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Abstract: The method of excavation tunnels, as infernal object depends primarily
on the rock mass along the tunnel route, as well as rock mass in the nearby
environment of the route. This paper presents a methodology for determining the
drilling - blasting parameters in one of the various zones along the route of the
tunnel. Furthermore, proposed here are the construction of a tunnel in three
sections, pattern of the boreholes at the face, as well as the construction charged
cut holes, auxiliary and contour blasting holes.
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1 INTRODUCTION

The significance and complexity of tunnel excavation is also reflected in the fact that a
special science that deals with underground facilities construction, including tunnels has
been developed (Vrkljan, 2003).

First step that determines success of tunnel excavation is the establishment of quasi-
homogeneous zones in the rock mass, located on the tunnel route (Merritt, 1972) then,
the engineering geologic longitudinal profiles construction (Jovanovi¢, 1994). It is also
necessary to determine physical and mechanical properties of rock masses along the
route and nearby, the hydrological condition of terrain, as well as all the other
characteristics on which the tunnel performance depends (Anti¢evi¢, 2011). All these
tests are required to perform the classification of rock mass along the tunnel route.
(Laubscher, 1977; Bieniawski, 1989; Hoek, 2003; Doneva et al., 2013)

Based on the information related to the characteristics of the work environment or the
rock type that are located on the route of the tunnel, preliminary analysis and calculation
have been made, which allowed safe blasting during excavation the tunnel. The active
length of the tunnel is 600 m, and the profile size of 64.97 m? (DAM-EXPLO, 2014).

Presented in this paper are only some ways of calculating, and drilling - blasting works,
as integrated and indivisible working operations.
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The choice of the technology for construction the tunnel depends, primarily, on the
profile size of the object, geotechnical parameters and physical and mechanical
characteristics of the working environment, the geology of the surrounding terrain and
certainly, the equipment that the contractor has at his disposal.

Construction of structuress, such as tunnels may be done in two ways:

e by using conventional methods, using drilling and blasting operations
(Olofsson, 1990) and
e by using modern rotating machines (TBM - tunnel boring machine).

This paper describes the first-mentioned technologies, which can be done in several
ways:

e method of excavation the full profile (Doneva, 2013);

e method of excavation with two work faces;

¢ method of excavation with the expansion of a small part of the hall at the
primary route;

¢ method of excavation in several sections (U.S. Army Corps of Engineering,
1997), which is described in this paper.

Modern tunnel boring machines (TBM) application is economically justified for routes
longer than 1 km (Doneva 2005, Doneva et al. 2005).

2 CHARACTERISTICS OF THE WORKING ENVIRONMENT

In accordance with the methodology of defining the technical documentation for the
construction of the tunnel, a certain volume of geological, geophysical and geotechnical
tests work was carried out regarding the work environment along the route of the tunnel.
The obtained data from these explorations are necessary for accurate definition of
drilling - blasting parameters.

2.1 Geo - morphological characteristics of the terrain

This part presents the only geological caracteristics of rock masses that affect the
performance of drilling - blasting works.

In correlation with the genesis of the terrain, the seismotectonic characteristics of the
field are defined. Basically, the zone in which the tunnel route is stretched passes through
seismically active fault structures. This zone, if the intensity of seismic phenomena is
taken into account, is an area with intensity VII-VIIlI on MCS - scale of earthquake
intensity.
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This information should be taken into consideration during the design and
implementation of all operations.

The tunnel route passes through the various geomorphological conditions, indicating to
relatively complex requirements of this aspect. At the entrance and exit of the tunnel
there is a ground slope, while the central part is the saddle. The zone of the tunnel mainly
consists of filitoids, quartz-sericite-epidot schist with angle of descent of 30 — 35°% On
individual cross sections of the tunnel routes defined are emphasized cracked and fault
zones.

2.2  Geotechnical characteristics of the aspect RMR classification of rock
mass

Bulk weight of rocks, in this case filitoids varies in small limits, so the average value of
y = 26.4 kN/m? is adopted.

