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ABSTRACT: Blasting, using the shock and dynamic energy of explosives, is a very effective tunnel
excavation method. However, it has two serious defects, namely vibration and noise. In a recent study
however, it has been proven that the pre-cracking notch blasting method using a notch hole reduces the
intensity of the damage and over-break caused by blasting in a tunnel. Thus, in this study, the method to
develop a notch bit system for making a notch hole and to design a new blasting pattern is researched and
examined. In order to make a notch hole effectively, several drilling experiments are carried out as changing
length and height of a notch and a comprehensive notch bit system which consists of a normal bit, notch
bit, adapter and notch guide is developed for the purpose of improving the speed and precision of drilling.
Through a field test executed in this study, it is revealed that the pre-cracked notch excavation method
reduces vibration by 30~50% and over-break by 1/3 in comparison to those caused by general blasting.

1. INTRODUCTION

The design and construction of tunnels soared
recently in Korea due to an increase in building
a metropolitan subway system, electric and
communication culverts. Drilling methods for
tunnels can be twofold: by machines and by blast
using kinetic energy obtained from explosives. Of
these methods, blasting is generally used due to its
lower price than machine drilling. However, the
blasting method causes public concern which is due
to excessive overbreak and blasting pollution such

as vibration and background noise.

Tunnel Theory suggests that the optimum
ground design is to optimize the strength against
which the circumference ground resists. Hence, it is
desirable that a method to make the circumference
ground around the blasting site have least damage.
In actuality, the overbreak inside a tunnel during
blasting is inevitable for the sake of construction
convenience. However, if there is any excessive
overbreak due to improper blasting, not only
economic losses occur from an increase in the
amount of low-grade ore to dispose of, an increase
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of shotcrete and lining concrete in use, as well as
additional timbering, but also the stability of the
tunnel can be at risk in that the vast damage zone
on a rock mass around the tunnel can be created.
Therefore, controlled blasting methods such as
smooth blasting and pre-splitting are discussed and
used to minimize the overbreak and the damage
zone.

Smooth blasting is applied to the contour holes
located at the outer layer of the tunnel’s blasting
holes. The method is to minimize damage to the
overbreak and rock mass by the decoupling effect
induced by loading the explosives with a smaller
diameter than the boring diameter. Pre-splitting is
a method to minimize the overbreak and damage
to rock mass from an actual blasting by blasting the
contour holes in advance of the actual blasting to
configure pre-splitting. However, their effectiveness
to minimize the damage to a damage zone of a rock
mass and to control overbreak are not satisfactory in
that they cannot sufficiently control kinetic energy
from the effect so that they cannot break the rock
mass on the tunnel’s blasting points. The blasting
method using notch holes can address problems of
existing controlled blasting method by enlarging
the stress concentration on the notch’s layers to
create splits from the notch’s layers.

This method became popular both in and outside
Korea due to its verified effect both theoretically
and experimentally. In Korea, many are designed
to excavate with no vibration to address blasting
pollution problem. However, since there exist
limitations for no vibration blasting to be used on
site, many construction sites need the split blasting
methods with only a little amount of kinetic stress.

In order to address blasting pollution and
decrease overbreak, a patent on a blasting method
was developed that applied the principle of the
method to create pre-split at the contour holes to
block the propagation vibration at a cut, and to
enlarge contact surface around a cut, it applied
short and long charge on the notch split in super
holes. Hence, for the study, we appraised the
appropriateness of notch equipment system by
developing notch equipment system and applying
it to construction sites.

1.1 Background theory

Pre-splitting notch blasting is a method using the
principles of notch effect, meaning that the stress is
concentrated on the dented spots of a surface of a

substance. The dented spots on a flattened material
in patches/partially is called a ‘notch’ in the study
of elasticity.

When kinetic impact energy is given to these
spots, far more concentration of stress than other
spots occurs so that the split and fragmentation are
created around the notch by the increase of stress
concentration affecting around the notch by the
repetitive shock energy effect on the area.

When using Linear Elastic Fracture Mechanics,
the stress can be obtained at a point close to the
notch’s tip when the stress is given inside the
circular holes where the notch is located. The
answer is shown in the following Equation (1).
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Figure 1. Pressure distribution in the notch hole.

