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Abstract 
Barehand live working (LW) has been essential to transmission network maintenance since the 
1960s. During barehand LW tasks, one primary stress factor is the high electric field, against which 
the linemen must be protected. To maintain the WHO-defined (World Health Organization) 
occupational limit of electric field (10 kV/m), wearing conductive clothing is necessary during the 
entire period of live working. Several conductive clothing manufacturing companies have emerged in 
the protective equipment market over the last few decades. The material and design of conductive 
clothing differ from manufacturer to manufacturer, so a uniform test method is needed to compare 
their effectiveness. The purpose of the screening efficiency test, as outlined in IEC 60895:2020, is 
to determine the attenuation rate of conductive clothing for electric fields in decibels. The mentioned 
standard offers two different methods for testing the conductive clothing. This paper presents the results 
obtained using the Second method of the screening efficiency test on products from various 
manufacturers. The paper presents the results for the 30 kV - 30 cm test arrangement prescribed in 
the IEC standard and discusses cases that vary depending on the applied voltage level and the distance 
from the high-voltage parts. The results also shed light on the marginal cases when the screening 
efficiency tests performed at 30 kV cannot provide meaningful information about the efficiency of a 
conductive suit.   
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I. Introduction 
 
The safe operation of electricity networks and telecommunication lines was a central issue at 
the turn of the 19th and 20th centuries. Even at that time, the fundamental problem was that 
it was dangerous to approach live parts (burns and cardiac arrests are typical). Still, 
maintaining the electrical network and implementing specific interventions were essential. To 
resolve this, engineers and technicians developed tools and a novel technology, known as 
Live Working (LW), which enabled work to be done safely [1]. Under current conditions, any 
work where a person comes into contact with live parts or enters the live working zone with 
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their body, tools, or equipment is classified as live working. This includes situations where 
standard precautions are insufficient to prevent contact with live parts or entry into the live 
working zone. The first LW intervention was conducted in the United States in 1913, using 
homemade, insulated rubber instruments [1]. Over the years, the nominal voltage level of the 
power lines increased, accompanied by the introduction of special LW technologies and work 
methods. First, the hot stick application had become widespread since 1959, and then, in the 
1960s, barehand live work appeared, which revolutionized the maintenance of high-voltage 
networks [1]. In the case of the barehand method, the worker is in direct electrical contact 
with the live part they are working on [2]. Thus, the worker's body is at the potential of the 
live part and is also adequately insulated from the environment, which has a different 
potential. Barehand work allows the maintenance of high-voltage power lines without de-
energizing them, ensuring an uninterrupted power supply [3]. It improves grid reliability by 
enabling real-time inspections and repairs, reducing the risk of outages [2]. By eliminating the 
need for power line switch-off, barehand work lowers operational costs and increases 
efficiency for power utilities. 

 

II. BAREHAND LW AND CONDUCTIVE CLOTHING 
 
Barehand work involves bringing intervention personnel, such as linemen, into direct 
electrical contact with an energized overhead line [3]. Since the 1960s, linemen have worn 
conductive clothing during barehand work for their entire duration (Fig. 1).  

 

 
 

 

Fig. 1. Live working barehand job wearing a conductive suit (left),  
conductive clothing set with face mesh (right) [4] 

 

Conductive clothing is a type of protective clothing whose knitted or woven material 
contains metal fibers (such as silver or stainless steel) [5]. They cover the whole-body surface 
(using a coverall or jacket, supplemented with conductive accessories, and trousers), creating 
a Faraday cage that protects linemen [5]. The design and manufacturing technology of 
conductive clothing have changed significantly over the past 60 years, but the basis of 
protection is the same as the original idea. 

