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In the field of power transmission, underground cables are subjected to various factors that 

influence their load capacity. One such significant factor, often overlooked, is the extreme 

environmental conditions prevalent in certain geographical regions. This study particularly 

focuses on regions where summer temperatures exceed 50℃ and the soil, due to excessive 

dryness, exhibits high thermal resistivity. The current study explores the impact of these 

harsh environmental conditions on the current-carrying capacity (ampacity) of 

underground power cables. A derating factor for dry zone formation around these cables 

has been proposed, calculated for various types of native soil. The standard IEC-60287 has 

been adhered to as a reference for these calculations. The software ANSYS has been 

employed to compute the temperature distribution around the cables in different types of 

soil, using relevant experimental data. The results indicate that the formation of dry regions 

in the soil begins at differing temperatures and rates depending on the soil's composition. 

This study thus underscores the critical role of environmental factors and soil conditions 

in determining the ampacity of underground power cables. It also highlights the necessity 

of incorporating these factors into design considerations for optimal cable performance. 
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1. INTRODUCTION

In general, PVC insulations are affected basically by 

thermal stress as well as mechanical stress in low voltage 

applications: therefore, the conductor temperature under 

loading conditions must be less than or equal the nominal 

temperature which the insulation can sustain for a long period 

of time, which make the cable life stable and reliable in service. 

On other hand, if the conductor temperature becomes higher 

than the nominal value, the cable will not operate safely and 

the insulation life will age faster, more worse the insulation 

life may be shortened or destroyed. 

For buried power cables, there are many factors that limit 

their current ratings, such as depth of installation, the ambient 

temperature, number of parallel circuits of cables, sheath 

bonding method, the soil thermal properties, conductor size, 

size of backfill, duct bank. Two of these factors, the ambient 

temperature and the characteristics of surrounding soil are 

usually varying with weather. At the same time, the soil 

thermal properties are also varying with the heat generated by 

cables under loading conditions. Therefore, the cable ratings 

are always varied (or dynamic). 

Many approaches have been proposed to calculate the 

underground power cables ratings, depending on a constant 

value of the soil thermal conductivity [1-4]. Mathematical 

models also were adopted by many researchers to investigate 

the problem of the dry areas around buried cables according to 

studies [5-11]. Some researchers described use both silt, sand, 

as well the cement and water as backfill material for improving 

the current capacity in service [12]. 

IEC has recommended solution steps to thermal field 

analysis of underground cables which consist of 1) daily 

demand factor variation of load, and 2) simplified method 

which deals with formation the dry area which may increases 

due to the dissipated heat from the cable to soil. In the first 

case, IEC guide 60287-1-3 [13] considers load current, taken 

as extreme value along the expected cable life. And therefore, 

the cables are designed assumed that the peak current would 

use during daily load cycle. For this reason, the soil 

characteristics are constant and uniform. In the second case 

predicted by the IEC is the occurrence the dry area in the soil 

due to moisture movement from heat source. In non- ideal 

situations a heat flux density can cause moisture migration 

which increases the soil thermal resistivity around the cable. 

At the same time, the IEC adopt a two-zone model: first zone 

is moist zone which includes uniform thermal resistivity and 

second zone is dry zone and boundary between first and 

second zone is supposed to synchronize with critical 

temperature. To soil temperatures higher than the critical 

isotherm thermal resistivity should be uniform and at the same 

time are similar to that of dry soil. On the other hand, it is 

considered to espouse the critical isotherm 30℃ higher than 

the ambient soil temperature. According to different types of 

the soil critical temperature are listed in reference [14]. The 

procedure recommended through the standards is very easy to 

perform but because of the high cost for buried power cables. 

Analysis methods are become more accurate and elaborate. 

Although the recognition that moisture migration in existence 

the thermal gradients [15] and also that the thermal resistivity 

for the soil is mainly affected by moisture content in soil [16], 

many contributions in the literature still give thermal field 
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analysis methods depending on the heat transfer equations 

without any importance for moisture migration [17-22]. 

