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NOTE: This gui de specification covers the
requirenents for lightning protection systenms for
nonordnance naval facilities, systems and
installation, buildings, and other structures.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR)
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NOTE: Show the following informati on on the project
dr awi ngs:

1. Location of air termnals.
2. Location of down conductors.
3. Location of ground rods or groundi ng pl ates.

4. Location of ground loops (if any).

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI C135. 30 (1988) Zinc-Coated Ferrous Ground Rods for
Over head or Underground Line Construction

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENQ NEERS (| EEE)
| EEE 81 (1983) Cuide for Measuring Earth
Resistivity, G ound | npedance, and Earth
Surface Potentials of a Gound System
NATI ONAL FI RE PROTECTI ON ASSCC!I ATI ON ( NFPA)
NFPA 70 (2008; TIA 08-1) National Electrical Code

NFPA 780 (2008) Standard for the Installation of
Li ghtning Protecti on Systens

U S. CENERAL SERVI CES ADM NI STRATI ON ( GSA)
FS A- A-52913 Splice Connectors

UNDERWRI TERS LABORATORI ES (UL)

UL 467 (2007) G oundi ng and Bondi ng Equi pnent

UL 96 (2005) Standard for Lightning Protection
Conponent s

UL 96A (2007) Standard for Installation
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Requirements for Lightning Protection
Syst ens

UL Electrical Constructn (2009) Electrical Construction Equi pnent
Directory

1.2 RELATED REQUI REMENTS

Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS applies to
this section with additions and nodifications specified herein.

1.2.1 Verification of D nensions

Contractor shall become famliar with all details of work, verify all
dimensions in field, and shall advise Contracting O ficer of any

di screpancy before perform ng work. WMake no departures wi thout prior
approval of Contracting Oficer.

1.2.2 Syst em Requi renment s

Material s shall consist of standard products of a manufacturer regularly
engaged in production of lightning protection systens and manufacturer's

| atest UL approved design. Lightning protection systemand materials shall
conformto NFPA 70, NFPA 780, UL 96 and UL 96A.

1.3 SUBM TTALS

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnittals
required for the project. Keep submittals to the

m ni mum required for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
subnittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Management System (RMB) are: "AE" for
Architect-Engineer; "DO for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Arny projects.
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Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Government.] Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Mbodify subnmittals paragraphs to ensure that
an appropriate submttal is required for each item

in the project.
EE SRR I Ik S b O S S S I O R R R Rk S I S kS I I R SR Ik I S I O R Sk I I O S

SD- 02 Shop Drawi ngs
Overall lightning protection systen[; C[; G [
Each maj or conponent[; C[; G [___ 11

SD- 03 Product Data
Submit nmanufacturer's catalog data for the follow ng itens:

Air Termnals
Mai n and Secondary Conductors

G ound Rods
d anmp- Type Connectors
Li ght ni ng Protecti on Conponents
Har dwar e
Accessori es
SD-06 Test Reports
Groundi ng systemtest[; C[; G [
Li ghtning protection systeminspection[; CJ[; G [
SD-07 Certificates
UL listing or label[; C[; G [___ 11

Submit Certificates in accordance with paragraph entitled, "System
Ratings," of this section.

4 QUALI TY ASSURANCE

In each standard referred to herein, consider the advisory provisions to be
mandat ory, as though the word "shall" has been substituted for "shoul d"
wherever it appears. Interpret references in these standards to "authority
havi ng jurisdiction,” or words of simlar neaning, to mean Contracting
Oficer.
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4.1 Installati on Draw ngs

a. Subnmit installation shop drawing for the overall |ightning protection
systen. Drawi ngs shall include physical |ayout of the equipnent,
di mensi ons, nounting details, relationship to other parts of the work,
and wiring diagram

b. Submt detail drawi ngs for each najor conponent to include
manuf acturer's descriptive and technical literature, catal og cuts, and
installation instructions.

4.2 UL Listing or Labe

Submit proof of conmpliance. Label of or listing in UL Electrical Constructn
is acceptable evidence. In lieu of label or listing, submt witten
certificate froman approved, nationally recognized testing organi zati on
equi pped to perform such services, stating that itens have been tested and
conformto requirenents and testing nmethods of Underwiters Laboratories.

.5 SI TE CONDI TI ONS

Contractor will becone famliar with details of the work, verify dinensions
inthe field, and advise Contracting O ficer of discrepancies before
performng work. Deviations fromcontract drawings will not be nade

wi t hout prior approval of Contracting Oficer.

PART 2 PRODUCTS

2.

1 VATERI ALS

Do not use a conbination of nmaterials that fornms an el ectrolytic couple of
such nature that corrosion is accelerated in presence of mnpisture unless
noi sture is permanently excluded fromthe junction of such netals. Were
unusual conditions exist which would cause corrosion of conductors, provide
conductors with protective[ tinned] coatings. Were a nmechanical hazard is
i nvol ved, or protect conductors by covering themw th nolding or tubing
made of wood or nonmagnetic nmaterial. Wen netallic conduit or tubing is
provi ded, electrically bond conductor to conduit or tubing at the upper and
| ower ends by clanmp type connectors or welds (including exothermc).