When linemen wear conductive clothing and are connected to live parts, there is no 
electric shock due to the lack of potential difference [3]. They may operate alongside the lines, 
from a suspended platform, or sit or stand directly on the conductor. In every case, the 
linemen’s clothing is kept at the same voltage as the line. Maintaining proper clearance from 
any component at a different potential is crucial for safety.  
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III.  STRESS FACTORS DURING BAREHAND LW 
 
Safety and security are of paramount importance in power line operation and maintenance 
[6]. A critical element of this is that the linemen be protected from all hazards that may occur 
during the entire duration of the work. A distinction is made between normal and faulty 
operating conditions concerning barehand stress factors. Under normal operating conditions 
and in the presence of low-frequency fields, electric arcs pose a threat to linemen in the event 
of erroneous operation [6]. 

 

A. Low-frequency Fields in the Vicinity of the Phase Conductor 
 
During barehand LW work, linemen directly contact live phase conductors or other live parts. 
In such cases, the voltage is always significant, which results in a high electric field around the 
phase conductor. In addition, if heavy current flows in the phase conductor, a magnetic field 
will appear near the live part. These are collectively referred to as low-frequency fields around 
power lines [7]. 

The electric and magnetic fields can be calculated and tested separately at standard 
operating frequencies (50-60 Hz). In both fields, we can speak of physiological effects that 
workers must be protected against [7][8]. 

The short-term biological effects of electric fields, as studied in research, include 
perception, nerve and muscle stimulation, visual dazzle, and cognitive influences [8]. These 
effects arise as the electric field accumulates surface charge, generating an internal electric 
field within the human body. Extensive animal studies have been conducted regarding long-
term effects, with a near-consensus finding that electric field exposure has no significant 
impact on growth hormone levels, stress hormones, or pituitary function [8]. The conductive 
clothing itself protects against the short-term effect of the electric field.  

A magnetic field induces currents within the human body, which must remain below 
safety limits. The most noticeable short-term effect is visual perception disturbances, as 
observed in experience [8]. Metallic taste and vertigo may also occur at exposure levels around 
2 mT, but these effects have no lasting consequences [8]. Additionally, magnetic fields can 
influence neurobehavioral functions, affecting sleep, perception, and mood. International 
research has placed significant focus on the potential long-term effects, particularly 
concerning cancer, but no definitive link has been established [7]. Protection against magnetic 
fields is different from protection against electric fields. In this case, current paths, loads and 
conductor geometries can lead to results if the limit value is exceeded [8]. 

 

B. Widespread Limit Values 
 
The World Health Organization (WHO) sets limit values for low-frequency fields. In Europe, 
these threshold values are based on the recommendations of the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) [9]. In North America, the Institute of 
Electrical and Electronics Engineers International Committee on Electromagnetic Safety 
(IEEE ICES) Technical Committee 95 provides current guidelines for these parameters 
(Table 1.) [8]. 
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Table 1. Limit values based on ICNIRP 
 

Exposure Electric field 
Magnetic flux 

density 
General public 5 kV/m 200 µT 

Occupational 10 kV/m 1000 µT 

 
In the case of non-ionizing low-frequency fields, it is essential to note that there are no 

dose-related quantities; therefore, the limit value cannot be exceeded, even for a brief period. 
The occupational values apply to linemen. The limit values in the table are only guidelines, 
and national regulations may be stricter than these 0. 
 

C. Electric Arc  
 
Under normal operating conditions, electric arc flash does not occur during barehand work, 
since there is an electrical connection between the linemen and the live parts 0. However, an 
arc flash incident may arise if an abnormal condition occurs, such as insulator breakage or 
grounded parts coming into the vicinity of the worker. In such cases, wearing arc-protected 
conductive clothing can significantly reduce the extent of the injury 00.  
 

IV.  EVALUATION OF CONDUCTIVE CLOTHING 
 
The conformity of conductive clothing must be tested at specified intervals according to tests 
described in various standards. The three relevant international standards for this are IEC 
60895:2020, ASTM F1865, and IEEE 1067 - the latter two are currently under revision. This 
paper focuses on the standard measurements of IEC 60895:2020 [12]. IEC tests include type 
tests, acceptance tests, and periodic tests. All clothing is classified based on the test results, as 
shown in Table 2.  
 
