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Lightning Safety and Protection 
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We will cover the following: 
1. Basics of Lightning 
2. Lightning Effects 
3. Lightning Safety 

 



Electrical Safety 

 

True or false? 

1. Electricity flows in the path of 
least resistance 

2. Electricity flows in all paths 
proportional to the resistance 
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Lightning can Change the World 

Max Billington, P.E. 

A lightning bolt that changed the world took place near Stotterheim on July 
2, 1505. A free spirited law student named Martin Luther was 
transformed  into a humble monk searching for God's grace.  

 
Luther had recently completed a Master's degree and had started his law 

studies at the University of Erfurt. He was on his way back to Erfurt and 
was caught in a terrible thunder storm. Lightning struck near him and he 
was thrown to the ground by the concussion. At that moment he called 
out "St. Anne Help me! I will become a monk!"  

 
To his father’s disgust and anger, Luther honored this solemn promise; he 

had one last party with university friends on July 16 and the next day he 
entered the Black Monastery in Erfurt to become a monk.   

 
…And you know the rest of the story… 

http://0.tqn.com/d/arthistory/1/0/K/Z/lce1107_17.jpg 

http://en.wikipedia.org/wiki/Image:Luther46c.jpg


Development of  
Lightning Protection Systems 

In Boston, Massachusetts, in 1746 Franklin first turned his home into 

a little laboratory, using machines made out of items he found 

around the house. Franklin spent the summer of 1747 

conducting a series of groundbreaking experiments with 

electricity. Franklin used the terms positive and negative (plus 

and minus) to describe electricity. His choices of positive versus 

negative resulted in the electron having a negative charge.  This 

resulted in the tortuous mathematics of electrical engineering. 

Franklin observed similarities between electricity and lightning, such 

as the color of the light, its crooked direction, crackling noise, 

and other things. 

By 1750, Franklin began to think about protecting people, buildings, 

and other structures from lightning. This grew into his idea for 

the lightning rod. Franklin described an iron rod about 8 or 10 

feet long that was sharpened to a point at the end. He wrote, 

"the electrical fire would, I think, be drawn out of a cloud silently, 

before it could come near enough to strike...“ 

http://compliance.safetys

mart.com/wp-

content/uploads/2012/06

/benfranklinlightning.jpg 
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 In the first half of the 20th century, hundreds of 
Americans died each year from lightning strikes. The data 
is messy, but in the years from about 1920 to the middle 
of the 1940s, about 400 people were killed by lightning 
annually. 

 Last year, 23 died, the fewest on record. Other recent 
years have had a similarly small number of lightning 
fatalities, with 28 in 2012, and 26 in 2011, the previous 
record. 

http://www.theatlant

ic.com/technology/a

rchive/2014/01/almo

st-no-americans-die-

from-lightning-

strikes-anymore-

why/283046/ 

January 14, 2014 
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FAA to examine airport 
towers after traffic 

controller injured by 
lightning strike 

…he turned on a generator to ensure the 
airport's runway lighting stayed on, part of a 
standard procedure during a storm…had his 
right hand on the generator switch when he 

saw lightning flash outside and felt a shock… 

http://www.foxnews.com/travel/2014/02/06/faa-to-

examine-airport-towers-after-traffic-controller-

injured-by-lightning/ 

Published February 06, 2014/  

FoxNews.com 
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http://cnsnews.com/news/article/american-men-almost-

6x-more-likely-women-be-killed-lightning 

 

"If you are caught on a golf 

course during a storm and are 

afraid of lightning, hold up a 

1-iron. Not even God can hit a 

1-iron.“  Lee Trevino  

http://golf.about.com

/cs/legendsofgolf/a/tr

evinoquotes.htm 
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Two mountain walkers suffered burns to their feet 
after a lightning strike which left them unable to 
walk…both experienced paralysis in the legs when 
lightning hit the ground about a meter away from 
their position…the men found their socks had been 
burned…had blisters and burns on their feet… 

http://www.bbc.co.uk/news/uk-wales-north-west-wales-25902599 
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Wednesday, October 

28, 1998 “…a 

premier league soccer 

match in 

Johannesburg was 

brought to an abrupt 

end when lightning 

struck the ground…” 

http://www.youtube.com/watch?v=MNJRPOltifI 

 