Li ghtni ng protection equi pnent, Accessories, and Hardware shall conformto
NFPA 70, NFPA 780, and UL 96.

11 Mai n and Bondi ng Conductors

NFPA 780 and UL 96 Class |, Class Il, or Class Il nodified materials as
appl i cabl e.

Si ze of conductors shall not be | ess than specified in NFPA 780.

1.2 Copper

For Class | materials (structures not exceeding 75 ft in height), provide
copper main conductors that do not weigh |l ess than [187]] ] pounds per

thousand feet, have a cross section area of not less than [57,400][ ]
circular mls and m nimum strand size of not less than [17][__ ] AWG
For Class Il materials (structures exceeding 75 ft in height), provide
copper main conductors that do not weigh less than [375][ ] pounds per

thousand feet, have a cross section area of not less than [115,000][_ ]
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circular mls and mninum strand size of not less than [15][ ] AVWG
Provi de | oop conductors that are conprised of copper conductors not smaller
than No. [1/0][ ] AWG

2.1.3 Al unmi num

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

NOTE: This paragraph is to be del eted when used for
Atlantic Division, Naval Facilities Engineering
Command. Exception, Al um num conductors are
allowable in Atlantic Division when specifically
required by the NFPA 780 (e.g. alum num structures,

etc.)
EE SRR I Ik S b O S S S I O R R R Rk S I S kS I I R SR Ik I S I O R Sk I I O S

For Class | materials (structures not exceeding 75 ft in height), provide
al um num nmai n conductors that do not weigh | ess than [95]] ] pounds per

thousand feet, have a cross section area of not less than [98,600][ ]
circular mls and m nimum strand size of not less than [14][ __ ] AWG
For Class Il materials (structures exceeding 75 ft in height), provide

al um num mai n conductors that do not weigh less than [190][__
per thousand feet, have a cross section area of not |ess than

[ 192, 000] [ ] circular mls and mninumstrand size of not |ess than
[13] [

] pounds

Do not allow alumnumto contact the earth and do not use in any other
manner that will contribute to rapid deterioration of the netal. Cbserve
appropriate precautions at connections with dissimlar netals in accordance
with NFPA 70 Article 110-14. Provide al um num cabl e conductors for bonding
and interconnecting netallic bodies to main cable that are at | east

equi valent to strength cross-sectional area of a No. 4 AWG al um num wi re.

2.2 COVPONENTS
2.2.1 Air Term nals

Provide term nals in accordance with UL 96, except provide Class Il for
Class | and Cass Il applications. Support air termnals nore than 610 n
24 inches in length by suitable brace, with guides, not |ess than one-half
the height of the term nal

Air terminals shall be[ 16 mllinmeter 5/8-inch alumnum|[ 15 mllineter
1/2-inch diameter nickel-tipped copper] with Iength and | ocation as
indicated. Fasten air termnals to a [bronze][al um nun] connector with a
mal e threaded stud on which the fenmal e threaded air-term nal shaft shall be
nount ed

Air terminals shall be not Iess than 250 millinmeter 10-inches high above
the object to protect, tapered to a point. Separate points are not
required on top of air termnals, but if used, the points shall be of
substantial construction and securely attached by screw or slip joints.
Air terminals nore than [450] [ ] mllinmeter 24-inches high shall be
supported by a suitable brace with guide(s) not |ess than one-half the
hei ght of the air terninal

2.2.2 G ound Rods

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

SECTION 26 41 00.00 40 Page 8



NOTE: The designer will deternine the type and
nunber of ground rods to be used based on | oca
conditions and earth resistively data. Copper clad
steel rods will be specified for normal conditions
Gal vani zed coated steel or stainless steel rods wll
be used where low soil resistivities are encountered
and gal vani ¢ corrosion may occur between adjacent
underground netallic masses and the copper-cl ad
rods. Stainless steel rods have a longer life than
zinc coated steel, but use of these nust be
justified based on the higher cost. 1In high
resistively soils, 3050 nm 10 foot sectional rods
may be used to obtain the required resistance to
ground; however, where rock is encountered,
additional rods, a ground |oop, or ground grid may
be necessary. Coordinate and standardi ze rod
selection for individual facilities with other

speci fication sections.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

Provi de [ground rods nmade of [copper-clad steel] [stainless steel] [solid
copper] conformng to UL 467.] [gal vani zed ferrous rods conformng to

ANS|I C135.30.] Provide ground rods that are not | ess than 20 mr 3/4 inch
in diameter and 3050 nmm 10 feet in length. Do not m x ground rods of
copper-cl ad steel, stainless steel, galvanized ferrous, or solid copper on
the sane j ob.

. 2.3 Groundi ng Pl ates

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

NOTE: The use of grounding plates is discouraged in
Mlitary Handbook M L-HDBK-1004/6, paragraph 3.3.4;
however, the use of grounding plates is an
acceptable alternative to ground rods in areas where
excessi ve rock and surface | edge is encountered.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Provi de groundi ng pl ates made of [copper-clad steel][iron][stainless steel]
[solid copper] conforming to UL 96.

