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Abstract

Principle of pulsed high-voltage discharge technology applied in reaming, test device and relative parameter
were expounded in the paper. The process of reaming is that liquid-electric effect is produced, according to
discharge in the borehole filled with liquid medium, then shock wave exerted on liquid medium around the
electrode radially (perpendicular to direction of discharge) is passed to stratum to compact the soil. Device of
pulsed high-voltage discharge introduced from Russia was used to do this experiment, which completed
reaming work for two boreholes. Using the same capacitance value, discharge was conducted at 1.5m and 2m
in each borehole separately under the condition of different voltages. Boreholes’ diameters were enlarged
from 150 mm to 302—-319 mm with different discharge times. It indicated that pulsed high-voltage discharge
technology could compact and enlarge the diameter rapidly. Compared with traditional reaming technology,
this new technology can improve the speed of construction and be better for complex formation, especially
drilling in wet formation, in which drill pipe sticking, burying drilling, collapsing borehole and other

incidents can be avoided. It’s a new environmentally friendly technology with wide application prospect.
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1. Introduction

In the 20™ century, pulsed high-voltage discharge technology has been carried out systematic
research, even used in the production by scientists in Russia (former Soviet Union). So far, the applications
in industry, science, medicine and military have been widely, what’s more, application fields are expanding
constantly.

In recent years, pulsed high-voltage discharge technology has been applied in pile foundations.
Liquid-electric Effect produced by pulsed high-voltage discharge was used in pile foundation quality
detection in our country in the end of the 20th century[1]. However, it is nearly blank with regard to pulsed
high-voltage discharge technology applied in drilling and reaming. Therefore, experimental investigation
in this paper has prominent engineering significance. In addition, it’s new focus taking advantage of pulsed
high-voltage discharge to treat with domestic and industrial wastewater, and pulse pressure waveform
generated by liquid-electric effect can be used to Machining and molding. Pulse pressure waveform has
been utilized in extracorporeal lithotripsy. Moreover, sparker and liquid-electric sand removal have been
used in seismic prospecting and oil prospecting|[2].
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2. Principle and test device of pulsed high-voltage discharge

2.1 Principle of shock wave soil compaction

The process of soil compaction is that liquid-electric effect is produced, according to discharge in
the borehole filled with liquid medium, then shock wave exerted on liquid medium around the electrode
radially (perpendicular to direction of discharge) is passed to stratum to compact the soil. Liquid-electric
effect’™ is the phenomenon turning electrical energy to sound energy and other forms of energy, when
sparker discharges in liquid.

Source adopted in this paper was transmission-type land sparker. Principle that shock wave
compacts soil is extremely complexity[2]: firstly, electrode begins to discharge in the borehole; then
discharge channel is generated under highfield; lastly, discharge current would reach dozens of kiloampere,
which is pulse pressure wave. The size of shock wave depends on voltage, energy, electrode structure,
inductance and resistance of discharge circuit and so on. Pressure pulse generation and radiation are
significant stage to decide formation wave, which also can be controlled.

Hereafter, shock wave acts on wall of borehole and radiate spherically outward. When pulse
pressure exceeds enormously strength that soil can be supported, original structure of soil begins to destroy,
and then soil is compacted. When pulse pressure spreads a certain radius, on which pulse pressure is equal
to elastic limit, soil can’t be destroyed. Pulse wave has turned to elastic impulse wave at this moment.
Spherically elastic impulse wave keeps on expanding outward(figure 1).
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Figure 1 schematic diagram of discharging process
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Total intensity of liquid-electric effect is proportional to capacity of charging circuit and charging
voltage from (3)—(4).

2.2 Test device and parameter

The device of pulsed high-voltage discharge used in this test was newly introduced from
Russia(Figure 2). As shown in figure 3, they are physical graph and schematic diagram of structure
underground. Main parameters are shown in table 1. Operating temperature is range from —15°C to +30°C,
and air relative humidity is not more than 95%. Moreover, it is allowed to utilize during raining and
snowing.

Table 1 Technical parameter of high voltage pulse discharge device

Supply Pulse voltage Discharge
Parameter Frequency | Power . Pulse power Pulse frequency .
voltage amplitude capacity
Number |220/380 V 50Hz 10kW 9KVt 10% | 50KJ+ 10% <0.2+25%s™ 1600F + 10%
pe Puls
.- Control -
~ Panel ~ Current

Figure 3. Physical graph and schematic diagram of structure underground

1 —bridle; 2 — charging part; 3 — capacitor energy storage part; 4 — trigger and discharge part; 5 — electrod
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3. Pulsed high-voltage discharge experiment

3.1Methods and Processes of the Experiment

In order to more directly observe the level of reaming and facilitate to measure the boreholes’
diameter after reaming, the experiment followed the way of injecting cement mortar into borehole to
discharge in it. After pile-forming, the level of reaming was measured, and the level of the enlarging of the
boreholes’ diameter was the level of reaming.

