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ABSTWCT

This handbook provides basic design guidance that has been developed from
extensive reevaluation of facilities. It is intended for use by experienced
architects and engineers. The contents cover electric utilization such as
interior electric power, lighting, communication, signal and fire alarm
systems; emergency electric power systems; roadway, protective and area
lighting; and design criteria for earthquake areas.
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FOREWORD

This military 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 (NAVFACEIIGCOM), other Government
agencies, and the privste sector. This handbook was prepsred using to the
maximum extent feasible, national professional society, association, and
institute standards. Deviations from this criteria, in the planning,
engineering, design, and construction of Navsl shore facilities, cannot be
made without prior approval of NAVFACENGCON Code 04.

I Desien csnnot remain static anY more than csn the functions it serves or the
technologies it uses. Accordi&ly, recommendations for improvement are
encouraged and should be furnished to Commanding Officer, Naval Facilities
Engineering Command, Chesapeake Division, Code 406, Washington Navy Yard,
Washington, DC 20374; telephone commercial (202) 433-3314.

THIS RANDBOOK SHALL NOT BE USED AS A REFSRSNCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERING STUDIES AND DESIGN (FINAL PLANS , SPECIFICATIONS, AND COST
ESTIMATE5) . DO NOT REF7W2NCE IT IN MILITARY OR FEDESAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMSNTS .
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Section 1: INTRODUCTION

1.1 a. This handbook presents data and requirements that are
necessary for the proper design of interior electric power and lighting
systems; communication, signal, and fire alarm systems; emergency power
systems; roadway, protective, and area lighting systems; and design
requirements for earthquake “areas.

1.2 Cancellation.
December 1979, including

This handbook cancels and supersedes NAVFAC DM-4.4 of
Change 1 of 1 April 1982.

I

1

Downloaded from http://www.everyspec.com



MIL-ssDBK-loo4/4

Section 2: POLICY

2.1 Policies. The design of Electrical Utilization Systems shall
conform to the requirements of paras. 2.1.1 through 2.1.7.

2.1.1 DOD Policies. For information pertaining to DOD policies, refer to
MIL-HDBK-1190 , ~.

2.1.2 ~ odes. ihe National Fire Protection Association (NFPA)
NFPA 70, National Electrical Code (NSC) ; Americsn National Standards Institute
(ANSI) ANSI C2, National Electrical Safety Code; NFPA 101, Code for Safety. to
Life from Fire in Building and Structures; and NPPA 110, )?me enc~
Power Svstems, shall be used to establish minimum standards of design and
installation practices. Electrical materials and equipment should conform to
the standards of the Underwriters Laboratories (IjL)Inc. , or other recognized
testing agencies or laboratories.

2.1.3 Desit?n Analvsis. The design analysis covering electrical systems
shall be made in.accordance with good design procedures based on the
conservation of energy and shall show all calculations used in determining
ratings and capacities of such systems. Include the methods and tabulations
used in sizing conductors, conduit, protective devices, and other equipment
needed to complete a system. Clearly show all calculations so that any
changes that become necessary can be made efficiently. When tables used in
the design are taken from publications, plainly indicate the title, source,
and date of the publication. Indicate the model number snd manufacturer of
each major piece of equipment on which space allocation was determined in the
analysis. Equipment of at least three m~ufacturers shall be capable of being
installed, serviced, maintained, and replaced in the space available.

2.1.4 Specifications. The design criteria in this section shall confo~
to the requirements of NAVFAC Guide Specifications NFGS-16301, Underground
Electrical Work; NFGS-16302, Overhead Electrical Work; NFGS-16335,
Transformers. Substations. and Switcheear. Exterior; NFGS-16402, Interior
WirinE Svstems; NFGS-16462, ~ 5 kVA to 500 kVA);
NFGS-16465 , Interior Substations; and NPGS-16475, Interior SwitchRear and
Switchboards. Low-Voltage.

2.1.5 Requirements for Flwsicallv Handi Capued. Specifications shall be
used for making buildings and facilities accessible to snd usable by
physically handicapped people, refer to ANSI A117. 1, Specifications for Making
Buildings and Facili ties Accessible bv HandicaDued people.

2.1.6 Architectural Considerations. Exposed electrical items shall be
shown or indicated as such, and their use shall be inaccordance with the

I

architectural design. For electronic facilities, the criteria in NAVFAC
DM-12.01, ~K shall apply.

2.1.7 ~. Provide all safety features in accordance with
the Occupational Safety and Iiealth Administration (OSSIA).

2
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Section 3: INTERIOR ELECTRIC POWER AND LIGHTING SYSTEMS

I

3,1 Local Codes. Although the Federal Government is not required to
conform to city, state, or district building codes for property within Federal
Government ownership lines, local codes should be considered. The design snd
installation of interior lighting systems, electric power facilities, and
roadway and area lighting systems shall conform, as far as practicable, with
adjoining community regulations end stsndards.

3.2 Service Service wires to interior electrical systems shsll be— -
as short as possible. During installation of overhead services, consider
possible future underground service installation. If feasible, install empty
conduits from service rooms to pointa 5 ft (1.5 m) beyond building walls, 30
in. (762 mm) below grade, and provide belov grade metallic marker to
facilid:ate identification.

3.2.1 Service Eauiument. Locate service equipment at the service-entrance
point.’ Use circuit breskers sccording to the characteristics indicated for
low-voltage switchgear (refer to MIL-HDBK-1004/3, Switchgear and Relaving).
Pused switching devices shall be used only where special considerations
necessitate their use. Such a situation may result when circuit breakers
alone cannot provide adequate fault duty snd must be coordinated with
current-limiting fuses. Select the most economical devices consistent with
short circuit and normal current requirements. Services with three-phase
motor loads shall include protective devices that vill open all three phases
immediately upon failure of any one phase to prevent dsmage to the motors.
Provide ground-fault protection in accordance with the NEG.

3.2.2 Servi”ce Conductors. The use of more then two conductors in parallel
is discouraged. Either busway or a medium-voltage distribution system mskes
such usage necessary only for exceptional conditions, such as on piers where
ships’ services require large lov-voltage currents. In such cases, consider
providing individual conductors with limiter lugs hsving fuses which protect
the size of cable used. All conductors serving the ssme load shall be of the
sane size, material, insulation, and length snd shall be terminated similarly.

l-”
Where conductors are paralleled in one or more raceways, each phase conductor
and a neutral, if used, shall be installed in each raceway.

3.2.3 Metering. Provide all facilities on naval property, regardless of
the operating agency, with. a rev&ue-metering installation ahead Of the main
disconnecting device,. Where required, instali for future use, submetering
provisions for energy-consuming mechanical/electrical systems such as lighting
and heating, ventilating and air conditioning. Submetering provisions shall
also be provided for multiple tensnts in a building. For Energy Monitoring
and ‘Control System (EMCS) metering, refer to NAVFAC DM-4.09, Enertrf Monitoring
and Control Svstem.

‘.

1
3
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3.2.4 Short-Circuit Considerations. Service protective devices must be
“able to clear available short-circuit current on secondary systems without
damaging the unaffected portions of the system. where service conductors are
connected to low-voltage network systems, the service protective devices and
the entire utilization system may be subjected to large short-circuit currents.
Where svailable short-circuit currents reach values above rstinga of ordinary
protective devices, it may prove economical to use a short-circuit
duty-reducing mesns instead of special switchgear. Short-circuit reducing
equipment shall be selected from the criteria in paras. 3.2.4.1 through 3.2.4.3.

3.2.4.1 Current-Limiting Fuses. Current-limiting fuses shall be used for
general reduction of short-circuit duty. Determine the msximum let-through
current from fuse characteristic curves. The effective value of this current
will determine the short-circuit rating of equipment placed on the load side of
current-iimiting fuses. Selectively coordinate current-limiting fuses in
systsms using multiple current-limiting devices. YUSeS are the preferred
method of limiting fault currents.

3.2.4.2 Current-Limitinz Circuit Breakers. Current-limiting circuit breakers
can be used for general reduction of short-circuit duty. Determine the msximum
let-through currsnt from bresker tires-current characteristic curves. The
effective value of this current will determine the short-circuit rating of
equipment placed on the load side of current-limiting breakera. Selectively
coordinate current-limiting breakers in systsms using multiple current-limiting
devices.

3.2.4.3 Other Methods. Other “methods sre svailable, but their use should be
restricted in accordance with the following:

a) Reactors. Reactors shall be used to reduce short-circuit duty
only where other current-limiting devices are not easily installed. Such
installations have many” limitation, end the designer must sxercise exceptional
judgment in selecting components based on the determination of the following
factors: ...

1) Current-carrying capacity.

2) Maximum
connecting point.

3) Bracing
by such currents.

4) Minimum

s~etrical short-circuit current available at the

required to withstand mechanical stresses produced

impedance per phase.

5) Allowable voltage drop.

6) Energy conservation requirements.

b) ~. High-impedance busways can be used for
small reductions only when other current-limiting devices are not economical.
Use of high-impedance busways is not recommended (refer to MIL-EDBK-1004/3).

4.
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C) ~. Although high-impedance
transformers can provide general reduction of short-ciycuit duty, the use of
these transformers is highly discouraged due to economic snd energy
conservation considerations.

3.2.5 ServiCe-EtrUiDSIent Rooms. Utilities shall be accessible, snd
equipment room shsll be sized to provide sufficient space for proper
maintenance of equipment. If electrical equipment is located in a combination
electrical-mechanical equipment room, adequate space for electrical equipment,

I including anticipated future equipment, must be reserved. PiPing, ducts, or
equipment foreign to”the electrical equipment or to the architectural
appurtenances shall not .be installed in, shall not enter, or shall not pass

-. through the space reserved for electrical equipment. Electrical equipment
shall be protected from piping, ducts, or equipment not foreign to the space
,reserved for the electrical equipment. For access, ventilation, emergency

lighting, fire protection, and coordination witli other trades, refer to,NAVFAC
UN-4 .02, Electrical’ Engineering Power Distribution Svstems, end DM-4 .07, H@
@mmnication and Signal Svstems.

