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Role of the earthing system: safety and equipotential bonding
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Earth lead via foundation
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[ Flow of stray currents ]

‘ 1 connection point in each
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Bonding area (clean both
members over entire
mating surface + 1/8™)

Bracket Installation (Rivet or Weld)

{a) Bonding Tubing across Clamps (b) Clamp Connection. Jumper to Tube

Typical applications of indirect bonds.
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Several electrical bonding classes were then defined and eventually
designated in subsequent revisions as follows:

Class A for antenna installation, no bonding resistance specified

Class C for current return path, fault current versus resistance table provided
Class H for shock hazard, 100 m()

Class L for lightning protection, control internal vehicle voltages to S00 volts
Class R for RF potentials, 2.5 m{) from electronic units to structure

Class S for static charge, 1.0 ()

W b

Sy WA

Over the years, the 2.5 m{) “Class R” became universally accepted as a design require-
ment for electrical connections established across a metallic interface.
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The outer walls and roof of a structure may be used as an electromagnetic shield in order to
protect electrical and information-processing equipment  within the structure
(see Annex B of IEC 62305-2:2010 and IEC 62305-4).
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Mote:

For buildings higher than 30 m, it is recommended that equipotential bonding
requirements are repeated at a level of 20 m and every 20 m above that.
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Welding to Rebar

4% inch

minimum

weld length

.

Rebar
—_—

Steel Rod
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Welding to Building Steel

Structural Steel

\S'leel Rod

4% inch
8 inch o T
Steel Rod weld length
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IEC 2725790

Isolated foundation with foundation earth
electrode in the non-reinforced concrete layer below the
bitumen insulation

>
L
-

down-conductor

test joint

bonding conductor to the internal LPS

non-reinforced layer of concrete

connecting conductor of the LPS

foundation earth electrode

damp proof membrane, watertight insulating layer

connecting conductor between steel reinforcement and the test joint
steel reinforcement in concrete

watertight bushing through the damp proof membrane
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NOTE Permission from the structure constructor is necessary.
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Figure E.40b - Isolated foundation with earth-
termination conductor partly passing through the soil
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down-conductor

test joint

bonding conductor to the internal LPS

non-reinforced layer of concrete

connecting conductor of the LPS

foundation earth electrode

damp proof membrane, watertight insulating layer

connecting conductor between steel reinforcement and the test joint
steel reinforcement in concrete

watertight bushing through the damp proof membrane
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NOTE Permission from the structure constructor is necessary.
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IEC 2727H0

Connection from the foundation earth electrode
to the steel reinforcement passing through the damp proof membrane
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down-conductor

test joint

bonding conductor to the internal LPS

non-reinforced layer of concrete

connecting conductar of the LPS

foundation earth electrode

damp proof membrane, watertight insulating layer

connecting conductar between steel reinforcement and the test joint
steel reinforcement in concrete

watertight bushing through the damp proof membrane
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NOTE Permission fram the structure constructor is necessary.
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: IEC62305 L gl (suivod i Cond
62305-3 @ IEC:2010

The requirement of a maximum overall resistance of 0,2 Q can be checked by measuring the
resistance between the air-termination system and a ground plate at ground level using
testing equipment suitable for the application capable of measuring in a four lead
configuration (two measuring leads and two sensing leads) as illustrated in Figure E.3. The
injected measuring current should be in the order of about 10 A,

MOTE When access to tes! areas of routing of test cables are difficult, dedicated bar from high to low may be
provided in order to carry out testing at each point, The total resistance of jeints plus the resistance of down-
conductor can then be caloulated.

[ __..-= 'j . PARTOSHAL

IEG 2868510

Measuring the overall electrical resistance
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62305-3 Natural components:

Natural components are:

sul 1.Metal installations with overall electrical
vy s L] L ] resistance not greater than 0.2 ohms.
TSR AR
1] TRt 2 Metal of the electrically continuous
3 reinforced concrete framework of

i i 3 : ) structure
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Ground Clamps and Connectors

Clamp for Water

_—or Gas Pipe
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Electricity
meter

= SPD Central heating system

Consumer unit/
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"
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bonding bar H
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. i ' Live bar 0 s '
....................... Electronic appliances

Meter

Screen of antenna cable
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Example of main equipotential bonding
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Water-drainage f
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Equipotential conductors Metal

Metal bath

Supplementary equipotential bonding in a bathroom

for a bathroom door-frame

Metallic pipes
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Protective and functional Down conductors
earthing conductor from lightning
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electrode electrode earth electrode

Interconnected earth electrodes
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Separate earth electrodes
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Mixer bonding.

