
Electrical Earthing and 
Grounding



Introduction to Earthing

•Earthing is the process of creating a low-resistance path for electrical current to flow

into the earth.

•It involves connecting the non-current-carrying metal parts of an electrical system

directly to the ground.

•The primary goal is to ensure that any metallic enclosure remains at zero potential

relative to the earth.

•In electrical engineering, we treat the Earth as a massive conductor with an effectively

infinite capacity to absorb charge.

•Without earthing, a fault in an appliance could make its outer casing "live," posing a

lethal threat.



Why Do We Need Earthing?

• Safety is the most critical reason; it protects human life from the danger of electric shock.

• It protects buildings and sensitive electronic equipment from lightning strikes by providing a
discharge path.

• Earthing helps maintain voltage stability in a three-phase system by providing a reference point.

• It ensures that protective devices, like fuses or circuit breakers, trip immediately when a fault
occurs.

• By preventing the accumulation of static electricity, earthing reduces the risk of fires in industrial
settings.

• It provides a common "return" path for certain types of signaling and telecommunication circuits.



Fundamental Definitions 

• Earth: This refers to the conductive mass of the planet, which has an electrical potential of zero.

• Earthing Lead: This is the wire that connects the main earthing terminal to the actual electrode in
the soil.

• Earth Electrode: A metal plate, pipe, or rod that is physically buried in the ground to make contact
with the earth.

• Earth Resistance: This is the total resistance offered by the electrode and the surrounding soil to
the flow of current.

• Earth Continuity Conductor: The wire that connects the metal casing of an appliance to the main
earthing lead.

• Dead Earth: A term used when a circuit is perfectly connected to the ground with zero or negligible
resistance.



• Fault Current: The unintended current that flows through a system
when an insulation failure occurs.

• Leakage Current: A small amount of current that flows to the ground
during normal operation due to imperfect insulation.

• Step Potential: The voltage difference between a person's feet when
standing near a point where a large fault current enters the ground.

• Touch Potential: The voltage difference between a person's hand
touching a faulted object and their feet on the ground.

• Soil Resistivity: A measure of how much the soil resists the flow of
electricity, measured in Ohm-meters.

• Grounding vs. Earthing: While often used interchangeably,
"grounding" usually refers to the return path for current, while
"earthing" refers to safety protection.



The Basic Principle of Operation

• Electricity always follows the path of least resistance to return to its source or the ground.

• In a healthy system, current flows through the "Phase" wire and returns through the
"Neutral" wire.

• If insulation fails, the "Phase" wire may touch the metal body of the machine, making it
"hot" or energized.

• An earthing wire provides a much lower resistance path (ideally less than 1 Ohm) than
the human body (approx. 1000 Ohms).

• Because the earth path is so easy to travel, the fault current spikes instantly to a very
high level.

• This high current surge is what causes the circuit breaker to "trip" or the fuse to "blow,"
cutting off the power.



Difference Between System Grounding and 
Equipment Earthing

• System Grounding involves connecting the neutral point of a transformer or generator to
the earth.

• This is done to protect the overall power system and ensure voltage balance across the
three phases.

• Equipment Earthing involves connecting the non-current-carrying metal frames of
motors or appliances to the earth.

• The main purpose of equipment earthing is to prevent electric shock to personnel
handling the machines.

• System grounding is primarily for "operational" stability, while equipment earthing is for
"safety" protection.

• In modern installations, both systems are interconnected at a central ground busbar for
maximum reliability.



Component 1 - The Earth Electrode

• The electrode is the final interface between the electrical system and the physical dirt of the
earth.

• It must be made of highly conductive materials that are resistant to corrosion, such as copper or
galvanized iron.

• The shape of the electrode (rod, plate, or strip) depends on the available space and the type of
soil.

• For the best performance, it must be buried deep enough to reach moist soil layers that don't dry
out.

• The surface area of the electrode is crucial; more surface area means lower resistance and better
performance.

• Electrodes are often surrounded by "backfill" materials like charcoal or salt to improve
conductivity.



Component 2 - The Earthing Lead

• The earthing lead acts as the "highway" connecting the building's wiring to the buried electrode.

• It must be sized correctly; if it is too thin, it might melt under the heat of a high-voltage fault.

• According to standards, the lead should be made of the same material as the electrode to prevent 
chemical reactions.

• It must be mechanically strong and protected from physical damage, often by running it through a 
conduit.

• Joints in the earthing lead should be kept to a minimum to avoid points of high resistance.

• In most residential settings, this lead is recognizable by its green or green-and-yellow color coding.