Table 2. Classification of Conductive Clothing According to the IEC 60895:2020 
Standard 
 

Classification AC systems DC systems Screening efficiency 

Class 2 up to 1000 kV up to ±800 kV > 50 dB 

Class 1 up to 800 kV up to ±600 kV > 40 dB 

 
According to the IEC standard, all tests must be repeated after one year or 10 washing 

cycles, whichever occurs first. 
 

A. Screening Efficiency  
 
The purpose of conductive clothing is to minimize exposure to the electric field. If the 
screening efficiency of the clothing (ECC) is too low, the electric field exposure levels may 
exceed safety limits 0.  

The structure of the suit primarily determines its screening efficiency. This depends to a 
lesser extent on how tightly the suit is woven or knitted and, to a greater extent, on how much 
of the body surface is not covered by the suit - i.e., how many "holes" there are in the Faraday 
cage. Faraday holes can be designed (e.g., lack of face mesh, uneven face mesh distribution, 
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or ventilation holes) or undesigned (e.g., tears, repairs with unsuitable materials, etc.). The 
screening efficiency test aims to examine the effect of these Faraday holes on the electric field 
close to the linemen's body parts 0. 

 

B. Different Methods - Comparison  
 
The IEC 60895 standard encompasses two methods for measuring the screening efficiency 
of conductive clothing, referred to as the First and Second methods [12]. The primary 
common point between the two methods is that they do not directly compare the field 
strength measured in the clothing with international or national recommendations. Instead, 
they reduce the efficiency test to the ratio of capacitive currents. This is because nearby 
grounded or ungrounded metal objects significantly influence direct electric field 
measurements. 
 

 
 

Fig. 2 Screening efficiency test arrangement for  
the First method, IEC 60895:2020 [12] 

 
The First method is used as a reference method in the IEC standard. The purpose of the 

measurement is to simulate the screening efficiency under actual working conditions with a 
high-voltage source. It is mandatory in case of disputes or when testing at the maximum 
working voltage is required. The test setup (Fig. 2) is based on a conductive manikin dressed 
in a complete conductive clothing set, including conductive gloves, socks, and a face screen.  

The manikin is placed close to a high-voltage electrode, simulating a real energized power 
line. The manikin must be insulated from the grounded parts. A bonding lead connects the 
conductive clothing to the live part, ensuring the same potential. A conductive belt on the 
manikin, insulated from the suit, is also connected to the electrode. 

The screening efficiency (ECC) is calculated using Equation (1) from the formula, which 
is based on two currents measured using micro-ammeters 0.  

 

ECC = 20 · log
10

(
I1

I2

) (1) 

 

Where: I₁ – Total current flowing between the live electrode and the conductive clothing. 

I₂ – Current flowing between the live electrode and the conductive belt of the manikin.  
The Second method is currently used as an alternative for testing screening efficiency in 

the IEC standard. Compared to the reference method, the main difference is that the manikin 
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is fitted with a complete conductive clothing set, but is not in direct contact with the live part 
(Fig. 3) 0.  

 

 
 

 

Fig. 3 Screening efficiency test arrangement for the  
First method, IEC 60895:2020 [12] 

 
The reason for this is that this method does not examine the case of direct work, but the 

process by which the lineman approaches the live part (but there is still no contact between 
them). In this case, the conductive part is placed at the height of the manikin's torso, 30 cm 
away from it. The test is performed at 30 kV, so the capacitive currents flowing through the 
clothing and the conductive manikin are measured in a homogeneous electric field. The 
screening efficiency can be calculated with Equation (2). 

