrence of and damage from rockbursts.
By extending and maintaining this zone of
fractured rock ahead of a face, it was argued that
both the occurrence and effects of rockbursts
should be reduced.

The technique of destress blasting, also referred
to as preconditioning, became eventually popular
in Norih America and successful destress blasting

trials were reported over the years at several of
Ontario mines like Creighton (Dickout, 1962},
Falconbridge (Moruzi and Pasicka, 1964},
Macassa (Hanson et al., 1987) and Campbell Red
Lake (Makuch et al., 1987) In the United States,
the cut-and-fill mining operations in the Coeur
d'Alene mining district of Idaho reported several
destress blasting programs in the Galena mine
(Blake, 1972), Luck Friday mine (Williams et
al., 1990) and the Star-Morning mine (Karwoski
et al., 1979).

Rockburst Control Methods

Ground Alternative Rock
Preconditioning Mining Methods Support
Destress Slotting Shotcrete Rockbolting Lacing/
Rebars Wire Mesh

Figure 1 Destress blasting as a rockburst control technique (Mitri, 2000)

Length of blasting round=R
Length of destress holes=2R
Length of lcaded part=R

< Mining face Face holes

————

< Mining face

Corner holes
2R
Figure 2 The use of destress blasting in face
advance mining

A literature study by Borg (1989) reported that
destress blasting was practiced in several Swedish
mines and at least one Finnish mine by the

Boliden Group, to control rockburst occurrence
and to improve ground stability.

In recent years, the CSIR of South Affrica
renewed their interest in the destress blasting
technique, and successfully conducted what is
considered to be the most detailed investigations
on the mechanics and monitoring of longwall face
destressing by face parallel and face
perpendicular blastholes at the Blyvooruitzich
gold mine (Lightfoot et al., 1996, Toper et al.,
1998).

The paper focuses on the application of destress
blasting in tunnel excavations. Previously
practised-destressing programs are reviewed and
a new method of design is presented. The new
method of design is presented with an application
to a deep, hard rock tunnel case study. The
benefits of destress blasting in such situations dre
demonstrated and discussed.

2 CASE REVIEWS

A comprehensive literature review recently
conducted by the authors has revealed that the
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method of destress blasting had been applied in a
wide range of mining situations such as in crown
and sill pillars in cut-and-fill mining, longwall
faces in tabular deposits, and during shaft sinking
operations. For a more complete review on the
applications of destress blasting, the reader is
referred to the practitioner’s guide recently
completed by the authors (Miiri, 2000). In the
following, the applications of destress blasting in
tunnel and drift developments are re viewed.

2.1 Creighton mine, Ontario

One case history, which eventually proved
successful, is the drift development at Inco’s
Creighton Mine (Oliver, 1975; Garrood, 1982;
~ Oliver, 1987; O’Donnell, 1992; Hedley, 1992). It
required much trial and error in blasting
procedure and ground support over a period of
over 10 years. This is shown in Figure 3. As can
be seen, face destressing is implemented with six
holes: 2 in the face, and 4 in drift corners. The
face holes are parallel to the drift axis, whereas
the corner holes are fanning out into the host
rock. All holes were partially loaded with ANFO
explosives over lengths varying from 0.9 to
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1.5m, for drill holes varying in length from 2.4m
to 5.5m respectively; sce Table 1.

It is noteworthy that when minimal destressing
using omnly two top-corner holes of the same
length as the round (3 m ), drilled outward at
30°, it gave inadequate results. Better resulis

. were obtained when sill drifting was resumed

over the cut-and-fill blocks with the addition of
two face perpendicular destress blastholes at mid
face, two rounds long (6 meters), loaded with 1.5
meters of ANFO at the bottom.

Table 1: Blasthole data as function of drift
advance at Creighton mine, Ontario (Hedley,
1992)

Drift Face Wall Toaded

Advance HoleA HoleB Length
1.8m 3.0m 24m 09m
24m 37m . 3.0m 12m
30m 43 m 37m 1.5m
37m 49m 3.7m 1.5m
43m 55m 37m 1.5m

\“é:: )/_\ ?V/
PO
%,‘u’.____._.—y.%
e [ ——F | +———
T3 T3 /s

Longitudinal section

Face Deskressing
Drill two holes Al, A2 halfway up on
face and one-third width in from walls.

