WISCONSIN STATE ELECTRICAL CODE

Volume 2

History: The Flectrical Code as it exlgted on January 31, 1968 was re-
pealed and a new Electrical Code was created effective February 1, 1968,







INTRODUCTION

Purpose and Structure

The legislature, by section 35.93 and chapter 227, Wis, Stats., 1955,
directed the publication of the rules of administrative agencies hav-
ing rule-making authority in a loose-leaf, continual revision system
known as the WISCONSIN ADMINISTRATIVE CODE,. The code is
kept current by means of new and replacement pages, The pages are
issued monthly, together with notices of hearings on proposed rules,
emergency rules, mew rules, instructions for insertion of new mate-
rial, and other pertinent information. This monthly service is called
the WISCONSIN ADMINISTRATIVE REGISTER, and comeg to
the subscriber after the 25th of each month.

Availability

The complete code and the upkeep service are distributed to the
county law libraries; to the libraries of the University of Wisconsin
Law School and Marquette University Law School; to the State His-
torical Society; to the Legislative Reference Bureau and to the State
Law Library, and to certain designated publie libraries throughout the
state.

The sale and distribution of the code and of its parts is handled by
Department of Administration, Document Sales and Distribution,
Room B 237 State Office Building, 1 West Wilson Streef, Madison,
‘Wisconsin 53702.

History Notes

Each page of the code as it was originally filed and printed pur-
suant to the 1955 legislation, is dated #1-2-56". A rule which is
amended or created subsequent to the original printing date is fol-
lowed by a history note indicating the date and number of the REG-
ISTER in which it was published and the date on which the amend-
ment or the rule became effective. The absence of a history note at
the end of a section indicates that the rule has remained unchanged
sinee the original printing in 1956. The date line at the bottom of the
page indicates the month in which the page was released,

In some instances an entire code has been repealed and recreated
subsequent to the original printing date. When this occurs a history
note has been placed at the beginning of the chapter to contain this
information. A separate hlstory note appears after each sectlon indi-
cating the date when the revision became effective,
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DEPT. OF INDUSTRY, LABOR, & HUMAN RELATIONS 1

Chapter E 1
GENERAL REQUIREMENTS AND DEFINITIONS
SCOPE
B 1,01 Scape of code

E 1,01 Scope of code. This code shall apply as minimum fire and
safety requirements for the construction, installation and maintenance
of all electrical power and communication circuits and equipment in-
cluding signal, radio, and lightning rod equipment; and includes rules
to be observed in the operation of electrical power and eommunieation
equipment and lines.

History: Cr, Register, January, 1968, No, 145, eff. 2-1-63.

Hlectrical Code, Voluma g
Register, January, 1968, No, 146







DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 3

Chapter E 10
GENERAL REQUIREMENTS

F 10.10 Character of construction, B 10.12 Construction, inspection
maintenance and opera- and repalrs
tion 1 10,13 Application of rules

E 10,11 TUse of approved materials
and congtruction methods

E 10.10 Character of construction, maintenance and operation, Al
electrical power and eommunication equipment and lines shall be of
such construction, and so installed, operated, and maintained as to
minimize the life and fire hazard.

History: Cr. Reglater, January, 1963, No, 145, eff, 2—1-68.

E 10.11 Use of approved materials and construction methods. (1)
MATERIALS, No materials, employed in construetion covered by this
code, shall be used which have not been approved by the Department
ment of Industry, Labor and Human Relations or Public Service
Commisaion,

(a) Exception: Materials which comply with the requirements of
this code are hereby approved.

Note:! It 13 the polley of the administrative authority to approve materials,
devices, and systems which are listed as standard by the Underwriters’
Laboratories if tkey do not conflict with the requirements of this or other
state codes or the laws of the state,

(2} METHODS OF INSTALLATION. No methods of installing electriceal
materials or devices in construetion covered by this code ghall be used
which are not approved by the Department of Industry, Labor and
Human Relations or Public Service Commission,

(a) Euxception: Methods of installation which comply with the re-
quirements of this code are hereby approved.
History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 10.12 Construction, inspection and repairs. All construction and
equipment shall be cleaned when necessary and inspected at such
intervals as experience has shown to be necessary. Any equipment or
eonstruetion known to be defective so as to endanger life or property
shall be promptly repaired, permanently disconnected, or isolated un-
til repairs can be made, Construction, repairs, additions and changes
to electrical equipment and conductors shall be made by qualified per-
sons only, (See also sections B 121.02 and E 121.04.)

History: Cr. Reglster, January, 1868, No, 145, eff. 2-1-68,

E 10.13 Application of rules, (1) WarviNg RULES. The rules are in-
tended to apply to all installations except ag modified or waived by the
proper administrative authority. They are intended to be so modified or
waived in particular cases wherever any rules are shown for any
reason to be impracticable or if equivalent or safer construction ig
gecured in other ways.

(2) ArpricaTioN. The intent of the rules will be realized (a) by
applying the rules in full to all new installations, reconstructions, al-

Electrical Code, Volume 2
Reglater, Jenuery, 1968, No. 145




4 WISCONSIN ADMINISTRATIVE CODE

terations, and extensions, except where any rule is shown to be im-
practicable for special reasons or where the advantage of uniformity
with existing construetion ig greater than the advantage of construc-
tion in compliance with the rules, providing the existing construction
is reasonably safe; (b) by bringing existing installations into con-
formity with these rules as far as may be directed by the Depart-
ment of Industry, Labor and Human Relations or Public Service
Commission and within the time determined by them,

(3) PENALTIES. The Wisconsin Statutes, 1965, require:

102,57 Violations of safety provisions, penalty. Where injury is
caused by the failure of the employer to comply with any statute or
any lawful order of the commission, compensation and death benefits
as provided in this chapter shall be increased 16 per cent. Failure of
an employer reasonably to enforce compliance by employes with such
statute or order of the commission shall eonstitute failure by the em-
ployer to comply with such statute or order.

