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Development of the plasma channels in lightning-impacted soil
based on the fractal theory
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Abstract: The plasma channel has an internal dynamic effect on the breaking process of the geotechnical
body. For the development of plasma channel of the geotechnical body after the lightning strikes, the
stochastic probability model of the geotechnical body breakdown channel was constructed from the
viewpoint of the electric breakdown. The electric field was calculated by the Laplace equation, and the
development probability was calculated by introducing the fractal theory. Then the simulation diagram
of the plasma channel trajectory was obtained. The fractal dimension was calculated by the box
dimension method to reflect the development process of the plasma channel. The influence of soil

resistivity, lightning current amplitude and internal voltage drop on the fractal dimension was analyzed.
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The results showed that the fractal dimension decreased as the soil resistivity increased. With the

increase of lightning current amplitude, the fractal dimension gradually increased, and the change of

fractal dimension was more significant when the resistivity of soil was smaller. As the voltage drop

inside the soil increased, the fractal dimension gradually increased. In this paper, the development of

plasma channels within the geotechnical body was visualized by means of the two-dimensional images,

and the development of plasma channels within the geotechnical body was quantitatively described by

using fractal geometric relations, which can help predict the development law of the damage process of

the geotechnical body and facilitates the physical nature of the electric breakdown of the geotechnical

body.
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Fig.1 Examples of the lightning striking soil
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Fig.2 Schematic diagram of plasma channels
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Fig. 3 Geometric models for the electric field calculation
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Fig. 4 Stochastic model for the development of plasma

channels
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Fig.5 Flow diagram of the simulation
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Fig.6 Relationship between the fractal dimension and critical
breakdown field strength
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Fig.7 Simulation diagrams of plasma channels under different growth probability indexes
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Fig. 8 Relationship between the fractal dimension and soil
resistivity
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Fig.9 Simulation diagram of plasma channels under different soil resistivities
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Fig.13 Simulation diagram of plasma channels

P AR L) o A R 5 X P R R S 2 R
W3 AL i R A TR R R U 2, S A
B ] AT A

4 # it
43T AR A A T oL v P R T

I AR, RO T R R,
B T YRS RS R R R SR

KE, FrigEZELBWMT .

a. 7 SCHE ST A REALAE 5 A5 B BE 8 A AR AR UL 3
i AR AR T T A R e R, AR T W
10 25 B T T R, E e B o AT 5 BB AR AL AT
AT AR R R A TS ORGSR

b. 7 i R R A — s I, B4R R
A FEL IEL 3 0y 398 T 9 2 o A A R B R —
I, 0 T8 2 KOG A b ol R R 00 K 22 1 4
Ko R B TR AT 22 I PR A 2 SRR ECIR



% 6 1

PP, 45 JET MR HNE A R bl b A B T o 1 R TS

619

ARG I0, R BH AR i 25 B A 00 S B R R 52
K JEAGBLRIREN L5 ek oL AL W (B0 R S M A L
B

e fERAEAERTE , s 4R Pl L TR
ARG TIOR3 R e v, 25
TR E o SOk AR L MOk M B, B4R
FHR

SE W

(1] BRI R L 5L (M. 2 Wi b st G HRRE, 2006:
419.

[2] QUICKEL G T, BEAVERS J A. Pipeline failure results
from lightning strike: act of mother nature?[J]. Journal of
Failure Analysis and Prevention, 2011, 11(3): 227-232.

[3] VENTURINO P, BOOMAN J N, GONZALEZ M O, et al.
Pipeline failures due to lightning[J]. Engineering Failure
Analysis, 2016, 64: 1-12.

(4] HFESE, DHYE, KT E, 55 2012—2017 4F 2 [ H LK

FEHEGI T [J]. BHEER, 2020, 36(5): 42-47.

FRIRI . SO, 3 4b B Ja T o 51 & K 9 Tt 2

50 KK AYZi4% [EB/OL]. [2019-04-13]. http://m.sohu.com/

a/307762361_120053250.

[6] RAKOV V A, MATA C T, UMAN M A, et
al. Review of triggered-lightning experiments at the
ICLRT at Camp Blanding, Florida[C]// IEEE Bologna
PowerTech Conference. Bologna, 2003.

[71 ANDRES U, TIMOSHKIN I, SOLOVIEV M. Energy

consumption and liberation of minerals in explosive

[5

[}

electrical breakdown of ores[J]. Mineral Processing and
Extractive Metallurgy, 2001, 110(3): 149-157.
[8] CHEN J Z, ELMI C, GOLDSBY D, et al. Generation of
shock lamellae and melting in rocks by lightning - induced
heating[J].
Research Letters, 2017, 44(17): 8757-8768.
[9] SONG Z, RAGHUVEER M R, HE J. Model for prediction

of characteristics of lightning breakdown channels in soil in

shock waves and electrical Geophysical

the presence of a buried cable[J]. IEE Proceedings-
Generation, Transmission and Distribution, 2003, 150(5):
623-628.