Wall Destressing

Drill four holes B1, B2, B3, B4, one in
each corner of the face. Drill up and
dows at 30" and angle cut45° from
direction of advance.

Figure 3 Destressing procedure for development headings at Cerighton mine, Ontario (Hedley, 1992)
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Ground support was also increased in two stages
using mechanical bolts in the backs and split sets
in the ribs as primary support on a 1.2 x 0.6
meter pattern and, when convergence had
stabilized, stiffer resin grouted rebar on a 1.2
meter square pattern in the backs (Hedley, 1992;
-Stacey et al., 1995).

2.2 Malmberget mine, Sweden

The driving of a long main drift at 815m of depth
below surface at the Malmberget mine was
accompanied by rockburst activities (Borg,
1989). Due to the variations in local stresses and
rock geology, intensive bursts occurred where the
drift passed through competent massive reddish
grey leptite rock having widely spaced joints; see
Figure 4. Hakami (1993) reported that destress
blasting was conducted ahead of the drift front
with 6-7m drillholes. The drilling pattern is

shown in Figure 5. It is noted that the drillholes

are located on one side of the drift only, and that
they are at 30 into the sidewall, and at 30° with
the horizontal. The holes were loaded each with 1
kg of Bonagel, with no stemming,

Desiressed zone

N /

Figure 4: Cross section of the drift in
Malmberget mine, which was destress-blasted

>
T

Figure 5: Destress blasting pattern at Malmberget
mine

According to Borg (1989), considerable
improvement was achieved during the excavation
of the drift with the aforementioned destressing
program. The decision for the unsymmetrical
destressing pattern was not explained in the
paper. One possible reason for this is the local
stresses and geology. A recent study by the
authors on tunnel face stresses in bedded rock has
shown that when the strike of the bedding planes
is neither parallel nor perpendicular to the drift
longitudinal axis, the resulting face stresses will
show a pronounced unsymmetrical behaviour
(Mitri et al.,- 2000). Figure 6 presents the
principal stress contours in a drift face, which is
driven in a direction making 45° with the drift
longitudinal axis.
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‘Figure 6: Face stresses in a drift driven in bedded rock-

the strike of the bedding planes makes 45° with the drift
direction (Mitri et al., 2000)

2.3 German coal mine

Another important application of destress blasting
is found in underground coal mines. Figure 7
shows the pattern of destress holes, which was
adopted in roadways driven in carboniferous

shale bed in a German coal mine and lying at a

depth of 1200m (Lama, 1972). Destressing was
carried out when it was teported that the
roadways experienced high pressures with strong

- movement of the floor and sidewalls buckling the

steel arches. A number of 32-35 mm holes were
drilled into the sides and the floor-and blasting
was done using a limifed amount of explosives.
The stability of the roadway was considerably
improved with greatly decreased load on the steel
arch support.

4235 mm
G Holos

Roadway tuninel at doptér of 1200m

Figure 7: Roadway desiressing pattern in a
German coal mine

3 DESTRESS BLASTING MECHANISMS

In many cases where destress blasting has been
applied, the rock is preconditioned naturaily by
the development of cracking on pre-existing
potential failure planes as the load on the rock
increases. The destressing mechanism is thus one
of activating displacements on naturally existing
cracks and the formation of gouge in these cracks
{e.g. Neyman et al., 1972). This mechanism has
been fully documented in the recently published
South African reports (Lightfoot et al., 1996,
Toper et al.,, 1998). Another destressing
mechanism, which is more likely to occur in
massive, highly confined rock, is to provoke
breakouts in blastholes aligned in a plane normal
to the principal stress, Volume reduction in
massive, hard, brittle rocks can be accommodated
by the reduction in blasthole volume.

In both cases, it is conceivable to think that
destress blasting will have a softening effect on
the rock mass. Practically, this refers to a
reduction of the modulus of elasticity so that the
blasted rock can only support a reduced load with
respect to the neighbouring tock. This
interpretation has already been reported by
several researchers, e.g. Blake (1972). Thus,

- from modelling point of view, it is essential to

reduce the modulus of elasticity of the distressed
zone. For this, the rock fragmentation factor is
introduced such that:
E (after destressing) = E (before destressing) x

It is noted from the literature reviewed that
previous modelling attempts of destress blasting
(Blake, 1972, Mitri et al., 1996) that very low
values of had to be employed in order for the
results to show meaningful reduction of stresses
in the distressed zone. Typically, values of 0.05
to 0.15 were used. These values are not
considered realistic in view of the effects of
destress blasting mentioned above.

