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ABSTRACT

This handbook provides basic design guidance developed from extensive
re—evaluation of faclilities. It is intended for use by experlenced architecta
and engineers. The contents cover electrical design considerations applying
to lightning protection systems.
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FOREWORD

This handbook has been developed from an evaluation of facilities in the shore
establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of--the
Naval Facilities Engineering Command (RAVFACERGCOM), other Government
agencies, and tha private sector. This handbock was prepared using, to the
maximun extent feasible, national profesalonal goclety, association, and
institute standards. Deviations from this criteria, in the planning,
engineering, design, and construction of Raval ghore facilities, cannot be
made without prior approval of RAVFACERGCOMHQ Code 04.

Design cannot remain static any more than can the functioms it serves or the
technelogles it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to Commanding Officer, Chesapeake Divigion,

- __ .

212, Washington, D.C. 20374-2121; telephone (202) 433-3314

THIS HAKNDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENI FOR PROCUREMENT OF
PACILITIES CONSTRUCTIOR. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERIRG STUDIES ARD DESIGR (FIRAL PLANS, SPECIFICATIORS, AWND COST
ESTIMATES). DO ROT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMERTS.
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ELECTRICAL ERGIREERING CRITERIA MANUALS

Criteria
Banual ‘ Iitle : . PA

MIL-HDBK-1004/1 Prelliminsry Design Considerations CHESDIV

MIL-EDBK-1004/2 Pover Distribution Systems PACDIV

MIL-HDBK-1004/3 Switchgear and Relaying CHESDIV

MI1-HDBK-1004/4 Electrical Utilization Systems CHESDIV

DM-4.05 400-Hz Generation and Distribution CHESDIV
Syetems

MIL-HDBK-1004/6 Lightning Protection CHESDIV

DM-4.07 ¥Wire Communication and Signal ’ CHESDIV
Syatems .

'DM-4.09 : En:rgy Monitoring .and .Control HDQIRS
Systems

MIL-HDBK-1004/10 Catbodic Protection (Proposed) - NCEL

NOTE: Design manuals, when revised, will be converted to military handbocks.

Thies handbook is isaued to provide immediate guidance to the user.
However, it may or may not conform to format requirements of
MIL-HDBE-1006/3 and will be corrected on the next update.

vi
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Section. 1: CODES ARD POLICIES

1.1 " Scope. This handbook presents data and conaiderations that are
necegsary for the proper design of lightning protection systems.

l.2 Cancellation. This handbook cancels and supersedes HAVFAC DM—4.6,
Electrical Fogipeering, Lightning and Cathodic Protection of December 1979.
Cathodic protection in DM-4.6 is to be covered in the proposed military
handbook, MIL-~-HPBK-1004/10.

1.3 Policies. The policy of the Kivai Facilities Engineering Command is
to provide the most effective degree of lightning protection. o

1.3.1 Lishtning Protection. As & minigum, for all ordinary, non—ordnance
facilities requiring lightning protection, the requirements of Hational Fire
Protection Association (NFPA) NFPA 78, Lishtning Protection Code, should be
followed, The requirements of this handbook must be followed for ordnance
facilities and thoge facllities within the scope of NFFA 78. OQrdnance
facilities, such as magarines.and other structures, .truck and railroad
margshalling yards, railroad sidings, and wharves and piers where ordnance and

explosives are handled -and atored, :shall be provided with special protective

measures., Deslgn for these syatem.a ahall be in nccord with t:ri:eria in this
handbook: DOD-STD-6055.9, Ammuw ¥ o andaran;
MIL-HDBK-419, mnm_mmmnnum and RAVSRA oP-5, Vol. 1,
m:ummm . ) -

1.3.2 Logal Codes. Although the federal Governnent.iscnot required to
conform to local (ecity or district) building and electrical codes for
installations within Government ownerghip lines, consideration .should be glven
to local standards .and regulations wherever practicabile.

1.3.3 Bational Codeg. The NFPA and the National Electrical Manufactuters
Association (NEMA) have established basic minimum standards of design and
installation practice including: RFPA 70, Nrtional Blectrical Code (NEC);
NRFPA 70B, Electrical Faquipment Meintenmance: KRFPA 78; and American National

Standards Institute (ANSI) ANSI C2, Hatjopal Electrical Safety Code. These
standards ahall be complied with in all projects. . Approval of the

Underwriters Laboratories Inc. should be considered for all electrical
materials, fittinss, and appliances where posaible. Refer to Underwriters'

ray - WA _ e o

-Laboratory .(UL) UL 96, Lishtning Frotection Components, UL 964, lnatallatiaon

WMW and UL 467, Grounding and
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Section 2: SYSTEMS

2.1 Ivpes. Lightning protection systems are either primary, secondary,
or a combination of primary and gsecondary.

2.1.1 Primary. Design primary protection to prevent damage from direct
lightning strokes by diverting any charges from structures through a lovw
resistance path to earth.

2.1.2 Secondarv. Design secondary protection to prevent metal parta of
buildings, building contents, or other types of structures from accumulating
electric charges that can cause sparking or flashover. Sparking or flashover
is likely to occur when metal objects are proximate. In the event of a
lightning discharge, the potential of independently grounded metal objects can
chenge with respect to nearby objects generating flashover betveen the objects.

2.1.3 - Combination. The installation of a2 primary and a secondary
protection system for the same structure is not always required. A ‘:secondary
static ground system providing an intercommection of metallic masses vithin .a
building or on piers and vharves may also be required with a:'primary lightning
protection system. When a structure is equipped with both primnry and
pecondary ‘gyatems, interconmect all grounds.

2.2 ‘Primary Svatems. Design protection based on 100 .ft (30.5 m)
lightning strike arc. Design either primary or secondary. type.and determine

mast locations or grounded aerial conductors and their heights. Mast:
locations or grounded aerial conductors snd their heights-influnence the typeé
of masts along with mast foundation requirements and the location of the
ground counterpoise. Primary protection sheall comnsist of lightning masts or
grounded aerjal condoctors as deacribed in paras. 2.2.1 and 2.2.2.

2.2.1 Lightning Megts. Lightning masts (freestanding air terminals)
placed -around a facility and connected to a buried ground counterpoise (aee
Figurea 1 and 2)

2.2.2 S;gnnégﬁ_ﬂ;xig1_£gngggggxg Overhead conductors spanned above a
facility and connected to & buried ground counterpolse.

2.3 Secondary Svstems. A :secondary Bystem generally consists of 2
‘buried ground counterpoise ‘to ‘which :all metal parts, including reinforeing
steel ‘of ‘the building or other :atructure, are connected (gee Figures 3, ‘4, 5,
6, and 7). An equipment ground bus may be utilized for the grounding of the
building contents. The ground bus shall net form.a loop. Connect ground bus

to groumd counterpoise as shown im Figure 3.
2.3.1 Alr Terminals. Points (lightning rods) mounted on the salient parts

of facilities and connected to the ground counterpoise may be used for
protection for certain specific applications in a secondary system.