‘3.2.6 Service Grounding. Connect the neutral of a system to ground at one
point snd provide for grounding connection at the incoming main secondary
disconnecting device. A four-wire system shall be used for an incoming
single-phase service. Where several buildings are served via a single
incoming three-phase service, a separate five-wire sYst~ shOuld be ntilized
from the incoming service to each building. Grounding of tramsfonoers with
delta secondaries shall receive special considerations (refer to Institute of
Electrical snd Electronics Engineers (IEEE) IEEE 142, ~r
Grounding Industrial and Commercial Power Svstans. Size grounding conductors
in accordance with the NEC, vith the grounding electrode having a preferred
resistance to ground of 5 ohms or less (refer to NAVFAC DM-4. 02).

3.3 Wiring Systems. For locations of switchboards, power panelboarda,
end lighting panelboards in relation to the electric circuits, refer to NAVPAC
DM-4 .02 and MIL-EDBK-1004/3.

3.3.1 Standard Utilization Voltages. Select voltages at the highest level
consistent with the type of load served. In the selection of systsm voltages,
consider load magnitudes, distances to load centers, availability of
utilization devices” at voltages under c6nsiderati0n, safety, standards, and
codes. Utilization voltage levels are as follows:

I
3.3.1.1 ~. A 208Y/120 V syatsm is usually most economical when
the major portion, 60 percent or more, of the load served conaiats of 120 V
utilization equipment and lighting and when the average length of feedera is
less than 200 ft (60 m).

5
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3.3.1.2 480 V Svstems. Supply this service voltage where large motors
constitute a major portion of a mixed load, in buildings having one or more
electrical services aggregating 600 A or more, and where more than 50 percent
of the load may be served by a 480Y/277 v syst~. Design the lighting
systemto operate at 277 V. All three-phase motors shall be served at 480 V.

I Small appliance loads, convenience outlets, snd other loads requiring lower
voltages shall be served from a dry-type transformer stepping down 480 V to

I 208Y/120 V.

3.3.1.3 Service to Motors. Motors of 1/2 hp and larger shall be three-phase
tYPe, ~less three-phase service is not available. In that case,’ operate
motors 1/2 hp snd larger at phase-to-phase voltage rather than
phase-to-neutral voltage.

I 3.3.2 Voltaue .%read. Determine the voltage spreads in the system, taking
into account the effects of overvoltage and undervoltages in the load types.
After the voltage s,pread has been determined, distribute the tOtal’vOltage
drop among the elements of a system in the most economical way. In any
facility, the combined feeder and brsnch-circuit voltage drop shall not exceed
the limits imposed ‘by the NEC.

3.3.3 ~. Generally, utilization equipment having an inductive
reactance lo.id component shall have a power factor of not less than 90-percent
lagging under rated ‘load conditions. When the power fsctor of utilization
equipment ia less, switch power-factor correcting devices with the utilization
equipment to provide a power factor of not less than 90 percent in accordance
with MIL-HDBK-1190. Fluorescent lighting devices should be specified to have

a Power “faCtOr of not less thsn 95-percent lagging.

3.3.4 Wire and Cable. Select types of insulation, in conformity with
NFGS-16402, according to duty and location. Refer to the NEC for descriptions
and definitions of insulation types , operating temperatures, voltage clksses,
and applications. Do not exceed values of allowable current-carrying

Capacities listed in the NEC. Size brsnch circuits and feeder conductors at
125 percent of full-load smpacity to minimize 12R losses. If future
capacity sizing adequately provides this allcwauce, .jOn~~ CWerSi Ze the
conductor by snother 125 percent. For installation in abnormal ambient
temperatures snd for more than three conductors in “araceway, apply derating
factors aa directed by the NSC. Provide full-size neutral conductors for both
single and three-phase systems where any part of the connected load is a
single-phase load.

3.3.5 Raceways. DO not embed metal raceways in coucrete that contain
coral aggregate or is made with salt or brackiah water, For these cases, use
nonmetallic raceways. Raceways shall be selected in accordance with

I
NFGS-16402 and paras. 3.3.5.1 through 3.3.5.8.

1“ 3.3.5.1 Electrical Metallic Tubing. Electrical Metallic Tubing (EMT) shall
be used to enclose branch-circuit conductors , UP to 1/0 AWG (53.5 mm2)

•=iM~ size. onlY for exuosed runs in dm locations. h- ceilimas.

I hollow-block” walls ,
tubing underground,

L
and f&red spaces. D; not instail
outdoors, or encased in concrete.

el~ctrical-m; tallic

,.

6
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3.3.5.2 Flexible Steel Conduit. Flexible steel conduit shall be used for
applications similar to those in which EMT is employed and for connection to
vibrating equipment, between junction boxes and recessed lighting fixtures,
between sxpansion joints in exposed runs, and for short connections.

3.3.5.3 Rigid Steel Conduits. Rigid steel conduits shall be used for runs
encased in concrete and in wet and hazsrdous locations. ‘Provide POIYVinYl
Chloride (PVC) coating when corrosion protection is required.

3.3.5.4 Aluminum Conduit. Aluminum conduit shall be used for applications
similar to those used for steel conduits, but do not install aluminum conduit
by direct burial or encase aluminum conduit in concrete- Use for,

high-frequency circuits where steel would cause magnetic problems. Do not use
in electromagnetically sensitive areas.

,.

3.3.5.5 Nonmetallic Conduit. Nonmetallic conduit shall be used on2y where
pe~itted by NFGS-16402.

I 3.3.5.6 Intermediate Metal Conduits. Intermediate Metal Conduit (IMC) csn
be used in lieu of rigid conduit, where permitted by NFGS-16402.

3.3.5.7 WirewaVs. Uae virewaya only for exposed work where permitted by the
NEc . Do not fill wirevays over 20 percent of their interior cross-sectional
areas. For special conditions, refer to the ffKC.

3.3.5.8 Electrical Floor svstcrss. Electrical floor systsms shall be used in
administrative areaa where the distance between permanent partitions is more
thsn 20 ft (0.16 m). A cellular floor systsm with trench headera is the
preferred system. Under floor duct systems may be used where cellular floor
decking ia not feasible, either structurally or economically, Power, signal,
and telephone systems shall each.be run in separate cells and through
compartmented trenches or junction boxes. Locate cells to permit
rearrangement of tsmporary partitions and room layouts without revisions to
under floor systems, other than the relocation of outlets and wiring. Locate
cells so that no electrified cells will occur at partition: or on module lines.

I

a) ~ oor Svstem. Nominal size of each electrified
cell shall be 9 Inz (60 =). ,Where smaller cells can be installed
structurally, consider using two cells for telephone circuits. Telephone
circuits should provide for use of call direct”or telephones. Normally, a
30-line call director telephOne has a 100 pair, 24 AWG (0.5 SIM2) line
connection requiring a minimum conduit size of 1-1/4 in. (31.75 MM). usually,

if the cell size is adequate for call director telephone circuits, it ia more
thsn adequate for eiectric power and signal circuits. For trench header
capacity, provide 2 inz (1,290 MU12) per 1,000 ftz (93 mz) of office
space for each system in small buildings. For buildings having a gross
administrative space in excess of 50,000 ftz (4,645 mz), increase 2 in2
(1,290 MH12) to 4 inz (2,58o rmn2) for telephone circuits and decrease to
1–1/2 in2 (968 MIS2) for electric power snd signal circuits. Trench
headers should not be run in corridors unless absolutely necessary. Refer to
Federal Construction Guide Specification (FCGS) FCGS-16115, Underfloor Raceway
System (Cellular Steel Floorl, for material,.

7
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b) Underfloor Duct Svstem. Size feeder ducts on ssme basis as
trench headers. To avoid congestion in feeder ducts , PrO’vide parallel conduit
feeders, usually 1-1/4 in. (31.75 mm) from panelboards or closets to load
areas. Select cell sizes based on wiring requirements, providing for future
srea supplications and load growth. The minimum cross-sectional area of ducts
shall be 3.3 inz (2,129 mm2). The maximum spat ing between fceder ducts
shall be 50 ft (15 m). The minimum concrete cover over ducts shall be 3/4 in.
(19 mm). Base insert and junction sizes on the required wiring capacity snd
minimum bending radius of the largest wire or cable to be installed. Refer to
FCGS-16113, Under floor Duct Svatem, for material.

3.3.6’ Hazardous Locations. Hazardous locations shall conform with
proviaiona of the NEC where the equipment snd associated wiri~ are installed
within hazardoua areaa.

,., .

3.3:7 S~.. Weatherproof, dustproof, dust-ignition-proof,
duattight and watertight equipment, and associated wiring as required and in
accordance with the NSC shall be installed.

3.4 ~a. Characteristics, types, and information for
all motors and controllers are included under power plants in the NAVFAC DM-3
Series.

3.4.1 ~.

3.4.1.1 Voltage Leve”~. To determine the moat economical voltages for
electric power systems, find the break-even points between distribution and
switchgear costs. For standard “system voltagea snd raceway systems, refer to
para. 2.2. For stsndard motor utilization (nameplate) voltages, refer to
National Electrical Manufacturers Aaaociation (NSMA) Standards Publication
MG1O, Ener Guide for Se~ olwhaae Motors.

3.4.1.2 E~ . In general, feeders serving power circuits
shall carry only power loads. Determine fceder sizes from the following:

a) Capacity. Current-carrying capacities of conductors serving
motors under normal running conditions and under intermittent duties ,k,houldbe
considered.

b) VoltaKe Drop. Continuous currents should not produce voltage
drops that will reduce motor torques below minimum required values; starting
currents of the largest motor should not produce voltage dips of such
magnitudes as to actuate the undervoltage releases or to disengage smaller
motors in a systsm. In sny event, do not exceed msximum voltage drops of the
NRc .

c) Short Circuits. Motors snd associated equipment shall be
protected against damaging short-circuit currents. Limit msximum fault
currents at mains in the grouped protective equipment. Determine maximum
short-circuit let-through currents, using the aforementioned methods for
reduction of ahorc-circuit duty. Consider the effects of the durstion of
in-rush currents through protective davices snd sxcesaive voltage drops.

