R B3 B 3T

Measurement of damaged area in permanent high rock slopes

Hirofumi MATSUNAGA®, Nobuteru KIRA", Yoshiaki YAMAZOE"™,
Masahiko YAMAZOE"™, and Atsuo HIRATA™

This paper presents the results of research concerning investigation of the effects of the

presplitting and damaged area of permanent high rock slopes in limestone mining. There have

been few reports on the results of investigations to evaluate the effects of presplitting. Thus we

have not only investigated the extent of the damage in permanent high rock slopes using the VSP

system but have also conducted an investigation into the effects of presplitting carried out experi-
mentally. As result, it was confirmed that there are large differences (3. 0-10. Om) in the damaged

area of the permanent high rock slope depending on the site conditions. The damaged area caused

by presplitting was not recognized in this measurement.

1. Introduction

In recent years there has been a growing need for
ways to efficiently and precisely control the perma-
nent high rock slope after excavation in open pits at
limestone mines and quarries, and this need is
expected to continue grow. Generally, in limestone
mining the permanent high rock slope in limestone
mine is formed by presplitting.

Plesplitting is generally adopted for the purpose
of reducing the damaged area when a permanent
high rock slope excavation surface.” The damaged
area of the permanent high rock slope which is
formed by presplitting is considered small, but it is
very important to evaluate the effects of presplitting.
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However the method for evaluating the damaged
area is generally a qualitative assessment (visual
judgment) of the damaged area in the permanent
high rock slope. Generally the damage caused by
blasting, the condition of the base rock, and the
stress relief due to excavation work are considered
as casual factors for the damaged area in perma-
nent high rock slopes. Some in-situ testing using
VSP (Vertical Seismic Prospecting) were carried out
to measure the damaged area arising from
presplitting and production blasting, and the effect
of the two type of blasting on the damaged area of
the permanent high rock slope was investigated.
The following is a report on what was learned from
the in-situ testing and the study of the effect of
blaéting on the damaged area of the permanent high
rock slope.

2. Measurement system
2. 1 The compact Vertical Seismic Prospecting
system”

The compact vertical seismic prospecting system
that was developed consists of probes attached to
sensors to detect elastic waves in super-elastic
alloy springs, an extendable probe rod made of
carbon fiber, a cable, an A/D converter, a computer
to record wave data, a trigger system to get a shot
timing, and a percussion hammer to which a piezo-
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Fig. 1 Photograph of VSP system

electric element is attached. Fig. 1 shows an over-
view of the measurement devices of the compact VSP
system has been developed.

The structure is such that the vibration sensors
are brought against the inner wall surface of the
borehole by pulling the super-elastic alloy spring
from outside the borehole. This structure of VSP
system makes it easy to set the vibration sensors at
any desired position. The vibration sensors have
small acceleration sensors with an internal pream-
plifier. One accelerometer is set up at one side of
the central part of the super elastic pipe in a four
way split longitudinally, and another is set up in
the opposite direction about a central rod to run the
cable for the accelerometer. The pipe has no out-
side diameter of 10mm, a thickness of 0. 26mm, and
a length, before heat treatment, of 30mm.

After VSP probes are set into arbitrary position
within the borehole, measurements are made of the
elastic waves and P waves produced by hitting the
base rock near the borehole with the hammer.
Elastic-wave measurements are taken repeatedly
to the prescribed depth while varying the amplifi-
cation conditions according to the base rock
conditions and depth to be measured. The size of
the damaged area is calculated from the relation-
ship between the depth and the arrival time
according to the measured wave data.

2. 2 Super—elastic alloy spring”

When measuring elastic waves by VSP system,
the vibration sensors must actually be in contact
with the inside wall of the borehole. It has been
confirmed in laboratory experiments that elastic
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Fig. 3 Relationship between vertical displacement
and the pressing force

waves of sufficient amplitude cannot be measured
unless the contact between the vibration sensor and
the inside wall of the borehole is adequate. Ensur-
ing adequate contact is important for eliminating
measurement error. It has simultaneously been
confirmed in laboratory experiments that the first
arrival amplitude shows a roughly constant value if
the vibration sensor makes contact with the bore-
hole wall with force of 10N or more. Fig. 2 shows
the relationship between the pressure and the first
arrival amplitude.