Having regard to the foliation for determining strength characteristics were examined a
large number of samples. In filitoids, when the study was conducted, normal direction
of foliation average compressive strength is o = 38 MPa, while parallel to the foliation
obtained oc = 84.6 MPa

When quartz-sericite schists compressive strength perpendicular to the foliation is o¢ =
33 MPa, while in parallel the foliation is o = 84.75 MPa. With this in mind anisotropy
coefficient ranges from Ki; = 2.2 to 2.5.

e With geophysical surveys following values of seismic velocity have been
defined:
in the area of the portal velocity of longitudinal elastic waves ranging from
2000 - 2500 m/s, and the cross of 1000 - 1500 m/s;

e Inthe list below part longitudinal elastic waves have a speed of 3000 - 4000
m/s, while cross is with 1650 - 1860 m/s;

Speaking in general, the value of the speed of elastic waves varies from zone to zone and
corresponds to the constants of the geomorphological characteristics of the field. Lower
values refer to the surface area of slate, where its influence has decreased the thickness
of the layer. Features of discontinuity are examined through the core drill holes. In this
manner, the extent of cracking in multiple zones is defined; higher cracking occurs in
the Upper zones, so that there are fewer values for the distances among cracks and RQD
parameter (50% - 60% in the same tunnel route). The coefficient of roughness fracture
walls is the JRC = 8 at filitoids and JRC = 10 in quartz schists. These values correspond
to a class of smooth fracture surfaces.
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Strength of the fractures in walls is defined by the Schmitt’s method and amounts JCS =
25 MPa any filitoids and JCS = 33 MPa with quartz sericite schists. While obtained from
internal angle of friction ranges from ¢ = 34-35° which filitoids and ¢ = 36-37° with
quartz sericite schists.

2.3  Classification of rock masses and the choice of appropriate technology

Based on the data obtained from the tests, a classification of rock masses is elaborated.
By Bieniawski (RMR), Barton et al, was found that the route of the tunnel wall most
frequently waving to the masses of 11l and 1V category at Bieniawski (RMR = 35 - 43)
(Bieniawski, 1989).

The lowest value of RMR = 35 is in IV category, mainly in the portal and on shorter
sections about fault zone, can be expected and the rock masses in the V category.

From these results, the blasting method can be applied as main method for excavation,
whereas only in certain areas is possible to use direct scarifying and milling walls. It is
recommended that the smooth blasting and the corresponding types of explosives are
applied.

3 CALCULATION OF BASIC BLASTING PARAMETERS

The number, pattern and length of boreholes will be dictated by the physical-mechanical
characteristics of the working environment, the profile size, type of explosive, way
binding and initiation, as well as methods of mining.

e Depending on the position of boreholes in the work face forehead object
differed are:
Cut boreholes;

e Break borehles and

e Contour boreholes (Doneva, 2013).

The selection of the cut-type and whether to apply a slant or parallel cut, depends on the
depth of drilling (1), the profile size of the tunnel (S) and the coefficient of rock strength

(.

Bearing in mind that the route of the tunnel is anizotropic, we found a greater number of
shares along this route.

In this paper presented are only blasting parameters for 1Va class working environment.
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3.1  Work technology in drilling and blasting

The process of organizing the drilling and blasting operations involves successive
schedule of the operations in order to effectively and safely perform these two working
operations. The Figure 1 shows the model of organization of drilling and blasting in the
case when, as a method of blasting the smooth blasting is applied (Dambov, 2014).

Layout o Location 5 = i Cleanup of
holes ~ holes g drill holl)es
Sprinkl Connection of
Ventilation [« p;l:st €r <= Detonating }« blast series

1

Deal with unexploded explosive |==>§ Chek effectiveness

Figure 1 Model of organizing the method of smooth blasting

3.1.1  Capacity of the drilling machines type Paramatic H205T

Adoption of the drilling diameter 45 or 54 mm, depends on the location and previous
experience of similar working environment, as well as the possibility of investment in
procurement drilling accessories and planned dynamics of progress (Sandvik Tamrock
Corp., 1999). For drilling the drill type machine Paramatic H 205T, from TAMROCK
Company is proposed. Drilling capacity “in situ” conditions of work iS: Ly =27.0 m’/h.