 

ECC = 20 · log
10

(
Iclothing+Ibody

Ibody

) (2) 

 
Where: Iclothing – Current flowing through the conductive clothing. Ibody – Current passes 

through the manikin. 
The comparison of the two methods of IEC 60895:2020 is detailed in Table 3.  

 
Table 3. Detailed comparison of screening test methods on the IEC 60895:2020 
Standard 
 

Feature First Method Second Method 
Test setup Uses high-voltage source Uses a homogeneous electric field 

Voltage 
applied 

Phase-to-earth voltage of the 
clothing class 

30 kV (fixed 100 kV/m electric 
field) 

Manikin setup Connection with live parts 30 cm away from live parts 

Measurement Ratio of total current (I₁) vs. 

belt current (I₂) 
Ratio using Iclothing and Ibody 

Complexity Requires a high voltage 
laboratory 

Requires a standard, test lab 

Use case Mandatory Alternative 

Pass criteria Min. 40 dB for Class 1 & 50 dB for Class 2 
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Based on the above details and comparison, the IEC standard may prefer using the First 
method to determine screening efficiency. 
 

C. Insufficiencies of the Screening Efficiency Method  
 
Despite the above analysis, previous simulations and measurements have shown that the First 
method does not show the worst-case scenario regarding the electric field during barehand 
work 0. During barehand LW, the highest electric field - exceeding the limit value - occurs 
when approaching the live part [8]. The most endangered parts are around the face, starting 
from a nominal voltage of 110 kV. The primary reason is that when contact with live parts 
occurs, a shielded space is formed in front of the face due to the equipotential parts being 
formed. In addition to the First method not examining the worst-case scenario, another 
problem is that the measuring devices are energized and unsuitable for detecting the 
difference between the essential clothing parts (parts in front of the face). Moreover, the 
replicability of the test is not ensured (Fig. 4) 0. 

The Second method was intended to eliminate the First method's shortcomings partially. 
These successfully addressed the layout and safety issues with the measuring devices. 
However, the applied voltage level and the conductor-manikin distance are not suitable for 
representing real worst-case scenarios. In addition, the specified 30 kV voltage level does not 
require testing in an accredited high-voltage laboratory, which creates the opportunity for 
tests to be performed with inadequate competence and in an unsatisfactory manner. 

 

 
 

Fig. 4. Disturbance sensitivity - First method, IEC 60895:2020 [8] 

 
 

V. TESTS OF THE CONDUCTIVE CLOTHING 
 
To simulate the worst-case scenario for the entire duration of barehand work, screening tests 
were performed on different conductive clothing using a modified version of the Second 
method layout specified in IEC 60895:2020. The aim was to demonstrate how screening 
efficiency values change when measuring at a voltage higher than 30 kV by approaching live 
parts during barehand work. 
 

A. Test Arrangement - Equipment 
 
The test arrangement was modified during the measurements to enable measurements at 
voltage levels higher than 30 kV. For this, the basis of the manikin conductor arrangement 



Screening Efficiency Test Results 

 

135 

remains unchanged; however, the distance must be increased depending on the voltage level, 
as specified in IEC 61472, Edition 3.0. standard 0. This is necessary for the worst-case 
reproduction of the given voltage level 0. A conductive manikin was used for the test, the 
resistance was below 10 Ohm and homogeneous. An insulated layer was placed on the 
manikin. The insulated layer was covered on the outside with conductive clothing, complete 
with all available accessories. The capacitive currents were measured using micro-ammeters 
at the bonding terminal of the clothing and the terminal of the manikin. A 250 kV GANZ 
probe transformer, a TUR MCF60/300 PN voltage divider, and a KEYSIGHT desktop 
multimeter were used for the test. Devices and measuring units were connected via H155 
coaxial cables. The temperature and humidity remained constant during the test. The live 
conductor was a 500/65 ACSR, 20 cm below shoulder height. The distance between the 
manikin and the conductor was varied for each voltage level. An insulating blanket provided 
the insulation between the manikin and the ground. 

