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Abstract. Experimental results on a concrete samples explosion with electric discharge are presented here. A study
purpose is to verify a developed mathematical model on electric blast in concrete. The obtained experimental data (as
energy in a discharge circuit, a number and size of formed cracks) have been made possible to introduce additional
adjustments on a mathematical model for electric explosion depended on an energy input mode, voltage value, pulse
velocity, etc. The results on electric explosion of a concrete block are presented here when the discharge channel is
simultaneously initiated in one blast-hole and initiated in two blast-holes. The work results are used on to verify the
model of electric-discharge destruction for concrete as well as reinforced concrete products.

Keywords: concrete, destruction, electric discharge, channel, explosion, blast, voltage generator, impulse, voltage,
electrodes.

Introduction processes in dielectrics and determines a materials
Electric explosion in inhomogeneous media is = behavior in strong electric fields. A research
FIZA a fundamental phenomenon in the electro physical | importance is related to promising electric discharge



technologies as for materials crushing, cleaning from
surface deposits and removing of surface layers,
destroying oversized materials during mining, and
reconstruction of facilities, tunnels construction, pro-
duction of bored piles, etc. [1-4].

Despite numerous experimental and theoretical
studies, a consistent theory describing all aspects
of electric discharge destruction has not been
created yet. Theoretical difficulties are caused
both by a complexity of the analytical description
for stochastically developing discharge channels
and cracks, and as well as by a problem of same
consideration on electrical and mechanical processes
[5-8].

Besides, discharge channels and cracks form
three-dimensional structures, a shape of which can
significantly affect on a destruction process. Only
certain aspects of this phenomenon are considered
in experimental works. Therefore, there is not
only a physical and mathematical model of these
processes in its connection, but also in its unified
phenomenological description.

Thus, a solution of the following issues is
here important: a development of appropriate
computational models which quantitatively describe
a discharge phenomenon in materials under
processing. A same important task is verification
of these models on a basis of experimental studies
as; mode selection, optimal parameters for a
pulse power equipment and electrode systems for
technology of electric discharge spalling and of
concrete or reinforced concrete destruction. For this,
the experimental studies have been carried out which
will be used both as selected results and will be as
a basis for the mathematical and computer models
adjustment.

Description of materials
methods

Model test equipment for electric-discharge
spalling and concrete destruction has been applied
in order to carry out experimental studies on a blast-
hole electric explosion and to measure of generated
cracks lengths. Experimental were carried out on the
M300 type of concrete poured into a ground. The
experiments were carried out on the basis of a partner
of the Tomsk Polytechnic University [9].

A body sample is the monolithic concrete block
of M300 concrete sized as 3000 x 1500 x 1200 mm. The
concrete block was poured into a ground while a top
of the block was placed at the ground level. There
was a free 50 cm space between a ground level and
one of a side face. An external image of the massif-
body simulator is shown in Figure 1.

Study on stage-by-stage destruction from the
monolithic concrete block by the electric discharge
method was done as an initiation of the discharge
channel in one blast-hole and in two blast-holes sim-
ultaneously. The blast-holes of 26 mm diameter were
drilled vertically at a distance of (30-50) cm from each
other, and at a distance of 20 to 50 cm from a free

and experiment
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Figure 1 — Monolithic concrete block as a body
simulator

side of the monolithic concrete block. A blast-holes
depth was from 50 to 80 centimeters. The generator
started to operate at 12 kV, 13 kV and 14 kV of voltage
with 1120 uF of a total generator capacity. Water or
polyethylene has been served in a blast-hole as a
transmission medium. Experimental has been carried
out with not of 5 times less for each combination.

Experiments with an initiation of the discharge
channel in one blast-hole have been successively
done for each blast-hole. The current and voltage
pulse shape obtained in one measurement are given
in Figure 2.

Based on those test oscillograms the diagrams
for released energy in a discharge circuit at different
voltages have been developed (Figure 3).

Figures 4 and 5 shows a monolith section with
prepared blast-holes and cracks formed after a series
of electric blasts.

A series of tests were performed with an initiation
of the channel discharge in two blast-holes simul-
taneously. The experiments at the same time were
carried out as an initiation of the discharge channel
in two blast-holes. Blast-holes were drilled in pairs on
a one line with a same depth (h), and a distance from
the block edge to the blast-hole center (d) has been
constantly increased. A step between the blast-holes
lines was chosen as 25 ¢m, and a distance between the
one line blast-holes is of 40 cm.

Discussion

Table presents the results of experimental studies
of a blast-hole breaking from a monolithic concrete
block when initiating of discharge channel takes
place in two holes simultaneously.