Figure 1 shows the condition when the pressure
is exerted inside the circular holes that contains a
notch. KI can be obtained by Equation(2) when
the pressure P acts toward the diameter direction
which is vertical against the wall of the holes, and
the pressure AP acts upon vertically against the wall
of the notch.

K]=)\,P\/£ (2)

In this case, the rate of pressure depends on the
length of the notch that is exerted upon the wall of
holes, the A in the Equation (2) is 2.24 when the
pressure acts upon the surface of the notch and
when not, 1.12.

The principle of controlled split blast using
notched-holes is illustrated in the Figure 2 based on
Dally & Fourney (1977). The picture shows that the
pressure that generates the split on the Smm length
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notched granite on a wall of $50mm-blasting holes
in diameter decreases by 50% from the Imm length
notch. Hence, boring holes notch causes a split from
the notch geometries by enlarging the concentration
of stress; decreases the pressure required to generate
split; and at the same time effectively control
the split from created on other walls. Therefore,
when pre-split is generated following the notch by
arranging notch holes at the holes on a drilling line,
it is expected that the blasting pollutions can be
addressed by blocking the propagation of vibration
induced from the cut and the enlarged area as well
as minimizing the damages and overbreak to the
surrounding rock mass.
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Figure 2. Changes in split pressure upon notch length
(Dally & Fourney 1977).

2. DEVELOPMENT OF NOTCH DRILLING
EQUIPMENT

2.1  Notch bit

2.1.1 Development of notch equipment

In general, the boring of blasting holes of a tunnel
is done by exerting the rotatory power and shock
power. However, only shock power should be used
in order to configure the notch holes, so separate
equipment to control this matter is needed. To
configure the notch holes for the first notch bit
system, as shown in Figure 3, we first executed
boring the circular blasting holes with a normal bit,

then reloaded special bit that hangs a notch. In this
case, a problem occurs in that it took twice longer
boring time compared to existing method because
the method generates the need for the secondary
configuration process of notch holes.
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Figure 3a.

Figure 3b.

Figure 3a and 3b. First notch bit system. 3a) conceptual
diagram of notch hole boring. 3b) notch bit.

In order to simplify the duplicated construction
process of first notch bit system into one process,
we developed the second notch bit system as shown
in the Figure 4. This model consists of a general
boring bit, notch bit, and notch adaptor: boring
bit drills the circular blasting holes using both the
rotatory power and shock power just as the existing
method; and the notch bit configures a notch with a
shock power since the rotatory power is controlled
by the notch adaptor.

In order to verify the boring efficiency of
completed notch bit system, we experimented
a test at a site in the Inchon International Airport
Railroad(ITIAR). The lithology of the testing block
is relatively fine gneiss-granite with unconfined
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compressive strength of 135MPa and RMR of
65~80. Equipment used for boring is Jumbo Drill
(TomRock Power Class) 2 Boom and the boring
diameter is @45mm. We divided the boring pattern
into the punching of blaster of 1.0m, 1.5m, and
2.0m, measured the boring time that took after
setting the boring equipment, and stroke the
arithmetic average by the result of measuring ten
times per each punching of blaster. The result is as
shown below in the Table 1. The constructability of
the first notch bit system was not favourable in that
it took 1.6 times longer to bore than the existing
method. However, it was verified that the boring
time that took for the second notch bit system was
almost the same as the existing method.
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Figure 4a.

Figure 4b.

Figure 4. Second model boring concept and notch bit
system. 4a) Second model notch boring. 4b) second model
notch bit system.

Table 1. Comparison of boring times upon punching of
blaster and bit types.

Drilling Time consuming(Average(10 ea))
length  Normal bit Ist notch bit 2nd notch bit
1.0m 58 s/ea 90 s/ea 59 s/ea
1.5m 82 s/ea 135 s/ea 85 s/ea
2.0m 111 s/ea 162 s/ea 113 s/ea

2.2 Optimize the notch bit configuration

Since the notch bit’s role is to enlarge circular
holes during the boring process, it was thought
that the boring efficiency depends largely on
its configuration. Hence, we optimized the
configurations by the repetitive test process with
turning out the test bit, and we mainly concerned
the usability of the formation of notch, directivity
of notch slot, minimizing the abrasion rate by
diversifying notch’s height(H), angle(0) and
length(L). See Figure 5.
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Figure 5. Notch bit.