<iframe width="640" height="360" 

src="//www.youtube.com/embed/MNJRPOltifI?feature=player_detailpage" frameborder="0" 

allowfullscreen></iframe> 
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http://www.youtube.com/watch?v=MNJRPOltifI
http://www.youtube.com/watch?v=MNJRPOltifI
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Basics of Lightning 
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http://whyfiles.org/wp-content/uploads/2011/07/lightning_diagram2.gif 



Basics of Lightning 
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Lightning originates around 15,000 to 25,000 feet above sea 
level when raindrops are carried upward until some of them 
convert to ice.  Lightning is due to the collisions between 
moving particulates, water droplets and ice crystals creating 
electrical charges within a cloud.  The statically charged 
elements separate creating a potential.  Water droplets fall, 
carrying charged electrons to the lower portion of the cloud, 
building a negative charge. Ice crystals are blown upward 
causing a positive charge to build near the top of the cloud. 
 
At the same time a positive shadow charge is created in the 
top few feet of the earth directly beneath the cloud. 



Basics of Lightning 

Max Billington, P.E. 

Once the potential difference 
between the top of the cloud 
and the bottom of the cloud 
is less than the potential 
difference from the bottom 
of the cloud to the shadow 
charge in the earth, the 
charge will tend to jump to 
the ground.   
 
This then leaves potential 
differences within the cloud 
causing inner cloud lightning.   



Basics of Lightning 
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A lightning discharge can contain 30 million volts at 100,000 amperes.  
 
The total energy in a large thunderstorm is more than that in an atomic bomb.  
 
85% of lightning is cloud to cloud, 15% is cloud to earth 
 
Though the bolt appears continuous, it is actually a series of short bursts. Most 

lightning strikes occur in less than a half second and the bolt is usually less than 2 
inches in diameter.  

 
The air around a lightning bolt is superheated to about 54,000 deg. F. (five times hotter 

than the sun). This sudden heating causes the air to expand faster than the speed 
of sound, which compresses the air and forms a shock wave; we hear it as thunder. 

 
The bolt is actually several short bursts strung together, so multiple shock waves are 

created at different altitudes; hence thunder seems to rumble - each shock wave 
takes a different amount of time to reach your ear.  



Basics of Lightning 
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Basics of Lightning 
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NFPA 780, FIGURE 
L.2  1989–1998 
Average U.S. 
Lightning Flash 
Density Flashes per 
Square Kilometer 
per Year.  
(Courtesy Global 
Atmospherics, Inc.) 



Lightning Effects 
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© 2000 Dave Crowley www.stormguy.com 

Lightning Affects to 
a Structure 

 Direct strike 

 Side Flashes 

 Ground Currents  

 Bound Charge 

 EMP/RFI 

 Cross Coupled 
Currents 



Cloud to Cloud Lightning (85%) 

 No direct 
strike 

 Bound 
Charge 
always 

 High 
probability 
of 
destructive 
earth 
currents 

 EMP/RFI 

Max Billington, P.E. 

© 2000 Dave Crowley www.stormguy.com 



Cloud to Cloud Lightning (85%) 

Max Billington, P.E. 

+

-

+

++-- ------ -- - - -

++ +++

-- - - - - - --

+ +++++

++ ++++++

- - --

++ +

+++ +++++ ++

---- -------

+++++ +++ +

------ -

+
++

+

-
-

+

----

++++ ++++++

---
--

++++++
+
+

+
+

+
+

- -

+

--

-

+++++ +
+++

- - - - - - -

+++

- - - - - - - -

+
+

+
+

+
+

+
+

+
+

Bound 
Charge 

Earth Currents flow proportionally 



Ground to Cloud Lightning (15%) 

 Low 
probability of 
direct strike 

 Bound charge 
always 

 High 
probability of 
destructive 
earth 
currents 

 EMP/RFI 
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Ground to Cloud Lightning (15%) 

 Strike occurs 
at a distance 

 Transients 
enter along 
service or 
phone line 

 Utility re-
closer causes 
quick multiple 
outages 
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Bound 
Charge 