 
B. Test Samples – Conductive Clothing 
 
Two conductive clothing were compared during the screening test. Although the construction 
and philosophy of the clothing differ, both meet the requirements of the IEC 60895:2020 
standard as specified by the manufacturer. The detailed description of the clothing parameters 
is listed in Table 4. Error! Reference source not found.  

 
Table 4. Conductive clothing applied for the screening efficiency test 
 

Parameter/Feature Clothing ‘A’ Clothing ‘B’ 

Main material Stainless steel, silver, aramid Silver, aramid 

Material type woven knitted 

Number of layers Single-layer, double-sided Single-layer, single-sided 

Mandatory 
Accessories 

Conductive gloves, socks, and 
face mesh 

Conductive gloves and socks 

IEC fulfilment Yes Yes 

 
 Previously, both conductive clothing passed the screening efficiency test following the 

First method of the IEC standard. 
 

C. Test results 
 
The screening efficiency test was performed at several voltage levels above 30 kV. The voltage 
step was 10 kV, with a maximum of 150 kV. The manikin-conductor distance was also 
adjusted for each voltage value according to the standard for the given area 0. Each test was 
performed five times for each clothing item to assess repeatability. The results for conductive 
clothing 'A' are detailed in Table 5., while those for 'B' are detailed in Table 5. 

 
Table 5. Screening efficiency test results for conductive clothing ‚A’ 
 

Voltage 
Screening efficiency (ECC) [dB] 

Test 1 Test 2 Test 3 Test 4 Test 5 

30 kV 94.891 98.260 98.234 94.610 104.249 
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Voltage 
Screening efficiency (ECC) [dB] 

Test 1 Test 2 Test 3 Test 4 Test 5 

40 kV 79.234 79.659 79.212 78.899 78.980 

50 kV 74.735 75.071 75.083 75.322 74.894 

60 kV 72.547 72.841 72.460 73.126 73.344 

70 kV 71.242 71.537 71.678 71.419 71.784 

80 kV 70.644 70.606 70.532 70.861 70.526 

90 kV 71.755 71.603 69.423 69.748 69.554 

100 kV 71.897 71.930 71.935 72.038 71.813 

110 kV 71.886 71.600 71.769 71.776 71.761 

120 kV 70.920 71.170 71.114 71.017 71.109 

130 kV 70.861 70.907 70.835 70.877 70.819 

140 kV 70.227 70.505 70.646 70.394 70.408 

150 kV 68.879 69.285 69.426 69.586 69.310 

 
 

Table 6. Screening efficiency test results for conductive clothing ‚B’ 
 

Voltage 
Screening efficiency (ECC) [dB] 

Test 1 Test 2 Test 3 Test 4 Test 5 

30 kV 40.119 40.086 40.097 40.092 40.086 

40 kV 39.104 39.194 39.212 39.179 39.180 

50 kV 38.649 38.671 38.660 38.688 38.667 

60 kV 38.564 38.561 38.558 38.537 38.548 

70 kV 38.231 38.239 38.269 38.234 38.249 

80 kV 38.186 38.180 38.212 38.223 38.208 

90 kV 38.210 38.188 38.189 38.198 38.203 

100 kV 37.937 37.962 37.974 37.968 37.984 

110 kV 37.576 37.537 37.529 37.500 37.542 

120 kV 36.759 36.771 36.766 36.754 36.775 

130 kV 36.663 36.668 36.637 36.640 36.659 

140 kV 36.609 36.652 36.640 36.626 36.643 

150 kV 36.585 36.579 36.590 36.584 36.583 

 
The results show that while conductive clothing 'A' meets the pass criteria at all voltage 

levels, conductive clothing 'B' only meets the screening efficiency test at 30 kV. The statistical 
analysis is detailed in Table 7. 
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Table 7. Screening efficiency test results for conductive clothing‚ B’ 
 

