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Abstract

Soil breakdown can be induced by the intense current generated during lightning strikes, with this
effect being particularly significant in soils with high water and salt content. This study examines the
response characteristics of soil to lightning impulse under varying water and salt content conditions.
A numerical model of soil lightning impulse was established using COMSOL Multiphysics software, and
the model'’s validity was verified through laboratory experiments. Based on the validated model, sys-
tematic analyses were performed on the patterns of lightning impulse in soils with different water
and salt content. The results demonstrate that the peak impulse voltage in the soil is elevated by in-
creased water and salt content. Under constant water content conditions, the peak impulse voltage
was found to be further enhanced by increased salt content. However, the impulse voltage variation
is observed to stabilize when certain saturation levels of water content or salt content are reached.
Additionally, the electric field intensity is directly influenced by water and salt content, whereby the
soil’s electric field intensity is not only enhanced, but its area of influence is also expanded by higher
levels of these parameters. The analysis of thermal effect shows that the range of influence of temper-
ature conduction of soil body reaches 0.12 m under the parameter conditions of this paper for higher
water content (20%), while the range of thermal effect narrows to 0.09 m for low water content (5%),
and the change of salt content has a weaker influence on the thermal effect. Soil response character-
istics are significantly influenced by variations in water and salt content. This research provides es-
sential theoretical support for lightning protection engineering design, and significant practical engi-
neering value is demonstrated.
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Figure 1. Resistivity versus water content curve
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Figure 2. Meshing of numerical simulation

2. BERTIAIM XI5

AT FE A P AR SRR A SR AR PR e OR AR A% o AU FIBL AT AR I (2508 0.1 ps, %05 0.01, fRIERL

EYSC S RIAG 2

FRAE B ST, M AT 30 F N 2 R A

U N E I 2%

=R
==N

7N

HACHE, BIJG TS i ibs

=
==N

7N

1) FERTT RSN AT i 2 b

NAIRBUEIS S

N THT AR5 A2 27 L

&3

i

925
i

2) fEHLARH

Fs

A5

3) FER TSR bR AL 48 2%

4) FER T VRSP R A2 17

5) fEHUMR AR IR 7 S A A S L TR

»=0

nxJ,—nxJ

4. 1RBITGIF
4.1. HEERE

RN
=}
=]

5 I 5] Py 7 A

S s T ga o
b, PARRdi IR, b BARLEAS

B

UEE

LR B B

AR AR K
T AR S

RAEGRE,

KA

i

ZRIDEE e ERL s T D

LA F

T

=
==X

BB M EpE,

A
A

5

FEL s 22 [ PR P S A

AL

[ S AT B T R BLREE LR R

#E

ALK H 1.2/50 s b

-I/

DU FLENEE T VPN

LI

K 3 B ik e i v ot v s

ol H B

MRS R

436

10.12677/mos.2025.145405

DOI


https://doi.org/10.12677/mos.2025.145405

Rk

Figure 3. Lightning impulse voltage and current generator test device
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Figure 4. Test soil sample model box
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Table 1. Model calculation parameters
F* 1 REESY

i EE b R IR Um (KV) K E(%) Ik x LR K (cm)
1.2/50 ps 8,10, 15 10 8 25
2 (kgm ) AT kg PKY)  #MEEWmTKY) FREREE(K)  HREE - R E2E 2 A(W-m 2K )
2600 790 19 293 5.6697 x 1078

DOI: 10.12677/mo0s.2025.145405 437 5 1 A


https://doi.org/10.12677/mos.2025.145405

Rk

Figure 5. Soil lightning response model
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Table 2. Peak curve data
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8 4.630 4.760 0.13 2.81
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15 8.928 8.925 0.003 0.03
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Figure 6. Comparison of impulse voltage results between the proposed model and the experimental results

B 6. AARE S RN P B ELSRITEE

AHiE=0.2 ps E: B (KV/m) A1i81=0.6 us T FBIFIE (KV/m)
A 1x10° A 1x10°
hd hd
9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
Yo Yo
(@) 0.2 us (b) 0.6 us
FiE=0.8 pus M FEIFHE (kV/m) BfiE=1 ps RE: BIFE (KV/m)
A 1x10° A 1x10°
9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
vo Yo
(c) 0.8 ps (d) 1 us
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Figure 9. Peak variation curves of soils with different water contents under different voltages
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Figure 10. Changes in electric field strength at different water contents
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Figure 11. Lightning impulse voltage response curve of soil with different salt content
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Figure 12. Changes in electric field strength at different salt contents
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Figure 14. Peak voltage variation curves of soils with different salt content levels under different voltages
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Figure 15. Temperature distribution in soil under different water contents
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Figure 16. Temperature distribution in soil under different salt contents
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