Earth Currents flow to strike point 



Ground to Cloud Lightning 

 Ground Currents are 
more intense closer to 
the stroke 

 Voltage potential 
between feet can 
result in deadly 
amplitudes 

 Lightning currents 
cause high amplitude 
cross coupled currents 
in conductive 
materials 
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http://whyfiles.org/wp-content/uploads/2011/07/lightning_diagram2.gif 

Review the Basics of Lightning 



Volcanic Lightning 

 

http://cdn0.lostateminor.com/wp-content/uploads/2013/03/Martin-

Rietze-2-990x500.jpg 
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Lightning Affects on People 
• Direct Strike 
• Side Flashes 
• Earth Currents 
• Hearing Loss 
• Burns 
• Neurological 
• Emotional 
• Musicophilia 

Lightning Effects on People 

Max Billington, P.E. 

http://cosmicconvergence.org/wp-

content/uploads/2012/04/072910_rg_LightningStrikes_01.jpg 



Lightning Safety 
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Lightning Dangers: 
• Direct Strike 
• Side Flashes 
• Ground Currents 
• Step Voltage 
• Cross Coupled Currents 
• EMP 
• Heat 



Touch 
Potential  

Step 
Potential 

Max Billington, P.E. 

Lightning Safety 



Lightning Safety 
Step 
Potential 

 Resistance 
from foot-
to-foot is 
lower than 
through 
soil, so 
current 
flows 
through 
legs   

Max Billington, P.E. 

http://www.treesquirrel.us/different_

voltage_zones_to_large_a_step.gif 



Electrical Safety 

Max Billington, P.E. 

Readings Effects

1 mA or less Causes no sensation - not felt.

1 mA to 8 mA Sensation of shock, not painful; Individual can let go at 

will since muscular control is not lost. 

8 mA to 15 mA Painful shock; individual can let go, muscular control 

is not lost.

15 mA to 20 mA Painful shock; control of adjacent muscles lost; victim 

can not let go; breathing becomes labored.

50 mA to 100 mA Ventricular fibrillation - an uncoordinated twitching of 

the heart's ventricles that can result in death - is 

possible.  Breathing can stop.

100 mA to 200 mA Fatal shock is possible. Ventricular fibrillation occurs. 

Can cause the heart and lungs to stop functioning.

200 mA and over Severe burns, severe muscular contractions - so 

severe that chest muscles clamp the heart and stop it 

for the duration of the shock. 

Safe 

Current 

Values

Unsafe 

current 

values



 Step Potential 

Max Billington, P.E. 

Lightning Safety 

Lightning 

Intensity

distance 

to 50 mA

distance 

to 8 mA

5,000 Amps 11 28

10,000 Amps 15 39

20,000 Amps 22 56

100,000 Amps 50 130

Step distance 2 feet

Lightning 

Intensity

distance 

to 50 mA

distance 

to 8 mA

5,000 Amps 4 10

10,000 Amps 6 14

20,000 Amps 8 20

100,000 Amps 18 45

Step distance 6 Inches



Lightning Safety 
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The tucked lightning position: Squat 
low to the ground. Place your 
hands on your knees with your 
head tucked between them. You 
should assume a crouch position 
with your feet close together 
and your butt off the ground. 
Keep the balls of your feet as 
close together as possible while 
maintaining your balance. Don't 
lie down on the ground. Don't 
put your hands on the ground.  

 

outdoored.com 



Lightning Safety 
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Protection from Lightning Strikes 
• At Home or office: 

• Do not turn on the TV; unplug TV 
• If practical,  turn off computers, open switches 
• Listen to NOAA Weather Radio for the most current 

information 
• Unplug all appliances before the storm hits 
• Avoid using the land-line phone; cell phones are OK 
• Stay away from faucets, sinks, and bathtubs 
• Keep away from windows  



Protection from Lightning Strikes 
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Outdoors if lightning is looming: 
• If you are near a pinnacle, stay inside a 

zone where your horizontal distance 
from the pinnacle is about one to one-
half less than the pinnacle's height 
above you. 

• Avoid caves and overhangs unless they 
are clearly dry and spacious. 

• Assume the tucked lightning position on 
top of a boulder that is resting on top of 
other rocks.  