.2.4 Connections and Terni nati ons

Provi de connectors for splicing conductors that conformto UL 96, class as
appl i cabl e. Conductor connections can be made by cl anps or wel ds
(including exothermc). Provide style and size connectors required for the
installation [of corrosion-resistant material (binetallic) affording
protection against electrolysis when joining dissimlar netals]. [Only use
cl anp-type connectors for the connection of the roof conductor to the air
termnal and to the guttering. Al other connections, bonds, and splices
shal | be done by exotherm c welds or by high conpression fittings. List
the exothernmic wel ds and high conpression fittings for the purpose. The
hi gh conpression fittings shall be the type which require a hydraulically
operated nechanismto apply a nmi ni mum of 10, 000 psi.]

. 2.5 Connector Fittings

Provi de connector fittings for "end-to-end", "Tee", or "Y" splices that
conformto NFPA 780.
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2.

2

2.

2.6 Li ght ni ng Protecti on Conponents

Provi de bonding plates, air term nal supports, chimey bands, clips, and
fasteners that conformto UL 96 cl asses as applicable.

.3 MAI N AND SECONDARY CONDUCTORS

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

NOTE: Delete all references to a counterpoi se when
soil conditions indicate that a counterpoise is not
required.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

Conductors shall be in accordance with NFPA 780 and UL 96 for C ass |
Class Il, or Class Il nodified materials as applicable and shall be
[ copper] [al um num.

[ Mass Wei ght of copper conductors shall be not |ess than 0.283 kil ogram per
neter 187.5 pounds per thousand feet, and the size of any wire of this
cable shall be not |less than AWG No. 17. Copper tube or solid-section
conductors of copper shall weigh not |ess than 0.283 kil ogram per neter
187.5 pounds per thousand feet, and no tube wall shall be | ess than AWG No.
20. Thickness of any copper ribbon or strip shall be not |ess than AWG No.
16. Copper conductors used for counterpoi se shall be not smaller than AWG
No. 1/0.]

[Do not allow alumnumto contact or touch the earth, dissimlar netals, or
constructions where rapid deterioration of the netal could result. Cbserve
precautions at connections with dissimlar netals. Al um numcable
conductors shall be electrical conductor-grade al um num and wei gh not |ess
than 0.14 kil ogram per nmeter 95 pounds per thousand feet. Size of any wire
of the cable shall be not |less than AWG No. 14. Al um num conductors for
bondi ng and interconnecting netallic bodies to the main cable shall be at

| east equivalent to strength and cross-sectional area of a AWG No. 4
alumnumwire. Alumnumstrip conductors for interconnecting netallic
bodies to the main conductor cable, when void of perforations, shall be not
less than No. 14 and at least 15 millinmeter 1/2-inch wide. Wen
perforated, the strip shall be as much w der as the dianmeter of the
perforations. Alumnumstrip for connecting exposed water pipes shall be
not less than AWG No. 12 and at least 40 millinmeter 1-1/2-inches wide.]

.4 CLANVP- TYPE CONNECTORS

Clanmp connectors for splicing conductors shall conformto UL 96 and

FS A-A-52913, dass 2 noninsulated, style and size as required for the
installation. Connectors shall be of corrosion-resistant material and
shal |l afford protection against electrolysis.

5 LI GHTNI NG PROTECTI ON COVPONENTS
Li ght ni ng protection conponents, such as bonding plates, air termna

supports, chimey bands, clips, and fasteners shall conformto UL 96,
cl asses as applicable.

PART 3 EXECUTI ON

3.

1 | NTEGRAL SYSTEM

Li ghtning protection systemconsists of air termnals, roof conductors,
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down conductors, ground connections, grounding el ectrodes and ground | oop
conductor. Electrically interconnect lightning protection systemto form
the shortest distance to ground. Do not use nonconducting parts of the
structure as part of the building' s lightning protection system Expose
conductors on the structures except where conductors are required to be in
protective sleeves. |Interconnect secondary conductors w th grounded
nmetallic parts within the building. Make interconnections within

side-fl ash distances at or above the level of the grounded netallic parts.

1.1 Air Term nals

Provide air term nal design and support conformng to NFPA 780. Rigidly
connect terminals to, and nake electrically continuous wth, roof
conductors by neans of pressure connectors or crimnped joints of T-shaped
mal | eabl e netal. Provide pressure connector or crinped joint with a dowel
or threaded fitting to connect ground rod conductor with air termnal. Set
air termnals at ends of structures not nore than 610 nr 2 feet from ends
of ridges and corners of roofs. Do not exceed 7620 nmm 25 feet in spacing of
610 mr 2 foot high or greater air termnals on ridges, parapets, and around
perineter of building with flat roofs or 20 feet in spacing of air
termnals less than 2 feet high. Wen necessary to exceed this spacing,
use taller air termnals and the rolling sphere method. On large flat, or
gently sloping roofs, as defined in NFPA 780, place air termnals at points
of the intersection of imaginary lines dividing the surface into rectangles
havi ng sides not exceeding 15 m 50 feet in length. Secure air termnals
agai nst overturning either by attachnent to the object to be protected or
by means of a substantial tripod or other braces which are permanently and
rigidly attached to the building or structure. Metal projections and neta
parts of buildings such as snokestacks and other netal objects that are at