Experiment Program: symbol M32.5 cement and riversand as well as tap water were used in the
experiment. Since the purpose of this experiment was to verify the case of reaming, as well as taking into
account the mobility of mortar and the water content on the impact of the discharge. The water-cement ratio
of 0.7 was used for the preparation of cement mortar. Some Practice Base of Jilin University was chosen as
the Test Site. On the same soil in the region, two holes were drilled, separately named as # 1 hole and 2 #
hole. The two holes’ depths were 3m and diameters were 150mm. It was discharged separately at the depth
of 1.5m and 2.0m in the each hole. And discharge locations were both at the original soil.

Discharge capacitance values of 1# hole and 2# hole were both set to 750 HE  Different voltage
and discharge times were used to discharge experiments. Different voltage discharges were used to
discharge at the location of 1.5m of the two holes. 1 # hole was 6.5kV and 2 # hole was 7.5kV. And
discharge times were 16. Two holes used the same voltage 7.0kv to discharge at the location of 2 m.
Discharge times of 1 # hole were 20 and the ones were 16 of 2# hole.

Experiment steps: 1. Drilling borehole, according to the designed program plan, 3 holes were
drilled as above-mentioned; 2. Preparation of cement mortar, taking into account of the conductivity and
mobility of the mortar, water-cement ratio of 0.7 was used for mortar prepare; 3.The mixed cement mortar
was injected into holes until filled up; 4. Electrode was placed at certain depth of holes (at the depth 1.5m of
holes) to start discharge. In order to insure the density of the cement mortar at the apertures after discharge,
the discharge device was raised at the interval of twice discharges so that the cement mortar could fill up
with the aperture. And then the discharge device was back to the original location (1.5m depth). After per
discharge, the cement mortar would produce a certain settlement. Settlement was recorded after twice
electric discharges as Figure 4; 5. After data recorded, the cement mortar was poured into holes once again.

Figure 4. The situation of cement mortar before and after the discharge

3.2 Experimental results and discussion

48 hours after pile-forming, pile bodies in holes had been molding with a certain intensity. Pile
bodies were dug up with manual excavation methods. The final revealed results of pile bodies were shown
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in Figure 5. The pile diameter was enlarged almost two times after measurements. The data was from
302 mm to 319 mm(As Figure 6). The compactness of soil around the pile at the location of diameter
enlarged was pretty good, which illustrated the technology could ensure quality while expanding the

diameter of holes.

Figure 5. Pile bodies
The concrete discharge times were set by formation conditions with general 10-20 times of
discharges for each location. If with too much fragmental stones in backfills or more dense of soil , the
times of discharge could appropriately increase to ensure reaming effects. When the settlement of cement
mortar at each location kept unchanged (the settlement of cement mortar was less than 1cm), the electrode
was enhanced to the other position of the hole. Once without the influence of adjacent piles in the soil, the

general first discharge settlement of mortar could be up to 40—-60cm.

Figure. 6 Picture of the Experimental Data

According to the experimental data with the same numbers of discharge, when the discharge
voltage was greater, the compaction effect of soil was more obvious. With the same discharge voltage,
when the discharge times were more, the effect of soil compaction was more evident. Nevertheless, the
effects caused by discharge voltage were more serious than the ones caused by the discharge times. The
maximum energy released by this experiment was 21.1kJ based on equation (1). If larger capacitance and
higher voltage values were selected, more energy could be obtained.
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4. Conlusion

(1) The test on high voltage pulse discharge had achieved good results. It proved that this method could
really expand the hole diameter and improve hole quality. Because of adopting transmission-type
electric discharge source, with the hole’s depth increasing, the length of the cable requires
corresponding increase, resulting in energy loss growing. The cable parameters on the effect of the
discharge should be further discussed.

(2) Generating the tremendous energy, this technology can also be used to burst assisted drilling or
dealing with accidents in borehole. Drilling horizontal or vertical holes and other drilling
construction, high voltage pulse discharge technique can be used for secondary reaming. It can
avoid drill pipe sticking, burying drilling, collapsing borehole and other incidents, especially in
wet formation.

(3) The soil selected in this test is single-layer and just two sets of comparative tests are done, only to
analyze qualitatively. In the future, it’s necessary to experimentize with different strata and different
discharge parameters, which can help to research degree of reaming quantificationally.
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AHoTauis

VY cTarTi pO3MIANAETHCSA TEXHOJOTIS PO3IIMPEHHS
CBEP/IOBUHU Ha OCHOBI IMITyJILCHOTO
BHUCOKOBOJIFTHOTO ~ PO3pSAAY, JOCHIJAHUHA  3pa3ok
mpucTporo 1 BimHOcHI  mapamerpu. I[Ipomec
pO3LIHUPEHHS NOJIATae y BUKOPHCTaHHI