• Stay away from taller trees  
• If you are at an athletic field stay away 

objects that can conduct electricity. 
• If you are in the middle of an open field, 

get into a low-lying area and assume the 
tucked lightning position. 

http://www.ruhrnachrichten.de/storage/pic/md

hl/automatischer-

bildimport/dpa/infoline/wissenschaft/2542354

_1_jpeg-147DAE0071ED6113-20110623-

img_31054282_original.large-4-3-800-0-35-

2824-2148.jpg?version=1308852805 



Protection from Lightning Strikes 
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Away from home: 

• If you are in or near the water, go to 
land immediately and find shelter 

• If choosing between a building or a 
car, choose the building 

• If choosing between a hard-top and a 
convertible, choose the hard-top 

• If you're in a car, keep the windows 
closed 

• If there is no shelter, find a low-lying, 
open place that is a safe distance 
from trees, poles, or metal objects 
that can conduct electricity 

• Do not lie flat on the ground 



Protection from Lightning Strikes 
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Outdoor sporting events: 
• Swimming pools and water sports 

• Get of the water, seek shelter 
• Baseball and Soccer fields 

• Avoid open shelters and steel backstop and 
steel fencing 

• Get to enclosed shelter or cars 
• If clear imminent danger, near pitcher’s 

mound in tucked lightning position 
• Bicycling 

• Seek shelter 
• Avoid tall trees, steel poles and fencing  
• Get away from open areas 
• If in forested area avoid stream beds and 

tallest trees 

 

 

https://s3.amazonaws.com/fil

es.leagueathletics.com/Text/

Documents/4119/43422.pdf 
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Review what we have learned… 



 



 

These individuals were 

unaffected for two 

different reasons: 

one 

point of 

contact 

one 

point of 

contact 

two points of 

contact, but 

no step 

voltage 



 These individuals were affected probably 
because of step voltage, they were 

facing the location of the ball which put 

them perpendicular to the flow of earth 

currents. 



FAA to examine airport 
towers after traffic 

controller injured by 
lightning strike 

…he turned on a generator to ensure the airport's 
runway lighting stayed on, part of a standard 

procedure during a storm…had his right hand on 
the generator switch when he saw lightning flash 

outside and felt a shock… 
http://www.foxnews.com/travel/2014/02/06/faa-to-

examine-airport-towers-after-traffic-controller-

injured-by-lightning/ 

Published February 06, 2014/  

FoxNews.com 

Max Billington, P.E. 

//www.foxnews.com/
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Questions and Discussion 



Lightning Mitigation for Existing 
Facilities 
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Lightning Dangers: 
• Direct Strike 
• Side Flashes 
• Ground Currents 
• Step Voltage 
• Heat/Fire  
• Electromagnetic forces 
• Cross Coupled Currents 
• EMP 



Max Billington, P.E. 

Lightning Mitigation for Existing 
Facilities 

Building codes do not require lightning protection 
• Underwriters  
• Owners 
If UL Listing is desired 
• UL Lightning Protection  
      Inspection Certificate  
• NFPA 780 
• UL 96 and 96A  

 



Lightning Protection Components 

Early Streamer  Emission Systems 

Dissipater Array Systems  

Franklin Rod Systems 

Max Billington, P.E. 



Lightning Protection Components 

Early Streamer  Emission Systems 

Max Billington, P.E. 



Lightning Protection Components 

Dissipater Array Systems  

Max Billington, P.E. 

http://www.mobilecomms-technology.com/contractors/turnkey/alltec-corporation/


Lightning Protection Components 

Early Streamer  Emission Systems 

Dissipater Array Systems  
 

THEREFORE, IT IS ORDERED THAT an injunction shall issue 

enjoining and restraining the Plaintiffs, their successors, officers, 

agents, employees, dealers, distributors, and attorneys and on all 

persons, partnerships or corporations in present or future active 

concert or participation with the Plaintiffs or any other person, 

partnership or corporation acting on behalf of the Plaintiffs, from 

advertising, whether explicitly or implicitly, that any or all 

Plaintiffs sell a lightning protection air terminal or similar product 

that has been proven to significantly extend the maximum range of 

protection against lightning damage beyond that afforded by NFPA 

780 requirements. U.S. District Judge, October 7, 2005 

Max Billington, P.E. 



