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Motivation
• Soil thermal resistance has a severe impact on the 

current rating calculations of modern cable projects

• Multilayer soil, backfill materials and adjacent cables 
must be considered as accurately as possible

• Various analytical and numerical approaches exist, all 
based on the application of superposition principle

• The validity of this principle is rather questionable in 
cases where the cables are placed in proximity

• This work presents a new, holistic approach to the 
determination of soil thermal resistance, overcoming 
the above limitation
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Figure 1: Indicative FEM representation of multilayer soil 
with two randomly laid adjacent cables. Inclusion of 

appropriate boundary conditions for the calculation of 
column i in matrix G.

Numerical results – Two single-core 
cables in flat formation

Figure 2: Two single-core cables in flat formation.
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Determination of soil thermal resistance: A holistic approach
(continued)

• Results from the first two methods coincide, leading 
to more conservative results

• For touching cables, the proposed method agrees 
with IEC standard

• For larger axial distances, all methods converge

Numerical results – Three single-core 
cables in flat formation

Numerical results – Three single-core 
cables in trefoil formation
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Figure 3: Two single-core cables in flat formation. Sum of 
thermal resistance matrix.

Figure 5: Three single-core cables in flat formation. 
Relative error for left and middle cable cores.

Figure 4: Three single-core cables in flat formation.

• Matrix structure as in the case of flat formation

• Similar conclusions with the previous cases

Figure 6: Three single-core cables in trefoil formation.
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Determination of soil thermal resistance: A holistic approach
(continued)

• Current rating between the proposed method and 
the superposition principle deviate for cables in 
closer physical proximity

• Difference with the IEC standard is pronounced, since 
the latter cannot consider the multilayer soil thermal 
resistance
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Figure 7: Three single-core cables in trefoil formation. 
Total thermal resistance of (a) bottom left and (b) upper-
middle cable with respect to axial separation. (c) Relative 

error for both cable cores.

Figure 8: Three single-core cables in flat formation 
installed within a backfill.

Figure 9: Three single-core cables in flat formation within 
a backfill. (a) Current rating and (b) relative error 

between existing and proposed methods.