Component 3 - The Earth Continuity Conductor (ECC)

•The ECC is the part of the wiring system that connects every individual 

socket and appliance to the main earth.

•It ensures that if any single device fails, the fault has a clear path all the 

way back to the ground.

•The resistance of the ECC must be kept extremely low to ensure the 

circuit breaker acts quickly.

•It is often bundled within the same cable as the phase and neutral wires 

(the "third wire").

•Metallic conduits or cable armor can sometimes serve as the ECC, 

provided they are properly bonded.

•Regular testing of the ECC is required because a break in this wire 

renders the entire earthing system useless.



Soil Resistance and Its Importance

•Soil is not a perfect conductor; its ability to carry current depends on its

chemical and physical makeup.

•High soil resistance prevents fault current from dissipating quickly, which is

dangerous.

•The resistance of the earth electrode is directly proportional to the

"resistivity" of the surrounding soil.

•If the soil resistance is too high, we must use longer electrodes or multiple

electrodes in parallel.

•Moisture is the biggest factor; dry soil is a poor conductor, while wet soil

conducts much better.

•Understanding soil properties is the first step in designing any electrical

substation or domestic earthing.



Factors Affecting Soil Resistivity - Moisture

• Moisture content acts as an electrolyte, allowing ions to move and carry electrical current through
the soil.

• Soil resistivity drops sharply as moisture increases up to about 15% to 20% of the soil weight.

• Beyond 20% moisture, the improvement in conductivity becomes marginal and starts to level off.

• In very dry regions, earthing systems must be installed much deeper to reach the permanent water
table.

• Seasonal changes (rainy vs. dry seasons) can cause the resistance of an earthing system to
fluctuate.

• Watering the area around an earth pit is a common temporary fix to lower high resistance
readings.



Factors Affecting Soil Resistivity - Temperature

• Soil resistivity increases as the temperature decreases, especially when the ground begins 
to freeze.

• When water in the soil turns to ice, its resistivity increases significantly because ions can 
no longer move freely.

• In cold climates, earth electrodes must be buried below the "frost line" to remain effective 
in winter.

• At very high temperatures, soil may dry out completely, also leading to a spike in 
resistance.

• The heat generated by a sustained fault current can actually bake the surrounding soil, 
increasing resistance during the fault.

• Designing for "worst-case" temperature scenarios ensures the system works year-round.



Factors Affecting Soil Resistivity - Composition

• Different types of soil have vastly different electrical properties based on their mineral content.

• Clay and loamy soils generally have low resistivity (good for earthing) because they retain moisture
and salts.

• Sandy soil and gravel have high resistivity because water drains away quickly, leaving the gaps dry.

• Rocky ground is the most challenging for engineers, often requiring specialized "chemical earthing"
solutions.

• The presence of soluble salts (like chlorides or sulfates) naturally lowers the resistivity of the soil.

• Engineers must perform a "Soil Resistivity Test" using the Wenner Four-Point Method before
installation.



Factors Affecting Soil Resistivity - Compaction

• The tightness of the soil around the electrode significantly impacts how well current can transfer.

• Loose soil has air gaps; air is an insulator and increases the resistance of the connection.

• When an electrode is installed, the soil must be packed tightly (compacted) back into the hole.

• Higher compaction reduces the contact resistance between the metal rod and the surrounding
earth.

• Heavy rainfall can sometimes wash away soil or create voids, which is why periodic maintenance is
needed.

• Mechanical vibration in industrial areas can sometimes loosen the soil-to-electrode contact over
time.



Methods of Reducing Earth Resistance

• Increasing the depth of the electrode allows it to reach more stable, moist, and conductive soil 
layers.

• Using multiple electrodes connected in parallel reduces the total resistance (similar to resistors in 
parallel).

• Increasing the diameter of the rod provides more surface area, though depth is usually more 
effective than thickness.

• Chemical treatment involves adding salt and charcoal to the earth pit to increase the ion count in 
the soil.

• Bentonite clay or specialized "Ground Enhancement Materials" (GEM) can be used to replace 
poor-quality soil.

• Connecting the earthing system to a building's structural steel can also help lower the overall 
resistance.



Types of Earthing - Strip Earthing

• Strip earthing involves burying horizontal copper or galvanized iron strips in shallow trenches.

• This method is primarily used in rocky areas where it is impossible to drive a long rod deep into the 
ground.

• The strips are usually buried at a depth of about 0.5 meters to 1.5 meters.

• The length of the strip determines the resistance; a longer strip provides a better path for the 
current.

• It is commonly used for earthing transmission line towers and long-distance electrical distribution 
poles.