2.2.1 Notch height(H) and angle(0)

The study by Dally & Fourney (1977) (Figure 2)
shows that the pressure causing splits diminishes
significantly within around 10mm of height, but
when higher than 10mm, it diminishes moderately.

For this study, we carried out a boring test by
turning out the test bit setting the height of notch
with 5, 8, 10, 15mm. The result is as shown in the
Figure 6. Notch groove was barely made in Smm,
and in case of 15mm, it took too long for boring
because the resistance from boring is too high and
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the breakage of a bit was induced during every
drawing. Hence, we decided it is appropriate that
the notch height should be around 10mm.
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Figure 6. average boring time according to notch tip
heights.

The angle of the notch is around 45°. The test
was carried out using three types degrees: 45°, 30°
and 70°. The notch tip of 70° is relatively small
compared to 30° and 45°, so the degree is not
favorable for the guide to sustain the direction of
notch. In case of 30°, the abrasion rate is high in
that its resistance is high during boring, and the
boring speed increased. Therefore, considering the
factors such as boring speed, abrasion rate, notch’s
directivity, we decided 45° to use as a notch tip
angle.

2.2.2 Selection of notch length

Length of notch has a very important influence on
how straight a notch groove can be. If a notch bit
is not long enough when drilling a notch hole, it is
hard to expect notch effect, as notch groove is hard
to remain straight due to turning force. In contrast,
when a notch bit is too long, a notch groove remains
straight. But it would increase damage on the bit, as
growing resistance upon drilling causes a decrease
in digging speed and increases resistance.

In addition, we expected that intensity of rock
would have an impact on length of a bit. Therefore,
we conducted a hole-boring experiment by
manufacturing test bits of 5, 10, 15 centimetre. As a
result, the experiment didn’t find any displacement
in directions of all the three kinds of bit. However,
we failed to drill a notch hole with 5 centimetre
bit, because the bit lost planned direction before
interpenetration due to a bumpy surface. So we

concluded that length of notch should be at least
10 centimetre in order to form a notch groove as
designed.

Figure 7a.

Figure 7b.

Figure 7. Test bits and a bored notch hole. 7a) Test bits
(5,10cm). 7b) A bored notch hole

2.2.3 Selection of notch shape

The results of the experiment on notch bit length
showed that 10 centimetre notch is the best among
5, 10 and 15 centimetre lengths. However, we
observed that even with 10 centimetre notch, going
through recession when drilling, some of notch tips
were broken from strong resistance due to sludge
accumulation. Aiming to solve the problem, we
conducted a boring test by making changes on notch
shape to reduce resistance, as shown in Figure 7.
The test found out that drilling speed for one
layered sloped notch bit is not quite different
from speed for one layered notch. However, we
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made progress on constructability, as resistance
in drawing after drilling reduced. However, in this
case, both sides of a notch bit cannot be used, so
life span of a notch bit is reduced by half. In order
to improve such problem, given that existing 5
centimetre bit doesn’t experience resistance upon
drawing, we formed a 5 centimetre notch in the
center and a 2.5 centimetre notch both on the left and
the right side, thereby inventing two layered notch
bit. By developing this notch bit, we succeeded in
complementing drawbacks of the existing notch
bit.

Figure 8a.

Figure 8b.

Figure 8. One layered sloped notch bit and two layered
notch bit. 8a) One layered sloped notch bit. 8b) two
layered notch bit.

2.3 Notch adapter

Notch adapter is equipment for controlling turning
force of notch bit to convey only shock power, as
shown in Figure 9(a). We experienced problems
early of alack of durability and sludge accumulation,
as there have been constant shocks on notch adapter
and contact surface of a notch bit and there have

been damages caused by frictional heat generated
from turning force control. In order to improve
those problems, we built a bearing. But the bearing
failed to survive shocks and consequently suffered
damages. We figured out with experts’ help that
so called hydroplaning phenomenon could be an
answer to the problem and solved it by making a
waterway, as shown in Figure 9(b).

Figure 9a.

Figure 9b.

Figure 9. New notch adapter. 9a) Notch adapter. 9b)
Waterway.

2.4 Notch guide

Notch guide is equipment for making a notch as
designed by controlling directions of notch bit. We
reduced weight of a notch guide to 8kg to build it
into U part of a jumbo drill head, as shown in Figure
10(a) and ensured durability with building a bushing
part and a spring part, which reduce damages from
shocks and friction, as shown in Figure 10(b).
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