Pipe and drum.
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Checklist

This is a samiple nspection checklist for bonding and grounding syvstems. Modifyv it fo suit yvour needs

Department: Yes | Mo Recommended Action

Bonding cables:
= In good conditien

» good contact points

Bonding clamps:
= In good conditien

» good metal connection

Grounding conductors:
= In good conditien

» lead to earth

Static electricity ground:
=« direct to good earth

The followmg are free of static grounds:
= electrical conduit systems

= plastic pipes
=  gas of steam pipes
« dry pipe sprinkler systems

« lightming rods

Contimuty checked

Conductivity measured

Saflety cans:
« bonded and grounded

Initials of person doing inspection: Date of inspection:
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Grounding May Not Be the Solution; Rather, it Could be
Part of the Problem

Lessons Learned

® Bonding must be designed into a system for meeting electrical safety, functional
performance, and EMI control objectives.

® Bonding must be controlled, qualitatively and quantitively.

® Bonding must not be haphazard or erratic; repeatability of performance from
system to system and over time is critical.

Lessons Learned

® A direct bond is always preferable to an indirect bond. The best bond is obtained
by metal-to-metal contact between overlapping surfaces, without a dielectric in-
sulator between the two mating pieces of metal.

® Bonding jumpers are only a substitute for direct bonds. Jumpers should be kept
as short as possible and have a low resistance and low €/w ratio. The bonded
items and jumpers should be as close together as possible within the electro-
chemical series.

® The length-to-width ratio of bonding straps, if used, should not exceed 5:1 or,
better still, 3:1.

® Bonding must achieve and maintain intimate contact between metal surfaces.
Fasteners must exert sufficient pressure to hold the surfaces in contact in the
presence of the deforming stresses, shocks, and vibrations associated with the
equipment and its environment. Fasteners, screws, or rivets by themselves
should not be counted on, however, to provide an acceptable bond.

® [t is of utmost importance, in the broadest types of bonding applications, that the
direct or indirect bond be sufficient to carry all currents that may flow through it.
This includes signal return path, personnel safety, and lightning protection along
with mechanical and operational needs.

® Bonds must be maintained for the life of the joint.
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Lessons Learned

The mating surfaces must be treated in order to ensure minimum contact resis-
tance.

Bonding must achieve and maintain intimate contact between metal surfaces.
The surfaces must be smooth, clean, and free of nonconductive finishes.

The compatibility of the mating metals must be considered for corrosion control.
If this is not possible, special attention must be paid to the control of bond corro-
sion through the choice of the materials to be bonded, the selection of supplemen-
tary components (such as washers) to assure that corrosion will affect replaceable
elements only, and the use of protective finishes and surface treatments.
Protection of the bond from moisture and other corrosive elements must be pro-
vided.

Finally, throughout the lifetime of the equipment, system, or facility, the bonds
must be inspected, tested, and maintained to assure that they continue to perform
as required.

poor bondmng 1s

often the principal cause of many hazardous and noise-producing situations, e.g., unacceptable voltage
drops, heat generation, intermittent operation, electrical noise, and high-resistance grounds. A large cross-
sectional area grounding conductor is of little use if it is terminated via a poorly bonded connection.

Facts:

Earthing and equipotential bonding is a must for safety and EMC reasons

A TN-S system is mandatory for all buildings with IT!

TN-S shall be installed and is recognised by most electrical standards

The equipotential system (equipotential bonding) has to be part of the EMC design
All metal parts have to be included

A meshed equipotential bonding system is better then a star equipotential bonding
system

Partoshal@yahoo.com
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44454 Equipotential bonding networks in buildings with several floors

For buildings with several floors, it is recommended that, on each floor, an equipotential
bonding system be installed; see Figure 44.R16 for examples of bonding networks in common
use; each floor is a type of network. The bonding systems of the different floors should be
interconnected, at least twice, by conductors. 1=~ 60364-4-44

Egquipotential BRC
bonding network

Multple starmesh
bonding meteork

Main earthing terminal(s)
star bonding metwork

Eoundaticn Structural metalwork
earth electrods

PARTOSHAL

EC ogong

Figure 44.R1& — Example of egquipotential bonding networks
im structures without lightning protection systems
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Poor

Not recommended

Best practice

IEC 60364-4-44 IEC 074/06

Figure 44.R20 — Continuity of metallic system components

From frequencies of a few MHz upwards, a 10 cm long mesh strap between two parts of a
cable management system will degrade the shielding effect by more than a factor of 10.