| east 3/16 inch 4.763 nmr thick and that do not contain hazardous materi al s,
need not be provided with air termnals. However, bond these nmetal objects
to a lightning conductor through a netal conductor of the same unit weight
per length as the main conductor. [Were netal ventilators are install ed,
nount air termnals thereon, where practical. Bond air termnals, erected
by necessity adjacent to a netal ventilator, to the ventilator near the top
and bottom] [Were nonnetallic spires, steeples, or ventilators are
present, nmount air terminals to the side. |In addition, where spires or
steepl es project nore than 3050 mr 10 feet above the building, continue
conductor fromair term nal to nearest down conductor securely connect
thereto.] [Wiere netal ventilators are installed, nount air termnals
thereon, where practicable. Any air termnal erected by necessity adjacent
to a netal ventilator shall be bonded to the ventilator near the top and
bottom] [Were netal ventilators are installed with air term nals nounted
thereon, the air termnal shall not be nore than 610 nmr 24 inch away from
the farther edge or corner. |If the air terminal is farther than this

di stance, add an additional air termnal in order to nmeet this

requirenent. Were netal ventilators are installed with air termnals
nount ed adj acent, the air term nal shall not be nore than 610 mr 24 inches
away fromthe farther edge or corner. |If the air terminal is farther than
this distance, add an additional air termnal in order to neet this
requirenent. ]

Air terminal tips on buildings used for manufacturing, processing,
handl i ng, or storing explosives, anmunition, or explosive ingredients shal
be a mnimumof 600 miIlineter 2 feet above the ridge parapet, ventil ator
or perineter.

Air terminals shall be a mninmumof 1500 mllimeter 5 feet above the
openi ng on open or hooded vents emtting explosive dusts or vapors under
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natural or forced draft.

Air terminals shall extend a mininmumof 4500 millineter 15 feet above vent
openi ng on open stacks em tting explosive dusts, gases, or vapor under
forced draft.

.1.2 Roof Conductors

Connect roof conductors directly to the roof or ridge roll. Avoid sharp
bends or turns in conductors. Do not make turns of |ess than 205 mr 8
inches radius. Preserve horizontal or downward course on conductors.
Rigidly fasten conductors every 915 mr 3 feet along the roof and down the
building to the ground. Rigidly connect nmetal ventilators to the roof
conductor at [two][three] places. Make connections electrically
continuous. Course roof conductors along contours of flat roofs, ridges,
par apets, and edges; and where necessary, over flat surfaces, in such a way
as to join each air terminal to all the rest. Connect roof conductors
surroundi ng tank tops, decks, flat surfaces, and flat roofs to forma

cl osed | oop.

.1.3 Down Conduct or s

Make down conductors electrically continuous fromair termnals and roof
conductors to grounding el ectrodes. Course down conductors over outer
extreme portions of the building, such as corners, with consideration given
to location of ground connections and air termnals. Provide each building
or structure not less than two down conductors |located as w dely separated
as practicable, such as at diagonally opposite corners. [Structures
exceeding 76 m 250 feet in perinmeter, provide at |east one additional down
conductor for each 30 nm 100 feet of perineter or fraction thereof.]Provide
enough conductors so that the average di stance between them al ong the
perineter is not greater than 30 m 100 feet. [Structures exceeding 15 m 50
feet in height, provide at |east one additional down conductor for each
additional 18 m 60 feet of height or fraction thereof, except that this
application will not cause down conductors to be placed about the perineter
of the structure at intervals of less than 15 n 50 feet.] |Instal

addi ti onal down conductors when necessary to avoid "dead ends" or branch
conductors ending at air termnals, except where the air termnal is on a
roof below the main protected | evel and the "dead end" or branch conduct or
is less than 5 n 16 feet in length and maintains a horizontal or downward
coursing. Equally and symretrically spaced down conductors about the
perinmeter of the structure. Protect conductors where necessary, to prevent
physi cal damage or displacenment to the conductor. [Protect down conductors
by placing in [pvc] [rigid steel] conduit for a mnimmdistance of 1800 mr
72 inch above finished grade level.] [If the conduit is netal, bond the
down conductor at the top and bottom of the conduit.].

1.4 I nt erconnection of Metallic Parts

Connect metal doors, w ndows, and gutters directly to ground or down
conductors using not snmaller than No. 6 copper conductor, or equivalent.
Where there is probability of unusual wear, nechanical injury, or
corrosion, provide conductors with greater electrical capacity than nornal
or protect the conductor. Provide nechanical ties or pressure connectors
bet ween grounds and netal doors and w ndows.