In recent years, numerical calculation methods, such as the 

finite element method, which uses to analyze and calculate the 

temperature distribution and the current carrying capacity of 

underground power cables. Numerical calculation method is 

more effective, because it gives better representation of the 

interaction of the heat between different power cables and 

outer heat sources. As well as, this method gives more accurate 

modeling for the region's boundaries. However, in finite 

element methods (FEM), the current carrying capacity is 

depended on assumed constant values for thermal parameters 

including thermal resistivity for the soil and heat conduction 

coefficients at the borders. At the same time, all parameters the 

thermal circuit is subjected under seasonal and geographical 

changes which effect on permissible loading conditions for 

any type of the cables.  

In this paper, derating factors for underground power cables, 

taking into account the formation of the dry zone, are 

calculated, depending on IEC 60287. As well, this paper 

dealing with the phenomenon of the dry zone around the cable 

as related to three types of soil, when these three types are 

subjected to constant loading and steady state conditions. 

All finite-element simulations of this paper were carried out 

using ANSYS Multiphysics to calculate temperature 

distribution in the cable with its surrounding environment for 

different types of native soil with some experimental data. 

 

 

2. EXPERIMENTAL MODEL 

 

Thermal resistivity of the soil is one of important factors 

affecting the flow of heat between the cable and soil during 

load. Therefore, there are two types of measurement to this 

property: 1) laboratory tests and 2) field tests. Laboratory test 

depends mainly (about 100%) upon the magnitude of 

information they can supply about moisture content and its 

motion inside the soil. Since natural moisture differ from soil 

moisture in the laboratory. Therefore, it cannot provide 

enough information about moisture motion and the impact of 

moisture movement on the major source for the heat. On the 

other hand, it is reported that laboratory test gives results differ 

from field test of the soil thermal resistivity according to study 

[23]. Therefore, field test was performed on three types of 

native soil to measure thermal resistivity for each type of the 

soil under constant loading conditions and seasonal changes as 

shown in Table 2a and 2b. Three types of the native soil 

depending on their components are shown in Table 1. 

 

Table 1. Classifications of the three types of the native soil 

 
Name of Soil Components of Soil (mm) 

Soil 1 

Sand=2 

Silt =0.0343 

Gravel=2 

Loam=0.0029 

Soil 2 

Sand=1.6 

Silt=0.044 

Gravel=2.2 

Loam=0.0021 

Soil 3 

Sand=0.4 

Silt=0.051 

Gravel=1.92 

Clay=0.0039 

 

Thermal resistivity for the soil is usually measured via the 

dissipated heat (or a heat flux density w/m) from underground 

cables into the soil using the measuring devices under loading 

conditions. As well, thermal resistivity for the soil is measured 

as defined in IEEE Standard 442 [24, 25]. In any case, dry or 

wet, thermal resistivity may be calculated by Eq. (1) according 

to study [25]. 

 

𝜌 =
4𝜋

𝑞
[
𝑇2 − 𝑇1

𝑙𝑛 (
𝑡2

𝑡1
)

] (1) 

 

where, ρ is soil resistivity ℃. Cm/w as well q denotes heat 

generation in w/cm, T1 is temperature at time t1 and T2 denotes 

temperature at time t2. 

 

Table 2a. Values resistivity for each type of soil under 

seasonal changes along year 

 
Name of 

Season 

T 

Air 

℃ 

Soil 1 Soil 2 Soil 3 

Ta 

℃ 

ρ℃ 

M/W 

Ta 

℃ 

ρ℃ 

M/W 

Ta 

℃ 

ρ℃ 

M/W 

Winter 21 10.5 0.63 10 0.58 11 0.62 

Autumn 

And 

Spring 

35 22 0.98 20.5 1.01 21.7 0.97 

Summer 51 37 1.27 35 1.29 34.5 1.21 

 

Table 2b. Values resistivity for each type of soil under harsh 

environment and constant loading conditions in summer 

season 

 