Whenever adjustments or extensions are carried out, it is vital that work is closely supervised
to ensure that it complies with the electromagnetic compatibility recommendations e.g. not
replacing a metallic conduit by a plastic one.
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Good

IEC 07606

Figure 44 R22 — Connection of metallic sections

Covers for metallic cable trays shall meet the same requirements as the cable trays. A cover
with many contacts over the full length is preferred. If that is not possible, the covers should be

connected to the cable tray at least at both ends by short connections less than 10 cm, e.g.
braided or mesh straps.

When a metallic or composite cable management system, specially designed for electro-
magnetic compatibility purposes, is parted in order to cross a wall, e.g. at fire barriers, the two
metallic sections shall be bonded with low impedance connections such as braided or mesh
straps.

Earthing and equipotential bonding

EMI and EMC are heavily dependant on sounding earthing and equipotential bonding
principlesl The main functions of earthing are Safety and EMI mitigation.l'l’he primary
function of earthing is to:

Save the life of humans and animals in case of any electrical fault.

An earthing and equipotential bonding implementation is
necessary for EMC and safety reasons!

The latest edition of EN 50310 and EN 50174-2 state clear that these efforts are
applicable to any system!
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There is often a misunderstanding between the requirements for earthing and equipotential
bonding for both shielded and unshielded systems.

This misunderstanding is often the problem in practise. It is often assumed that this is the
responsibility of the electrical installer or the architect and not the responsibility of the data
cabling installer. But in fact it is a responsibility shared by all parties. In regards to EMC it is
the responsibility of the consultant and or architect to ensure the installed systems are
compliant.

EMC is more and more important and therefore its relevance is crucial to understand.
Therefore European standards continue to emphasis this importance.

With 10 Gigabit Ethernet most of the existing rules have to be reconsidered. The future is
shielded and EMC is the key issue.

As any building today contains IT equipment, electrical and other standards reflect this in
their content.

This means that all rules and recommendations in regards to EMC and safety apply to any
kind of IT system. From a practical point of view, the most common equipment includes
racks and metal panels, metal path ways, raised floors with metal frames.

In regards to safety and EMC all equipment needs a defined path to EB (equipotential
bonding).
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‘Termination earthing system to steel armour for Mesehd bonding concept
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Low voltage High-voltage zone Building and services
High-voltage Pressure relief
switchgear -
Cable racks — -
. ,,/ Cable racks
= Door earthing . Lift guide
Base frame — ! _—.*"ﬂj rail
Low-voltage Generator busbar - - Metal structure
Pk Em_ Metal structure
— Paothead
T f .
iﬁ Floor reinforcement . oor reinforcement
l Cable racks - \:"g —% Heating pipes
W Insulating section
cac Transformer r{;t;r(r; ﬁc Gas supply
) — _— y i S
: £ Water suppl
LV switchgear | Communications % HV molor = ] PPy
— ] | —
[ S— ) ) . if necessary:
Equipotential bonding conductor {EBC] waste pipe (metal)
Foundation earth ] | AC installation/
System earth System earth ventilation
= Isolating link Flc»or reinforcament =
— Grading ring
Antenna mount around the building

nghtnlng protection system

PARTOSHAL
Earthing system with equipotential bonding between HV/LV indoor switchgear and building/building services

Mesh CBNs: Bonding ‘natural’ metalwork
Bm":ﬂ- ﬁ&‘.ﬁ‘.‘;f.‘".’n'a‘a‘:ﬂ'.‘i.?.'ciﬁw”"“' I Structural steelwork
including re-bars
Plumbing and
pipework ﬁ

Cable ducts, trays, I~ 2 2
condunts. etc.
Vi

Non- metallic p(?
sections bridged by

bonding conductors V2 ducts, vents,
- r X / ues, chimneys, etc.

y

Gratings, walkways,
ladders, railings, etc.
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Equipotential bonding of service lines entries
into a building

Equipotential Bonding Bar
9 o 9 ° ° L e o]

m il

(=~

Water .

Natural Gas “ UI] || u @

Cathodically Protected Liquid Fuel Pipeline
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We extend an invitation to you to join
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