• One disadvantage is that being near the surface makes it more susceptible to seasonal weather 
changes.



Types of Earthing - Rod Earthing

•This is the most common and cost-effective method for residential and light

commercial buildings.

•A solid rod of copper or galvanized steel is driven vertically into the ground

using a hammer or power driver.

•Standard rods are typically 1.5 to 3 meters long, but they can be coupled

together to reach greater depths.

•Rod earthing requires very little space and is easy to install in existing

buildings.

•Because the rod reaches deep into the earth, it provides a stable resistance

that is less affected by weather.

•It is ideal for areas where the soil is relatively soft and easy to penetrate.



Types of Earthing - Pipe Earthing

•Pipe earthing uses a hollow perforated pipe (usually galvanized iron) placed

vertically in a permanent pit.

•The pipe is usually 38mm to 75mm in diameter and about 2 or 3 meters long.

•The pit is filled with alternating layers of charcoal and salt to maintain moisture

and improve conductivity.

•The "perforations" (holes) in the pipe allow the user to pour water into the pipe

to dampen the surrounding soil.

•This is considered the most reliable traditional method and is widely used for

heavy electrical equipment.

•It is more expensive and labor-intensive to install than simple rod earthing.



Types of Earthing - Plate Earthing

•In this method, a flat plate of copper or galvanized iron is buried vertically at 

a depth of at least 3 meters.

•Common dimensions are 60cm x 60cm with a thickness of 3mm for copper 

or 6mm for iron.

•The plate provides a very large surface area for current to dissipate into the 

ground.

•Like pipe earthing, the plate is surrounded by charcoal and salt to optimize 

its performance.

•It is typically used in large substations, power plants, and industrial 

facilities with high fault current levels.



Chemical Earthing (Modern Approach)

• Chemical earthing uses a specialized "backfill compound" instead of traditional salt and charcoal.

• These compounds are usually moisture-retaining, non-corrosive, and highly conductive minerals
like Bentonite.

• Unlike salt, these chemicals do not leach away into the soil over time, making the system
"maintenance-free."

• This method is preferred for sensitive electronics, data centers, and telecommunication towers.

• It provides a very low and stable resistance even in harsh environments like desert sand or solid
rock.

• While the initial cost is higher, the long lifespan and reliability make it a popular modern choice.



Plate vs. Pipe Earthing – A Comparison

• Pipe earthing is generally easier to maintain because water can be added directly through the top
of the pipe.

• Plate earthing offers a larger contact area, making it slightly more efficient at handling high-
frequency surges.

• Pipe earthing is better suited for deep installations where the soil is consistent.

• Plate earthing is often preferred in locations where the ground is hard and digging a wide,
shallow pit is easier.

• In terms of cost, rod earthing is the cheapest, followed by pipe, with plate earthing being the
most expensive.

• Both methods require a dedicated "earth pit" with a concrete cover for inspection and testing.



Earth Resistance Measurement 

•We cannot just assume an earthing system is working; we must measure its resistance in 

Ohms.

•For a standard domestic house, the earth resistance should ideally be less than 5 Ohms.

•For major power substations and industrial plants, the requirement is often less than 1 

Ohm.

•A value of 0 Ohms is theoretically perfect but practically impossible to achieve due to soil 

properties.

•If the measured resistance is too high, the protective devices (breakers) may not trip fast 

enough to prevent a fire.

•Resistance must be measured periodically (annually) because corrosion or soil drying can 

change the value.



The Earth Tester (Megger)

•The device used to measure earth resistance is called an Earth Tester or an

Earth Megger.

•It is a specialized ohmmeter that generates its own AC voltage to perform the

test.

•AC is used instead of DC to prevent "electrolysis" or chemical buildup

around the electrodes during the test.

•Modern testers are digital and provide an instant readout, while older models

used a hand-cranked generator.

•The tester measures the voltage drop across the earth and calculates the

resistance using Ohm's Law.

•It is a portable, rugged instrument designed for use in the field and on

construction sites.



Measurement Method - Fall of Potential

•This is the standard industrial method for measuring the resistance of an earth electrode.

•It requires two temporary "auxiliary" spikes: a current spike and a potential (voltage) spike.

•The current spike is placed far away (e.g., 30 meters) from the main earth electrode being 

tested.

•The potential spike is placed in the middle, between the main electrode and the current 

spike.

•By moving the potential spike and recording readings, we can find a "plateau" where the 

resistance is stable.

•This "plateau" value is recorded as the true resistance of the earthing system.



Maintenance of Earthing Systems

•The connection points where wires meet the electrode must be checked for rust or green

corrosion.