Soil 

Name 

Load 

Cycle 

100% 

Time 

Hour 

ρ 

Wet ℃ 

w/m 

ρ 

Dry ℃ 

m/w 

T 

Air ℃ 

Soil 1 531 A 

1 

3 

6 

24 

48 

1.27 

1.27 

1.6 

2.5 

2.91 

3.29 

51 

Soil 2 531 A 

1 

3 

6 

24 

48 

1.29 

1.29 

1.75 

2.63 

2.8 

3.01 

51 

Soil 3 531 A 

1 

3 

6 

24 

48 

1.21 

1.21 

1.55 

2.45 

2.78 

3.00 

51 

 

Table 2b shows that thermal resistivity is varied after 

elapsed time of 3 h for soil1 1.6, 3 h for soil2 1.75 and 3h for 

soil3 1.55. As well, the soil thermal resistivity reaches for 

saturation state between one day to two days under harsh 

environment and constant loading conditions. 

 

 

3. SOLUTION METHODOLOGY 

 

Figure 1 gives the installation conditions taken into account 

for (0.6/1KV) PVC cable system of Iraq Electricity Company 

where this company still operates until now. Three single-core 

cables are directly buried in the native soil. Type of conductor 

is copper with 400 mm2 cross sectional area. Distance between 

phases (from center to center) is 0.3m, depth of the cable inside 
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soil is 0.8m and load current for every cable is 531 A. Soil 

thermal resistivity is shown in Table 2b. Insulation 

temperature is 70℃. The details of the structural parameters 

for the cable are shown in Figure 2. 

 

 
 

Figure 1. Model of the directly buried single-core cable 

system 

 

Copper conductor

D= 25.7 mm

PVC Insulation

Th= 2.6, D= 30.9 mm

Inner sheathing

Th= 1.2, D= 33.3 mm

Sheath steal

Th= 2, D= 37.3 mm

Jacket

Th= 2.1, D= 41.5 mm

Voltage= 0.6/1 KV

Overall cable diameter=41.5 mm

Conductor area= 61.155 mm2

 
 

Figure 2. Details of the construction of the 0.6/1kV single-

core cable 

 

In buried power cables system, heat transfer methods are 

always by conduction. Since a cable length is usually larger 

than a cable depth in the installation inside the soil. Therefore, 

the problem becomes a two dimensional. To study and analyze 

the temperature distribution of the cables and its surrounding 

environment, finite-element software package ANSYS is used. 

The thermal fields in the cables are based on the following 

equation [25-27]. 

 
𝜕𝑇

𝜕𝑡
=

1

𝜌𝑐
 (𝑘𝛻2𝑇 + 𝑞) (2) 

 

where, T is the temperature as well k denotes the thermal 

conductivity, ρ denotes the density, c denotes the heat capacity, 

q is the heat source and t is the time. 

The temperature distribution in Figure 1 is modeled by the 

employ of two-dimensional thermal field and Eq. (2) becomes 

as the following in steady state: 

 

∂

∂x
(k

∂T

∂x
) +

∂

∂y
(k

∂T

∂y
) = −q (3) 

 

In case homogeneous soil, Eq. (3) can be usually solved at 

any point (x,y) for temperature inside borders based on 

thermal conductivity value and the generated heat amount. 

On the other hand, the thermal circuit parameters of buried 

power cables have diverse amounts of thermal conductivity 

and the generated heat rate. Therefore, the finite element 

ANSYS Multiphysics uses the theory that the solution of Eq. 

(3), for T(x,y) is the one which reduces the following function: 

 

F = ∬ (0.5k ((
∂T

∂x
)

2

+ (
∂T

∂y
)

2

) − qT) dxdy (4) 

 

Heat source is usually partitioned into small elements, and 

these elements are normally triangle as given in Figure 3. The 

simplify of Eq. (4) is carried out through this mesh yielding a 

group of other linear equations as shown below: 

 

HT = b (5) 

 

where, H denotes a conductivity matrix, T is a vector for 

temperature in each node and b is the load vector. Both the 

vector b and the matrix H are adapted to suit all the borders 

conditions with respect to the thermal circuits [25-28]. 