For the layer probe, a mechanism was adopted in
which the vibration sensor was kept in contact with
the hole wall with a constant pressure, utilizing the
super-elastic effect of a super-elastic alloy plate
(made of 49% titanium and 51% nickel alloy). As
shown in Fig. 3, the load-displacement curve of a
super-elastic alloy plate shows non-linearity. This
property is not plastic body since the super-elastic
alloy plate returns to its pre-load state when the
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load is removed. With a steel spring, it is consid-
ered difficult to keep a vibration sensor in contact
with the inner wall of the borehole with a constant
pressure. By utilizing the super-elastic effect of a
super-elastic alloy plate, the vibration sensor can
be kept in contact with the inner wall of the bore-
hole with a generally constant force by deforming it
to a certain extent.

3. Permanent high rock slope
3. 1 General view of permanent high rock slope
3. 1. 1 Rock (limestone) condition
Typical rock physical properties of site A are
shown in Table 1.

3. 1. 2 Presplitting conditions

The presplitting conditions are shown in Table 2.
The half cast is observed on the front surface of the
permanent high rock slope from end to end.

3. 2 Test methods and results

The horizontal measurement hole is drilled with
a hole diameter of 65mm and a depth of 20, 0m at a
height of 1m. Taking the collar of the horizontal
measurement hole as the origin, measurements
were made from collar in the depth direction at
interval of 1. 0Om. The damaged area was investi-
gated at four boreholes at the same bench level. The
permanent high rock slope measured this time had

Table 1 Typical rock physical properties

Density | 2.72 g/cm’

Uniaxial compressive strength | 83. 8 MPa

Tensile strength by radical | 7.1 MPa
compression test |

| 6080 m/sec

P wave velocity

Table 2 Presplitting conditions

15.0m

Bench hight
Hole debfh 16.5m
7A:éie of i’lole ~-‘-70 degrees
4i30féhole diameter ‘l » 65 mm
Spacing 7 | 7L 1.5m

Charge qﬁantity | SV400P, 3 kg/hole
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been formed five years previously. Fig. 4 outlines
the method used for taking these measurements.
Typical wave data measured in permanent high
rock slope is shown in Fig. 5, and the travel time
curve calculated from the wave data of Fig. 5 is
shown in Fig. 6. From the measurement results at
the four locations, including the travel time curve
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shown in Fig. 6, the damaged area of the perma-
nent high rock slope at site A was about 1. 0 to 3. Om.
The stability of the permanent high rock slope
at site A is considered adequately secured. The
velocity of elastic wave (P wave) in the damaged
area was 1. 8km/s, and the velocity of the P wave in
areas unaffected by damage was 4. 6km/s. The
following is inferred to explain why the damaged
area of the permanent high rock slope can be kept
to a minimum.

-The rock conditions are relatively good.

-A presplitting method that matches the rock
conditins has been established.

-So as not to damage the permanent high rock slope,
controlled blasting in which the charging hole
diameter is made small is always carried out within
5 to 30m from the presplitting line, and within 5m,
excavation work is done using machinery.

From similar measurements taken at site B
(another limestone mine), it was confirmed that the
damaged area of the permanent high rock slope is
10 - 15m, and there is a big difference in the
damaged area of the permanent high rock slope due
to differences in the rock conditions.

4. Effects of presplitting
4. 1 Survey of the presplitting zone

As stated above, measuring the damaged are
resulting from presplitting is important for evalu-
ating how presplitting affects the permanent high
rock slope. In order to ascertain and investigate
the damaged area caused by presplitting, on-situ
experiments were carried out at the bench of site A.
The distance from the free face (the borehole
position) to the presplitting hole is as shown in Table
3. A borehole was drilled midway between
presplitting holes, and as with the measurement
conditions for the damaged area in permanent high
rock slope, the horizontal measurement holes were
drilled with a hole diameter of 65mm and a depth of
20m. The prespliting line was set obliquely for the
following reason.
-Investigation of the damaged area produced by pro-
duction blasting and by presplitting.

As in the measurement of the damaged area in
the permanent high rock slope, elastic waves were
measured at 1m intervals.