This drill machine is equipped with two branches, which means that it can drill
two wells at the same time, because the capacity is double: Lynh =27.0x2=54 m'/h

L, =L, - T -K=54-8-09 = 3888m /shift (D)
Where:

Kv =0,9 - coefficient of time utilization;

These values can be adjusted depending on the possibilities of the performer’s security
operation, technical machine capabilities and other factors.



22 Dambov R., Doneva N., Hadzi-Nikolova M.

3.1.2  Calculation of blasting parameters for class 1Va of the working environment

Linear charge density of the explosive (kg/m") - the explosive charge per meter of
drilling hole. The continuous charge mode is used in cut holes and break boreholes:

p = zd,’r/4 =0,965kg / m' @)

Where:

dp - cartridge diameter, 32 mm;
p - density of explosives, 1.200 kg/m?;

Borehole smooth blasting aims to preserve the rock mass surrounding the excavation
stable and solid, hence the way of charging thr device with explosives is different. Here,
the explosives which are used are with the diameter of the cartridge dp = 28 mm.

Linear charge with the peripheral wells are:

p = zd?r/4 =0,73kg/m’ (3)

Number of boreholes

This number of boreholes wells budget is theoretical and therefore, it should be checked
in situ, taking into account the specific conditions of the working environment.

The number of boreholes is:

N =q-S/p-k,=138 (4)

Where:

q - specific consumption of explosives, q = 1.25 kg/m3;

S - profile size of the tunnel, S = 64.97m?;

p — intermediate linear filling of explosives in the mine series p = 0.84 kg/m’;
kp - coefficient of charge the boreholes, k, = 0.7.

The number of borehles refers to the total number of the profile, and the necessary
drilling length is:

L, = (123x1.0) + (15x1.5) = 1455 m'’ )
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The time for drilling is:

Ty =L/ L =1455 [54= 2.7 h (6)

Calculation of explosive charge in a borehole

Quantity of explosives in cut holes and break holes:

Q =k,-L-p =066- 15 - 0.965 = 0.96kg @)

Q, = k,-L-p=05- 1.0 - 0.965 = 0.48kg (8)

Where:

kp - coefficient of charge borehole, k, = 0.5t0 0.9
L - length of boreholes, L =1.5; 1.0 m

p - Linear charge density of the explosive per meter length boreholes, (p = 0.965
kg/m")

Quantities of explosives in boreholes for smooth (contour) blasting:

Q =k,-L-p =055- 1.0 -0.73 = 0.4kg 9)

For this rock type the speed of elastic waves of 2500 m/s is adopted, where explosives
with a density of 1200 kg/m3 and detonating speed of 5500 m/s were utilized.

Given this, a type of explosive with respective blasting characteristics was adopted,
packed emulsion explosives. Applied explosives should be resistant to wet conditions
and the presence of water, because in some parts of the route of the tunnel these are to
be expected.
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3.1.3  The parameters of smooth blasting method

It should be noted that the accrual obtained results are only tentative and that after each
blasting they must be corrected on the basis of the results obtained, to make them as good
as possible. In this way, we obtain the optimal parameters for smooth blasting.

The distance between the boreholes depends on the diameter, which in this case is D =
45 mm:

a=(10+20) - D=(10+20) - 45=450 ~ 900 mm

In the Il and IV rosk class the distance is: a = 60 cm.

The coefficient of compaction boreholes is:

m=a/W=08+1.0

This coefficient for the Il and IV class is: m=a /W = 60/75=0.8

The line of least resistance is W = 360 + 900 mm depending on the class working
environment and type of boreholes and for Class 11l and Class IV is W = 75 cm.