 

 
 

Figure 3. The sample for finite-element meshes 

 

The finite element is divided by triangular, so that the mesh 

size at the center is small, which affects the calculation 

efficiency. 

After physical and geometrical descriptions for this type of 

the problem, the boundary conditions usually consist of three 

kinds or three cases. The first case; T is fixed on the boundary 

for t larger than zero; The second case: the derivative of T 

ordinary to the boundary is fixed on the boundary for t larger 

than zero; The third case: a derivative of T in a direction 

natural to the limit is proportional to the temperature 

difference with respect to the ambient for that border as given 

in the Eqs. (6) and (7): 

 

k
∂T

∂n
= (hT − hTa) (6) 
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k
∂T

∂n
= q (7) 

 

where, h denotes heat transfer coefficient and Ta denotes the 

ambient temperature. 

Under natural situations, temperature gradient of the 

horizontal cables is usually zero. For this reason, the left and 

right borders include the second boundary case for the 

underground power cables given in Figure 3. In respect to the 

upper boundary is normally accepted as the convection 

boundary. Because it adjacent to the ambient environment, it 

can represent third case. For the lower boundary, in this type 

of borders temperature is taken as constant value. As well, this 

boundary is adjacent to the base; in the zone of higher 

gradients the nodes and elements must be adapted, for more 

accurate results. 

On the other hand, to get a heat flux density a great number 

from nodal points should be between the vicinity cables (or 

between phases), and this point depends on the mesh case. For 

this reason, the time required to carry out a simulation and 

numerical accuracy should be observed. Important aspect 

which plays major role at the numerical accuracy during 

simulation is the manner the elementary discretization 

volumes. Therefore, in this study the cable itself is involved in 

solution, and this step is considered as novel feature. Thus, 

associating all layers (conductor, insulation, armour and 

sheath). 

On the other hand, the coupling case for both the cable and 

soil is within the boundary conditions. 

 

 

4. RESULTS AND DISCUSSIONS 

 

4.1 Temperature distribution around underground cable 

 

Figure 4 shows temperature distribution of the single-core 

cable system inside soil (0.6/1KV), which consists of three 

thermal circuits as a state study. These thermal circuits are 

directly buried in soil 1, soil 2 and soil 3, at depth of 0.8m, 

where distance between phases (from center to center) is 0.3m. 

Load current for every cable is 531 A. As well the temperature 

distribution at different types on the native soil are given 

separately in Figures 5-7. The graphs in all figures show two 

fairly linear parts of temperature around the cable versus load 

cycle with respect to time. The first part of the curve represents 

wet zone (or the soil thermal resistivity before it starts the dry 

case). The second part of the curve represents dry zone 

surrounding the cable. In other words, there are two slopes or 

zones. Dry zone is created around the cable, which represents 

the heat source under harsh environment and constant loading 

conditions. Wet zone begins from the end of dry zone. The 

cutout in the curves denotes the sorting between the wet 

resistivity and the dry resistivity (or dry zone and wet zone). 

Therefore, the soil thermal resistivity is proportional to the 

slope in every curve. 

Interestingly enough, is that slope in every region shows an 

indication of the increment in resistivity for each type of the 

soil, which increases temperature around the cable in each case. 

Simulations performed on different types of the soil showed 

that the ambient temperature (Ta) in summer season owns a 

main effect upon the cable temperature, and some generic 

notices can be described regarding the special situations 

studied in this paper. Under harsh environment and constant 

loading conditions, for every 8℃ increments in the ambient 

temperature, the cable temperature rise about 4℃. 

