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Abstract The multi-borehole method of monolith splitting off by pulsed electrical discharge is
presented. The experimental data of simultaneous and step by step discharge initiation for
monolith splitting off with using of the polyethylene cartridge are given. The simultaneous
initiation of discharge in two boreholes with 30 cm spacing, transferred energy in each
borehole about 23 kJ as well as sequential initiation of discharge with transferred energy in one
borehole about 47 kJ are investigated. The concrete splitting off with the dimensions of
300x300x650 mm by six boreholes with step-by-step initiation in each borehole and with total
energy of about 280 kJ as well as the concrete splitting off with dimensions of 300x300x300
mm by the four boreholes with simultaneous initiation in each two boreholes and the total
energy of about 90 kJ take place. It is shown that the simultaneous multi-borehole initiation of
the electrical discharge leads to the cracks formation in predefined direction and to the
directional solid splitting off. The experimental results show that the simultaneous discharge
initiation in comparison with step-by-step one has advantage in consumed energy.

1. Introduction

In mining industry, building and construction sector for dismantling and repair of buildings,
construction or expansion of tunnels, deepening of bed, removing the debris, etc. there are tasks of
demolition and splitting off monolith of large solid blocks of natural and artificial origin (lumps of
rock, concrete blocks and items) — “oversizes”. Traditionally the explosive, mechanical or thermal
methods for such tasks are used. These methods have some shortcomings. The mechanical method is
safe for workers and the environment. It should be noted, however, that in case of high-strength
materials it does not always provide the desired technological effect. Thermal methods are based on
using thermodrills or termite compositions. The thermodrills are mainly used for the destruction of
“oversizes” and include a sufficiently complex equipment. The process of destruction with using of
termite compositions proceeds rapidly, does not lead fragment dispersion, though for the complete
destruction requires additional mechanical force. Explosives due to its simplicity and high
performance are used in the most industrial environments. It allows destroying the objects practically
of any size and strength. The disadvantages of this method include the environmental hazard of
explosives, dust and debris, during the expansion that can damage surrounding objects. In
consequence of it there is a requirement to ensure the security zone and the evacuation of staff while
carrying out of blasting is needed. This method also requires a precise execution order because
blasting strictly regulated by state regulatory authorities. In dense urban areas usage of explosives is
limited, and in most cases it is prohibited. It should also be noted that the effectiveness of explosive
method falls down when dimension of destructed object decreases, especially when sizes is less than
0,8 + Im.
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One of the promising direction of splitting off and destruction of solid materials is using pulse
electric-discharge method, the essence of which is application of the electro-burst wave dynamics
principles [1-3]. When a current impulse flows through the plasma channel of capillary electric
discharge in condensed matter, due to the rapid energy release in the channel, the shock wave of
pressure is generated. It forms the field of mechanical stresses, causing the material destruction.

In this paper the comparison between simultaneous and step-by-step discharge initiation for
monolith splitting off with using of pulse electric-discharge method is presented.

2. Design of the equipment

The electric circuit diagram of the generator that was used in experiments is shown in figure 1. The
generator includes energy storage — nonpolar capacitor battery C consisting of 40 capacitors of K75-
101-15kV-14uF type, and pseudo-spark switch S of TDI1-200k/25 type. The maximum charging
voltage is 15 kV and the maximum energy stored in the battery is 63 kJ. To prolong the lifespan of the
capacitors the charging voltage under working conditions is reduced to 13 kV. Elements R and L are
the stray parameters of the circuit that were estimated from the short-circuit experiment. R, is the
discharge channel resistance that vary with the time. Its mean value was estimated from the
experiments as approximately 0.03 Ohm. The length of discharge channel is 100 mm. The channel
was initiated with a thin copper wire with diameter of 0.2 mm. It was done to simplify the ignition of
initial discharge channel under relatively low voltage of 13 kV.
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Figure 1. Electric circuit diagram of the generator.

As it was precisely described in [4], to increase the amplitude of shock waves and step up the
efficiency of its transfer to the destructible material, the polyethylene cylinder with copper wire in its
axis was used as a cartridge. The outer diameter of the cartridge is equal to the inner diameter of the
borehole in the destructible material and is equal 26 mm.