For example, Cullen (1988) reported that in situ
modulus of elasticity of the rock mass measured
by probex dilatometer method is on average 50%
of that before destress blasting. Furthermore, in
cases where the rock mass in the destress zone is
blocky (widely spaced joint), it is conceivable to





think the destress blasting might cause sliding on
joints plane thus releasing the energy (and
stresses) without creating significant softening to
the rock blocks.

This observation has incited the authors to
propose an additional modelling parameter, the
stress dissipation factor , which is responsible for
the instantaneous release of stresses from the rock
immediately after the blast. This is defined as

(after destressing) = (1 -) . (before destressing)

Thus, the authors propose that the geomechanical
effects of destress blasting can be characterized
by the two aforementioned parameters and .
Further details on this model are found in the
doctoral thesis of the second author (Tang, 2000).

4 CASE STUDY

4.1 Problem definition

In this section, the above-mentioned modeling
technique is applied to the problem of drift
development at depth in hard rock mining; refer
to Figure 8. This problem is commonly found in
Canadian mines. The drift is 4.3m wide by 3.7m
high and is sitnated 2156m (7000 ft) below
surface. A case study is carried out using two
different destress blasting patterns for a given «
and 3. As can be seen from Figure 8, the selected
patterns are: '

s Full-face destressing (pattern 1)
s  All -perimeter destressing (pattern 2)

The rock mass is assumed to be homogeneous,
isotropic and linear elastic, The relevant geo-
mechanical parameters are: '

Unit weight y = 0.028 MN/m’

Poisson's ratio v = (.15

Modulus of elasticity E = 78 GPa

Uniaxial compressive strength o, = 180 MPa
Rock fragmentation factor o = 0.4

Stress dissipation factor 3 = 0.4
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The horizontal-to-vertical in sitn stress ratios are
K., = 1.8, and K,, = 1.4, Thus, the natural
stress tensor at depth of 2152 m (7000 ft) is:

o, = 108.6 MPa
o° =8436 MPa
0 60.26 MPa (Vertical)

Q
{

4.2  Finite element model

Numerical modelling was carried out using a
piecewise linear analysis technique, thus
permitting the simulation of face advance and
destress blasting in the zone ahead of the tunnel
face. Four modeling sequences or stages were
carried out for each destressing pattern. They are:

= Stage 1: modeling of the tunnel initial
configuration  without any  destress
blasting.  This step permits the
determination of stress conditions of the
drift before destressing.

e Stage 2. modeling of the destress zone
ahead of the face for a length equal to
two production blasting rounds (one
round=2.5m}

s Stage 3: modeling of face advance for a
length of one production round.

= Stage 4: modeling of face advance, and
destress blasting ahead of the tunnel face
for a length of one blasting round.

Previous work by the authors has shown that the
numerical results from stage 4 are practically
identical to the subsequent stages of face advance
and destress blasting (lang, 2000). They
represent the stress conditions, which should
result from the cyclic application of destress
blasting, and production blasting (face advance).

A 3-dimensional mesh was created, using the 20-
node isoparametric element, to represent the
tunnel numerical model. Only half of the tunnel
opening has been modeled due to symmetry about
the longitudinal, vertical plane passing through
the tunnel longitudinal axis. The mesh consists
of 1448 elements and extends 23m by 40m in the
x and y directions, and 43m in the vertical
direction. All exterior boundaries of the model
have been constrained, and the in situ stresses are





applied as initial stresses. The model accounts for
the weight of the rock mass as a body force.
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Figure 8: Destress blasting patterns simulated

Thus, in order to assess the influence of a given
~ destressing pattern, the modelling results of Stage
1 and Stage 4 should be compared. The efficiency
of destress blasting patterns is judged on the basis
of their ability of stress reduction ahead of the
tunnel face. The results are presented below for
both patterns examined.