. 1.5 Ground Connecti ons

Securely connect conductor form ng continuations of down conductors from
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structure to grounding electrode in a nanner to ensure electrica
continuity between the two. Provide [clanmp type connections][welds
(including exothermc)] for continuation. Provide a ground connection for
each down conductor. Attach down conductors to ground [rods] [plates] by
wel di ng (including exothermc), brazing, or clanping. Provide clanps

suitable for direct burial. Protect ground connection from nmechanica
injury. Bond nmetal water pipes and other |arge underground netallic
obj ects together with all grounding mediums. |n making ground connections,

take advantage of all permanently noist places where practicable, although
avoi d such places when area is wet with waste water that contains chenica
subst ances, especially those corrosive to netal.

3.1.6 Groundi ng El ectrodes

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: \Where soil conditions indicate definitely
that a ground loop will not be required, al
references to a ground | oop should be deleted from
t he specifications.

In accordance with M L- HDBK- 1004/ 6, the nmaxi num
ground resistance for any lighting protection system
shoul d not exceed 10 ohns.

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

Provi de groundi ng el ectrode for each down conductor. Extend driven ground
rods into the existing undisturbed earth for a distance of not |ess 3050 mr
[10][20] feet. Set ground rods not |ess than 610 mr [2][3] feet nor nore
than 3050 mr [6][8][10] feet, fromthe structure. After the conpleted
installation, nmeasure the total resistance to ground using the
fall-of-potential method described in | EEE 81. Maxi num resistance of a
driven ground rod shall be [10][25][__ ] ohms, under normally dry
conditions [when a ground loop is not used]. Use a ground |oop when two of
any three ground rods, driven not |less than 3050 mr 10 feet into the
ground, a mininmumof 3050 mm 10 feet apart, and equally spaced around the
perineter, give a conbined val ue exceedi ng 50 ohns i mredi ately after having
driven. For ground | oop, provide continuous No. [1/0][__ ] bare stranded
copper cable or equivalent material having suitable resistance to
corrosion. Lay ground | oop around the perineter of the structure in a
trench not less than 765 nmm [18][24][30] inches bel ow grade, at a di stance
not less than 610 mr [2][3] feet nor nore than 3050 mr [6][8][10] feet from
the nearest point of the structure. Install a ground loop in earth

undi sturbed by excavation, not earth fill, and do not |ocate beneath roof
over hang, or wholly under paved areas or roadways where rainfall cannot
penetrate to keep soil nmoist in the vicinity of the cable. Make
connecti ons between ground conductors and grounds or ground | oop, and

bet ween ground | oop and grounds el ectrically continuous.

3.1.7 Groundi ng Pl at es

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

NOTE: The use of grounding plates is discouraged in
Mlitary Handbook M L-HDBK-1004/6, paragraph 3.3.4;
however, the use of grounding plates is an
acceptable alternative to ground rods in areas where
excessi ve rock and surface | edge i s encountered.

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

Provide a grounding plate for down conductor. Set grounding plates not
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less than 610 nm 2 feet nor nore than 3050 nm 10 feet, fromthe structure.
Grounding plate is to be buried as deeply in the existing dirt as |oca
conditions allow, wthout exceeding 3050 mr 10 feet in depth.

.2 APPLI CATI ONS
.2.1 Nonnetal lic Exterior Walls with Metal lic Roof

Bond netal roof sections together which are insul ated fromeach other so
that they are electrically continuous. Connect air termnals so that they
are electrically continuous with the netal roof as well as the roof
conductors and down conductors. Bond ridge cables and roof conductors to
the roof at upper and | ower edges of roof and at intervals not to exceed 30
m 100 feet. Bond down conductors to roof conductors and to | ower edge of
metal roof. \Where metal of roof is in small sections, make connections
between air termnals and down conductors to at |east four sections of the
netal roof. Make connections electrically continuous and have a surface
contact of at |east 1935 square mr 3 square inches.

. 2.2 Metal Roofs with Metal Walls

Bond netal roof and netal walls so that they are electrically continuous
and considered as one unit. Connect air termnals to and nake them
electrically continuous with the nmetal roof as well as the roof down
conductors. Bond all roof conductors and down conductors to netal roof or
metal walls at upper and | ower edges at intervals not to exceed 30 m 100
feet. Make all connections electrically continuous and have surface
contact of at |east 1935 square mr 3 square inches.

. 2.3 Steel Frane Buil ding

Make the steel franmework of the building electrically continuous.

El ectrical continuity may be provided by bolting, riveting, or welding

unl ess another specific method is indicated. Connect air termnals to the
structural steel framework at the ridge. Provide short runs of conductors
tojoin air termnals to the netal framework so that proper placing of air
terminals is maintained. Separate down conductors fromair termnals to
ground connections are not required. Where water systementers the
bui I di ng, securely connect structural steel framework and water system at
poi nt of entrance by a ground connector. Make connections to pipes by
neans of ground clanps with lugs. Make connections to structural franmework
by nmeans of nut and bolt or welding. Mke connections between col unms and
ground connections at bottom of steel colums. Mke ground connections to
grounds or ground |l oop runs fromnot |ess than one-half of the columms
distributed equally around perimeter of structure at intervals averaging
not nore than 60 feet. Wen no water systementer the structure, run
ground connections fromsteel colums distributed equally around the
perineter of the structure at intervals averaging not nore than 60 feet.
Bond netal doors, wi ndows, gutters, and simlar netal installation to stee
work of the building. Provide a grounding electrode for each ground
connecti on.