Downloaded from https://www.everyspec.com

* MIL-HDBX '1004/6

PRIMARY GROUND RPOISE
ICONT INUOUS ND. 1/0 (53.5 tef®)
BARE STRANDED COPPER €

BURIED 30~ (752 MM) BELOWM GRADE)
SEE NOTE 1., FIGURE 3
4 - : 4 . 2. crowo RO (TR 4
Ly < =)
-+ . - iy
LIGHTNING MAST 4
| IR e
_______ . SEE NOTE 4 |
e o~ R
I STACK —p=C i . l
I Lty 1
===z otz i re l
l h ~ROCF VENTILATOR (TYP) 1 .
‘ I . i i
L] N
| i O o—jf |
H It
| it 1 |
X - - - - ek
-4 4l coapine DOCK 1 )D—-F
| : .
m:;‘ RAILROAD SIDING BOX CAR 1 '
i ‘ 3 . I/
SEE FIGURE 4 —
| _ SEE NOTE 2 ~——~ l
-}
\&h_—__—_ ———_-_1
1"""'-——SEE NOTE 1 )
\— SEE FIGURE 2 (TYP)—
NOTES:
1. ADDJTIONAL OR LONGER GROUND RODS MAY BE
‘NECESSARY 7D ‘PROVIDE THE REGUIRED
MINIMUN RESISTANCE.
2. ‘PROVIDE RAIL JSDUATION JOINT IN EACH TRACK
AT EACH END OF BUJLDING TD ISOLATE BUILING
SECTION FROM REMOTE LIGHTNING SURGES.
3. BUANTITY AS REODUIRED BY SIZE AND SHAPE
OF FACILITY TO-BE PROTECTED.
4. CONNECTION TO - SETONDARY ‘GROUND
COUNTERPOISE. IF SECONDARY GROUND
COUNTERPDISE 1S PROVIDED. SEE FIGURE
3, NOTE 6.
. PLAN
ORDNANCE TYPE FACILITY
Figure 1

Primary Lightning Protection System
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(1. 22 M)
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CONT INUCUS BURIED
CROUND COUNTERPOISE

A CABLE 'LUQ CONNECTED TO
AHCHOR BOLTS WD MAST FELDED STUD ON MASE (TYP)
- t1-0" WAX GRguD ROD INGPECTION AND
BASE PLATE — (305 T POCKET (SEE HOTE 3
OROUT —— }t ERADE
CONCRETE roumnum-—l \ [ 1 1305 W
ONT INUOUS s - 17-8* MIN,
BORIED onoun : - ’J " L‘ — I 10.48 W)
mrsmtss-\b — —_—
7 L] . 05 M)
ALL BRONIE
el /T I —
EXOTHERNIC WELD : :
374 (19 WM) DIA. COPPER-CLAD
o ComerTiON '"P’/ DROUND RDD (TYP)
ELEVATION SIZE SHOMN IS A HINIMUM

L g

(1.22 W)

(CORNEELQETTING)

8" 1203 MM}

NCREASE DIMENSION

NO. 170 153.5 M2}
BARE STRANDED
COPPER CABLE (1YP}

NOTES1

t. SETTING SHOMM ]S SUGCESTED ANCHOR BOLT
MOUNTING OF MAST. SEE CRITERIA FOR
REQUIREMENTS.,

2. GROUNGING CMECTINS SHOWM ARE TYPICAL
FOR ALL MASTS

3. FILL GROUND RODC POCKETS WITH CRUSHED
OR BRAVEL AND COVER WITH 2° {50.8 MM)
LAYER OF EARTH TO RETAIN MDISTURE.

9/v00T X9AH—TIM
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SECCHDARY GROUND COUNTERPOISE
ICONTINUOUS WD, 170 (53,5 WH®)
E STRANDE CBP n LABLE . crounoing SEE NOTE B NOTES
aglmsgiag; (768 . / CONDUCTOR -
HIN. BEL “"DE') —PL P —— SROWD ROD o 1. GROUND COUNTERPOISE SHALL BE ‘
- UNDISTUREED BY EXCAVATION (HOI Tk ERR EARTH FILL)
—_ SHALL N GE LOCATED BENEAT VERWANG
3%6" . OR WILLY RDER P

THE VICINITY OF THE CABLE

ORDANCE
m:ﬁ 2.mmmmmsmNLaznmEnm
(SEE NOTE 23 STANDOFF INSULATCRS
]—--{h; - == 3. CONNECTIONS 10 CROUND cmzmmc SHALL BE BY
i VENTILATOR Lucmgts%nas' Exnm:muc RELDING o OTHER
| VENTILATOR LOCATIONS .
o | 4. FOR_CROUNDING CONNECTION DETAILS SEE FIGURES -
- _i'. 5. 647
i e 5. PROVIOE RAIL JSOLATION JOINT IN EACH TRACK
HH) AT EACH END OF BUILDING YO.JSOLATE BUILOING -
— L - — = SECTION FROW REMOTE LIOMTNING SURGES.
. = 3 SEE F10.4 - p
ILRDAD S1DIND N 6. CONNECTION TO PRIMARY DROUND COUNTERPOISE
RAILROAD S1DING - SEE NOTE 2 SEE NOTE & JF PRIMARY GROUND COUMTERPDISE IS PROVIOED.
MINDDM (TYP OF 2 MINIMUN OF FOUR INTERCONNECTIONS, DNE AT
PLAN EACH CORNER» WAXINUN SPACING BETHEEN
STACK IMTERCONNECTIONS' SHALL BE 10D F11565 )
VENTILATOR ———— ”/—
[ ﬁ ) 3 S ]

| [T

AN oy il

GROMD . . " gR 1 ERSAL GROUND
crowp. . [ “-grum oumer \-uMiERSAL D croma ro0 (1ver \— osomce crou sus
FRONY ELEY SIDE ELEV

NSTALLED IN EARTH

D AREAS OR RDAM B
© (1.1 W) MING RA INFALL CANNOT PEI‘TRATE TD KEEP SOIL FDIST InN

9/%001. X40H~TIN

ORDNANCE TYPE FACILITY

N m L ——— e mpe f n W Ve g
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y—HOOD TIES

PLAN

CABLE WELDED TO RAILE BY

CONNEC
GROUND

TION FOR TESTING
ROD RESISTANCE

ML BRONZE. U BILT TYPE
OROLND CLAMP |

ROD TEST. AND msetr:nuﬁ

GROUND
POCKET. FILL WITH C nusa-: ROCK
OR GRAVEL ‘AND COYER M
2° (50. a My LAYER OF emm 10
RETAIN MOISTURE.

Y

LA b

EXOTHERMIC PROCESS :

1°-8" MIN.
0.46 M <

ND, 170 AW (53.5 KN2) BRRE

STAANOED COPPER CABLE - ‘ I

SECTION A-A

3/4* 119 M4 DIA.
COPPER-CLAD GROLNO ROD

SIZE SHOHN IS A MINIMUM

o8Il pwoITIRy jo Bujpunoly puv Fujpuog
y 220914

i
i

" 1°-0 1305 M)

(3.05 W1

9/%001 X4QH~TIM
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1. EITHER BOLTED COLUMMN
COMNECTION WITH
NININUN SURF I:ONTACT
AREA OF 8 o (5161.20

CONNECTION INDICATED. : ELEVATION
WOt uwem SR e
*. GUN APPL IED BY sma.nsn
-~ |- ARC WELD PROCESS T0
Eb — FLANGE OF COLUMN,.
R STUDS TO BE -3/8- (9.525 1)
N R R ‘MIN- -LENGTH AS ‘REQUIRED.
N . cn-me SION TYPE cnaua )
. N LUS .FOR-ND. 1/0 i
P xsasmn STRO cowea
7 L eAE
EXTERIOR CONNECTioN R "INTERIOR CONNECTION
METHOD FOR GROUNDING STEEL COLUMNS
I—— ‘R
.6 ANG COMPRESS
7?35.3 sl ) BARE TYPE cuaLE
STRO COPPER CABLE LUGS TO SUIT
TO BLDE METAL GROUNDING .
FRAMING & ROOF CONDUC TORS %
VENTILATORS ] /

i 5‘- ‘ V'ﬂ .
ZINC cm STL *
COUNTERPOISE

‘VIEW A-R CONCRETE WALL sMASONRY WALL
UNIVERSAL GROUND CONNECTION

STRO .CRBLE
70 BURIED SECONDARY
CROUND

Pigure 5
Concrete and Steel Ground Connections for Secondary System
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'NOTE 3
] EXTRUDED
RLTERNATIVE FASTING uzrnon FDR
ALUMINUM HOUSING  BGMDING STRAP MAY BE GNE OF THE
- NEOPRENE SEAL FOLLOWING 1

!. KELDED STUD MWITH JAM NUTS
. . & FLAT HWASHERS.