4.3 Numerical results

Figure 9 shows the siress contours in the tunnel
face in the initial conditions (Stage 1). As
expected, the major principal stresses are higher
near the sidewalls than in the centre with values
reaching 180 MPa. Figure 10 presents the stress
distribution in the longitudinal sense of the
tunnel. Three results are shown for the major
principal stress, which are along the tunnel
corner, the mid span line of the roof, and the mid
height line of the sidewall. As can be seen, the
stresses are much higher in the corner attaining
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values in excess of 300 MPa. The far field values
of the stresses ahead of the face (at —20m and
more) tend to converge to the in situ stress value
of 109 MPa.
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Figure 9: Major principal stress contours in the
tunnel face before destress blasting (Stage 1)
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Figures 11 and 12 present the results for the
Stage 4 simulation for the two destress blasting
patterns studied. As can be seen, both patterns





lead to stress reduction in the tunmel face, with .

maximum face stress of 105 MPa for the full face
destressing (pattern 1) and 120 MPa for perimeter
destressing (pattern 2). Thus, full-face destressing
is more efficient in that regard.
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Figure 11: Major principal stress contours in the
tunnel face after two face-advances while
destressing with pattern 1 (Stage 4)

With regard to the stress distribution along the
tunnel axis, the results are shown in Figures 13
and 14 for the stresses along the tunnel corner,
and the mid span line of the roof, respectively.
As can be seen, the stress reduction due to
perimeter destressing is far more significant that
that of full face destressing. This can be
attributed to two reasons. = First, perimeter
destressing softens the tunnel corners and the
roof. Secondly, stress redistribution takes place
after destressing, which induces higher stresses
on the neighbouring intact zone. Thus, for the
case of full face destressing, the corners and the
sidewalls are expected fo see a slight increase in
stress. It is interesting to note that the beneficial
effects of destress blasting in terms of stress
reduction can also be seen behind the tunnel face
after it has advanced. This is evident on Figures
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13 and 14 in the range form O to 4m, where 0
represents the location of the face after it has
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Figure 12: Major principal stress contours in the
tunnel face after two face-advances while
destressing with pattern 2 (Stage 4)

4.4  Discussion

The numerical results of this study suggest that
full face destress blasting is more efficient in
terms of stress reduction in the tunnel face. This
implies better drilling conditions for the crew and
reduced potential of on-shift face burst. On the
other hand, perimeter destressing appears to be
far more efficient in reducing the high stress
concentration in the tunnel corpers and sidewalls
at the face. This implies reduced potential of on-
shift strainburst or face ejection mechanism
triggered by high stresses in the corners.
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In this study, constant values of destress blasting
model parameters and  were adopted. In
practice, these parameters must be evaluated in
situ. The rock fragmentation parameter, , which
represents the softening of the modulus of
elasticity of the rock mass due to destressing can
be evaluated from in situ measurement of the
rock mass modulus before and after destress
blasting. To do this, one can suggest the use of
the pressure meter method, e.g. the dilatometer
(Gill and Leite, 1995). The second parameter, ,
which is the stress dissipation factor, can be
estimated from in situ stress measurement in the
face before and after destressing. In this regard,
several methods exist, e.g. the modified door
stopper method (Leite et al, 1996).
Alternatively, pressure cells can be installed near

the tunnel face, and the stress increments are
measured as the tunnel face advances. Such
measurements can be compared with the
numerical results from different model stages
simulating face advance. This method requires
that be established a priori. Model calibration
can then lead to an estimate of .

5 CONCLUSION

The paper presents in the first place a review of
previously practised desiress blasting programs in
underground mines. A  simple numerical
modeling technique for destress blasting in
tunnels and mine drifts is then presented. The
technique is based on two newly introduced
parameters. They are the rock fragmentation
factor , and the stress dissipation factor . The
determination of those parameters in sita is
discussed. A case study of a deep, hard rock.
tunnel development by drilling and blasting is
described. Two destress blasting patterns have
been examined using the same model parametric
values for and This has permitted the
evaluation of the efficiency of destressing patterns
in terms of stress reduction in the tunnel face,
corners and sidewalls.

It appears from the study of the two blasting
patterns that full face destressing can improve the
face conditions, whereas perimeter destressing
results in significant reduction of the corner and
sidewall stresses.
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