. 2.4 Ranps and Covered Passageways

[ Ramps and covered passageways which are in the zone of protection of a
[ightning protection system as defined by NFPA 780, need no additiona
lightning protection.] Ranps and covered passageways [which are outside
the zone of protection of a lightning protection systenl shall be provided
with lightning protection confornmng to the requirenents for |ightning
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protection systens for buildings of simlar construction. Place a down
conductor and a driven ground at the corners where the ranp connects to
each building or structure. Connect down conductor and driven ground to
the ground | oop or nearest ground connection of the building or structure.
Where buil dings or structures and connecting ranps are clad with netal,
connect nmetal of the buildings or structures and netal of the ranp in a
manner to ensure electrical continuity, in order to avoid the possibility
of a flash-over or spark due to a difference in potential. Mke
connections electrically continuous and have a surface contact area of at
| east 1935 square mr 3 square inches.

.2.5 Tanks and Towers
.2.5.1 Woden Tanks and Towers

El ectrically interconnect |ightning protection system conponents (such as:
air termnals, ridge cables, down conductors, ground connections, and
grounds) to formthe shortest distance to ground wi thout passing through
any nonconducting parts of the structure. Were the roof of the structure
ends in a peak, a single air termnal not less than 610 nmr 2 feethigh wll
be regarded as sufficient. Wen structure does not end in a peak, provide
air termnals not less than 610 mr 2 feet high at intervals not exceeding
7620 m 25 feet along the perineter of the structure. Wen the tank or
tower is an adjunct of a building, near or touching the perineter, extend
one of the down conductors directly to a ground connection and connect the
other to lightning protection of the building. Wen tank or tower is set
well within the perinmeter of the building, connect both down conductors to
lightning protection systemof the building. Wen height of the structure
exceeds 30 nm 100 feet, cross-connect down conductors m dway between the top
and bottom \Where buried netal pipes enter tank or tower, connect one down
conductor to pipes, approximately 305 mr 1 foot bel ow grade. Ground netal
guy wires or cables set in concrete or attached to buil dings or
nonconducti ng supports to a ground rod driven full length into the ground.

.2.5.2 Metal or Reinforced-Concrete Tanks and Towers

Make metal or reinforcing steel electrically continuous. Electrica
continuity may be provided by bolting, riveting, or welding metal and tying
or clipping reinforcing bars, unless a specific nethod is noted on the
drawings. Air termnals and down conductors are required except on bolted,
riveted, or welded 4.75 mr 3/16 inch mninumsteel plate tanks. G ound
connections and groundi ng el ectrodes are not required on netal tanks that
are electrically continuous with a netallic underground pipe system On

ot her structures, provide two ground connections approximately 3.14 rad 180
degrees apart at the base of the structure. Connect each buried metal pipe
entering the tank or tower to one ground connection approxi mately 305 mr
one foot below finished grade. G ound netal guy wires on tanks and

towers. Metal guy wires or cables attached to steel anchor rods set in
earth will be considered as grounded. Gound nmetal guy wires or cables set
in concrete or attached to buil dings or nonconducting supports to a ground
rod driven full length into the ground.

.2.6 St acks

Ground netal guy wires for stacks. Metal guy wires or cables attached to
steel anchor rods set in earth will be considered as sufficiently well
grounded. However, ground netal guy wires or cables attached to anchor
rods set in concrete or attached to buildings or nonconducting supports to
a ground rod driven full length into the ground.
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3.2.6.1 Met al St acks

Make netal snpokestacks electrically continuous and to ground. Heavy-duty
netal stacks having a netal thickness of 4.75 mr 3/16 inches or greater do
not require air termnals or down conductors. Qherw se, provide two
[ground rods][grounding plates] driven full length into the earth. Locate
[ground rods][grounds plates] approximately 3.14 rad 180 degrees apart and
set [ground rods] [grounding plates] not |less than 915 mr 3 feet nor nore
than 2440 mm 8 feet fromthe nearest point of the stack foundation.

.2.6.2 Nonnetal | i ¢ Stacks

On nonnetal | i c snokestacks constructed of brick, hollowtile, or concrete,
make the air terminals solid copper, copper alloy, stainless steel or Mbonel
netal. Distribute uniformly about the rimof the stack at intervals not
exceeding 2440 mr 8 feet and extending at |east 765 nmm 30 i nches above the
rimof stack. Electrically connect air termnal together by neans of a
netal band or ring to forma closed | oop about 2 feet 610 mr bel ow the top
of the stack. Were the stack has a metal crown, connect air termnals to
the metal crown. \Where stacks have nmetal |ining extending part way up,
connect lining to air termnal at its upper end and ground at the bottom
Provide at | east two down conductors on opposite sides of the stack |eading
fromthe ring or crowm at the top to the ground. Wen the stack is an

adj unct of building near or touching the building perineter, extend one of
the conductors directly to a ground connection while the other may be
connected to lightning protection systemon the building. On stacks
exceeding 48 m 160 feet in height, cross-connect down conductors

approxi mately m dway between the top and bottom Reduce joints in
conductors to a mnimum and nmake joints to have the sanme tension strength
as the conductors that are joining. Space fasteners of copper or

copper -bronze alloy not over 915 mr 3 feetapart for vertical conductors and
not over 610 nm 2 feet apart for horizontal conductors. To prevent gases
fromcorroding copper air termnals, provide conductors and fasteners within
7620 mr 25 feetof the top of stack with continuous coating of hot dipped

| ead or an equival ent coating. Provide conductors conformng to the

requi rements for nonnetallic stacks for stacks partly or wholly of
reinforced concrete. For nonnetallic stacks, electrically connect
reinforcing steel to down conductors at top and bottom of concrete.