8
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3.4.2 Motor Control Requirements. Motor controllers (starters) shall be
provided for motors larger than l/8 hp and shall be in accordance with design
requirements in NEMA ICS1-78, General Stsndards for Industrial Controls and
Systems. For motors of 1/8 horsepower or less, refer to the NEC requirements.

3.4.2.1 Manual TvDe. Msnual starters may be used for motors up to the
ms.ximum horsepower ratings given in Table 1. This applies only.when the motor
is not controlled by automatic devices, unless all automatic devices have
adequate horsepower ratings.

3.4.2.2 Maznetic-Onlv he. Magnetic controllers shall be full-voltage,
nonreversing, across-the-line starting, except where reduced-voltage starting
is required by the capacity of the systsm which supplies the motor. such a
case Is where the trsn.sformer kilovolt-smperes are not much greater than the
motor horsepower or where the motor starts msny times an hour. Msgnet ic
starters shall be of the ratings given in Table 2.

3.4:2.3 Reduced-Volta~e Starter Trees. Reduced-voltage starters shall be
used where full-starting motor current would result in more than a 30-percent
transient voltage dip. ‘The SkVA, dependent upon motor type, may range from
250 to 1,20,0percent of the.motor’s full-load kVA, with 600 percent an average
value.

Curves of maximum voltage dip values resulting from motor stsrting for a
generator plsnt bus are shown in Figure 1. These curves are typical for

,. generators having a rotating speeds of 600 to 1,800 rpm and which utilize
exciters rotating at 1,200 rpm or higher when the generators are already
loaded to 50 percent of their rating. Msximum voltage dip values for a unit
substation secondary bus (with unlimited short-circuit “capacity available from
the primary system) are also shown in Figure 1.

A comparison of these curves shows that the voltage dip on starting is much
greater on the generator bus “thsn on the I&it substation aecordary bus; this
is because generators have a much higher reactance thsn do transformers.
Figure 2 shows an example of the difference in voltage dip dependent upon
whether the motor is supplied by the unit substation or the generator. For
other situatlona, refer to Industrial Power Svatems Handbook by Donald Beeman
for calculations of voltage drops due to motor starting.

Basic types of motor starters include autotransformer, primary resistor,
uart-windina. We-delta. reactor. and solid-state. The autotransformer-type

I

-..
starters have two autotransformers connected in an openydelta configuration.
This configuration provides one reduced-voltage step, usually 50, 65, or 80
percent of full-line voltage as the f“irststep and 100 Percent Of full-line
voltage as the second step. Comection should be made to the lowest
reduced-voltage tap which will deliver the required starting torque. Although
the autotransformer starter consumes che leaet power of all starter types, it
is, in general, Sn open transition-type starter. This type starter causes the
motor to be completely disconnected from the line during voltage transition
and, therefore, causes a second large voltage dip on the line. This voltage
dip can be eliminated by providing a closed-transition autotransformer starter
using the Korndorf er connect ion. This connection scheme connects the two

9
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aUtOtraIEfOITErS into a series-reactor configuration during voltage

I

transition, thereby keeping the motor continuously connected to the line and
diminishing the second current peak. The following are typea of reduced
voltage starters:

I a) Primary resistor-type startera have one or more resistora in
series with the line snd the motor. They csn provide one ‘ormore steps of
reduced voltage. This produces very smooth starting characteristics by
keeping the motor connected to the line during all voltage transitions.
Starting torque will usually be so percent or less of full-load torques.
Resistor startera consume the moat power of any starter type, but usually cost
less than autotransformer startera in the smaller SiZe ranges.

b) Part-winding-type startera can be used on motors which are
designed for use on either of two voltages (e.g., 120/240 V snd 230/460 V).
These starters connect one aectiom of the motor winding to the line initially,
then, after a predetermined delay, connect the other section of the motor
winding with the first winding section. Starting torque will be less than 50
percent of full-load torque. Part-winding at-arters csn be used only with
dual-voltage motors, snd overcurrent relays must be provided for each section
of the winding.

r I

c) we delta-type starters operate by firat connecting the motor
windings to the line in a wye configuration, then, after a predetermined
delay, by changing the connection of the motor windings to the line into a
delta configuration. The reduced-voltage step of these starters applies 57
percent of full-line voltage to the motor windings snd provides only 33
percent of full-load torque on starting. Wye-delta startera are recommended
for use only with compressors snd”other motors that csn be urdoaded for
starting or those which can tolerate the extremely low starting torque.
Wye-delta starters can be provided with either open-trsnsition operation or
closed-trarrsition operation.

d) Reactor-type starters have reactsnce in series with the line snd
motor. Although these start era keep the motor cent inuoualy connected to the
line during voltage transition, the resulting starting curve is not as smooth
as that provided by a primary resistor-type starter and are more expensive
thsn other types of starters. Reactor starters are recommended for
consideration only on large motors as defined by ~ Standards Publication
MG-1, Motors and Generators. Solid-state type starters have phase-controlled
thyriators in series with the line snd motor. The thyristors are continuously
variable snd provide the smoothest starting of all types. The current snd
Starting torque are easily adjusted.

Solid-state starters usually cost more thsn comparable conventional starters
and, therefore, are recommended for use only where the line current is
critical or where repetitive motor starting limits the life of electromagnetic
contacts.

10
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Table 1
Standard Magnetic Controller Ratinga for 600 Volts and Belowl

NEMA Amperesz volts

00 9

0 18

1 27

2

3

4

5

6

7

8

9

45

90

135

270

540

810

1215

2250

115
200
230

4604
115
200
230
460
115
200
230
460
115
200
230
460
200
230
460
200
230
46o
200
230
460
200
230
460
200
230
460
200
230
460
200
230
460

Maximum hp
~

Slnzl e-Dhase Three-uhasi

1/3

1

i

2

2

3

3
_

7-1/2

1-1/2
1-1/2

,2

.3
,3
5

7-1/2
7-1/2
10

10
15
25
25
30
50
40
50

100
75
100
200
150
200
400

300
600

450
900

800
1600

Maximum hp rating for
and 10ssing3_
ase Three-D ase

1-1/2
2
1
3
3
5

7-1/2
10
15
15
20
30
25
30
60
60
75
150
125
150
300

1 From m, 1cs2_78, Industrial CCIntrOl DeT’ices. Controllers and Assemblies.
2 Continuous ~urrent rati~ for enclosed general-PurPOse controllers.
3 ~ ~~ple is plug stop or jOggi~ (inching duty) which requires cOntinuOus

operations with more than five openings and closings per minute.

I 4valuesfor 575 V are the same as shown fOr 460 V.
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Table 2
Standard Manual Controller Ratings for 600 Volts snd Below]

NJIMAsie~ Maximum hOrSeDOWer ratlnE
s le- base~

PI-o 115 1
200 3
230 2 3

;;gz
s

5

200
230

7-1/2
3 7-1/2

460.
M–1P

10
115 3.
200
230 5
460

lFrOm NEFIA IcS2-78, Indus al Contro~.
2Value~ for 575 v are the same as shOwn fOr 460 v.

3.4.2.4 Reduced-Voltat?e Starter Selection. Select the type of starter to be
used after consideration of the required startiti torque, supply line
limitations; required acceleration smoothness, power factor, energy
consumption, and maintenance requirements. Consider a ciosed-transition type
starter for all large motors as defined by NKMA MG1.

.

3.4.2.5 ~ennal-Mame tic Me. Consider use of thermal-magnetic circuit
breskers for protection of all high-efficiency” motors, motors with a Code H or
higher locked-rotor value, and motors with a locked-rotor current greater thsn
600 percent of the full-load current.

3.4.2.6 llotor Control Centers. Generally
NKMA Class 1, Type B.

, motor control centers shall b’e
Selection of motor control centers and types is covered

in the NAVPAC DM-3 series.

3.4.3 Receptacles. Generally, receptacles for installation on 15- and
20-A brsnch circuits shall be of the gro&ding type with the grounding
contacts effectively grounded snd shall conform to requirsmenta of Underwriters
Laboratories Inc. (UL) UL 498, Attachment PIUI?S and Receptacles, and NKMA
m-l, ~. In certain areas, provide
ground-fault circuit-interrupting receptacles snd isolation receptacles as
required by the NSC.

3.4.3.1 Locking tie. Locking-type receptacles shall be used where positive

ewagement Of Plug is required or where a strain on the portable cord can be
anticipated.

12
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Figure 1
Motor-Starting Voltage Dips
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3.4.3.2 Enclosures. Enclosures shall be UL labeled for dcinp locations, wet
locations, enclosed sud gasketed, or sxplosion proof, as required, in dsmp,
wet, or hazardous locations (refer to the ~C).

3.5 Li~ht i!uzSvstems. The design of interior lighting systems snd
lighting intensities shall be in accordance with MIL-EDBK-1190 end the
Illuminating Engineering Society of North America (IES) Li t~ok .
For lighting levels, luminaire types for spec!al areas, end particular
requirements, consult criteria for the specific facility.

3.5.1 Architectural Requirements. Lighting systems shall be coordinated
with building designs for aesthetic and decorative effects, within the limits
of visibility, visual comfort, economics, and energy conservation.

3.5.2. Desisn Analvsis. Lighting calculations shall adhere to the
established procedures of the IES as set forth in the 12LSLiRhtinE Handbook.
For general applications, average illumination may be calculated by the us”eof
room cavity ratios end luminaire coefficients of utilization (zonal-cavity
method).

3,5.3 Visibility. Luminaire placement snd candlepower distribution shall
be selected to minimize veiling reflections. Veiling reflections reduce the
contrast” of,the components of the task and make seeing the task more
difficult . Light coming over the workers’ shoulders or from the sides
generally produces better visibility than light coming from the front of the
workers (offending zone). Equivalent Sphere Illumination (ESI) can be made
when the specifics of the task are Imown, along with a knowledge of the task
background end luminaire candlepower distribution and location in relation to
the taak. Generally, such detailed snalyaea will be unnecessary unless
specifically required.