> ey ! 4 Tlﬁ‘l!uﬂ SCREus a

"7 FLAT WASMERS.
MATERIALs ZINC COATED STEEL.

| M\\\\\\\\\\\\\ m\\\\ |

STEEL OOOR [OR SHUTTER)

DOCR FRAME FLEXIBLE TINNED COPPER BRAID BONDING
STRAF (RPPROX 1-(25.4 MM} WIQE.
MASHER Aga;ﬁ:g 175 MM)THK. LBTH

— MEX HD ZIiNC C7
HOLE

METHOD FOR BONDING STEEL DOOR (OR SHUTTER) TO FRAME

STi SCR IN

"
_/.F.. CROUNDING OUTLET-3/87{9.525 -MM) DIA IMIN)

METAL ROD WELDED TO REINF STEEL
: EXTENDED END MAY BE BENT "AS suonn

GR STRAIGHT 10 SulT CROUNDING
. CONNECTION. SIMILAR METHOD CAN BE

| S USED FOR REINF STEEL (OR -MESH)
REINF STEEL —] F ) '.|. 1N FLOOR SLAB.
_— :

CONCRETE MALL 1

" ELEVRTION
METHOD FOR GROUNDING OF REINFORCING STEEL

L& 1/8% 35 ") -20 THD 'STEEL STUD. MACMINME SCREM ANCHOR FOR

RUN RPPL ED 8Y EXPLOSIVE 174" [6.35 MM)-20 HEX HD
CHARGE METHOD éll:zc CTO STi MACH
ERBLE LU FOR
ZINC CTD A g - ZNE ¢TI0
OMD COMDUCTOR STL WASHER ST RASHER—
RS RER'D e . - =
) ex e e @ifo .
< . GROUND &
M b s ] lb—:;‘ - CONDUCTOR

VIEW A-R CONCRETE WALL MASONRY -WALL

METHOD FOR SUPPORTING GROUND CONDUCTORS ON WALLS

FPigure &
srounding Details for Secondary System
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3' (76 Hﬂ)ll_-l
H

A
;A A Y A

| |

rd L A

‘DOWN CONDUCTOR -EMBEDDED 1IN CONCRETE COLUMN

AL LMINLM
DOy
CONTDLICTOR

}‘:'Iof;ifaxm-rm.uc CLANP
Fx1 Ix? :
!.x r_A
LA b
O s
i A 1 ggéﬁéggﬁuggsgﬁéscums
z) . T0.GROUND COUNTERPO1SE
HE ;
i
- GRADE Y
ANAN AN
" BIMETALLIC GROUND CONNECTION

Figure 7

Other Grounding Details
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Section 3: SYSTEM COMPONENTS

3.1 Masts. Lightning masts shall be tapered metal, self-supporting
type, (single section design or multisection design) with slip joints, as
dictated by total height of maat. The cross-section shall be circular or
polygonal, symmetrical about the longitudinal axis, snd uniform in
configuration throughout the entire length. Wood masts may be used only when
heights and structural strength permit and shall be electrical pole line
embedded type, topped with a lightning rod or metal cag and with two bare
copper ground wires not less than No. 1/0 AWG {53.5 mm<), run down each gide

ef the pole to the ground system. The ground wires shall have & protective

molding extending from grade level to a point at least 10 ft (3.05 m) above
grade. '

3.1.1 Material. Metal material shall be corrosion-resistant steel,
noncorrosion-resistant steel with hot-dipped galvanized finish, or aluminum
for single section or multiple section masts with anchor bolt mounting. Ro
combination of materials shall be used that form an electrolytic couple which,
in the presence of moieture, causes accelerated corrosion.

3.1.2 Iop -Point. Mast top shall be_fitted;with-a copper or bronze air
terminal or metal cap to take the lightning stroke. The point shall be
dinecluded ip ‘the determined overall height of the mast.

3.1.3 Height and Logation. Refer to Appendix A for determination of mast
height and for location as related to structure being protected. Masts of
heights up to 40 ft (12.2 m) shall be of single section design. Mascts -40 to
70 ft (12.2 to 21.34 m) in height should be aingle-section design if delivery
to the site is practical, Design for masts in excess of 150 ft (45 m) receive

‘8pecial consideration.

3.1.4 Zone of Protection. A lightning mast system establighes a
zone-of-protection. The zone-—of-protection 1a descridbed by an -arc having a
radius not greater than 100 ft (30.5 m). To prevent s8ideflashes, each mast
shell be separated from the structure by not less than one-half of the height
of the .assumed sallent plane, but never less than 6 ft (2 m). The maximum
distance from the structure shall be 25 #fr (7.6 m).

3.1.5% Joint Design. Slip—3joint design -ahall meet the following
requirements:

‘a) Assure overall structural integrity of the -mast.
P) Include fleld assembly requirement to assure :.a snug £it, -80 'that
jointe .of the mast will not loosen .when subjected to vibrational .modes caused

by wind or other means after erection.

¢) Be compatible with field erection requirements to assure ease of
installation at the site,

d) Have good metal-to-metal contact, so that electrical
conductivity will be equal to or better than the parent metal used.

10
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3.1.6 Joint Test. After asgsembly, each joint shall be tested at the gite
and shall be measured by a digital chemeter with a 0.0l-ohm resolution and an
accuracy of 5 percent of the reading, plus one digit. Tests shall consist of
compparative measvrements across 5lip Joints, with egual spacing of meter
probes at least 4 ft (1l.22 m) apart. An acceptable joint is one yielding a
measpurepent -equal to or-1e88 than a similar measuragant of -tha -parant metal .in
a given section of the mast, with the aame spacing of the meter probes. The

Taseanh mAab e Sawmaa ooeew dAImr mwm dTmddanasdan do dthe seala sandae A SsTecaban

AUWERL mt:u:: Lm: HIUVLHM al M-I-G-GLJ-UH Adi WRE DLOLL LE‘LUH Ul. 'L:ﬂh:ﬂl-
accuracy should be used. If the meter reads zero or infinity, an incorrect
scale has been chosen or the meter is broken.

3.1.7 Metal Mast Foumdation. Foundations for setting metal masts shall be
in accordance with the following: .

a) B8teel or aluminum, mounted by anchor bolts set in a concrete
foundation poured in place. Follow manufacturer's recommendations for
foundation design and type and for setting of anchor bolts.

b) Steel, mounted by means of a stub set directly into a concrete
foundation. Corrosion-resistant asteel masts may be get directly into enr:h
where 80il conditions permit.

3.2 Grounded Aerinl Conductors. Overhead conductors shall :be .spanned

betveen masts and ‘connected to .a ground counterpoise to ault :the type of
instellation. (Refer :to:Appendix.A.)

P - . was___ & A s ___ m P _

3.3 Esrined Energy Disgipation Systema

3.3.1 Electrodes. Made electrodes, :as defined in the REC, shall consist
of ground rods not leas than 3/4 in. (19 mm) diameter and 10 ft (3.05 .m)

long. :Ground rods ishall ‘be .copper -clad -steel or solid copper. .Connections to
ground rods shall be made by ‘bolted clamp type devices.

3.3.2 Ground Cownterpoise, .Bach ground counterpoise shall consist of a
No. 1/0 AWG (53.5 mmZ) bare copper cable completely surrounding the

facility, with its ends connected together to form a closed loop. The gige of
any ‘strand of the cable shall be not less than No. 17 AWG (1.04 mm2). The
counterpoise shall be buried at least 30 in. (762 mm) below grade, external to
the structure .and -away from structural foundations or footings (see Figures 1
and 3). .Bach .counterpoise:shall be fixed by driven ground rods. .Copnection
at each ;ground rod .shall :be :made with .a ‘bolted clamp type ‘device to facilitate
:discomnection of the :counterpoise from :the .ground rod for periodic ‘testing.