2.7 | OO TYPE MAGAZI NES

Rei nforcing steel in earth-covered reinforced-concrete, make igloo-type
magazi nes el ectrically continuous. Provide electrical continuity by
clipping or brazing, unless a specific method is noted on the draw ngs.
Air terminals and roof conductors shall be securely connected to, and nmade
electrically continuous with, the reinforcing steel. Locate one air
terminal on the top of the front wall and one on or adjacent to the
ventilator in the rear. Air ternminals shall extend vertically at |east 600
mllineter 2 feet above the top of the front wall and the highest point on
the ventilator. Provide down conductors and groundi ng el ectrodes at

di agonal | y opposite corners of the nagazine and connect together. Connect
groundi ng el ectrodes to the horizontal reinforcing rods bel ow the fl oor
line of the wall system Make steel door frames electrically continuous
with the reinforcing steel. Connect steel doors to steel franes by neans
of a flexible copper strap or cable unless the steel hinges make the door
and frane electrically continuous.
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3.

2.8 Post Tensi oni ng Systens

On construction utilizing post tensioning systems to secure precast
concrete sections, do not use the post tension rods as a path for |ightning
to ground. Provide down conductors on structures using post tensioning
systens; down conductors shall have sufficient separation from post tension
rods to prevent side-flashing. Bond post tension rods to the |ightning
protection and groundi ng systens only at the base of the structure; perform
this bonding in strict accordance with the recomrendati ons of the post
tensi on rod manufacturer, and shall be done by, or in the presence of, a
representative of the manufacturer.

.3 | NTERFACE W TH OTHER STRUCTURES

.3.1 I nt erconnecti on of Metal Bodies

Protect netal bodies of conductance if not within the zone of protection of
an air termnal. Al netal bodies of conductance having an area of 0.258
square neter 400 square inches or greater or a volune of 0.016 cubic neter
1000 cubic inches or greater shall be bonded to the lightning protection
system using mai n size conductors and a bonding plate having a surface
contact area of not |ess than 1900 square millinmeter 3 square inches.

Met al bodi es of inductance shall be bonded at their closest point to the
i ghtning protection systemusing secondary bondi ng conductors and
fittings. A netal body that exceeds 1500 mllineter 5 feet in any

di mension, that is situated wholly within a building, and that does not at
any point cone within 1800 mllinmeter 6 feet of a l|ightning conductor or
netal connected thereto shall be independently grounded.

.3.2 Fences

Except as specified below, metal fences that are electrically continuous
with nmetal posts extending at |east 610 mr 2 feet into the ground require
no additional grounding. G ound other fences on each side of every gate at
gate posts, at corner posts, and at end posts. Bond gate to adjacent fence
post utilizing flexible copper grounding braid with sufficient slack to
permit 3.14 rad 180 degree opening of the gate. Provide flexible copper
ground braid which has an anpacity equivalent to that of the fence ground
wire specified herein. Provide [ground rods][grounding plates] every 305
to 457 m 1000 to 1500 feet for grounding fences when fences are |located in
i solated places, and every 152 to 228 nm 500 to 750 feet when in proximty (
30 m 100 feet or less) to public roads, highways, and buildings. Provide
connection to ground fromthe post where it is nmetal and is electrically
continuous with the fencing using renmovabl e ground cl anmps on the fence
posts and split-bolt connectors suitable for dissimlar netals on the fence
fabric and barbed wire. [Were the fence consists of wooden posts and

hori zontal metal strands only, run down conductors consisting of No. 8
copper wire or equivalent fromthe ground rod the full height of the fences
and fastened to each wire, so as to be electrically continuous.] Mke
connections to ground fromthe horizontal metal strand using split-bolt
connectors suitable for dissimlar netals on the fence fabric and barbed
wire. Gound netal fences at or near points 45 nm 150 feet on each side of
nmedi um and hi gh voltage, (neaning in excess of 600 volts,) overhead |ine
crossings. |[Gound nmetal fences at 45 m 150 foot intervals where high and
medi um vol tage lines are directly overhead and run parallel to the fence.]

.3.3 Exterior Overhead Pi pe Lines

Properly ground overhead pi pes, conduits, and cable trays on the exterior
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of the building that enter a building, preferably to building grounds at
poi nts where pipes enter the building. Were a separate ground is

provi ded, bond the pipes to the building ground at points where the pipes
are closest to the ground connections. In addition, bond pipes to any
netallic masses that are within 1830 mr 6 feet of the pipe.