 

 
 

Figure 4. Temperature distribution of the single-core cable 

system (three phases) directly buried in the soil 1 (0.6/1KV) 
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Figure 5. The drying curve for Soil 1 under severe 

environmental and unvarying loading circumstances for a 

period of between 1 and 48 hours 
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Figure 6. The drying curve for Soil 2 under adverse 

environmental circumstances, as well as the unvarying 

loading conditions for a period of between 1 and 48 hours 
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Figure 7. The drying curve of Soil 3 surrounding the cable 

under severe environmental and unvarying loading 

conditions for a period of between 1 to 48 hours 

 

As a result, the air temperature in summer season leads to 

decrease the dissipated heat, which increases the critical 

temperature around the cable. 

It is noticed that the unfavorable temperature (Tx) in the dry 

region and relationship between the dry and wet resistivity (or 

dry zone and wet zone) (V) rely on the components of the soil 

and the air temperature (seasonal changes). 

 

 
 

Figure 8a. A heat flux density generated at the cables, which 

leads to the dry case under harsh environment and constant 

loading conditions 

 

It is also noticed that the heat flux density generated under 

harsh environment and constant loading conditions is one of 

the most important factors, which determine the time required 

for the dry region as shown in Figure 8a and b. This is in 

reasonable and good agreement with studies [12, 29]. 

Remarkable conclusion in this study is that critical 

temperature not depends mainly on the heat flux from the 

cable as shown in Figure 8a and b. This may also be in 

agreement with Anderss [30], who proposed that the heat flux 

generated in the outer sheath of the cable is one of the 

important factors which determines the time required for soil 

change to unstable case. From Table 3, It can be seen that the 

critical temperature for each type of the soil under harsh 

environment and constant loading conditions are closer to 

62℃ rather than the 50℃ that was commonly used by IEC 

[31]. 

 

 
 

Figure 8b. Heat gradient from heat source to soil under harsh 

environment conditions 

 

Table 3. The critical temperature for different types of the 

native soil under harsh environment and constant loading 

conditions 

 

Name of Soil Ta Tx 𝑽 =
𝝆 𝒅𝒓𝒚

𝝆 𝒘𝒆𝒕
 Tx-Ta 

Soil 1 37 64 2.0312 27 

Soil 2 35 60.3 1.671 25.3 

Soil 3 34.5 61.7 2.041 27.2 

 

 

5. DERATING FACTOO FOR HARSH 

ENVIRONMENT 

 

In this paper, the derating factor is described as the ampacity 

(ampere capacity) of a cable computed upon the dry zone 

divided by the ampacity of the said cable while disregarding 

the dry zone as shown in Eq. (8). 

 

𝐼 =
𝐼 𝑑𝑟𝑦 𝑧𝑜𝑛𝑒

𝐼 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑑𝑟𝑦 𝑧𝑜𝑛𝑒
 (8) 

 

IEC 60287 standard offers a formula for calculating the 

ampacity of the dry zone. The employment of this formula 

calls for some information regarding certain parameters. These 

include that between critical and ambient temperatures, and 

that between the dry and wet zones (TX-Ta). Also required is 

the ratio of the resistivity of the dry zone to that of the wet zone 

(V). Objective of this work involves computations to 

determine the extent of these parameters Table 3. 

The IEC guide 60287-1 provides an equation for computing 

the ampacity of underground cables with and without 

consideration to the influence of the dry zone phenomenon. 

The ampacity without consideration to the influence of the dry 

zone is computed as follows: 

 

I = [
∆T − Wd{0.5T1 + n(T2 + T3 + T4)}

Rac{T1 + n(1 + λ1)T2 + n(1 + λ1 + λ2)(T3 + T4)}
]

0.5

 (9) 
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where, ∆T (Tc-Ta) Tc signifies the conductor temperature and 

Ta signifies the ambient temperature; n signifies the quantity 

of conductors; Wd signifies the dielectric loss of conductor 

lagging; Rac signifies AC resistance; T1 signifies the thermal 

resistance between conductor and sheath; T2 signifies the 

thermal resistance between bedding and sheath; T3 signifies 

the thermal resistance of the exterior serving of the cable; T4 

signifies the thermal resistance between cable surface and 

ambient soil; λ1 signifies loss in the context of the metal sheath 

and; λ2 signifies losses related to protective coverings. 