3.3.3 Radials. Radial .systems shall consist of Ro. 1/0 AWG (53.5 mm?)
bare copper -cables .arranged 1in & :ptar pattern with the structure :at the
-center. The 81ze«af .any :strand shall be not less than No. 17 AWG

(1.04 mp2). The radials shall be buried at least 30 in. (762 mm) below

grade, external to the structure. Each radial shall be fixed by ground rods.
Connection at each ground rod shall be made with a bolted device to faclilitate
disconnection of the radials from the ground rods for periodic testing.
Quantity and length of radials shall be as required to provide the required
ground resistance. BRefer to IEEE 142, Recommended Practice for Growmding,
muunumwummmm for resistance calculations.

11
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e cronn o
3.3.4 Blatea. The use of plate electrodes is discouraged due to the high
cost of achleving proper grounding effeces with this system. |

12
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. Section 4: INSTALLATION

4.1 CGeneral. Lightning protection Byatems shall be provided in
accordance with -this manual. - .

4.2 Deglen Celculations. Design calculations shall consider earth
registance and shall be based upon the soll resistivity for the specific
location. Computer programs are available and should be used wvhenever
poasible. Project design criteria sghall include names of approved computer
programs for use in design. !

4.2.1 Earth Resistance. Maximum ground resistance for any lightning
protection gystem gshould not exceed 10 ohma., Im high resistance solls or rock
formation, it may be necesgary to provide ground counterpoises or artificilal
grounds or to sink ground wells., After installation, sach system shall be
tested by the single, direct reading instrument method. Where characteristices
are unknown, trial grounds should be installed and periodically tested during -
the course of at least 1 year to include seasonal variations. Refer to

para. 4.5.2 for approved grounding .methods.

4.2.2 ‘Soil Resistivity. Project criteris will aet forth the specific soil
registivity values to be used for -grounding -system design.

- 4.3 BRAVFAC Design Guides. For specific criteria and sample layouts for
. aystems, refer to NAVSEA OP-5, Vol. I, and Appendix A of this handbook.
4.4. Ordnance Facilities. Ordpnance facilities shall be protected in

accordance with the following criteria: DOD-STD-6055.9; MIL-HDBK-419; RAVSEA
OP-5, Vol. I; NFFA 78; and Appendix A of this handbook.

4.4.1 Storage and Handling Facilities Above Ground. Provide a primary

protection system consisting of lightning masts or overhead conductors spaced
around the faciljity. Connect the masts and all metalwork in the vicinity,
such as railroad tracks, metal sheaths of underground cables, and metal piping
and condults belov ground that do not extend into the building or other
structure being protected, to the :primary ground counterpoise. All raillroad
tracks -that :extend ‘intc the dbuilding -or structure shall .slso be grounded at a
-pinimon of 10 ft (3.05 m) .from :the . .building -or structure.

4.4.2 p ~Cov d . ‘Provide :a .secondary :protection :system.
Where :a metal ventilator provides .a salient point above the structure, mount a
pointed lightning rod on the ventilator -and .connect it to the secondary .ground
counterpoise. ‘A pointed lightning .rod -shouid .also be mounted on the concrete
portal well .and connected to the .gsecondary ground counterpolse. 'Bond together
reinforecing steel 'by wrapping it with vire and conmnecting it to the secondary
ground counterpoise.

4.4,3 Cranes on Plers and wharves. Provide a primary protection system

consisting of overhead conducters gpanned betveen structural supports and

. connected to ground rods or to metal plates submersed in water.

13




Downloaded from https://www.everyspec.com

MIL-HDBK 1004/6

4.4.4 Mazshalliog Yards (Truck sud Rallroad). Provide a primary

protection system consisting of overhead conducters spanned between structural
supports and connected to s primary ground counterpoise. Ground all metal
parts and reinforcing steel of above grade structures to the ground
counterpoise. The reinforcing ateel of precast concrete slabs should be
grounded, but where inaccessible within the slabs, .it .is permissible .toc omit
such grounding. Ground railroad tracks 10 ft (3.05 m) or more outside of
barriers at entrancea and exits toc the yard and where they cross a
counterpoise (see Figure 1).

4.4.5 Baflroad Sidipnge. Provide a primary protection ayastem conslsating of
overhead conductors spanned between structural supports and comnected to
ground rods. Ground all metal parts and reinforcing steel of aboveground
structure to driven ground rods. Ground all railroad tracks to grownd rods
located 10 ft (3.05 m) or more outside of the entrance to barrier.

4.4.6 Electric Service. Electric and commmication services to explosives
operating bulldings and magazines shall be run underground in metallie conduit
for the last 50 ft (15 m). Services to buildings not containing explosives
may be overhead. The line side of tha main protective device shall be
provided with suitable surge arresters. Surge arresters shall be located at
the service transition to underground conduilt outside the 50 £t (15 m) limit.
A separate ground shall be provided at the secondary .electric service
entrance. This ground .shall be bonded to the facility :ground counterpolse.
‘The ‘electric supply to an -explosives .area shall be arranged ;8o that it can .be
cut off by switching. devices located at one or more control pointa outside of

SR sE==a L mEYaFES _aVESESST - SYase s ===

and immediately adjacent to the explosives areas.

4.4.7 Exterior Overhead Pipelines. -Bond overhead pipes which enter &
building, -storage facility, or .area to all metal objects that are within
.8ildeflagh clearance of the pipes where they are in a zone of lightning
protection. Pipe segments .ahall be electrically continuoous.

4.4.8 Fencen. Fences .shall be groumded on each side of .every gate, at
poincs 150 ft (A5 m) on each side of high~tension line crossings, and at

150 ft (AS m) intervals along the fence wvhere high-tension .lines (ag defined

" by ARSI ‘:C2) are directly overhead and run parallel to the fence. Fences ghall
be grounded every 1,000 ft to 1,500 ft (300 m to 450 :m) of length when fences
are in isolated places and at lesser distances depending upon proximity of
fence to public roads, highways, :-and buildings. The ground shall be made with
a bolted -connection -at a fence post by the use of No. '2/0 /AWG (67.4 mm2)
copper cable. -Where .plastic coated fabric is used, the post shall be bolted,
and each strand of the fence shall be brazed to the metallic bare conductors.
The conductors shall then be grounded.

4.5. Generatineg Plepnts. Commerclal type, metal-oxide, surge .arresters
ahall be provided on all overhead feeders adjacent to a plant as described in
paras, 4.5.1 and 4.5.2.

4.,5.1 Surge Protection. Surge protection shall be provided between the
aerial surge arresters and generator or on a bug for several generators.
Where a generator is connected to an overhead line through a transformer,
praovide a station type surge arrester on the high voltage aide of the
transformer.

14
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4.5.2 Grounding. Provide protection for smokestacks as described in

para, 4.8, and ground all steel columns, beams, trusses, and equipment frames
at their lovest pointa to a low resistance station grounding system,

4.6 Qutdoor Substations or Switching Stations. All overhead feeders
shall be provided-with surge arresters at the station which-ahall-be connected

to their own ground rod system. The ground rod system shall be conmected
belov grade to the station grownd mat. BRefer to IEEE 80, Guide for Safetv in

inh_annm_ﬁmgngim MIMBI.WMW
y -t Additional

protection ehnll beuae described in paras. 4 6 1 ch:ough‘d 6 3._“

4.6.1 Alr Terminals. On distribution metal station structures, provide
lighetning rods at each cormer of the station, extending rods above the
structure and the electric conductors. Connect the structure and all
equipment frames, transformers, tanks, and bases to a lovw resistance grounding
EyStem.

4.6.2 Grounded Aerial Conductors. In areas where lightning storms are
prevalent, install overhead ground conductors above the transmigsion - and

diatribution system conductors to form a ground wire netvork over distribution

-atations. Extend the overhead ground wires out over transmisalon lines ‘for a

minimum of 1/2 mile (0.8 km). Aerial ground wires shall be grounded at 'the

.etation .and at each pole.