All in [dB] 30 kV 60 kV 90 kV 120 kV 150 kV 

‚A’ 

Avg 98.05 72.86 70.42 71.07 69.30 

sr 3.89 0.38 1.16 0.10 0.26 

%CV 3.96 0.52 1.65 0.14 0.38 

r 10.87 1.05 3.25 0.28 0.74 

‚B’ 

Avg 40.10 38.55 38.20 36.77 36.58 

sr 0.014 0.011 0.009 0.009 0.004 

%CV 0.034 0.029 0.024 0.024 0.011 

r 0.038 0.031 0.026 0.024 0.011 

 
For both conductive clothing, the screening efficiency decreases with increasing voltage. 

The degree of decrease is less dominant with increasing voltage levels. The repeatability 
standard deviation (sr) of clothing 'A' decreases significantly with increasing voltage level, 
whereas for 'B', it decreases at the same level, but the magnitude is insignificant. The 
coefficient of variation (%CV ratio of standard deviation to mean) can be calculated using 
Equation (3), while the repeatability (r) is 2.8 times the %CV value. 
 

%CV = 100 · 
sr

Avg
 (3) 

 
Both parameters improve with increasing voltage levels. 

 

VI. DISCUSSION 
 
Based on the presented results, several conclusions can be drawn regarding the screening of 
conductive clothing. 

1) The test performed by the Second Method, as required by IEC 60895:2020, does not 
present the worst-case scenario. 

2) There is clothing for which the capacitive currents at 30 kV are so low that the test 
does not produce the actual screening value, which occurs at higher voltage levels. 

3) At higher voltages, the screening value decreases. The extent of the decrease varies by 
clothing type. The degree of decline becomes less pronounced as the voltage increases. 

4) Some clothing meets the Class 1 criteria at 30 kV - 30 cm arrangement but cannot meet 
the Class 1 qualification at higher voltages. 

5) The non-compliance is primarily the lack of a face mesh. If there is no face mesh, the 
requirements for the electric field near the linemen's face are not met even at voltage levels 
exceeding 30 kV. 

As a result of these findings, a revision of the IEC 60895:2020 standard in the field of 
screening efficiency may be recommended. This revision has already been partially completed 
within the framework of the currently renewed ASTM standard. As a result, the screening 
test must be performed using the Second method presented by the IEC. However, the highest 
voltage level at which the clothing will be used must be applied during the test, and the 
manikin-conductor distance must be adjusted to this voltage. 
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VII. CONCLUSION 
 
Conductive clothing has been essential to barehand LW work since the 1960s. Although the 
design and structure have undergone significant changes over the years, the primary basis of 
protection remains unchanged - a Faraday cage must be created around the lineman to shield 
him from the electric field. This clothing property can be measured by screening efficiency, 
the two methods and standard description of which are detailed in the IEC 60895:2020 
standard. Previous measurements and simulations have shown that the Second method 
arrangement is more suitable for demonstrating screening efficiency than the First method. 
However, those measurement conditions (30 kV, 30 cm manikin-conductor distance) do not 
model the absolute worst-case scenario, such as what a lineman experiences during barehand 
work. In this paper, two types of conductive clothing were tested at higher voltage levels (up 
to 150 kV) to examine the value of screening efficiency and the reproducibility of the test. 
The conductor-manikin distances were changed as a function of the voltage to model more 
realistic situations. The results indicate that, in its current form, the Second method in the 
IEC standard does not provide comprehensive information about the screening efficiency of 
clothing. At 30 kV, clothing passes the test that does not even achieve Class 1 certification at 
higher voltage levels. Based on this, modifying the screening efficiency test in the next version 
of the IEC standard may be worthwhile and necessary. A good starting point for this could 
be the modified ASTM standard, which extends the screening efficiency measurement 
method. This will provide a more realistic picture of the protective effect of conductive 
clothing, allowing linemen to work more safely in the future. 
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