.4 SEPARATELY MOUNTED SHI ELDI NG SYSTEM
4.1 Mast Type

Mast -type protection shall consist of a pole, which, when of a
nonconducting nmaterial, shall be provided with an air term nal nounted to
the top, extending not |less than 600 mllimeter 2 feet nor nore than 1500
mllineter 5 feet above the top pole and a down conductor run down the side
of the pole. \Were resistance of the netal pole to ground is [__
or less, additional grounding is unnecessary. Were resistance exceeds
[ ] ohns or less, additional grounding shall be provided, and the
ground connection shall be fastened to the netal pole and the ground. Wen
a ground rod is necessary, drive the rod approximately 1800 millineter 6
feet fromthe base of the pole. Wen resistance to ground of this rod is
nore than [ ] ohms, an additional ground rod shall be driven not closer
than 3000 mllinmeter 10 feet to the first rod. Wen resistance of the
systemto ground is still greater than [ ] ohnms when the two ground
rods are connected together, a counterpoise, consisting of approxinmately
9000 millimeter 30 feet of 25 millineter No. AWG 1/0 copper cable buried in

a trench not less than 600 mllinmeter 2 feet deep in the formof a circle
or square around the base of the pole, shall be provided. Wen a
counterpoise is used, the entire systemresistance requirenent of [ ]

ohns or less need not be nmet. Gounding systemat the base of the pole
shal |l be interconnected with any groundi ng system provided for the
protected structure.

.4.2 Overhead G ound-Wre Type

Overhead ground-wire type of protection shall consist of two or nore poles
electrically connected to each other by overhead conductors. Were the
pol es are made of a nonconducting material an air terminal shall be nmounted
to the top of each pole and shall extend not less than 600 millinmeter 2 feet
nor nmore than 1500 millinmeter 5 feet above the top of the pole. Down
conductors shall be run down the side of the pole, or a guy wire may be
used as a conductor. When the guy wire is used, the guy wire and the
overhead ground wire shall be dead-ended at the pole. Overhead ground
wires and the guy wires shall then be connected to each other by a separate
cabl e using standard cable clanps in such manner that the di scharge wll

not be reversed at any point. Quy wires used as down conductors shall be
grounded by neans of separate ground rods with cable connections clanped to
the I ower end of guy wire. Resistance to ground shall not exceed [ | ]
ohnms. Where netal poles are used, air terminals are not required and if
resi stance of the poles to ground is [__ ] ohms or less, additiona
grounding i s unnecessary. \Were the resistance to ground exceeds [__ ]
ohms, provide additional grounding and fasten the ground connection to the
netal pole and the ground. Height of the poles shall be sufficient to
provide a clearance of not less than 1800 millinmeter 6 feet fromthe base
of each pole. Wen the resistance to ground of this rod is nore than

[ ] ohms, drive an additional ground rod not closer than 3000 millineter
10 [ ] feet fromthe first rod. Wen the resistance of the entire
systemto ground is still greater than [__ ] ohms, a counterpoise

consisting of at least 15 nmeter 50 feet of AWG No. 1/0 copper cable buried
in atrench not less than 600 mllineter 2 feet deep shall be provided.
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When a counterpoise is used, the entire systemresistance requirenment of
[ ] ohms or |ess need not be net.

.5 RESTORATI ON

Where sod has been renoved, place sod as soon as possible after conpleting

the backfilling. Restore to original condition the areas disturbed by
trenching, storing of dirt, cable |aying, and other work. |nclude
necessary topsoiling, fertilizing, |limng, seeding, sodding, sprigging or

nmul ching in any restoration. Maintain disturbed surfaces and repl acenents
until final acceptance.

. 6 FI ELD QUALI TY CONTRCL
.6.1 Groundi ng System Test

Test the grounding systemto ensure continuity and that resistance to
ground is not in excess of [10][25][_ ] ohns. Test the ground rod for
resi stance to ground before naking connections to the rod. Tie the
groundi ng systemtogether and test for resistance to ground. Make

resi stance nmeasurenments in dry weather, not earlier than 48 hours after
rainfall. Include in the witten report: |ocations of ground rods,

resi stance, and soil conditions at the time that measurenents were nade.
Subnmit results of each test to the Contracting Oficer.

.6.2 Li ghtning Protection System I nspection

Make visual inspections to verify that there are no | oose connections which
may result in high resistance joints, and that conductors and system
conponents are securely fastened to their nmounting surfaces and are

prot ect ed agai nst acci dental mechani cal displacenent.

.6.3 SYSTEM RATI NGS

Submit certificates showi ng conpliance with UL requirenents for "Master
Label " ratings.

Li ght ni ng-protection systens conformng to the installation requirenments of
UL 96A shall be qualified for a UL "Master Label" rating. Installed

i ghtni ng-protection systemshall be inspected and approved by a certified
UL i nspector.

.7 I NSPECTI ON

The lightning protection systemw |l be inspected by the Contracting
Oficer to determne conformance with the requirenents of this
specification. No part of the systemshall be concealed until so
aut horized by the Contracting Oficer.

-- End of Section --
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