3.5.4 usual Comfort Probability. Luminaire placement, candlepower
distribution, and lumincnce ratios shall be selected to minimize discomfort
glare. Discomfort glare is produced by a high brightness within the field of
view. Visual comfort probability may be determined by making a VCP cnalysis
or by requiring that the luininaire has a minimum VCP of 70 and also meets the
other luminance requirsmenta for visual comfort required in the IES Lighting
Handbook:

3.5.5 Economics. For a large building, a comprehensive lighting study
shall be required from an economic viewpoint to aid in the selection of
lighting sources snd sizes of lamps. When studying alternatives, consider the
initial investment, life span of the installation, energy expense, coat of
replacing light sources at the end of effective life, and cleaning cost.
Life-cycle costs shall be calculated in accordance with NAVFAC P-422, Economic
Analvs is Hsndbook. Selection of the most economical alternative shall be
based on the maximum luminous flux (lumens) per uniform annual cost.
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Means shall be provided to reduce general
in accordance with the criteria of
fully covered by MIL-HDBK-1190, include

3.5.6 Enerzv Conservation.
lighting operating intensities
MIL-HDBK-1190. These methods,
reduction by manually turning off selected luminaires by the Use of multiple
sWltching circuits and time or photoelectric control. Multiple switching
circuits cam utilize alternative switching of Iuminaires, inboard-outboard
svitthing of multi tube fluorescent luminaires, local switching for task
control, perimeter lighting control adjacent to glassed areas to take
advsntsge of daylight, snd use of Silicon-Controlled Rectifier (SCR) dimmers
where economically feasible. Other methods include the use of lover wattage
lamps or the provision of ceiling construction which easily accommodates

l~inaire relocation. Energy conservation methods shall apply not only to
administrative areas but to all,areas with illumination levels of 30 or more
footccndles (30 dekalux).

3.5.7 LiEhtiru? Source. When selecting lightimg sources for interior
systems, the most important aspects are the characteristics of the source;
however, also comsider stroboscopic effect , radio frequency interference,
chromacity, amd color rsmdition.

3.5.7.1 m~ . Characteristics of light sources are given in
Table 3. The light source and ballast used .vhould be the most

~
energy-conserving types consistent vith usage.

3.5.7.2 Recommended S urces~. Table 4 gives the

recommended usage for specific task areas.

3.5.7.3 Color Renditiun. U’nless there ,is a need ,for col’armatching, color
rendition need not be considered. Where the.color rendition of High-pressure
Sodium (HFS) lamps is unacceptable, metal halide lamps should be used if the
available lsmp wattage is suitable for the area. Consider the use of a
combination HPS snd metal halide lamps. The,use of mercury vapor lsmps” is
discouraged due to poor efficiency smd lumen maintenance.

3.5.7.4 Chromacity. Chromaci ty within &eas shall alvays be considered.
Once the adaptation has been made to a lighting system of “sny color
temperature, user acceptance is greater when smother color source is not
introduced. In a shop area using EPS lamps, the smsll office and toilet
spaces commonly associated with the area should also use f5PSlsmpa. If
fluorescent lamps must be used in such an area
type.

, they shall be the warm-white
The surro~ding color environment (painted walls, ceiling, and floor)

shall be compatible with the chromacity of the selected source.

3.5.7.5 R~ riterferenc . Fluorescent fixtures can be provided
with shielded enclosures and filtered ballasts for use in areas where radio
frequency interference must be minimized, for sxample, in sn instrument
calibration shielded room (refer to NAVFAC DM-12. 01).

3.5.7.6 StrObOSCODi C Effect. Except for high-speed photography, rotating
machinery, and other rare situation, stroboscopic effect generally will not
be a problem. Flicker Index has been established by the IES as the measure of
stroboscopic effect.

16
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Table 3
Characteristics of Light Sources

hlmc sources

Hii?h-intensi.t~efpcharze (HIDll
Characteristics Mercury Fluorescent Incandescent

HPS halide vaDOr

Luminous efficacy 60-140 65-110 30-60 55-80 15-25

(lumens/watt)z

Lumen Good Fsir Poor .Fair Good

maint ensnce

Lamp life 16-24 10-20 12-24 10-20 i-4

(1000 hours)

Lsmp life3 (years) 4-6 2.5-5 3-6 2.5-5 0.25-1

Start-up time 2-4 3-5 5,-7

(minutes)

Restrike time 1-3 8-10 3-8

(minutes)

Color rendition Fair Good Fair Good Good

Neutral surface Yellow-pink White White Blue-white Yellow-white

color effect

1.
~ Incandescent safety lighting is required in lirge areas or corridors. For

areas where ffPS fixtures are used, consi’der installin8 smergency light sets
with a 5-minute time delay off to tske’care of the restrike or start-up
time. For other HID lamPs, lotier time delays shOuld be prOvided.

2 Ballast l~~~e~ are incl”de”d.
3 COnp~ted based on 4,00CJburning hours a year.

,.
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Table 4
Recommended Sources for Specific Tssk Areas

~ Light source

Office areas Fluorescent

Low-bay shop areas2 Fluorescent, high-pressure sodium5

~ reas3
I

Hiph-gressure sodium4
I

I
1

I
2
3
4

15

I

I

3.

In areas with ceilings 10 ft (3 m) or lower, use recessed fixtures
with prismatic diffusing panels.
Ceilings less than 15 ft (4.5 m).
Ceilings of 15 ft (4.5 m) or higher.
In areas with ceilings of less thsn 25 ft (7.6 m), use 25o watt or”smaller
lsmps . For ceili~ of 25 ft or higher, use 400-W lamps.
High-pressure sodium sources for lov-bay applications must be designated as
low-bay high-pressure sodium.

S.7.7 Tranaient Voltages. Lighting sources shall be able to withstand
transient voltages in accordance with IEEE 587, Guide for Surge Voltages in
Lov-VoltaEes AC Power Circuits, Category A, for normal and common modes.

3.5.7.8 Harmonic Currents. Lighting sources with higk,harmonic current
distortion shall not be used with dedicated generators where the lighting
sources constitute a sizable portion of the load. Under such conditions,. the
harmonic current distortion will cause nonainusoidal voltage distortion, which
may cause unsatisfactory operation of connected loada.

3.5.7.9 Sources Not Recommended. Incandescent lighting shall not be used}
unless no other type of light source is suitable for the special conditions
encountered. It haa been included in Table 3,only for comparison purposes.
Aesthetic reaaona are not acceptable for using a short life span source of
such low luminous efficacy. Low-pressure sodium lighting is not included as
the color ia monochromatic and , therefore, is not suitable for general use.

3.5.8 Luminaires. In general, luminaires shall conform to NFCS-1651O,
Interior Lighting. Particular effort shall be made to reduce the number of
luminaire types in any one facility, building, or project, so that the number
of spare part replacements required for maintenance will be kept to an
absolute minimum. Luminairea, not othervise covered by this specification,
shall be manufacturers’ standard types.

3.5.8.1 Architectural Criteria. The aesthetics of the luminaire shall be
compatible with the area in which it is located.

18
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QUANTITY
W

CAPACITY

VELOCITY.

_

DENSITY

HmEm
OF FORCE
~

APPENDIX A
INTERNA2’IOW SYSTEM OF UNITS (S1) CONVERSION FACTORS

Us.
mCJ

foot(ft)
foot(ft)
inch(in).

square yard(ydz)
square f00t(ft2)
square inch(in2)

cubic yard(yd3)
cubic foot(ft3)
cubic inch( in3)

gallon(gal)

INTERNATIONAL
(S1) UNIT

meter(m)
millimeter
millimeter

square meter(m2)
square meter(m2)
square millimeter (mm2)

cubic meter(m3)
cubic mecer(m3)
cubic millimeter(mm3)

liter(l)
fluid ounce( fl OZ) milliliter

foot per second meter per second(m/s)

(ft/s or fps)
mile per hour kilometer per hour
(mile/h or mph) (mh)

foot per se&nd meter per second
squared(ft/s2) squared (uJs2)

short ton(20001b) metric ton(t)

pound (lb)
oumce(oz)

ton per cubic
yard(ton/yd3 )
pound per cubic
foot(lb/ft3)

ton-force (tonf)
kip(1000 lbf)
pound-force(lbf)

ton-force foot
(tonf ft)
pound-f orce
incb(lbf in)

(1000 kg)
kilogram
grsm(g)

metric ton per cubic
‘meter(t/m3)

kilogrsm per cubic
meter (kg/m3)

kilonewton(kN)
kilonewt on(kN)
nevton(N)

kilonewton
meter(kN m)
newton meter(N m)

APPROXIMATE
CONVERsIo~

lft= 0.3048 m
1 ft = 304.8 m
1 in = 25.4 mm

1 yd2 = 0.836 127 “m2
1 ftz = 0.092 903 m2
1 in2 = 645.16 mm2

1 yds = 0.764 555 m3
1 ft3 = 0.028 317 m3
1 in3 = 16,387.1 mm3

1 gal = 3.705 41 1
1 fl 02 = 29.5735 ml

1 “ft/a = o.304g ~IS

1 milefi . 1.609 344 &h

1 ft/s2 = 0.3048 m/s2

1 ton = 0.907 185 t

llb = 0.453 592 kg
1 Oz = 28.3495 g

1 tonlyd3= 1.186 55 t/m3

1 lb/ft3 = 16.01g5 kg/m3

1 tonf = 8.896 44 kN
1 kip = 4.448 22 kN
1 lbf = 4.44g 22 N

1 tonf ft= 2.711 64 kN m

1 lbf in = 0.112 985 N m
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g) Restrike ODtions.

I the HID fixture that will automatically illuminate when tiieHID arc
Consider provision of a quartz lamp within

I
I

axtInguiahes during normal operation. The quartz lamp can also be specified
to illuminate until the RID source attains 60 percent of ita rated lumen
Output. The use of instant-restrike syatema to facilitate rapid restrike is
not recommended. Instant-restrike systsms keep the arc tube hot.