4.6.3 grounding. Provide a ground system of No. 2/0 AWG (67.4 mm?)
copper cable, welded to the columns and equipment frames and connected to a
ground system., Provide 2 ground mat for 'stations supplying distribution
voltages and & counterpolise for substations -supplying utilization voltages.

A 'ground mat shall consist of -a systen of -bare conductors located on -0t below
grade throughout. the station and connected .to:a counterpoise to:provide
protection from dangerocus touch voltagen.

4.7 Irensmisaion and Distribution Lines. Overhead aerial lines shall be
provided with lightning protection coordinated with NFG5-16302 .and in
accordance with standard utility practice at the project location. Acceptable
shielding results when s perpendicular line from grade to the ground wire .and
whenr a line from the ground wire to the conductor protected de not result in
an angle greater than 30°. Overhead ground wires may be steel, copper,
‘aluminum, or 'copper clad steel, with sizes dependent upon mechanical
requirements ‘but not .smaller .than ‘No. 1/0:AWG (53.5 am<) .copper-equivalent.
Ground che overhead ground wires .at each pole. Where an -overhead -electric
transmigoion and distribution line transitions to underground, the underground
.cable shall be provided with lightning protection.

4,7.1 Bistribucion Line Clearances. The towers '‘or pales supporting
distribution lines operating at less than 69 kV, and unmanned electric
substations operating at less than 69 kV, shall not be closer to ordnance
facilities than public traffic route distances as defined in DOD-STD-6055.9.

4,7.2 Iransmission Line Clearances. For transmisslion lines operating at

69 kV and above, and for electric substations operating at 69 kV and above
vhich are part of a system serving a substantial off base area, both the

rha 1inoa anAd rhn ar-r{nn chall noat ha slogsr ton
ang ghall not De cloBer to
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ordnance facilities than inhabited bullding distances, as defined in
DOD-STD-6055.9. When failure of the lines and atations will not cause serious
hardships, both the towers or poles supporting the lines and the .atations may
be located at public traffic route distances.

4.7.3.. _Qlearance Calculation. Line clearance distance calculations shall .
be based on airblast over pressure only, Fragment distances will not be used.

4.8 Flagpoles and Chirmevs. Provide grounding at the bases of metal
chimneys or flagpoleg at the loveat points in accordance with NFPA 78.
Provide protection for other chimmeys and flagpoles in accordance with NFPA 78B.

4.9 Towers apd Antennag. Provide grounding at the bases of metallic
tovers or at the lowest points in secordance vith HFPA 78. At least two
columns should be .comnected to an sdequate ground by No. 2/0 AWG (67.4, mm?)
copper cable. Provide the same grounding for metallic watch/surveillance
tower structures. Structures adjacent to metallic towers and within their
zone of protection do not require primary protection, but all metal frames,
ventilators, doors, and vwindow frames shall be bonded together and adequately
grounded. Provide antenna lead-ins with spark gap protection connected to
ground adjacent to supporting :structure of antennas.

4,10 Alreraft gnd Alrcraft Haneparg. .Provide alrcraft and ajircraft
hangars in -accordance with RFPA 78. Grounding receptacles ghall be located in
accordance ‘with DM-21.1, Alrfield Geometric Design, and DM-21.9, Skigd

Reniatant Rrmmwav Snrface.

4.11 Ordinary Buildings. ‘Provide protection in 'accordance with NFPA 78.
Health care facilities are included under ordinary buildings, except
protection for fliammable liguids and gases shall apply -as approprlate. Where
air terminals are located on flat roofs, either near .mechanical equipment or
in .areas traversed by maintenance personnel, -special consideration must .be
given to preventing injury from cripping over air terminal peoints, .such as
instelling longer or elevated air terminals.

4.12 Obstruction Lights. Provide air terminals 1 ft (0.3048 m) above the

top of the obatruction lights. Provide surge arrestors counnected to the
lighting eircuit conductors and bonded to the lightning protection system.

16
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APPERDIX A

PRIMARY LIGHTNING PROTECTION FOR
ORDNARCE HANDLIKG FACILITIES

1. Scope. The following design method will provide adequate primary
lightning protection for ordnance handling buildings with vertical masts, or
overhead aerial wiring, in the vicinity of the building to be protected. This
method can also be used to provide protection for a group of cloaely
agsociated structures or complexes,

2. Eeneral. Experiments have indicated that under certain assumed test
conditions, a vertical conductor will generally divert to itself direct
lightning strikes wvhich might otherwise fall within a cone shape or wvedge
shape space zone-of-proteeeion space in vhich the apex is the top of the
vertical mast, or the overhead horizontal ground wiring of the wedge. Ino
case, the base is approximately two times the height of the mast or the

overhead horizontal ground cable.

&
[
m

2.1 Lightning Protection System. The lightning protection system

.employed herein is based on the 2one-of-protection as determined by clearance
.arcs and a 100 ft {(30.5 m) lightning striking distance. All mants and

overhead ground ‘wiring that is used for the protection of & structure must ‘be

-adequately grounded. If the .structure being :protected is of metal, grounding

must also be -bonded to-the structure. The ground resistance should not be
over 10 chms. A sufficient number of masts or overhead ground wires must be
used so0 that the entire structure is covered by their zcne-of-proteccfan.

3. Application of Criteria. The follovins criteries :applr to prinary

dightning ‘protection:

a) Basic requirements are an.adeguate design for lightning
protection and economical cost of the gystem provided.

b) All three dimensions, the length, the width, -and the height, of
a strycture to be protected by a primary lightning protection system are of
major imporctance in determining the height, number, and location of the masts
or the overhead .aerial ‘wiring wvhich will :‘be used to protect the strocture.

e} The:spacing of the masts.along ‘the .length :of :the structure «ghall
be a minimum :of 1-1/2 times the height -of the masts .and .a maximum of 200 ft
{61 m).

d) The distance *C® of the masts from the .structure :8hall be
one-half the height of -the sasumed gallant plame {§/2) but-never legs than
6 ft (1.8 m) or more than 25 ft (7.6 ). In cases where a minor readjuatment
may be necessary to accommodate road clearance, an exception shall not grossly
exceed the limics,
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&) The haight of the masts is determined by the Equation:

EQUATION: P = v&(L + 2C)/8-2]2 4 [(w + 2C + B)/2]2 (1)

— ~ . - .t [T TP ~
LU I TE

lnd the eet. of curves as ahnwn .1.n Appmdix A, A—l this ‘set of curves is
plotted from

4

EQUATION M = 54+ 0.293)/2D2 4 P ' ‘ (2)

vhere "M" is the height of the masts, "S" is the height of the assumed salient
plane, "D" is the mast spacing on the diagonal axis as determined by

Bquation (1), with C =. 40 ft (12.m). "P" is given an empirical value (see
Appendix A, A-l) according to the value of "D" as calculated from Equation (1).

The height of the masts as determined by the formulae 15 based on the
condition that the structure to be protected is located between two parallel
rows of massts, To determine the height of ‘the masts, use Equaticn (1), and
using € =40 ft (12 m), calculate for D, and then determine M by uains the
curvas of Appe.mu.x A, A-z, Chart No. 1.

-

- N 4 m prmetion of a strnccurar by. f—sta.na.uu verucu macs
dictates that the distance from .the center line of the structure or conplex to
the masts on the normal or the -diagonal -axis must.not be more than 100 ft .
(30.5 m). When this condition cannot be met, the protection of the atructure
or complex will be by overhead growmd wiring. To determine the final
distance, D1, .along the diagonal axis, ‘use Equation (1) suhatitut:ing D1 for D,
with C values betveen 6 £t (1.8 n) minimm to 25 ft (7.6 m) maximum. D1 ahnll
not exceed 100 ft (30.5 m).