In order to minimize the effects of mining on the surrounding rock mass (Antiéevié,
2004), the diameter cartridges of 28 mm are adopted.

Length stopper should not be less than 40 cm, or Lssh= 1/3 Loorehole.

For this method of mining and for these boreholes, a weaker explosive type GURIT (17
X 500 mm and 11 x 460 mm), is proposed.

The Table 1 shows the parameters of blasting. Tunnelling is done in three sections, so
that the upper is advancing first- calotte, then the middle and at the end, the lowest part.
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Table 1 Parameters of blasting for 1\VVa class working area

Charing (kg)
Detonating Length
sequence Hole type Number m qﬁ:rirlgee . Total charge
quantities
per hole
Hollow hole 3 15
1 Cut holes 12 15 0.96 11.52
2 Break holes 12 1 0.48 5.76
3 Smooth blasting hole 22 1 0.4 8.80
4 Inner-ring hole 11 1 0.4 4.40
1 Smooth blasting hole 10 1 0.4 4.00
2 Break holes 20 1 0.48 9.60
3 Inner-ring hole 14 1 0.4 5.60
1 Inner-ring hole 22 1 0.4 8.80
2 Break holes 12 1 0.48 5.76
TOTAL 138 64.24

3.1.4  Ways and means of initiation

For the initiation of boreholes, the NONEL systems are proposed. When blasting in these
conditions, it is important that the interval of deceleration is sufficiently large, so that the
possibility to successfully break all rock mass is guaranteed. NONEL LP is a series of
detonators intended for blasting in underground conditions. Connecting with a bunch
connector is the easiest and fastest way to connect the LP series in underground
conditions and in groups (Figure 2).

NONEL tubes from boreholes are together in groups (a maximum of twenty of them in
one group). Bunch conector connects the group with the help of part of the detonating
cord. End of bunch connectors associated with Snapline 0, with these networks is ready
for initiation (Dambov, 2014).

Instead of the group connector, a detonating cord can be used too, at that point the groups
of the NONEL tubes are connected together by cords, in a manner that envelops each
group in the node. This method is risky and requires great precision, because it may be
that the shock wave fuses interrupted nonel tubes without initiating them.
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Figure 2 The way to connect the mine with the help of a series of bunch connector in
tunnel construction

The Figure 3 - 5 shows the pattern of boreholes in the three sections, in the order of the
excavation of the tunnel profile (DAM-EXPLO, 2014).

3 Smooth blasting hole

Breaking hole

Iupper bench cut
h1=33.m high

II

Imiddle bench cut
h1=3.0.m high

[1

Tower bench cut
h1=2.3.m high

Figure 3 Schedule blast hole in the upper part of the tunnel profil
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lupper bench cut
h1=3.3.m high

Imiddle bench cut
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T T 1

Mower bench cut =
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Figure 4 Schedule blast hole in the middle part of the tunnel profile

Tupper bench cut
h1=33mhigh

I Imiddle bench cut
h1=3.0.m high

=

il bench cut
) [T . ogieeces

\Brealang hola

blasting hola

Figure 5 Schedule of the blast hole in the bottom part of the tunnel profile

Figure 6 illustrates a wedge cutting (Anti¢evi¢, 1992), as well as the construction of
charging in the cut boreholes, break boreholes and contour boreholes.
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Figure 6 a) Cuting, b) Construction of charging in the cut boreholes; c) Construction of
charging in break boreholes; d) Construction of charging in contour boreholes.

4 CONCLUSION

From the above, it can be concluded that the drilling - blasting parameters depend on the
rock mass along the tunnel route. With calculation, they can only be determined
orientationally, but when the site is constructed, if it turns out that the real conditions do
not correspond to those of the explored, these parameters can be changed. Application
of smooth blasting in order to ensure the stability of the surrounding rock mass is
required when construction of the tunnel, it reduces the amount of material support for

support constructions.
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