Lightning Protection Components 

Early Streamer  Emission Systems 

Dissipater Array Systems  
 

There is consensus of the scientific community at 

large questioning the claims behind non-

conventional lightning protection systems.  Many 

in the scientific community have rejected the 

following lightning protection systems: 

a) Lightning Elimination Devices/ 

    Charge Transfer Systems (CTS), 

b) Early Streamer Emission (ESE) lightning rods 

c) The Collection Volume Method (CVM)  

Max Billington, P.E. 



Lightning Protection Components 

John M. Tobias, PhD, PE, Chair NFPA 780 Technical 

Committee on Lightning Protection 

• “Early Streamer Emission (ESE) devices were supposed to 

be explored by a new NFPA 781 around the early 2000 time 

(frame)...this effort collapsed several years ago…since that 

time, (there has been no significant) new effort … to broadly 

incorporate them into a US standard” 

• “ESE standards exist in Spain and perhaps France”   

• “The International Electrotechnical Committee does not 

recognize ESE or CTS either.” 

Max Billington, P.E. 



Lightning Protection Components 

Franklin Rod Systems 
• Should be specified according to: NFPA 780 

- Standard for the Installation of Lightning 

Protection Systems 

• Require a UL Lightning Protection Inspection 

Certificate  

• Lightning protection systems are not 

required by code. 

Max Billington, P.E. 



Installation of Lightning Protection 
Systems 

NFPA 780 - Standard for the Installation of Lightning 

Protection Systems 
 

Annex L - Lightning Risk Assessment 
 

The risk assessment method is a guide that takes 

into account the lightning and the following factors: 

(1)  Building environment 

(2)  Type of construction 

(3)  Structure occupancy 

(4)  Structure contents 

(5)  Lightning stroke consequences 
Max Billington, P.E. 



NFPA 780 - Standard for the Installation of Lightning 

Protection Systems 

FIGURE 4.1.2  Roof 

Types: Protection 

Methods 

Max Billington, P.E. 



NFPA 780 - Standard for the Installation of Lightning 

Protection Systems 

Air terminal heights  

and supports 

Max Billington, P.E. 



NFPA 780 - Standard for the Installation of Lightning 

Protection Systems  

A zone of protection shall also be formed where such a sphere is resting on two or 

more strike termination devices and shall include the space in the vertical 

plane under the sphere and between those devices 



NFPA 780 - Standard for the Installation of Lightning 

Protection Systems 

Max Billington, P.E. 



Lightning Mitigation 

Lightning Dangers: 
•Direct Strike (LPS, SPD) 
•Side Flashes (LPS, SPD) 
•Earth Currents (Ground Ring, SPD) 
•Step Voltage (Ground Ring) 
•Heat/Fire (LPS) 
•Electromagnetic forces (LPS, SPD) 
•Cross Coupled Currents  (SPD) 
•EMP (SPD) 

Max Billington, P.E. 



Surge Protective Devices 

NEC: 

 

Surge-Protective Device (SPD). A protective device for limiting transient voltages by diverting 

or limiting surge current; it also prevents continued flow of follow current while remaining 

capable of repeating these functions and is designated as follows: 

Type 1: Permanently connected SPDs intended for installation between the secondary 

of the service transformer and the line side of the service disconnect overcurrent 

device. 

Type 2: Permanently connected SPDs intended for installation on the load side of the 

service disconnect overcurrent device, including SPDs located at the branch 

panel. 

Type 3: Point of utilization SPDs. 

Type 4: Component SPDs, including discrete components, as well as assemblies. 

 

This definition was new in the 2008 Code. UL has changed the listing categories for transient 

voltage surge suppressors and surge arresters and has combined them into the surge 

protective device (SPD) category in UL 1449, 3rd edition, Standard for Safety for Surge 

Protective Devices. UL 1449 includes Type 1 and Type 2 SPDs for permanently 

connected devices for use on circuits not exceeding 600 volts.  Types 2 and 3 were 

previously known as TVSS devices. 

Max Billington, P.E. 



Mitigate Lightning with Surge Protective 
Devices 

© 2013, Thomas & Betts Power Solutions, LLC. 

SPDs at all 

locations that 

have conductive 

paths outside 

building 

envelope. 

http://ditekcorp

.com/index.asp 

Max Billington, P.E. 
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Questions and Discussion 