-

'2) When overhead grownd viring are used for protection, suppert the

overhead ground wiring on masts located at :he viciniry of the protected
atructure at -distances from the structure established as 6 ft (1.8 m) minimum
to 25 ft (7.6 m) maximum. The lowest point of mid-span sag in the overhead
ground wiring above the galient plane of the protected structure is to be no
less than .10 ft (3.05 m). Increase the distance of cable which is run
parallel to the structure by 1 £t (0.3 :m) 'for each 10 ft (3.05m) of
horizontal ‘cable .greater than 50 ft (15 .m). .Detarmine mid-span sag of the
overhead ground wire fram the curves of Appendix A, A-2.

&4, ' Graphic Pxamples. .In-:Appendix A, A-3, Example.l: . L, W, and 3 are
knowvn, C is given the values of 40, 83 = 18 ft (explained in Appendix A, A-1,
Definitions of Terms), and N 15 equal to 6. In Equation (1) substitute these
values and D is found to equal 98.5 ftr. 1In Appendix A, A-1, refer to the
curves at point 98.5 ft (30 m) on the horizontal scale, then extend vertically
to the S0 ft slant line, and carry horizontally to the vertical scale, again
using Bquaticn (1) and aubstitutins actual distance C = 6 ft (1.8 m) minimum
to 25 ft (7.6 @) maximum, this will ahov a mast height of 95.5 (29 m).
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In accordance with para. 3, Appendix A, determine actual Dl distance from the
center-line of theibuilding or eomyle: to row of masts an the dingonal axis.
With C = 25 ft, D is equal to 82 ft, S

After the height and location of the masts have been determined,
proceed g follovt

rem ara -~ FE

L l) Draw a plln of the bullding to annle. “Loéagé thé migta at
distances which are determined by the method shown in Appennix A, A-3,
Example 1, Figure 1. : - o

b) Drav an elevation of the building to scale. Locate the masts at
distances which are determined by the method shown in Appendix A, A-3., Drav a
100 ft striking distance radiuas from the apex of the masts to the center-line
of the building or complex as shown. Draw two arcs (the normal axis .and the
diagonal axis clearance arcs) as shown in Appendix A, A-4, from the point of
intersection with the center-line of the building. These arcs must clear the
salient plane.

¢) Drav a lengthwise scale elevation of the building. Locate the
masts as shown in Appendix A, A-5 (refer to para, 4b, Appendix A). Ko part of
the protected building should lie outside the zone-of-protection. -Appendix i,
A-6 through A-1]l provide examples which illustrate application of this
prineiple.

5. Facilities Other Than Structyreg. The following criteria apply for

facilities other than structures.

a) This type of facility can be protected by using overhead .ground
cable spanned between two metal towers or poles which are effectively grounded

and .meet criteria in para. 3, Appendix A.

b) 1In.this system, the overhead cable will intercept lightning
-atrikes and the resulted electrical current will be safely carried to ground
via the cable and supporting towers or poles.

c) The desigr method establishes the height of the horizontal
ground cable at mid-agpan to provide the required zone-of-protection for =
ppecific facility.

¢) .The mid-span sag of the overhead cable -must be ‘included ‘when the

helight of the supporting towers or poles 'is .determined (see Appendix A, A-2).

e¢) ‘Selection of cables is based on mechanical atrength rather than
electrical considerations. The overhead .ground :cable should ibe mtranded,
non-corrosive, copper .coated steel wire. .Minimum size shall 'be 3/8 'in.
(9.5 mm)} high strength (7 Ro. 8 strands).

f) The construction of the towers and their structural members or

the class of poles should be based on considerations of mechanical and wind
loading streases.
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g) Appendix A, A-12 and A-13 illustrate primary lightning
prot.ection by overhesad ground cables for railroad and truck marshalling yards,
rallroad siding and detail of overhead ground wire supporting poles and
counterpoise. Piers and vharves should be protected by meeting requirements
ptated in paras. 1 and 3, Appendix A.

h) To c.heck the adequacy of the zone—of-protectiun vhen t:he height
of supporting tovers or poles is determined, drawv sketches to scale as shown
in Appendix A, A-12 and A-13. The effective height of the overhead ground -
cable shall be maintained between the low point of the pag and. the protected
facility.
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' Cg28

1<l.3 n

A-1
PRIMARY LIGHTNINRG PROTBCTION DESIGR
FOR ORDRARCE HANDLING FACILITIES
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CHAAT -NO. 2

OVERHEAD GROUND YWARE BAG ESTIMATING CHARTS: COPPER COATED
STEEL STRANDED CABLE. 3% CONDUCTIVITY. MAXIMULI TENSION NOT
mmm?wmmmm FINAL NORMAL
TENSION AT 80°F UMITED TO 23% OF RATED BREAING STRENGTH,
' CHARTT NO." 12 +80°'F FINAL NORMAL BAGS FOR DEAD-END SPANS,
CURVE (A: /8" DA HIGH STRENGTH
B V8" CiA. EXTRA HIOH STRENTTH
© 778 AND Y/ TAA. EXTRA MGt STRENGTH

- CHART NO  2: MAXIMUM VERTICAL SAGS AT 32°F WITH 172 --
INGH OF ICE AND NO WIND FOR DEAD-END 8PANS.

CURVE A ¥8° DIA, FOGM STRENITH
8 8’ DA, EXTRA HIGH STRENGTH
C 770 DA EXTRA MIGH STRENGTH
O 172" DM, EXTRA HIGM STRENOTH

A-2
PRIMARY LIGHTNINKG PROTECTION DESIGN

o wrw i e i — i

FOR ORDNANCE HANDLING FACILITIES
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DATA: COMPUTATION:
. AL jme _+ 2‘“"\2 (@240, - 18 \E
8 = 50 2= \f{' 6-2 \ 2 /
y ¢ = See Text D« 9.5
FROM CURVES CHART &
M= 8933

ACTUAL DISTANCE ON
DIAGONAL AX19:

[0 « 2(25)\2 (75 + 2(23) « (B2
v \\e-2 1*\ 2 /

Di= ¥ 1600 + Si12
OF COMPLEX pi= 82

r:c.uzmm H Yagel2 B

MAST (TYP) -t
\l E Fio min

,_i

AL ———
R:R K 10-25'
3 ‘ - ‘
"y . * ’ i 1
. N WSS 1\- L biacoNAL axig
: /.a . T —— S TACK
e u Y
7 -l
-eezc.a..n—-r N < | NOR XIS
— NORMAL "AX1
- [t
"
- SKYLIONT
b 4
[ Ce 25"
..
& 3
T
=) w 5
— -
c:38 B W —tizes
NOTES
1, BOXCAR DN RR TRACK AND LOADING
BLATFOAM ARE IMDORTAMT FACTORSG
YO BE INCLUDED AS PART OF cown.ex _ —_
®
PRIMARY LIGHTNING PROTECTIOR DESIGN

FOR ORDRANCE HARDLING FACILITIES
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#_OF COMPLEX
STRIKING
POINT (TYP)

STRIKING
D1S TANCE

RADIUS-R——\ /
NORMAL AXIS

CLEARANCE ARC

ENVELCGPE
OF PROTECTION

AN pw _ Les

- NL -1
'lnx. MAST SPACI ON NORMA! AXIS -

1
N Dre82 I Dr=82' -

.F-t MAY. MAST SPACING ON DIAGONAL AXIS

it

CLEARANCE ARC DIAGRAM

A-4
PRIMARY LIGHTNING PROTECTIION :-DESIGR
FOR ORDRANCE BARDLIRG PACILITIES

24




el tase ndae bl Lk wiae s e ko |t s s seamnm = ssne=ees DOWNIORde from hittps:/www.everyspec.com < - - -

MIL-HDBK 1004/6

c‘t STRIKING
POINT (TYP}

- .STRIKING DISTANCE /
RADIVY (TYP)

ENVELORE
/ OF PROTECTION

'C'Zi' . Lo l Ce23'

X-¢ 1.5:M X ¢« 1.3 M -_1

ELEV. SIDE VIEW

, A-5
. ' PRIMARY LIGHTRING PROTECTION DESIGN
FOR ORDNANCE BARDLIRG FACILITIES
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¢