Table 3 Distance from free face

Hole No. Distance (m)
PS-1 8.75
PS-2 9. 65
PS-3 10. 25
PS-4 11.05
PS-5 11.75
PS-6 12.55
PS-7 13.45
pS-8 | 14. 05
PS-9 14. 65
PS-10 15.35
PS-11 16. 15
PS-12 16. 85

PS-13 17. 85

4. 2 Blasting conditions
4. 2. 1 Presplitting

The condition for test presplitting are shown in
Table 2.

4. 2. 2 Production blasting
The production blasting at site A are listed in
Table 4.

4. 2. 3 Controlled blasting

As stated above, controlled blasting with a small
charging hole was done within 5 ~ 30m of the
presplitting line. The controlled blasting conditions
are listed in Table 5.

4. 3 Testresults
Typical wave measurement data measured in this
testing is shown in Fig. 7, and the travel time curve

Table 4 Conditions for production blasting
Bench hight

175. Om
Hole depth 18 Om
Angul;of hole 78degrees -
BoreholAe ciiameter 165 mm
B;fden | | 6.2m B
Spacing 7.5m
Cﬁ;fge quantity ANFO, 187. 5A i{é/hole
Po;aer fact(;f . 100 g/;m
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Table 5 Conditions for controlled blasting

Bench highrtr 150 m

Hole depth 16.5m
‘ Angle o}' hole 70 dégrees -
Borehole diameter ~ 90mm
Buden  3.0m
Spacing | 3.0m

Cha;ge quantity | ANFO, 64 ké/ h»olé
Powderfactor | 176g/t

lorehulo Nao 8
15 Frre

Distarce, =

Duration. me

Fig. 7 Typical waveform data
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Fig. 8 Typical travel time curve

calculated from the measured waveforms of Fig. 7
is shown in Fig. 8. From the travel time curve shown
in Fig. 8, it was confirmed that the damaged area
caused by production blasting about 5m, and the
velocity of P wave in this area is |. 7Tkm/s. It was
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confirmed that the velocity of P wave in this area
unaffected is about 4. 5km/s, and the velocity of P
wave measured in the permanent high rock slope is
roughly the same. Fig. 8 shows the measurement
results of borehole No. 5, and the near by presplitting
hole is positioned at a depth of 11-12m. In Fig. 8,
the travel time curve has a straight line at a depth
of 5m or more, and discontinuity showing non-
linearity at a depth of 11 - 12m has not been
confirmed.

4. 4 Discussion

As stated above. from the travel time curve
obtained from measurements of the velocity of P
wave using the VSP system, discontinuity of the
travel time curve at position near the presplitting
hole has not been confirmed. This means that the
damaged area caused by presplitting is only a very
limited area around the presplitting hole. Consid-
ering the fact that this time the measurements were
taken at 1m intervals, the damaged area thought to
be caused by presplitting is inferred to be no greater
than Im. Of course, it can easily be inferred that
the size of the damaged area will vary depending on
the charging conditions and the rock conditions.

There are difference in the charging conditions
and presplitting conditions, and it is difficult to make
a general evaluation, but the damaged area of the
permanent high rock slope was 1-3m at site A and
10-15m site B. Assuming that the damaged area
with presplitting alone at site B is a size locally
limited to about Im as at site A, it is difficult to say
that damaged area at the permanent high rock slope
occurred only because of the blasting, and the
appropriate conclusion is to think that other factors

were also involved.

5. Conclusion

By field tests using the newly developed VSP
system, a quantitative evaluation and investigation
was made concerning presplitting and the damaged
area that occurs in permanent high rock slopes.

The results of these field tests suggest that it is
not just blasting that causes the damaged area that
occurs on the permanent high rock slope, but the
rock conditions and other factors are also involved
in complex way. It cannot be denied that thus far
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no measurement methods have been proposed for
evaluating the damaged area on the permanent high
rock slope, and evaluations have been made quali-
tatively based on such evidence as borehole marks
remaining on the free face. Thought the use of the
newly developed VSP system, it is possible to quan-
titatively evalute the damaged area on the perma-
nent high rock slope, and it has been confirmed that
such damage is caused not just by presplitting and
other blasting. This suggests the importance in the
future of design methods, maintenance control, and
elucidation mechanism by which damaged areas

occur in permanent high rock slopes.
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