3. Description of experiments

All experiments were carried out with concrete specimen situated in ground. It was done to decrease
the amplitude of reflected shockwaves to simulate real conditions in monolith. The dimensions of
specimen was (WxHxD) 1000x1000%2000 mm. Compressive strength of used concrete was 40 MPa.
Tektronix TDS-2024 oscilloscope and CWT-1500 Rogowsky coil were used to record the discharge
current waveform.

4. Results of experiments

Typical current waveforms for sequential and simultaneous initiation modes are shown in figure 2.
Normally the two half-periods occurred during the discharge. In some cases one or three half-periods
occurred and it depends on conditions around the plasma channel.
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Figure 2. The current waveforms of the discharge: (a) — one electrode in sequential initiation
mode; (b) — two electrodes in simultaneous initiation mode.

3.1. Simultaneous initiation in two boreholes

In the first experiment two boreholes with 35 cm spacing were bored vertically, and two boreholes —
horizontally with 35 cm of depth. The initial state of concrete specimen and installed electrodes are
shown in figure 3a.
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Figure 3. The result of the experiment with simultaneous initiation in two boreholes: (a) — the
scheme of boreholes before discharge; (b) — cracks pattern after first discharge; (c) — fracture

pattern after second discharge (Bar 100 mm).

The simultaneous initiation of discharge in two vertical boreholes was produced. As one can see in
figure 3b the major cracks were formed after the discharge and they were oriented in the plane of the
boreholes. Such scheme helps to produce splitting off in the predefined direction. After second
simultaneous discharge in two horizontal boreholes the same cracks pattern were formed. The size of
each main crack in its mouth near the borehole was approximately from 1 to 3 mm. It needs to be
mentioned that final splitting off was obtained with additional manual power with the help of electric
hand perforator. The result of the experiment is shown in figure. 3c. The dimensions of split part was
about 300x300x300 mm. Total consumed energy in this experiment was approximately 90 kJ.

3.2. Sequential (step-by-step) initiation

Sequential initiation of the discharge was produced in accordance with the scheme shown in figure 4a.
The discharge was initiated once in each borehole. The borehole depth was approximately 35 cm, the
distance between the boreholes was between 30 and 35 c¢cm, the energy in each pulse was about 47 kJ.

The boreholes 1-3 was vertical and 4-6 was horizontal. The result of destruction after 5 and 6 pulses
is shown in figure 4b,c.
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After the discharge in each borehole the two or three main cracks were formed. The mouth width of
all cracks near the borehole was about 1+3 mm. After the second and subsequent discharges one of the
main cracks was generally directed to previous borehole. The complete destruction of the concrete
bounded by boreholes was induced by discharges in 5" and 6™ boreholes.

There was no additional manual power in this experiment, but consumed energy is three times
higher and equals to about 280 kJ.

Fracture zone

Figure 4. The result of the experiment with step-by-step initiation in six boreholes: (a) — the scheme
of boreholes, 1-6 — numbers of boreholes; (b) — fracture pattern after 5™ discharge; (c) — fracture
pattern after 6™ discharge (Dimensions in millimeters, bar 100 mm).

5. Conclusion

The concrete splitting off with dimensions of 300x300x300 mm by the four boreholes with
simultaneous initiation in each two boreholes and with total energy of about 90 kJ take place. Also the
concrete splitting off with the dimensions of 300x300x650 mm by the six boreholes with step-by-step
initiation in each borehole and with total energy of about 280 kJ takes place. It is shown that the
simultaneous initiation of the electrical discharge leads to the cracks formation in predefined direction
and to the directional solid splitting off. The experimental results show that the simultaneous discharge
initiation in comparison with step-by-step one has advantage in consumed energy but needs additional
manual power.

Next step in this research is to try to initiate discharge in adjacent boreholes with the time delay for
wave propagation from the first borehole to the second one. This method will help to increase the
pressure wave amplitude in the second borehole and will correspondingly help to form more cracks in
the material.
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