S
AN

C=20 | w —— Cs20°
7 Mwmr (TYP)
A S g
3
Ex 20"
% D,
o /———nu:o
n /
[z]
"
£ u
< -]
L vENTILATOR =
! | &
4 \
o, ™\ NORMAL AXIS
nl \ ‘
g 2 S— o
- . RIAANMMAG AViIG
-d » - K(& i Ll dd s Sl e L
°\

L+2E

X:(13.33

LN

1 E_} 20" _i_c i

..-__'¥'_.’°_‘.._¢ Y=70' r
NOTES PLAN
I. FOR DATA 8 COMPUTATIONS
SEE DWG A-T
A-b

-

PRIMARY LIGHINIRG PROTECTION DESIGN
POR ORDNANCE HANDLING FACILITIES
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DATAs _coMPuTATION
B RN A !
= 100° 300 + 2140 100 _+ 2(40] +
g:a'o . D (”a...z +( 2 c’
N=8
€ = SEE TEXT D no
FROM CURVES CHART b
M= 80.5"
ACTUAL msrma—: oN
mmm 151
300 + 2(20) 100 « 2{20)\2
D1e j( ) ( ) )
owe o 3211 + 4900
D= 9O
¢_oF :aLne
STRIKING
POINT (TYP)
DIAGONAL AXIS
CLEARANCE ARC

NORMAL -AXIS
; CLEARANCE ARC

ENVELOPE
OF PROTECTION

e
| el "

o) { D

._CLEARANCE ARC DIAGRAM
EXAMPLE NO. 2
A-7

. PRIMARY LIGETRING PROTECTION DESIGR
FOR ORDRARCE HANDLIRG FACILITIES
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TA!

OEbDugr
LN I N
wogsly

“aqu

A
:
)
8
5
b

— S —
i .
E-20 7 S/ A—AR TRACK }
) IIIIF
n = =
~ ] ¥ =
o
x ‘ | CRANE
p |
74 N~ D1 AGONAL “AXI1S
1 -A/—--mﬂuﬂ.luia
\e Tye)

X2 127.5
2

E=20"
[

£

CONDITIONS

1. AR TRACK NDY CONSIDERED A3
IT RUNS UNDER BRIDGE CRANE
‘S TRUCTURE.

2. BRIDGE CRANE ‘STRUCTURE BEING
LM"GEII'_?)ISEHSIIRED EXTENSION

3. LEAN-TO BEING LOW COMPARED TO ‘PLAN .
..BUILDING 1S ‘NOT.CONS IDERED.

NOTES

I. LOCATION OF END MASTS
ADJUSTED TO CLEAR ROAD.

L. FOR COWU'I’ITION’S SEE
OWG A-0.

EXAMPLE NO. 3

A-9
PRIMARY LIGETRIRG PROTECTION DESIGN
FOR ORDRARCE HANDLING FACILITIES
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COMPUTATIOM

_ s . zmoqz {40 +_2(40) + 0\2
v JUe-2 2
D 93.2

FROM CURVES CHART i

M= 8y

ACTUAL DISTANCE ON
DIAGONAL AXIS!

ore j(zss . ztzaii_m ;2!25!)

J 4389 + 2028
Di= 80

NORMAL AX19
CLEARANCE ARC OQ
D

<«

DIAGONAL AX!S
CLEARANCE ARC

ENVELOPE O
PROTECTION

A-10
PRIMARY LIGHTNING PROTECTION DESIGR
FOR ORDRANCE HARDLIRG FACILITIES
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STRIKING
POllllT (TYP)
TRIXING OISTANCE
PD>
IThCX 7 SALIENT ‘Pu:ers-;_—-
PROTETION.
] | OOCERIO
ra - LN R -RR
TRACK
e IR, 1 1] N
el S— e |
X ¢ 1.5 M -t X 15 M '__

ELEV. SIDE VIEW

EXAMPLE NO. 3
A-11
'PRYMARY LIGETNING PROTECTIOR DESIGN
FOR ORDNANCE HANDLING FACILITIES
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RAI MARSHAL! ING YARD
el s ’
A DESTANCE SETWEEN FOLES [SHOULD BE 100-180}
a o CENTERUME OF PR TRACK OR EDGE OF
HOW OF POLER (15 M
c S CENTERUNE OF RA TRACXK OR EDGE OF
ROAD TO FOOT OF BARAIER (217 MIN)
) v END O BARIRER AND END POLE @5
MAX, APPLIES TO RRA YARD ONLY)
E o END OF BARFIER AND TRACK GROUND
)
e EFFECTIVE HEIOHT OF OVERHEAD GROUND CABLE ABOVE
RAR. HEAD OR CROWN OF PAVED HOAD AT MICSPAN (SEE
“NOTED

A-12 (PAGE 1 of 3)
PRIMARY LIGHINING PROTECTIIOR DESIGR
FOR ORDNARCE HANDLIKG FACILITIES
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CHOBEING CABLE EMALL BE CLAMPED TOGETHER AT
OR SEPARATED APPRO 1° AMD
CONNECTION

JOMED BY 10 LG REGBLE
GROLIND GIRDUE BAFRIER = Guy
GROUND ROD }E commEx SUPPORTING POLE
2 el s—
= o
.l ri T
£ OVEAHEAD ORDUND CABLE
TRUCK MARSHALLING YARD
"I' SPAN = DESTANGE BETWEEN SUPPORTS —————=1
[—— } ’ "én-uunjuuLua
e w ‘-/ ) -1 . . 1 PARMCULAR
OVERHEAD GROUND CABLE {
- NADPAN HE
== 2UPPORTING POLE
l TSNS -
==__...___..—--—--—L—J'-_____.—_._—--;_‘2lE

i

DETERMINED

ar
LOADING DXSTRCT

A-12 (PAGE 2 of 3)
PRIMARY LIGHTNING PROTECTION DESIGN
FOR ORDNANCE BANDLING FACILITIES
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A-12 (PAGE 3 of 3)
PRIMARY LICHINING PROTECTICN DESIGH
FOR ORDRARCE HARDLING FACILITIES
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Vi _4CFOUT OF EARTH BARMER

-
:, / - - N \| roweme
TOP OF EARTH BARFYER HOCF OF STR, QVEFEAD GAD CABLE v N
w ———— s S — ..——.-:---ﬂ o 1
T Sanaam i i TRACK GRO

@ LEMGITH OF SPAN

WIDTH OF FACILITY (OVERALL) 8EE NOTE 2
HEGHT OF FACIITY (LESS THAN B0 B6E NOTE 2

RPN SAAT, o
RAG AT MIDEPAN FRIOM CLUIRVES ON PLATE A-g)
ANGLE OF DEVIATION = 2 100°

MAALIM OFF-BET OF TOWER B FROM CENTERUNE

# <be rxe

-‘i"ﬁ"‘: HEGHT OF GRD, Wit ABCHE RAL HEAD
Ta=Th HEIGHT OF GRD. WIRE ABOVE RAL HEAD AT TOWER
-] WaDTH OF BARFEER SLOPE

AR AR
Lee 20l

¥ (TANG 0)
ToPEH+W+Y+S
7

Th=To

NOTES
mmaammmu

mm m
DETARL *A* ON THIS PLATE. NEA‘J*GISEWITME
EDAJAL TO BARFECH, HEIGHT BUT NOT LIESS THAN 2T.

A QLEARANCE OF LOWEST GUY ABOVE RAR. HEAD SHALL BE NOT
LESE TN W2 OR 2 wiICHEVER (8 GREATER.

