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NEC Article 250 òGrounding and Bondingó

250.2 Definitions

Bonding Jumpers: 

A reliable conductorto ensure the required electrical conductivity

between metal partsrequired to be electrically connected. 

(makes no mention of  ground)



250.4(A)(1)

Electrical systems that are grounded 

shall be connected to earth in a manner that will limit the voltage imposed by 

1) lightning, 

2) line surges, 

3) or unintentional contact with higher-voltage lines 

4) and that will stabilize the voltage to Earth during normal operation.

Almost EVERYTHING we inspect is a GROUNDED SYSTEM!



Normally non-current-carrying conductive 

materials enclosing electrical conductors or 

equipment, or forming part of such equipment, 

shall be connected to earth so as to limit the 

voltage to ground on these materials. 250.4(A)(2)



Normally non-current-carrying conductive 

materials enclosing electrical conductors or 

equipment, or forming part of such equipment, 

shall be connected together and to the electrical 

supply source in a manner that establishes an 

effective ground-fault current path. 

250.4(A)(3) (Bonding)



Bonding Jumpers installed 
around concentric or 
eccentric knockouts

Bonding Jumpers installed 
around expansion fittings

Examples of Bonding Jumpers for loosely joined metal raceways or 
components where movement is intended or possible.



Normally non-current-carrying conductive materials 

that are likely to become energized, shall be connected 

together and to the electrical supply source in a 

manner that establishes an effective ground-fault 

current path. 

250.4(A)(4) (Bonding of conductive materials)



Electrical equipment & wiring that are likely to become 

energized, shall be installed in a manner that creates a 

low-impedencecircuitΧΦŎŀǇŀōƭŜ ƻŦ ǎŀŦŜƭȅ 

ŎŀǊǊȅƛƴƎΧΦƳŀȄƛƳǳƳ ŎǳǊǊŜƴǘ ǿƘŜǊŜ ƎǊƻǳƴŘ-fault to 

electrical source. The earth shall not be considered as 

ŀƴ ŜŦŦŜŎǘƛǾŜΧΦǇŀǘƘ. 

250.4(A)(5) ό9ŦŦŜŎǘƛǾŜΧΦǇŀǘƘύ
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250.8 Connection of Grounding and 
Bonding Equipment

(A) Permitted Methods.

Grounding conductors and bonding jumpers shall be 

connected by one of  the following means:



1. Listed pressure connectors

2. Terminal bars

3. Pressure connectors listed as grounding and bonding equipment

4. Exothermic welding process

5. Machine screw-type fasteners that engage not less than two threads or are secured with a nut

6. Thread-forming machine screws that engage not less than two threads in the enclosure

7. Connections that are part of  a listed assembly

8. Other listed means



Listed Pressure Connectors



Terminal Bars



Exothermic Welding Process



Exothermic Welding Process



Exothermic Welding Process



Exothermic Welding Process



Exothermic Welding Process

Disadvantages of mechanical connections:
ÅCause a point-to-point current flow (i.e. unequal current density).
ÅSusceptible to corrosion, lowering resistance over time.
ÅRequire an anti-oxidant compound in order to prolong the lifetime of the connection.

In 1938, Popspatented the Cadweldprocess, and enabled one man with 25 pounds of 
equipment to replace all of this equipment previously needed. Shortly thereafter, 
exothermic welding for cathodic protection applications was created, followed by high 
voltage power transmission and electrical grounding and bonding connections.

Over the last 80 years, the equipment has been greatly enhanced to improve ease-of-use, 
product safety and weld quality to increasingly justify its use and broaden its applications. 
Exothermic welding is a significant invention thathas accounted for more than 150 
million connections.

https://patents.google.com/patent/US2229045
https://www.nvent.com/us/en/products/cadweld/cadweld-history.html?utm_source=blog&utm_medium=erico_blog&utm_campaign=cadweld_com_launch_ph3&utm_content=blog1_link


Machine screw-type ŦŀǎǘŜƴŜǊǎΦΧ secured with a nut

Thread-ŦƻǊƳƛƴƎ ƳŀŎƘƛƴŜ ǎŎǊŜǿǎΧΦƴƻǘ ƭŜǎǎ ǘƘŀƴ ǘǿƻ ǘƘǊŜŀŘǎ ƛƴ ǘƘŜ ŜƴŎƭƻǎǳǊŜ



Question:

What type of screws can be used for 

panels and junction boxes?

Screws for electrical panels and boxes should not have

sharp pointed tips nor course threads!

A. Drywall Screw B. Pan-head Screw C. Sheet Metal Screw

D. Square/Flat Screw E. Phillips/Flat Screw F. All of the Above



250.22 Circuits Not t Be Grounded

1. 9ƭŜŎǘǊƛŎ ŎǊŀƴŜǎ ƻǇŜǊŀǘƛƴƎ ŀōƻǾŜ ŎƻƳōǳǎǘƛōƭŜ ŦƛōŜǊǎΧΧ рлоΦмрр

2. Health care facilities as provided in 517.61 & 517.160 (Anesthetizing Locations 

and Isolated Power Systems)

3. 9ǉǳƛǇƳŜƴǘ ǿƛǘƘƛƴ ŜƭŜŎǘǊƻƭȅǘƛŎ ŎŜƭƭ ǿƻǊƪƛƴƎ ȊƻƴŜΧΦΦ ссу

4. {ŜŎƻƴŘŀǊȅ ƭƛƎƘǘƛƴƎ ŎƛǊŎǳƛǘǎΧΧ пммΦрό!ύ

5. {ŜŎƻƴŘŀǊȅ ƭƛƎƘǘƛƴƎ ŎƛǊŎǳƛǘǎΧΧ сулΦноό!ύόнύ



250.24 Grounding Service-Supplied Alternating-Current Systems

Premise wiring supplied by a grounded AC service shall have a 
grounding electrode conductor connected to the grounded service 
conductor.

