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This paper investigates the steady-state resistances of horizontal grounding electrodes based on experimental measurements

FDTD( Finite-Difference Time-Domain) simulations and analytical formula. The resistance of a grounding mesh is compared with 

that of a horizontal conducting plate considering the area and the shape. Finally an approximate formula to estimate grounding 

resistance is developed. 
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Fig. 1. A buried conductor. 
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Fig. 2. Experimental setup. 

 

 

 

 

 

 

 

 

Fig. 3. Injected current. 
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Fig. 4. Analytical space. 
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Fig. 5. Comparison of measured and  

  FDTD simulation results. 
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Fig. 6. Equally spaced grounding mesh. 

 

 

 

 

 

 

 

Fig. 7. k parallel conductors on the same plane. 
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Fig. 8. Experimental setup with a connecting wire. 
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Fig. 9. Various grounding electrodes.  
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(b) Square and circular plates 

Fig. 10. Measured results of transient voltages. 
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Table 1. Experimental conditions and measured   

resistances corresponding to Fig. 9. 
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Fig. 11. Various electrodes used in experiments. 

 

Table 2. Experimental conditions and measured 

resistances corresponding to Fig. 11. 
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 Case Type a [m] r  *[m] Size[m2] Vs R G **[Ω]
A-1      Mesh     0.9 0.51 0.81 48 59.9
A-2 Mesh 1.1 0.62 1.21 43.9 52.1
B-1 Square Plate 0.85 0.48 0.72 42.8 51.9
B-2 Square Plate 1 0.56 1 37.7 46.5
C Circular Plate  - 0.5 0.78 41.2 50.9

  ρ=200Ωm,Applied current : rise time T f 15ns,amplitude I 0 1A
*r : equivarent radius given by eq.(2.21) Vs :Voltage at t=300[ns]
**R G :measured result with fall of potential method Va:Simulation at 300[ns]

48.0

1.001.00
0.50

1.10
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 Case Type r M Vs R G [Ω]

Case D-1 Mesh 0.48 4 111.9 230
Case D-2 Mesh 0.48 9 97.1 193
Case D-3 Mesh 0.48 16 96.2 188
Case E SQ-Plate 0.48 - 92 189
Case F Circle 0.5 - 89.6 180

ρ : 700 Ωm,  Size:0.72m2 M : the number of mesh in the horizontal grid
*r : equivarent radius given by A/π V s : measured result at t=300[ns]
R G : measured result with fall of potential method
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Fig. 12. Analytical space for an FDTD simulation. 

 

Table 3. Measured result RG and calculated results by 

equations (16) and (18). 

 

 

 

 

 

 

Table 4. FDTD simulation result Vs and calculated 

results by equations (16) and (18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. FDTD simulation results and theoretical results 

as a function of M. 
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