•In traditional pits, water should be poured into the pipe during the hot summer months to

keep soil moist.

•The concrete cover of the earth pit should be kept clear of debris to allow for easy

inspections.

•Tightness of all bolts and clamps is vital; a loose connection is the same as having no

earthing at all.

•If a system uses salt and charcoal, these may need to be replenished every few years as

they wash away.

•A logbook should be maintained to record annual resistance readings to track any gradual

degradation.



Application 1 - Domestic Buildings

• In homes, earthing is connected to the third pin (the top, larger pin) of every power socket.

• It protects users of washing machines, refrigerators, and irons, which have metal bodies.

• The main switchboard (DB) contains an "Earth Bar" where all the green/yellow wires meet.

• Modern homes also use an RCD (Residual Current Device) which works alongside earthing
for extra safety.

• Metal water pipes and gas pipes must also be "bonded" to the earthing system to prevent
them from becoming live.

• Good domestic earthing prevents that "tingling" sensation sometimes felt when touching
an old appliance.



Application 2 - Industrial Machinery

• Industrial motors and heavy machinery require "double earthing" (two separate paths to ground).

• This redundancy ensures that even if one wire breaks, the machine remains safely grounded.

• High-power machines generate more significant fault currents, requiring thicker earthing
conductors.

• Earthing in factories also helps dissipate static electricity produced by moving belts and pulleys.

• Static buildup can cause sparks, which is a major fire hazard in chemical or textile plants.

• Industrial earthing systems are often interconnected to form a "Ground Grid" under the factory
floor.



Application 3 - Power Substations

• Substations are the most critical areas for earthing due to the extremely high voltages (11kV and
above).

• A vast "Earth Mat" is buried under the entire substation to ensure uniform potential across the
ground.

• This mat prevents "Step Potential" and "Touch Potential" from becoming lethal to operators during
a fault.

• The neutral points of large power transformers are directly connected to this earthing mat.

• Lightning arrestors on the substation roof are also connected here to safely divert atmospheric
strikes.

• The resistance of a substation earth mat is usually kept extremely low, often below 0.5 Ohms.



Application 4 - Telecommunication Towers

•Telecom towers are tall metal structures that are highly attractive to lightning 

strikes.

•They require a specialized earthing system that can handle the high-

frequency energy of lightning.

•Copper strips or "radial" earthing is often used, spreading out from the base 

of the tower.

•The sensitive electronic equipment inside the base station must be 

"equipotentially bonded."

•This means all metal parts are at exactly the same voltage to prevent internal 

sparks.

•Maintenance-free chemical earthing is the standard for remote telecom sites.



Electrical Safety - The Human Body

• The human body is a conductor; our nerves and muscles operate using tiny electrical signals.

• An external current as low as 30mA (0.03 Amps) can cause a person's heart to go into
"fibrillation."

• At 100mA, an electric shock is almost always fatal if it lasts for more than a fraction of a second.

• Earthing works by ensuring that the voltage on a metal casing never stays high enough to drive
this current through you.

• The resistance of human skin drops significantly when it is wet, making shocks much more
dangerous.

• Safety standards are designed to ensure the power is cut off within 0.4 seconds of a fault
occurring.



Hazards of Poor Earthing

• The most obvious hazard is lethal electric shock to anyone using faulty electrical equipment.

• Poor earthing can lead to "arcing," which generates extreme heat and is a leading cause of 
electrical fires.

• Electronic devices, especially computers and servers, can be destroyed by small voltage surges 
that have no place to go.

• In three-phase systems, a lost earth/neutral can cause "voltage swelling," where 230V appliances 
suddenly receive 400V.

• Interference in audio and communication systems (the "60Hz hum") is often caused by poor 
earthing.

• In some cases, a poor earth can cause "stray voltages" that can affect livestock on farms.



Feature Earthing Grounding

What is connected?

The non-current-carrying
metal parts (like the frame of a
motor or the casing of a
fridge).

The current-carrying part of
the system (like the neutral
point of a transformer or
generator).

Primary Purpose

Safety: Prevents humans from
getting an electric shock if an
internal wire touches the metal
casing.

System Stability: Provides a
return path for leakage current
and balances unbalanced
loads.

Color Coding Usually Green or Green/Yellow.
Usually Black or White
(depending on the specific
standard).

Example
Connecting the metal body of a
washing machine to a buried
earth rod.

Connecting the "Neutral" wire
of a transformer to the ground
at the substation.



Thank you

Shamna Subaida Khalid

shamnaplpy@gmail.com
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