PIAMHHO-EJIEKTPUYHOTO e(EeKTy, 3TiTHO SKOI po3psia
BHKITUKAETHCS B CBEPJIOBHHI 3aIIOBHEHOIO PiAWHOIO,
MOTIM y/apHa XBHWIS paliajibHO pYyXaeTbcs Bij
eJIEKTPOoy (NMEPHEHANKYISIPHO HAIpsMy po3psay) i
MIPOXOANUTH HYepe3 TIPChKi MOpOAW 1 YIIUIBHIOE iX.
[Mpuctpoi peani3oByOTh JaHWM HOpUHOMN Oynn
BBeseHi 3 Pocii 1 BukopucroByBammcs Ui
PO3IIMPEHHsT JBOX CBEPIJIOBHH. BHKOPHCTOBYIOYH
AQHAJIOTIYHY €MKICTh po3psi OyB NpOBEINCHUI Ha
rmbuHl 1,5 1 2 M-KOmU B KOXHIH CBEpIIOBHHI
OKpeMO B yMoOBax pi3Hoi Hampyru. J[iamerp
CBEpUIOBHHHM OYyB 30ibineHuit 3 150 mm g0 302319
MM IIpu pi3HOMY daci pospsny. [lokazaHo 1m0
IMIyJIbCHA BHCOKOBOJIFTHA PO3PSAOHA TEXHOJOTISA
JI03BOJISIE IIBUJIKO 301IbIINTH AiameTp. [lopiBHSHO 3
TpaJULIHHAMK TEXHOJIOTISIMA HOBA TEXHOJIOTISI MOXKeE
30UIBIIUTH IIBHAKICTH CHOPYAM 1 Kpame i
CKJIamHuX  (opmariii, O0coOJUBO B THX, IO
OOBOMHIOIOTh, SKI CXHIIBHI 10 OOBaJIeHHS CTiHOK 1
MpUXBaTiB  OypwibHOI  KOJOHHM 1  3amodirtu
yCKJIaHeHH M. Lle eKOoJI0TiYHO APYKHS TEXHOJIOTIS 3
HINPOKOIO Cheporo 3aCTOCYBAHHS..

Kirro4oBi crioBa: iMITy ThCHHAN BUCOKOBOJIBTHUH

PO3psiI, PO3MMPEHHS, YIIUIHEHHS TPYHTA.

AHHOTauuA

B CTaThe paccMaTpruBacTCA TEXHOJIOTHUA
pacliup€Huss CKBAXMHBI Ha OCHOBC HUMITYJILCHOI'O
BBICOKOBOJIBTHOT'O  pa3ps/a, OITBITHBIN 06pa3eu

ycTpoiicTBa W OTHOCHTEIBbHBIE  IapaMETpBHI.
IIponece pacumpeHust 3aKIII0YaeTCs B
HCIIOJIb30BAaHUN HKHUJIKOCTHO-3JIEKTPUIECKOTO

a¢dekTa, COrIacHO KOTOPOH pa3ps BEI3BIBACTCS B
CKBR)XMHE  3allOJIHEHHOM  JKUAKOCTBIO, 3aTeM
yllapHasi BOJIHA paiialibHO JIBHIKETCS OT DJIEKTPOAa
(MepneHONKYJSIPHO HANPABICHUIO pa3psma) U
MPOXOJHUT YEPE3 TOPHBIE MOPOALI ¥ YIUIOTHIET HX.
YcerpoiictBa peanusyroniye JaHHBIA — TPHHIMIT
OblTH BBE3€HBI M3 Poccuy M MCHONB30BaNKCh IS
pacuiupeHus JBYX CKBa)KMH. Hcnonb3ys
AQHAJIOTMYHYIO €MKOCTh pa3psia ObUI IPOBEAEH Ha
riryOuHe 1,5 11 2 M B KaXKI0# CKBaYKHHE Pa3/IeIbHO B
YCIOBUSIX pa3IMYHBIX HanpsbkeHui. [uamerp
CKBa)KHHBI Ob1T yBenndeH ¢ 150 MM 1o 302-319 Mm
IIPY pa3INdHOM BpeMeHHu paspsna. [lokasaHo drto

UMITYJIbCHAs BBICOKOBOJIbTHAS pas3psaHast
TEXHOJIOTHSI ~ MO3BOJIIET  OBICTPO  YBEIMUYMTH
auamerp. B cpaBHeHMM ¢ TpagULIMOHHBIMA
TEXHOJNOTUSMH  HOBas  TEXHOJOTHS  MOXET

YBEIMYUTh CKOPOCTh COOPYXKEHUSI M JIydllle JUIs
CIIOKHBIX (popManuii, OCOOCHHO B OOBOJHCHHBIX,
KOTOpbIE CKIOHHBI K OOpYLICHHIO CTEHOK U
IIpuxBaTaM OypHIIEHOM KOJIOHHBI U IPEIOTBPATUTH
OCJIOKHEHHMS. DTO IKOJOTHYECKH JPYy>KECTBEHHAs
TCXHOJIOI'UA C HJPIpOKOﬁ OGHaCTb}O MIPUMCHCHUA.

KittoueBble ciioBa: UMITyCHBIA BEICOKOBOJIBTHBIIM

pas3psii, pacllupeHue, yIIOTHEHUE TPYHTA.
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