3.6 Grounding. All electrical distribution systems, axcept those for
ship power on piers and wharves, shall be provided with a grounded neutral
connection. Each voltage level shall be grounded independently. Each voltage
level grounding point should be located at the power source. Low-voltage
syaterns shall be solidly grounded. Figure 3 indicates minimum grounding
features.1“ lmequipment grounding wire shall be provided in accordance with
NFGS-16402 . For detailed grounding information, refer to MIL-HDBK-419,
Groundin~. Bonding. and Shielding for Electronic Equlument and Facilities, and ..
IEEE” 142.

I 3.6.1 Uninterruptible Power SUDDIV (UPS) Grounding. Insulated and
isolated ground systems shall be installed in conformance with the N5C. In
order to eliminate ground potential differences in computer rooms and other
similar areas, the, following general criteria should be used:

3.6.1.1 Central Ground Point. Establish a central ground point for all
systma.

3.6.1.2 TEansfent Su ression ate. Install a 4-ft2
transient suppression plate beneath the raised floor.

3.6.1.3 Ground Mat. Provide a ground mat beneath the
it to the raised floor stringers.

(1.22 mz) metal

raiaed floor, and bolt

3.6.1.4 Power Panels. Install all pok+r panela in the room on the same
wall, with no more than 2 ft (O.61 m) between panels. Connect all power panel
enclosures together with conducting straps.

3.6.1.5 Additional Information. For detailed information, refer to
Department of Commerce, Federal Information Processing Standards (FIPS)
publication, FIPS PUB 94,

20
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I

I AWG

APPENDIX A
AMERICAN W12E GAGE (AWG) CONVERS ION.

20

I 18
lb
14
12
10

1- 8
6
4
2
1
110
2/0
3/0
4/0

kCM

1.02
1.62
2.58
4.11
6.53
10.4
16.5
26.2
41.7
66.4
83.6
105.6
133.1
167.8
211.6

37

0.517
0.823
1.31
2.08
3.31
5.26
8.37
13.3
21.2
33.6
42.4
53.5
67.4
85.0
107.0
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Section 4: COMMUNI CATION, SIGNAL, AND ALARM SYSTEMS

4.1 Communication Svstems. The required communication systems shall be

~

determined by the specific criteria for various types of facilities. Refer to
NAVFAC DM-22 through DM-37 (REFERENCES) for a list of specific criteria.

4.1.1 Teleuhone Svstems

4.1.1.1 Svstem Selection.
a telephone system that will

From criteris presented in NAVFAC DM-4.07, select
meet the requirements of the projected building.

4.1.1.2 Fmptv Conduit Svstem. On drawings, indicate the locstions of
telephone outlet boxes, cabinets, backboards, equipment rooms, batteries, and
similar component 5. Connect all system components by an empty conduit
system. Prepare a riser diagram, indicating on it the sizes of conduits in
accordance with Table 5. In geger.il, a 4-ft x 8-ft x 3/4-in. (1-1/4-m x
l-1/2-m x 19-mm) painted wood backbosrd located in an equipment room is
preferable to cabinets. Where cabinets must be used, they should be in
accordance with Table 6. These tables only apply to single-circuit
telephones. Where six-button or call director telephones will be installed,
minimum conduit sizes should be 3/4 in. (19 mm) for six-button units and 1-1/4

in. (31.75 mm) for call director units. Backboards should be installed for
such systems . The 10CS1 telephone company should be consulted to be sure that
the backboard size or closet area is adequate. A 120 V, 20 A, single-phase,
60 Hz power source should be provided adjacent to the telephone backboards.
Full wires should be provided iriall empty” conduits.

Table 5
Conduit Sizes for Telephone Systems

I Number of
Location pairs Conduit size

in inches (m>

From outlet to backboard or cabinet 1 1/2 (12.7)
2-3 3/4 (19)
4-5 1 (25.4)
6-8 1-1/4 (31.75)

Between backboards or cabinets To 25 1-1/4 (31.75)
50 1-1/2 (38.1)
100 2 (50.8)
200 2-1/2 (63.5)
400 3 (76.2)
600 3 (76.2)
900 4 (101.6)
1200 4 (101.6)

22
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Table 6
Cabinet Sizes for Telephone Systsms

Cabinet sizel
Number of Circuits in inches (millimeters)

WXEXD

10 10 X 12 X 4 (254 X 305 X 102)

15 10 X 16 X 4 (254 X 406 X 102)

25 12,X 24 X 4 (305 X 610 X 102)

50 16 X 28 X “5 (406 X 711 X 127)

100 24 X 32 X 5 (610 X 813 X 127)

1.50 36 X 36 X 5 (914 X 914 X 127)

200 30 X 54 X 5 (762 X 1,372 X 127)

250 30 X 54 X 5 (762 X 1,372 X 127)

300 36 X 60 X 8 (914 X 1,524 X 203)

400 48 X 60 X 8 (1,219 X 1,524 X 203)

~
l~e minim~ thickness of metal cabinets should conform to the NEC. .

4.1.2 Jnterckmmmznications and Sound Svatems. In selecting inter-
communications and sound systems refer to the telephone system criteria of
this section end 2?AVFAC DM-4.07. Provide a separate raceway for each system.
Locste the devices on plans snd show the number of wires in racewsys on riser
diagrams. \

4.1.3 ~ snd~ Ma ter
Svstems.

snd Central Dictati n
In selecting the Flland TV master sntenna, closed-circuit TV, snd

central dictation systems, refer to the telephone system criteria of this
section (refer to NAVFAC DM-4.07). Provide a separate raceway for each system.
Locate the cabinets, boxes, snd devices on plsns, snd show the number of wires
in conduit on the riser dia8rsm.

4.2 Signal Svstems. The signal systems requirements for a specific
facility shall be determined by its specific criteria (refer to NAVFAC DM-22
through DM-37 ). Locate the control psnel, boxes, snd other devices on plans,
and show the number of wires in conduit on the riser diagram.
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4.2.1 ~. Nurse call md
doctor paging and register systems shall be provided in accordance with the
criteria in NAVPAC DM-4.07. Auxiliary emergency power to this system shall
also be provided.

4.2.2 Clock and Prozrammine .$vstems. Select a clock snd ‘programming
system from the criteria in NAVPAC DM-4.07, and show the locations “of
equipment on drawings.

4.3 Alarm Svstems. The alarm system requirements for various types of
facilities shall be determined by their criteria (refer to the apparent NAVPAC
criteria msnuals). Ascertain system requirements from NAVPACENGCOM or other
suthority to ensure integration with associated systems and operating
procedures. Provide a separate raceway for each alarm system if combined
systems are not provided .- Locate the devices on the pltia, snd show the
number of wires in racevays on the riser diagrsm. Auxiliary emergency power
shall be provided for all alarm systems.

4.3.1 Fire Alarm Svstems. For information on fire alarm systems, refer to
MIL-EDBK-1OO8, Fire Protection for Facilities Engineering. I? .Desi n and
Construction.

4.3.2 Wat clunanTour SVStems. Select electronic or manual systems from
criteria in NAVPAC DM-4.07, and consider a combination of fire alarm systems
with report aystsms for the watchman.

4.3.3 ~ Svstems. For actuating devices, signal devices,
power sources, and controls, refer to NAVPAC DM-4.07.

4.4 ~.Remote Contro Safer ‘and more economical
operation can often be obtained by installing well-designed systems to bring
operations for an entire section of a facility under the control of a duty
dispatcher at the central supervisory control station. Such systems shall
include any necessary protective shutdown devices and alarms to alert the
dispatcher of abnormal situations as aeon as they develop. These systems
shall also make it possible for the dispatcher to obtain any readings such as
pressure and tank gauges and to operate equipment such as pumps and valve?, by
the use of suitable communication links as described in NAVPAC DM-4 .07.

24.
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Section 5: EMERGENCY POWER SYST2MS

5.1 Criteria. The design of smergency power systsrns shall be in
accordance with criteria in this section; MIL-RDBK-1190; IEEE 446, Recommended
Practice for Emer~encv and Standbv Power Svstems for Industrial and Commercial
Armlications; NPPA 101; NPPA 110; snd the NEC.

5.2 ~~ . The operational loads and
magnitudes shall be determined from criteria for specific buildings. Provide
these loads with centinuous energy. Selection of emergency power dePends On
capacities snd required degrees of continuity of energy. Provide sn
Uninterruptible Power Supply (UPS) as required..,

5.3 plinimum Essential Operathu? Electric Load. Estimate the miriimum
amount .of power required to support the operational loads of the activity
under conditions. of minimum illumination. All convkrrienc.eloads snd other
equipment loads’having a large electric power dsmand (such aa dry dock
pumping, electric furnaces, electric welders, and wind tunnels) shall be
scheduled to avoid concurrent operation.

I 5.4 Co ect 0 ead o ncomin~ isconnecti Device.
Certain smergency loads may be connected ahead of the building’8 incoming main
secondary disconnecting device where no smergsncy power ia provided. This
arrengsmsnt permits continued operation in the event of electric faults within
the build@g (refer to the NEC).

I
5.5 Alternate Service. Standby service of sufficient capacity to serve
all emergency loada shall be provided .

5.5.1 Intercormections. &is emergency service shall be electrically
remote from the main service.

5.5.2 SWitches. An automatic transfer switch shall be provided with a
preferred position, connected to the main SeiWiCe.

1 5.6, Batteries. Batteries may be used as emergency sources of supply for
loads served either by alternating current or by direct current. Battery
selections depend on the following use requirements.

a) 1~ Lighti Units. Individual smergency
lighting units shall be used” for illumination of small areas, such as
corridors and ataira. Cons ider dual-frmc tion luminaires for general and
emergency illumination by providing integral power supply units. Con8ider
using exit signs for egress illumination by providing integral lsrupssnd

~“

smergency power supply.

b) Central Lead-Acid Batteries. Csntral lead-acid (calcium-type)
battery systsm shall be used for loads with large in-rush currsnt or for

I

general lighting and power application. This type of battery system has good
electrical qualities but requires a certain amount of maintenance.
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c) Central Nickel-Cadmium Batteries. A central nickel-cadmium
battery systsm shall be used for applications where special considerations
warrant. These batteries have a high initial cost which does not justify
general use.