CHARALAMBOUS C A, DIMITRIOU A, KIOUPIS N, et

al. Wall fusion of buried pipelines due to direct lightning

[10]

strikes: field, laboratory, and simulation investigation of the

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

damaging mechanism[J]. IEEE Transactions on Power
Delivery, 2020, 35(2): 763-773.

DISSADO L A, FOTHERGILL J C. Electrical degradation
and breakdown in polymers[M]. London: P. Peregrinus,
1992.

WIESMANN H J, ZELLER H R. A fractal model of
and prebreakdown in solid
dielectrics[J]. Journal of Applied Physics, 1986, 60(5):
1770-1773.

PIETRONERO L, WIESMANN H J. From physical
dielectric breakdown to the stochastic fractal model[J].
Zeitschrift fir Physik B Condensed Matter, 1988, 70(1):
87-93.

YAN F Z, XU J, PENG S J, et al. Breakdown process and

fragmentation characteristics of anthracite subjected to

dielectric  breakdown

high-voltage electrical pulses treatment[J]. Fuel, 2020, 275:
117926.

BHRME, 2V, A B, G5 sk R AE R A
I H S AR BRI SRR O T 12 MWL AT (0],
iR, 2020, 46(5): 1791-1799.

GAO Y Q,HE J L, ZOU ], et al. Fractal simulation of soil
breakdown under lightning Journal of
Electrostatics, 2004, 61(3/4): 197-207.

LUODH, CAO Y X, ZHANG Y, et al. Study on structural
parameters and analysis method of soil successive impulse
discharge channel[J]. Energies, 2021, 14(4): 877.

Wik, YR, W S0, & bR S
SARFRAER) 73BT (9], TP A AL TR A4, 2018, 38(17):
5266-5274.

ZHU X H, LUO Y X, LIU W J. On the rock-breaking

mechanism of plasma channel drilling technology[J].

current[J].

Journal of Petroleum Science and Engineering, 2020, 194:
107356.

fi gz R, R, BC Rl A R B BT (M. Jbat: AR
JRAL, 2013: 456.

VICTOR M, CABRERA M, LUNDQUIST S, et al. On the
physical properties of discharges in sand under lightning
impulses[J]. Journal of Electrostatics, 1993, 30: 17-27.
GRS QoS =0T 710, M = i v S 2 e R
R e 2k B 7 M R 23 A v B RL T [0, R R,
2010, 36(1): 86-91.

(4. TLZ)


http://dx.doi.org/10.1007/s11668-011-9447-y
http://dx.doi.org/10.1007/s11668-011-9447-y
http://dx.doi.org/10.1016/j.engfailanal.2016.02.021
http://dx.doi.org/10.1016/j.engfailanal.2016.02.021
http://m.sohu.com/a/307762361_120053250
http://m.sohu.com/a/307762361_120053250
http://dx.doi.org/10.1179/mpm.2001.110.3.149
http://dx.doi.org/10.1179/mpm.2001.110.3.149
http://dx.doi.org/10.1002/2017GL073843
http://dx.doi.org/10.1002/2017GL073843
http://dx.doi.org/10.1049/ip-gtd:20030580
http://dx.doi.org/10.1049/ip-gtd:20030580
http://dx.doi.org/10.1109/TPWRD.2019.2925622
http://dx.doi.org/10.1109/TPWRD.2019.2925622
http://dx.doi.org/10.1063/1.337219
http://dx.doi.org/10.1016/j.fuel.2020.117926
http://dx.doi.org/10.13336/j.1003-6520.hve.20200515034
http://dx.doi.org/10.13336/j.1003-6520.hve.20200515034
http://dx.doi.org/10.3390/en14040877
http://dx.doi.org/10.13334/J.0258-8013.PCSEE.171974
http://dx.doi.org/10.1016/j.petrol.2020.107356
http://dx.doi.org/10.1016/0304-3886(93)90058-F
http://dx.doi.org/10.13336/j.1003-6520.hve.2010.01.044

	1 基本原理和计算模型
	1.1 模拟雷击点的描述
	1.2 电场模型的数学描述
	1.3 基于分形理论的土体击穿通道的预测

	2 对比验证
	3 结果与分析
	3.1 分形维数与土体电阻率的关系
	3.2 分形维数与电流幅值的关系
	3.3 分形维数与内部电压降的关系

	4 结　论
	参考文献