Grounding electrode conductor connection shall be made at any 
accessible point from the load end of the service drop or service lateral 
to and including the terminal or bus to which the grounded service 
conductor is connected at the service disconnecting means.





For a grounded system, an unspliced main 

bonding jumper shall be used to connect 

the equipment grounding conductor and the 

service disconnect enclosure to the 

grounded conductor within the enclosure 

for each service disconnecté..





Main Bonding Jumper?



The grounded conductor (neutral) shall be 

routed with the phase conductors and shall 

not be smaller than the required grounding 

electrode conductor (250.66) but shall not 

be required to be larger than the largest 

ungroundedé conductoré..

250.24 (C)(1) Routing & Sizing.





The grounded conductor (neutral) shall be 

shall not be smaller than the required 

grounding electrode in Table 250.66?

The grounded conductor (neutral) routed 

with the phase conductors shall not be 

smaller thané



Grounded conductor (neutral) sized by Table 250.66 ????

220.61 Feeder or service neutral load shall be the 
maximum unbalance of the load...
The maximum unbalanced load shall be the maximum net 
calculated load between the neutral conductor and 
ungrounded conductor



IN OUT
= BALANCED



IN OUT
= UNBALANCED



250.24 (C )(2) Parallel Conductors

Where the service -entrance phase conductors are installed 

in parallel, the size of the grounded conductor shall be 

based on the total circular mil area of the parallel 

conductorsé.but not smaller than 1/0 AWG .

Also see:

250.122(F) Where conductors are run paralleléthe 

equipment grounding conductor (EGC)éshall be run parallel 

in each raceway é

éEachéshall be sized on ampere rating éovercurrent 

deviceéin accordance with Table 250.122





Equipment Grounding Conductor (EGC)

Bonding Jumper



250.24 (D) Grounding Electrode Conductor (GEC)
ΧΦD9/ ǎƘŀƭƭ ŎƻƴƴŜŎǘ 9D/Σ ǎŜǊǾƛŎŜ ŜǉǳƛǇƳŜƴǘΧƎǊƻǳƴŘŜŘ ŎƻƴŘǳŎǘƻǊ όƴŜǳǘǊŀƭύ ǘƻ
9ƭŜŎǘǊƻŘŜόǎύΧŀƴŘ ǎƛȊŜŘΧнрлΦсс 

нрлΦсс {ƛȊŜ ƻŦΧDǊƻǳƴŘƛƴƎ Electrode Conductor (GEC)
ΧǎƛȊŜ ŀǘ ǎŜǊǾƛŎŜΧǎƘŀƭƭ ƴƻǘ ōŜ ƭŜǎǎ ǘƘŀƴ ƎƛǾŜƴ ƛƴ ¢ŀōƭŜ нрлΦсс ŜȄŎŜǇǘ ŀǎ ǇŜǊƳƛǘǘŜŘ ƛƴ 
(A) through (C).



2008 NEC
250.66(A) Where the GEC is connected to rod, pipe, or plate electrodes as permitted 
in 250.52(A)(5) or (A)(7), that portion of the conductor that is the sole connection to 
the GECshall not be required to be larger than 6 AWG copper.

2017 NEC
250.66(A) If the GEC or bonding jumper connected to a single or multiple rod, pipe or 
plate electrode(s), or any combination thereof, as describedƛƴ нрлΦрнΧΣ does not 
extend on to other types of electrodes that require a larger size conductor, the GEC
shall not be required to be larger than 6 AWG copper.

?







2008 NEC HANDBOOK
ά¢ƘŜ ǳǎŜ ƻŦ ōƻƴŘƛƴƎ ƧǳƳǇŜǊǎ ƻǊ D9/Ωǎ ƭŀǊƎŜǊ ǘƘŀƴ ǊŜǉǳƛǊŜŘ ōȅ нрлΦсс ƛǎ ŎŜǊǘŀƛƴƭȅ not 
prohibited.

250.68(A) Accessibility
All mechanical elements used to terminate a GEC or bonding jumper to a grounding 
electrode shall be accessible.
Exception: buried or concrete encased

Accessible: Capable of being removed or exposed without damaging the building 
structure or finish or not permanently closed in by the structure or finish of the 
building.

Readily Accessible: Capable of being reached quickly for operation, renewal, or 
inspections without requiring those to whom ready access is requisite to climb over 
or remove obstacles or to resort to portable ladders, and so fourth.



250.80 Service Raceways and Enclosures.

éshall be connected to the grounded system conductoré

Exception: A metal elbowéundergroundéisolated from 

possible contact by a minimum of 18 inchesé 