5.7 Emergencv Generator. Where emergency generators are required for
loads less than 25 kVA, gaaoline or Liquified Petroleum Gas (LPG) engines may
be used. For loads greater than 25 kVA, diesel engines shall be used. Stesm
turbine generators may ,be used if stesm is being produced for on-site
processes.

5.7.1 Generator Starting. Depending on the msximum permissible elapsed
time between blackout snd power restoration, select the engine according to
the following requirements:

a) Automatic Starting. Automatic ata.rting units are available to
start, accelerate to rated speed, and assume load within, 10 seconds. The
intermption time will be 12 to 17 seconds depending on the time delay used to
allow for electric power transients.

b) Stored-Eners.v Stsrting. Stored-energy starting shall be used
where only short interruptions of power are permissible, such as for
protective lighting systems. Energy shall only be stored in batteries. The
use of flywheels, pneumatic pressure vessels, or similar units to provide
stored energy is not acceptable. The stored snergy ia utilized to provide
service during interruption of prime power service snd until smergency
generation is svailable. Where no power interruptions and quality power are
required, refer to NAVFAC DM-4.01, .Electrical En~ineerins Preliminary Design
Cons fderatlons.

5.7.2 Generator SizinR. Loads to c&sider in sizing generators include
lighting, computers, motors, Uninterruptible Power Supply (UPS) systsms,

. . . . . ..
pumps, rsns, ana static loaas sucn as resistance neatmg. motor loact
parameters to be considered include voltage, phase, locked-rotor KVA, full “or
reduced-voltage startins. vower factor. snd efficiencv. For sDecific
generator sizing calcul;; iims, refer to generator manufacturer;s instructions.

5.B Uninterru Dtible Pover SuDDly. Where required, UPS ayatems will ba

1

furnished by the Government. Installation shall be in accord~ce with NAVPAC
DM-4 .01. For UPS ayatems in electronic facilities, refer to NAVFAC DM-12.01.

5.9 Locatioq. Equipment shall be located as close to the load as
possible. When located outdoars, units shall be mounted in a secure area not
subject to weather hazarda such as areas lying within a normal flood plain.
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I Section 6: ROAOWAY LIGIiTING
I

6.1 ~m. A roadway lighting systcm ia necessary at a naval
facility for safe movement of vehicles and pedestrians over frequented routes
snd places (refer to MIL-SDBK-1190 cnd NPGS-16530, ~ng).

6.1.1 ADDli cation. Lighting shall be provided for all primary cad
secondery roadways, piers, end other areas where pedestrian or vehicular
traffic occurs.

6.1.2 Sources. Use High-Pressure Sodium (SPS) lighting as it is the most
energy-conserving source which has an acceptable color rendition. For those
cases where the yellow-pink color of KPS is objectionable, use metal halide
lamps .“ Although the monochromatic color of Low-Pressure Sodium (LpS) lishtim
is unacceptable for gsneral use; consider use of LPS lSMPS for installations
in the close vicinity of observatories. Mercury vapor, fluorescent, cnd
incandescent lighting sources should be used only where their poor
efficicncies can be tolerated due to the need for a special lighting effeet.
See Table 3 for characteristics of light sources.

I 6.’.3 ~“ Roadvay lighting shall be designed in accordance with the
procedures outlined in para. 6.5.4 of IES RP-8, Standard Practice for Roadway

I
.Lizhtinv. Refer to MIL-KDBK-1005/5, ~
for Roads. Streets. Walks. and Ouen Storatie Areas for NAVFAC guidsnce on
laying out roadside utilities.

I
6.i.3.l Roadwav and Area Classification. Waterfront and main streets snd

1“
fitting-out and supply piers shall be classified as local roadways in ~
intermediate area. Cross streets; residential streets; main streets in
secondary naval facilities; snd fleet-lsndins, hospital, submarine, destrOyer,
and POL piers shal”l be classified as local roadvays in a residential ares.

6.1.3.2 Lisht Shielding .“ Roadway light@g units in the viCiUitY of
airfields shall be aimed or shielded so that no direct or stray light is
emitted above the horizon to interfere with the nighttime visibility of
control tower operators, and so that they will not be confused with runway
navigational lights by incoming pilots.

6.1.3.3 Phvsical In nterfere ce. Roadway lighting standards (elong tow-ways;
waterfront streets; and areas ,used for general repair, fitting out, cud
supply) shall not interfere with cranes snd other large equipment.

6.2 Wirinz Svstems. Multiple systsms are the preferred method of
lighting. All new systems should be the multiple-system type.

6.2.1 ~s. Multiple wiring systsms shall be installed with
individual lights switched by integrsl photoelectric devices, sxcept where its
use is clearly impractical. This system provides a high power factor; only
one luminaire or a minor part of the systsm will black out in the event of
control failure; and circuits are simple.
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6.2.2 ~. This type of system shall be used only for short
extensions to existing systsms where its use is clearly more economical thzn a
multiple system. New-series systems may be used only ~here specifically
authorized by NAVFACENGCOM. Series systems have the disadvantages of high
cost; a low power factor; a total blackout possibility in the event of a
control failure; required complex accessory equipment, including the centrsl
constsnt-current trsmsformer and individual film cutouts snd isolating

I trsnsfotmers which provide a high-voltage hazard. There can also be
clifficulty in locating faults.

6.2.3 E~ . Electric distribution systems for roadway
lighting shall conform to applicable criteria in NAWFAC DM-4. 02. Paras. 6.2.3
and 6.2 .3.2 provide information applies to each system part.

6.2.3.1 ~. Where distribution lines run along entire lengths of roadway
lighting circuits, it is economical to run conductors by the use of the poles
or ducts of existing electric distribution system circuits. where this
situation does not exist, use new overhead or underground installation, as
dictated by site conditions.

a) Overhead Method. The overhead method is the preferred snd
usually the most economical way of distribution. For characteristics, refer
to lfAVFAC DM-4 .02. The minimum size of conductors for overhead distribution
shall be No. 6 AUG (13.3 mmz) medium, hard-drawn copper for Grade B
construction snd No. 8 AwG (8.37 mm2) medium, hard-drawn copper for Grade C
construction. Aluminum conductors snd other materials. such as copper-clad
steel shall have a minimum size equivalent to copper aS required by the NESC,
which also gives grade definitions.

b) Underground Method. Use the underground method for principal
streets, piers, sn~ loading areas where required to avoid physical
interferences snd where required for aesthetic purposes, such as at certain
housing areas. Follow the criteria in NAVFAC” DM-4 .02 and consider direct
burial, where applicable.

6.2.3.2 Eauiument Installation. Depending on location conditions snd the
type of distribution system, locate equipment in the following manner:

:.
a) Overhead Method. Supply from the secondary of pole-mounted

transformers. Overhead installation is the least sxpenaive distribution
system and may be d&sirable when electric distribution lines are run on the
ssme poles as the roadway lighting units.

I
b) Under~round Method. Supply from building secondary circuits or

I

pad-mounted compartmental-type transformers where loads require a dedicated
lighting service transformer.

I
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6.2.4 Svstem Control

6.2.4.1 “~utomatic Control. Use automatic controls for unattended rOadway
lighting systems and where manual control is not appropriate. Provide manual
control for each circuit to override automatic devices for testing and
emergency. Select from the following:

a) Time Switches. Use time switches for installations having
predetermined hours of use. This type of control will require resetting after
every electric power failure unless a spring carryover feature is provided.
Use an astronomical dial to compensate automatically for seasonal daylight
ch&ges. Timers shall be equipped with a 4-hour rein- back-up mechanism for
short power outages affecting exterior street and area lighting.

b) Photocells. Special consideration shall be given to the
locations of photocell units for system control. Light-sensitive devices,
shall face north to avoid sunrays and shall be mounted in a clear and
unobstructed area. Time-delay devices shall be provided to prevent irregular
operation from transient lights or shadows.

6.2.4.2 Manual Control. Manual controls shall be used for attended outdoor
lighting installations. Manual control is not recommended for large or
diversified installations , because individual switching becomes complicated
and overall switching does not allow for different area requirements.

6.2.4’.3 Group Control. Group control shall be used for existing series
lighting circuits which use pilot wire, cascading, or carrier frequency where
more than one constant-current transformer is controlled. The use of group
control is disco&aged.

6.2.5 Luminaire Control. Individual control by photoelectric cells
should be provided for most multiple systems. This control is independent of
dusk and dawn time changes, and failure of a photocell will cause outage of
only one fixture. Individual control actuates roadway lighting units
daylight reaches preset intensities.

6.3 Auxiliarv Eauimment. Roadway lighting auxiliary equipment
selected as indicated in paras. 6.3.1 and 6.3.2.

6.3.1 Multiule Systems

whenever

shall be

6.3.1.1 Ballast Tvues. Where available, autoregulated- type ballasts shall
be selected for use with all HID sources. This type is available for mercury
vaDor. metal halide. and lareer HPS lamDs. An autoremlated -tme ballast is. .
also known as constant
(metal halide) . Power
operating current; and

watta~e (mercury” vapor) , lead 7HPS) , an: peak lead
factor is high; starting current is less than the
voltage input range is plus or minus 10 percent. Where
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autoregulated ballasts are not yet available, as in the lower

“tYPes. high-power-factor autotransformer or lag-type ballasts
wattage HPS
should be used.
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Section 8: REQUIREMENTSFOR EARTHQU~ AREAS

!

I

8.1 Criteria. The electrical design and installation shall be in
accordance with NAVFAC P-355, Seismic Desien for Buildirczs and P-355.1,
Seismic Deslm Guidelines for Essential Buildinzs. The design shall be
consistent with the degree of structural safety for which buildings or
facilities in earthquake areas are designed. Refer to data glvan in flAVFAC
DM-11.01, Tronical Emzineering, when such construction is required in tropical
snd typhoon or hurri.+ne areaa. Provide smergency generator unit(s) to supply
essential loads for facilities in accordance with Section 10 of NAVFAC P-355.
These units should be located within the building served.