Electric blast (explosion) in concrete at indicated
energy values as shown in Table 3 causes in rare
case of cracks developing of more than 25 cm length.
This is mostly related to a time of energy release
and a speed of shock wave propagation in concrete.
At energy distribution time of 200 us realized in
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Figure 2 — Current and Voltage oscillogram
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Figure 3 — Energy in discharge circuit

presented tests, a shockwave the order is (realized in | when a distance to free surface increases by more
real experiments), a shock wave in concrete manages = than 30 cm, this does not already form a main crack.
266 T pass a distance of (50-55) cm order [10]. Therefore,



Figure 4 — Blast-holes with installed cartridges
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Figure 5 — Cracks between blast-holes after a series of
electric blasts

Break off a monolithic concrete block

W,, ki d, cm Result
67 25 2 main cracks from blast-holes to the block edge of 22 and 25 cm
67 50 cracking in a blast-holes area with cracking radius of 4-5 cm
67 75 cracking in a blast-holes area with cracking radius of 2-3 cm
main crack along a whole block width through the blast-holes centers, from the blast-holes
80 25
centers expand as 2 cracks of 20 cm by length
main crack along a whole block width through the blast-holes centers with multi-cracks
80 50
between the blast-holes
80 75 main crack between blast-holes, small cracks with 10 cm of length developed from a center
94 25 2 main cracks along a whole block width through the blast-holes centers 2, almost a whole
massif fragment is broken off
94 50 main crack between the blast-holes, branches off as many small cracks
94 75 3 cracks in between blast-holes of 25, 30 and 28 centimeters
Conclusion tion for an electric-explosive spalling in solid media.
The results of experimental studies have This research has been conducted at the S.

been used in mathematical and computer models
adjustment which make possible a simulating at all
stages of electric explosion in various parameters
of capacitive pulse generators, and for materials of
different dielectric, acoustic, thermodynamic, and
mechanical properties.

Based onthis described model of electric-discharge
spalling a numerical algorithm has been developed
which makes possible to carry out computer simula-
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AHOamna. byn makanada 6emoH ynzinepiH anekmp pa3pAadsiMeH #apy maxcipubeciHin Hamuxcenepi KeamipinaeH.
3epmmeydiH MaKcamoi-6emoHOAFbl 31EKMP HAPbIbICbIHBIK OAMbIFAH MAMeMaMUKAsbIK MooesiH mekcepy. AnbIHFAH
aKkcnepumeHmmik depekmep (paspAdmelk mizbekmezi saHepaus, naltida 60aFraH HapPbLIKMAPObIH CaHbI MeH Meswepi)
dnekmprcemek pexcumiHe, KepHey WaMdacbIHa, UMYA6C HblA0aMObIFbIHA HaHe M.6. 6alinaHbICMbl 31eKMp Hapbisbl-
CbIHbIH MAMeMamUuKasblK MooesiHe KOCbIMWa my3emysnep eHeizyee MyMmKiHOik 6epedi. bip mecnede pa3pad KaHAnbIH
icke Kocy y#caHe bip yakbimma eki mecrniede icke Kocy Ke3iHO0e 6emoH 67102bIHbIH, 31eKMPiK HapPblAbICbIHbIH HAMUMe-
nepi kenmipineeH. Homuxcenep 6emoH xoHe memipbemoH bylibiIMOapbIHbIH 3neKmpik pa3padmel by3elny mooesniH
meKcepy ywiH K010aHbIAa0bI.

Kinm ce3dep: 6emoH, CbiHY, 31eKmp pa3psaobl, KAHAS, HAPbIAbLIC, KePHeY 2eHepamopsl, UMIYsbC, KepHey, 31eKmpoo-
map.
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AHHOmayuA. B HacmoAweli cmamee npusedeHsbl pe3ysbmamsi 3KCepuMeHma 83pbiea obpasyoe 6emoHa 3sek-
mpuyeckum paspadom. Llesnvto uccnedosaHus aeasemcsa eepugurkayua paspabomarHoli mamemamuyeckol mooenu
aneKkmpuyeckozo 83pblea 8 bemoHe. [1onyyeHHble SKCrnepumeHmansHole OaHHble (3Hepaus 8 PaspAOHOM KOHMYype, Ko-
au4ecmeo U pasmep obpa308aBWUXCA MPEUjUH) N0380A50M 8HECMU O0MOAHUMEsbHbIE KOPPEKMUPOBKU Mamema-
muyeckoli MoOenu 371eKmpos3psled 8 3a8UCUMOCMU OM PEeXUMa 3HepP208800d, 8e/UYUHbLI HAMPAXEHUS, CKOpOoCcMU
umnyaeca u m.n. lpugedeHs! pesysabmamel 37eKMpuUYecKo20 83pbied 6emoHH020 b6710KA NPU UHULUUPOBAHUU KAHAAA
pa3psA0a 8 00HOM wiype u 00HOBPEMEHHOM UHULUUPOBAHUU 8 08YX Wypax. Pe3ysbmamsi Ucnonb308aHsl 0418 eepu-
huKayuu mooesnu 31eKkmpopaspaoH020 paspyweHus 6emoHHbIX U #ene306emoHHbix uzdenud.

Kntouesble cnoea: 6emoH, paspyuieHue, 3nekmpuveckuli paspsao, KAHAs, 83pble, 2eHePAMOpP HAMPAXEHUS, UMIMTY/bC,
268 | Hanpsax}eHue, 31eKmpoobi.
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