The adapted formula for computing the current-carrying 

capacity of the cable while taking into consideration the 

influence of the dry zone is exhibited below: 

 

I = [
∆θ − Wd {0.5T1 + n(T2 + T3 + VT4 )} + (V − 1)∆𝑇x 

Rac {T1 + n(1 + λ1)T2 + n(1 + λ1 + λ2)(T3 + VT4)}
]

0.5

 (10) 

 

∆Tx (Tx-Ta) Tx symbolizes the critical temperature and Ta 

symbolizes the ambient temperature while; V symbolizes the 

ratio between dry resistivity and wet resistivity. 

(Tx-Ta) Together with V are derived from Table 3 for 

dissimilar types of soil, while thermal resistivities are derived 

from Table 3. The computation of the derating factor for the 

present ratings of underground power cables was realized 

through the employment of the ETAP electrical engineering 

software. This computation involved the utilization of results 

acquired from tests conducted on a variety of soil types 

surrounding the cable. Table 4 Exhibits the results calculated 

through the program. 

 

Table 4. The derating factor for three- phase cables (flat 

formation) 

 
Type of Soil Soil 1 Soil 2 Soil 3 

ρ wet 1.27 1.29 1.21 

ρ dry 2.5 2.63 2.45 

Temperature of dry zone 64 60.3 61.7 

600 volt 

Ampacity without dry zone 531 531 531 

Ampacity with dry zone 377 408 398 

Derating factor 0.71 0.75 0.76 

 

It was observed that the derating factor at the dry zone 

ranges between 0.71 and 0.76, and that the dry zone for Soils 

1, 2 and 3 developed at 64℃, 62℃ and 61.7℃ respectively 

according to the Eqs. (8) and (9). Other than the rating factors 

for a variety of soil types, Table 4 also provides a summing up 

of the calculated results for cable ampacity including and 

excluding the dry zone encircling the cable. From these results, 

it can be confirmed that Soils 2 and 3 come with a higher 

derating factor than Soil 1. 

As displayed in this table, these soils are almost similar in 

terms of the disparity between critical and ambient 

temperatures, as well as the ratio of dry thermal resistivity to 

wet thermal resistivity. According to Table 3, although Soils 

1, 2 and 3 have almost similar elements, the difference lies in 

the proportion of these parts. As Soil 1 registered the lowest 

derating factor, it follows that this soil has a higher dry thermal 

resistivity than wet thermal resistivity. This is displayed in 

Table 3. Its elevated dry thermal resistivity level is also due to 

the fact that it is made up almost entirely of sand without any 

trace of clay. 

 

 

 

6. CONCLUSIONS 

 

This paper concentrated on thermal behavior of the cable 

under extreme soil and environmental conditions. An overall 

method to deal with the relation between cable unfavorable 

working conditions and drating factors has been suggested. 

The approach utilized fundamental thermal and electrical 

concepts for determining the formation of the dry zone. 

Regarding to ordinary procedure defined through IEC-60287, 

in addition including harsh environmental conditions in hot 

countries. The governing equations were solved using finite 

element ANSYS Multiphysics and both soils and cables are 

included in the formation. 

Results show that phenomenon the dry region in the soil 

begins at diverse temperature and diverse velocities at same 

the time period based on components of the soil. It also 

showed in this work is that the ambient air temperature (or 

harsh environment) has a major influence on cable 

temperature and the dry zone around the cable, as expected. In 

addition, remarkable conclusion in this work is that the critical 

temperature for the wet soils under harsh environment and 

constant loading conditions is closer to 62℃. As well as, the 

formation of dry zones around underground cables decreases 

the capacity of the cables by a factor of 0.71 to 0.76, which is 

defined in this paper as the derating factor; in addition, this 

factor depends basically on the type of soil. 
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