8.2 Interior Distribution

8;2.1 Luminaires.. tie luininaires, appurtenances, and outlet boxes sl’ial~
be secured to prevent detachment when subjected to earthquake. vibrations. All
lenses shall be securely attached to the fixture housings by chains or wire
rope or by similar means of sufficient size to prevent the lens from falling
in the event it la jarred or vibrated loose from the fixture housins. A
separate safety chain shall be provided to secure the fixtures and ballasts to
building structural members. All installations shall be in accordance with
NAVFAC P-355 (Section 8) and P-355.1.

8.2.2 Conduit Except as limited by I?AVFAC DM-11 .01, rigid or
intermedia=; conduit shall be considered for structural reasons in “lieu
of electrical metallic tubi%.. When steel conduit is smbedded in concrete
slabs, the outside conduit diameter shall not axceed 1/5 of the slab
thickness, and conduits shall not be spaced closer then.5 diameters on
centers, except at cabinet locations. At cabinet locations, design slab
thickness shall be increased as necessary to prevent excessive loss of
structural strsngth. Conduits end buaways supported by hangers are subject to
motions created by earthquskas, and sway bracing should be provided to prevent
damage due to such motions.

6.2.3
Section 8

8.3

8.3.1

Enclosures. Electrical equipment shall be in accurd~ce vith
of NAVFAC P-355.

Exterior
.’

Distribution

Overhead Svst em. Overhead systems are the preferred method of
distribution. Unless permitted or required by other criteria or regulations,
the electric power distribution system should be installed overhead. When
electric power ia supplied by a public utility company only, ita lack of
redundancy shall not be used to establish the required redundancy for the
on-station distribution system, since the power company has trained crews who
can perform work on energized distribution aystsms and who can quickly restore
service. Criteria for on-station redundancy should be established by the need
for reliability and availability of the system and the required flexibility to
permit repair work to be performed only on deenergized portions of the
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6.4.5 Fiber~lass. Fiberglas: poles exhibit high-strength
characteristics, are corrosion resistant, require minimal maintenance, and are

I usually cost competitive with other types of fabricated poles. Pole heights ,
however, are generally limited to less than 40 ft (12.2 m) . A concrete base
may be required.

I

.
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Section 7: ASBA LIGBTING

7.1 Area Lightina Svstams . Floodlighting systems shall be provided for
area lighting of storage yards, loading docks, nightwork sreas, snd protected
sreas to supplement roadway lighting.

7.1.1 General-Area and SDorts Liuhtin.u. The design of area and sporta
lighting shall be in accordance with M2L-HDBK-1190.

7.1.2 Protective LiKhting. The design of protective lighting shall be in
accordance with MIL-SfDBK-1013/1, Desikn Guidelines for Phvsfcal Securitv of
Fixed Lsnd-Based Facilities.

7.2 Sources—- For selection’ of lighting sources, refer to pars. 5.1.2.

7.3 Luminairea. Select typia according to the floodlighting
classifications given in NKMA FA-1, ~ hti Eauir.me t.

7.3.1 Enclosures. NSt4Adesignations shall be used. Select enclosures
according to duties snd consider i,nitial costs and depreciation ,@arges.

7.3.1.1 Heaw-Duty. NKMA Class ED, heavy-duty sncloaed floodlights, shall
be used for lighting piers, wharves, end areas where corrosion Is a factor.

7.3.1.2 Gen”eral’Puroose. NSFM Class GP general-purpose enclosed floodlights
shall be used where corrision is not a factor.

7.3.1.3 tin. ~ Class O open floodlights shall be used for tsmporsry
constructionwhere maintsnsnce is not a factor.

7.3.1.4 ~. NKMA’ Class 01 reflector lsmps shall be used for
portable and minor installations. This type of floodlighting has low initial
costs, but high maintenance costs.

7.3.2 Besm Svread. Luminaires shall be determined according to the beam
spread characteristics of NSMA classifications 1 through 6, from spotlights to
floodlights .

7.4 Floodliz hting Calculations. For the Iuminaire and source selected,
ascertain photometric dats including isocsndle curves, beam lumens, snd
coefficient of beam utilization as necessary to calculate lumen distribution
coverage.

7.4.1 Methods. Select a
Method or the point-by-point

calculation method from either the Besm Lumen
method.

7.4.1.1 ~.
normally used.

The beam lumen method shall be the method
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7.4.1.2 Point-bv-Po int Method. Computer printouts are available from some
manufacturers and provide sn excellent means for establishing a point-by-point
coverage where uniformity ratios must be kept within certain limits.

7.4.2 Intensities. Provide intensities in accordance with MIL-EDBK-1190
and MIL-IiDBK-1013/l. Nightwork areas, including piers and loading platforms,
may need to maintain an average horizontal illumination level of 10
footcandles when such criteria hsve been furnished by the using agency. Where
no specific criteria are give”n in MI.L-HDBK-1190 end MIL-BDBK-1013/1, use
valuea recommended by IES including maximum-to-minimum uniformity ratios.

7.5 SDeClal Considerations. Itefer to Section 5 and paras. 7.5.1
through 7.5.4.

7.5.1 m. Select mo~ting heights that”will riault in minimum glare
Inilesa glare lighting ia “a”requirement for protective lighting. For
aporta- lighting systems, keep glare to a minimum for both player’s snd
apectatora.

7.5.2 Coverage. With the beam lumen method, ensure, by uae of overlapping
besm patterns, that uniformity snd coverage are provided.

7.5.3 Stroboscopic Effect. Floodlighting of sporta fields requires
special considerations to avoid stroboscopic effects by the connection of
light sources to alternating phases.

7.5.4 Wide-Area CoveraRe. Coqsider the uae of high-mast lighting systems
for area illumination using a minimum amount of luminairea and supports.

7.6 Wi~. Use criteria for multiple roadway lighting systems
(refer to para. 5.3.1). Make an economic study for optimum operating
voltages. It may be more economical to increase voltages and to use
incandescent floodlighting for systems that operate a few hours per year;
however, this ayatsra may violate energy conservation requirements.
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Section 8: REQUIR2MSNTS FOR lll@THQU~ AEEAS

I

8.1 Criteria. The electrical design and installation shall be in
accordance with NAVFAC P-355, Seismic Design for Buildings and P-355.1,
Seismic DesiEn Guidelines for Essential Buildings. The design shall be
consistent with the degree of structural safety for which buildings or
facilities in earthquake areas are designed. Refer to data given in NAVFAC
DM-11 .01, TrODical En.aineering, whsn such construction is requ{red in tropical
and typhoon or hurricsne areas. Provide emergency generator unit(a) to supply
essential loads for facilities in accordance with Section 10 of NAVFAC P-355.
These units should be located within the building served.

‘8.2 Interior Distribution

8.2.1 @minaires. The luminsires, appurtenances, snd outlet boxes shall :
be secured to prevent “detachment when subjected to earthquake vibrations. All
lenses shall be securely attached to the fixture hOusinss by chains Or wire
rope or by similar mesns of sufficient size to prevent the lens from falling
in the event it ia jarred or vibrated loose from the fixture housing. A
separate safety, chain shall be provided to secure the fixtures snd ballasts to
building structural members. All installations shall be in accordance with
l?AVFAC P-355 (Section 8) snd P-355.1.

8.2.2 Conduit— . Except as limited by NAVFAC DM-11.01, rigid or
intermediate steel conduit shall be considered for structural reason’s in lieu
of electrical metallic tubing. When steel conduit ia embedded in concrete
slabs, the outside conduit dismeter shall not exceed 1/5 of the slab
thicka’ieaa,and conduits shall not be spaced closer thsn 5 diameters on
centers, sxcept at cabinet locations. At cabinet locations, design slab
thickness shall be increaaed as neceaaary to prevent sxcesaive loaa of
structural atrangth. Conduits snd buswaya supported by hsngera are subject to
motions created by earthquskea, snd sway bracing should be provided to prevent
dsmage due to such motions.

8.2.3 Enclosures. Electrical
Section 8 of NAVFAC P-355.

8.3 Exterior Distribution

equipment shall be in accordance with

8.3.1 Overhead Svstem. Overhead aystams are the preferred method of
distribution. Unless permitted or required by other criteria or regulations,
the electric power distribution systsm should be installed overhead. When
electric power is supplied by a public utility compsny only, its lack of
redundancy shall not be used to establlsh the required redundancy for the
on-station distribution aystsm, since the power compsny has trained crews wbo
can perform work on energized distribution syotsms and who can quickly restore
service. Criteria for on-station redundancy should be established by the need
for reliability and availability of the systsm snd the required flexibility to
permit repair work to be performed only on deenergized portions of the
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has the capability of connecting to an on-station
construction of the on-station distribution system

Where the station
generating plant,

system.
electric
(vitsl electric powe~ snd’communciations) should also conform to the
stmctural and mechanical design of the electric generating plant.

8.3.2 (JJ . Where underground duct systems are permitted or
required, a determination should be made whether or not they will contain
electric power or communication lines required for vital operations. For
those portions of the duct system containing lines for vital operations,
consider the feasibility of providing reinforcing rods in the duct encasement
and using rigid steel conduit in lieu of the types commonly used for
underground ducts.