-

A-13 (PAGE 1 of 2)
PRIMARY LIGHIRINRG PROTECTION DESIGR
FOR ORDRARCE HANDLIRG FACILITIES
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SECTIONAL DIAGRAM
A
LPG.E:HTUNEH.._
BANER—
meamnmam g
m!wran.ﬂ BTRANCE
" |eeves
‘ Al MEAD .
f - Se——
T OR 3 TRACKS #§ OR MORE TRACXS

DETAR, *A* DOURRLE 51 0PE EARTH BARRKERY

APPUICABLE SCHEMES FOR MULTITRACK IMSTALLATIONS

 A-13 (PAGE 2 of 2)
PRIMARY LIGETNING PROTECTION DES
ITI

. mmwa WTSATE TEA AT

GN
FOR ORDNANCE HANDLIRG FACIL 5

I
E
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APPERDIX B

INTERNATIONAL SYSTEM OF UNITS (SI) CONVERSION FACTORS

IRTERNATIONAL

APPROXIMATE

U.S.

LENGIH . ;
foot(ft) meter{m) 1 ft = 0.3048 m
foot(ft) millimeter(mm) 1 ft = 304.8 nm
inch(in) millimeter(mm) 1 in = 25.4 mm

AREA square vard(yd2) square meter(m?) 1 yal = 0.836 127 m?
square foot(ft2) -aquare meter(m?) 1 fe2 = 0.092 903 m?
square inch(in2) square millimeter{sm?) 1 in? = 645.16 mm2

VOLUME cubic yard(ydd) cubic meter(m?) 1 yd3 = 0,764 555 md
cubie foot(ftd)  cuble meter(m3) . 1 €3 = 0.028 317 3
cubic inch{in-) cubic millimeter(mm3) 1 in3 e 16,387.1 om*

CAPACITY -gallon{gal) liter(l) 1 :gal &= 3.785 A1 L
fluid .ounce(fl o02) milliliter(mL) 1 flozx = 29.5735ml

VELOCITY. foot per second meter per asecond(m/s) 1 ft/s = 0.3048 ‘m/s

SPEED . (ft/s or f.p.8.) )
mile per hour ¥ilometer per hour 1'mile/h = 1.609°344 ¥m/h
(mile/h or m.p.h.) (/h) )

ACCELERA- foot per second meter per second 1 ft/e2 = 0.3088 w/e2

IION squared(ft/s?) squared{m/s2)

MASS short ton(20001b) metric ton(t) 1 ton = 0.907 185 ¢

‘ (1000 kg)
pound(lh) kilogram{kg) 11 = 0.453 592 kg
ounce(oz) gram(g) 1l oz = 28,3495 g

DENSITY  .ton .per -cubic metric ton per cubic 1 ton/yd3 = 1.186 55

‘t/m
yard(ton/ya3) meter(t/m3) .
pound per cubic kilogram per cubic 1 1b/fe3 = 16,0185'kg/m3
foot(1b/£fe3) meter(kg/md)’ :

FORCE ‘ton-foree(tonf)  kilonewton(kN) 1 tonf = 8.8B96 -84 KN
kip(1000 1bf) kilonewton(kR) 1l kip = 4,448 22 kR

_ pound-forece(lbf) newton(R) 1 1bf = 4,448 22 KN

MOMENT ton-force foot kilonewton 1l tonf.ft = 2.711 64 kN.m

OF _FORCE {tonf.ft) meter{kN.m)

IORQUE pound-force newton mecer(N.m) 1 1bf.in = 0.112 985 R.m
Anch(lbf.in)

37
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INTERRATIOBRAL SYSTEM OF UNITS (Continued)

38

u.s. INTERNATIORAL APPROXIMATRE
QUANTITY  CUSTOMARY URIT —{(5I) URIT CORVERSION
FRESSURE, ton-force per megapascal(MPa) 1 tonf/in? = 13.7895 MPa
STRESS square inch
(tonf/in?) .
ton-farce per kilopascal(kPa) 1 tonf/ft2 = 95.7605 kPa
square foot
(tonf/£ft2)
pound-force per kilopascal(kPa) 1 1bf/in2 = 6.894 76 kPa
square inch
(1b£/in2)
pound-force per pascal(Pa) 1 1bf/fe2 = 47.8803 Pa
square foot
(1b£/£t2)
WORE, kilowatthour(kWh) megajoule(MJ) 1 kWh = 3.6 MJ
ENEBCY , British thermsl kilojoulel(kT) 1 Btu ‘= 1.055 06 XJ
QUANTITX wmit(Btu) '
OF HEAI foot—pound-force Joule(J) 1l fr.1lbf = 1.355 82 J
(ft.1bf) ‘
POWER. horsepower(hp) kilowatt(kW) 1l hp = 0.745 700 kW
HEAT British thermal watt(W) 1 Btu/h = 0.293 071 W
FLOW aunit per hour s
RATE (Bru/n)
foot pound-force watt(W) 1 fr.lbf/s = 1.355 B2 W
per second
{ft.1bf/8)
COEF Btu per square watt per square 1 Btu/ = 5.678 26 W/
FIGIEKT foot hour meter kelvin £f£2 . h.OF m2.X
OF HEATI degree
‘TRARSFER  Fahrepheir(Btu/ (W/m2.K)
(U-value) £t hr.F)
THERMAL Btu per foot watt per meter 1 Btu/ = 1.730 73 'wW/
CONDUC- ‘hour kelvin (W/w.X) ft.h.OF n.K
TIVITY Degree Fahrenhelt
{R=value) (Btu/fr.hr. °OF)
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APPENDIX B (Continued)

AMERICAN WIRE GAGE (AWG) CONVERSIOR
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Americen National Standard Institute (ANSI), 1430 Broadway, New York, NY 10017.
c2 Hational Electric Safety Gode )
£ t d onlcse n ., 1EEE Publications,

345 East 47th Street, New York, NY 10017.

BO Guide for Safety in Substation Grounding
81 Guide for Measuring Earth Resistivity, Ground
Impedance, and Earth Surface Potentials of a Ground
Syatenm
1la2 Becommended Practice for Grounding Industrial and
Commercial Power Systems
Military Standards apd Handbooks, -Government agencies may obtain .coples of

military standards and handbooks from the United States Naval Publications and
‘Porms Center, 5801 Tabor .Avenue, ‘Philadelphia, :PA 19120, TWX: 710-670-1685,
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obtain copies from the Superintendent of Documents, United States Covernmemnt
Printing 0ffice, Washington, DC 20402.

MIL~-HDBR-419

DOD-6055.9-5TD

Grounding, Bonding, and Shielding for Electromic
Equipments ;and Facllities.

Ammunition and Explosives Safety Standards

‘National Fire Protectjon Association (NFPA), Batterymarch Park,

Quincy, MA 02265.
70
70B

78

National Eleectrical Code
:Electrical ‘EQquipment Maintenance

'Lightning Protection Code
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Naval Facilities Engineering Command {(NAVFACENGCOM). Government agencies may

s

cbrain copies of Design Manuals (DM), Kaval Facilities Gnide Specifications
(HFGS) and Ordnance Pamphlets (OP), from the United States Naval Publications
and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120, TWX:
710-670~1685, TELEX: 834295, AUTOVON telephone 422-3321. Nongovernment
organizations may obtain copies from the Superintendent of Documents, United

S5taces Government Printing Office, Washington, DC 20402.

[+]

DM-2 Series Structural Enginmeering

DM-4.2 Pover Distributicn Systems
DM-7 Series So0il Mechanics, Foundations and Earth Structures
DM-21.1 Airfield Geometric Design
DM-21.9 Skid Resistant Runway Surface
NFGS-16302 Overhead Electrical Work
HAVSEASYSCOM
NRAVSE4LA OP-5 Ammmition .and Explosives Ashore
Vel. I ' :
UL Standards, Underwriters Laboratories. Inc., 333 Pfingsten Road,
Rorthbrook, IL 60062. :
TL 926 Lightning Protection Components i
UL 964 Installation Requirements for Lightning Protection
‘Systems '
UL 467 Grounding and Bonding Equipment
\\
LUSTODIAN: PREPARING ACTIVITY
iNAVI - TD HAVY - ¥D
PROJECT RO.
FACR-0218
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