L : ,,

r
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APPENDIX A
INTERNATIONAL SYSTEM OF UNITS (S1)

Us.
CUSTOMARY ~

foot(ft)
foot(ft)
inch(in)

square yard(yd2)
square foot(ft2)
square inch(in2)

cubic,Yard (yd3 )
cubic foot(ft3)
cubic inch( in3)

gallon”(gal)
fluid ounce( fl ;2)

foot per second

(ft/s or fps)
mile per hour
(mile/h or mph)

foot,per second
squared(f t/s2)

short ton(20001b)

pound(lb)
ounce(oz)

ton per ‘cubic
ysrd (ton/yd3 )
po,md per cubic
foot(lb/ft3)

ton-force(torff)
kip(1000 lbf)
pound-force(lbf )

ton-force ‘foot
(tonf ft)
pound-force
inch(lbf in)

INTERNATIONAL
~

meter(m)
millimeter
millimeter

CONVERSION FACTORS

square meter(m2)
sqtisremeter(m2 )
square millimeter (mm2)

cubic meter(m3)
cubic meter(m3)
cubic millimeter(m.m3)

liter(l)
milliliter

meter per second(m/s)

kilometer per hour
(lan/h)

meter per second
squared (m/s2)

metric ton(t)
(1000 kg)

kilogram
grsm(g)

metric ton per cubic
meter (t/m3)

kilogrsm per cubic
meter (kg/m3)

kilonevton(kN)
kilonewton(kN)
newton(N)

kilonewton
meter(kN m)
nevton meter(N m)

APPROXIFIATE
c~

lft= 0.3048 m
1 ft = 304.8 mm.
1 tn = 25.4 mm

1 yd2
1 ftz
1 in2

~, y(fs

1 fta
1 in3

1 gal
1 fl 02

. 0.836 127 m2

. 0.092 903 m2

. 645.16 ntm2

. 0.764 555 m3

. 0.028 317 ❑3

. 16,387.1 m3

. 3.78S 41 1
= 29.5735 ‘ml

1 ft/s = 0.3048 mls

1 mile/h = 1.609 344 km/h

1 .ftl+ = 0.3048 m/s2

1 ton = 0.907 185 t

llb = 0.453 592 kg
1 Oz = 28.3495 g

1 ton/yd3= 1.186 55 t/m3

1 lb/ft3 = 16.0185 kg/m3

1 tonf = 8.896 44 kN
1 kip = 4.448 22 kN
1 lbf = 4.448 22 N

1 tonf ft= 2.711 64 kN m

1 lbf in = 0.112 985 N m
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APPEfiOIX A
INTEBS?ATIOK4L SYSTEM OF UNITS (Centinued)

Us.
CUSTOMARY UNIT

ton-force per
square inch
(tOnf/in2)’

ton-force per
square f~oc
(tonffft~.)

pound-force per
square inch
(lbf/in,2)

pound-force per
square foot
(lbf/ft2)

kilowatthour(kwh)
British thermal
unit(Btu)
foot-pound-f orce
(ft-lbf )

horsepower(hp)
British thermal
unit per hour
(Btu/h)

foot-pound-f orce
per second
(ft-lbf/s)

Btu.per square
foot-hour
degree

Fahrenheit(Btu/
ft2-hrOF)

Btu per foot-
hour degree
Fahrenheit
(Btu/ft-hr ‘F)

INTEKNATIOI?A2,
~

megapascal(t.lpa)

kilopascal(kpa)

kilopascal(kPa)

pascal(Pa)

megajOule(MJ)
kilojoule

joule(J)

kilowatt
watt (w).

watt(w)

watt per square
meter kelvin

(W/m2K)

watt per meter
kelvin (W/mK)

APPROXIMATE
coNVSRSION

1 tonf/in2 = 13 .i’B95MPa

1 tonf/ft2 = 95 .760S kPa

1 lbf/in2

1 lbfiftz

1 kwh
1 Btu

1 ft-lbf

1 hp
1 Btu/h

6.894 76 kPa

= 47.8803 Pa

. 3.6 MJ

. 1.055 06 kJ

. 1.355 82 J

. 0.745 700 kW -

. 0.293 071 W

1 ft–lbf/s = 1.355 82 W

1 Btu/ = 5.67B 26 WI
ft2_h OF ~2K

1 Btu/ = 1.730 73 WI
ft-h ‘F m.K

I
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AWG

20
18
16
14
12
10 ‘
8
6.. .
4
2
1
1/0
2/0
310
4/0

APPENDIX A
AMERICAN WIRB GAGE (AWG) CO~RSION.

kCM

1.02
1.62
2.58
4.11
6.53
10.4
16.5
26.2
41.7
66.4
83.6
105.6
133.1
167.8
211.6

0.517
0.823
1.31
2.08
3.31
5.26
8.37
13.3
21.2
33.6
42.4
53.5
67.4
85.0
107.0
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Service, 5225 Port Royal Road, Springfield, VA 22161.
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Street, New York, NY 10017.
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587 Guide for Surge Voltages in Low-Voltages AC Power
Circuits
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~ Standards, 2101 L Street,
NW, Washington, DC 20037.

FA-1 Outdoor Floodlighting Equipment

ICSI-78 General Stsndard8 for Industrial Controls and Systems

MG1 Motors snd Generators

I4G1O Energy Guide for Selection snd Use of Polyphase
Motors

WD-1 General Eequ,irements for Wiring Devices

~, Batterymarch Park, Quincy, ~ 02269

70 National Electrical Code (NSC)

101 Code for Safety to Life from Fire in Building and
Structures

’11O Smergsncy and Stendby Power Syateme

~1. Government sgencies may
obtain copies of Design Manuals (DM’s) snd Naval Facilities Guide
Specifications (~GS) from the Conmsnding Officer, Naval Publications and Forms
Cexit6r, 5801 Tabor Avenue, Philadelphia, PA 19120, TWX: 71O-67O-1685, TELEX:
834295, AUTOVON telephone number 422-3321. Non-Government orgsaizations may
obtain copies of ~GS from the same source but must obtain copies of DM’s from
the Superintendent of Documents, United States Government Printing Office.
Washington, DC 20402.

DM-4 .01

DM-4 .02

MIL-EDBK-loo4/3

DM-4 .07

DM-4.09

MIL-HDBK 1005/5

MIL-EOBK-1OO8

DM-11.01

DM-12 .01

Electrical Engineering Preliminary
Design Considerations

Electrical Engineering Power Distribution Systems

Switchgear end Relaying

Wire Communication and Signal Systems

Energy Monitoring & Control Systsm.

General Provisions and Geometric Design for Raids,
Streets, Walks, snd Open Storage Areas (ArmY)

Fire Protection for Facility Engineering, Design,
and Construction

Tropical Engineering

Electronic Facilities
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DM-22

DM-23.01

DM-23.02

DM-23.03

DN-24 .01

DM-24.03

DM-25.01

DM-25.02

DM-25 .04

DM-25 .05

DM-25 .06

DM-26.01

DM-26.02

~
DM-26.03

DM-26.04

DM-26.05

DM-26.06

DM-27

DM-27.01

DM-27.02

DM-27.03

DM-27.04

DM-28.01

DM-28.02

MIL-EDBK-loo4/4

Design Guidelines for
Land-Baaed Facilit iea

Physical Security of Fixed

Petroleum I%el Facilities

Airfield Li&ing

Navigational and Traffic Aids

Airfield Pavemat and Construction MSkiIW

Buildings and Other Structures

Oxyacetylene end I?itrogsn and Breathing Oxygen
Facilities

Piers and Wharvea

Dockside Utilities for Ship Service

SeaWalls, Bu3khes.ds, end Quay’walls

Ferry Terminals and Small ‘Craft Berthina Facilities

General Criteria for Waterfront Construction

Harbora

COaatal Protection

Coastal Sedi.msntation and Dredging

Fixed Hooringa

Fleet Moorings

Mooring Design, Physical & Bmpirical Data

Training” Facilities

Large Training Facilities

Training Facilities Building

Training Facilities, Other than Buildings

Fire Fighting School Facilltiea

Aircraft Maintenance Facilities

Shipyard Maint snsnce Facili tiea

,
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DM-28.03

DM-28.04

DM-28 .05

DH-28.06

DM-28 .07

DM-29.01

DM-29 .02

DM-29.03

DM-32.01

DM-32.02

DM-33.01

DM-33.02

DM-33.03

DM-35

DM-36.01

DM-36.02

DM-36 .03

DM-36.04

Dl+37 .01

DM-37 .02

DM-37.03

DM-37 .04

DM-37 .05

DM-37 .06

OM-37 .07

Maintenance Facilities
and TOXiCS

for Ammunition, Explosives,

General Maintenance Facilitlea

Environmental Control, Design of Clesn Rooms

Aircraft Fixed-Point Utility Systems

Electroplating Facilities

Graving Drydocks

Marine Railwsya

Drydbcking F&t~litiea Charscteristlcs

Open Storage

Covered Storage

Medical Facilities, Preliminary Design
Considerations

i%vsl Regional Medical Centers - Design ~d.
Construction Criteris

Medical Clinics and Dsntal Clinics Design and
Construction Criteria

Family Iiouaing

Unaccompanied Personnel Housing

Unaccompanied Enlisted Quartera

Unaccompanied Officer Quarters

General .Mesaea

Swimming Pools

Child Care Centers

Outdoor Sports & Recreational Facilities

Brigs and Detention Facilities

Fsmily Service Centers

Chapels and Religious Educational Facilities

Messes

1
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MIL&DBK-419

MIL-HDBK-1190

P-355

P-355 .1

P-422

N’FGS-16301

NFGS-16302

RFGS-16335

NPGS-16402

NPGS-16462

NFG9-16465

I?FGS-16475

ITPGS-1651O

NPGS-16530

Grounding, Bonding, and Shieldimg for Electronic
Equipment smd Facilities

Facility Plsnning snd Design Guide

Seismic Design for Buildings

Seismic Desigm Guidelines for Essential Buildings

Economic Amslysis Esmdbook

Underground Electrical Work

Overhead Electrical Work

Transformers, Substations, snd Switchgear, Exterior

Interior Wiring Systems

Pad-Mounted Transformers (75 kVA to 500 kVA).

Int”erior Substations.

Interior Switchgear and Switchboards, Low-Voltage.

Interior Lighting.

Exterior Lightimg.

~ dministratlon (OSIiAl, Department of Labor,
Bureau of Labor s tsmdards,. Wag-e and Labor standards!~in~atration,
200 Constitution Avenue, NW., Washington, DC 20210.

Und te s~tories Inc. (ULJ, 333 Pfimgsten Road, l?orthbrook, IL 60062.

57 Electric Llghtimg Fixtures

498 Attachment Plugs snd Receptacles

844 Electric Lighting Fixtures for Uae in Hazardous
Locations

CUSTODIAN: P8EPA81F7G ACTIVITY
NAVY-YD NAVY-YD

PKOJECT NO.
FACR-0200
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