102,68 Decrcased compensntion, Where Injury is caused by the failure
of the employe to use safety gevices where provided in accordance with
any statute or lawful order of the commission and adeguateiy main-
tained, and their use is reasonably enforced by the empioyer, or where
injury results frem the employe's failure to obey any reaacnable rule
adopted by the employer for the safety of the employe and of which
the employe has notice, or where injury results from the intoxication
of the employe, the compensantion and death beneflt provided herein
ghall be reduced 16 per cent,

106.84 VUtillties, liability for treble damages, If any public utility
shall do or cause to _be done or permit to be done any matter, act or
thing prohibited or declared to be uniawful by chapter 196 or 197, or
shall omit to do any act, matter or thing required to he done by It
such public utility shall be liable to the person Injured thereby in
tl{ei)l(‘-;;i the amount of damageg sustained in consequence of such
violation.

196.66 Genernl pennlty; utility responsible for uagents, (1) If an
public utility shall violale any provision of chapter 136 or 197, or shall
do. any aect thercin prohibited, or shall fail or refuse to perform any
duty enjoined upon it for which & penalty has not been provided, or
shall fail, neglect or refuse to obey any lawful requirement or order
made by the commission or the municipal coincil or any judgment or
decree made hy any court upon its applieation, for every such violation,
failure or refusal such pubiie utility shall forfeit not less than twenty-
five dollars nor more than one thousand dollars, {2) Every day during
which any public utllity or anﬂ ofiicer, agent or employe thereof shall
fail to observe and comply with any order or direction of the commls-
gion or to perform &ny duty enjoined by chapter 196 or 107, shall con-
stitute & separate and distinet violation,

(4) TEMPORARY INSTALLATIONS. It will sometimes be necessary to
modify or waive certain of the rules in case of temporary installations
or installations which are shortly to be dismantled or reconstructed.
Such temporary construction may be used for = reasonable length of
time provided it is under competent supervision while it or adjoining
equipment is alive or if it iz protected by suitable barriers or warning
signs when accessible to any person, without fully complying with
this code; but all such construction shall be made reasonably safe.

{5) Tesrting. Rooms which are used exclusively for routine or spe-
eial elactrical test work and, therefore, are under the supervision of
a qualified person, need comply with this code-only insofar as is prac-
ticable for the character of the testing done.

(6) EMERGENCY. In case of emergency or pending decision of the
administrator, the person responsible for the installation may decide
as to modification or waiver of any order, subject to review by proper
authority.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

Blectrical Code, Volume 2
Reglster, January, 1968, No. 145




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS b

Chapter E 100
DEFINITION OF SPECIAL TERMS

B 100.02 Definitions

E 100,02 Definitions, General guides for this chapter on definitions
include: {1} For simplicity, only definitions essential to the proper
use of this code are included; (2) Only those terms in 2 or more
rules are defined in full in chapter E 100; other definitiong being
defined in the individual rule where they apply; (3) Wherever prac-
tical the definitions will eonform to those of the American Standards
Association,

(1) AccESSIBLE: {As applied to wiring metheds.}) Not permanently
closed in by the structure or finish of the building; capable of being
removed without disturbing the building structure or finish. (See
“concealed” and “exposed.”)

(2) AccEssieLE: (As applied to equipment.) Admitting eloze ap-
proach bhecause not guarded by locked doors, elevation or other
effective means, (See “readily accessible,”)

(3) ADMINISTRATIVE AUTHORITY: The Department of Industry, La-
bor and Human Relations and/or the Public Service Commission.

(4) ALIVE oR LIVE: Electrieally connected to a souree of potential
difference, or electrically charged so as to have a potential different
from that of the earth,

Note: The term “live” is sometimes used in place of the term “current-
carrying” where the intent is clear, to avold repetitions of the longer term,

(b) AmracITY: Current-carrying capacity expressed in amperes,

(6) ANESTHETIZING LOCATION: See Wis, Adm. Code section B 517.01
(2).

(7) ANTENNA CONFLIOT: See “conflict”,

(8) AprLIANCE: An appliance is utilization equipment, generally
other than industrial, normally built in standardized sizes or types,
which is installed or connected as a unit to perforim one or more
functions such as clothes washing, air conditioning, food mixing,
deep frving, ete,

{9) APPLIANCE—FIXED: An appliance which ig fastened or other-
wise secured at a specific loeation,

(10) APPLIANCE—PORTABLE: An appliance which is actually moved
or can easily be moved from ome place to another in normal use.

(11) APPLIANCE—STATIONARY: An appliance which is not easily
moved from one place to another in normal use,

(12) APPROVED: Acceptable to the administrative authority enfore-
ing this code, (See section E 10.11),

Electrical Code, Volume 2
Reglster, January, 1968, Neo, 145




& WISCONSIN ADMINISTRATIVE CODE

(13) ASKAREL: A synthetic nonflammable insulating liquid which,
when decomposed by the electric are, evolves only nonflammable gas-
eous mixtures,

(14) ATTACHMENT PLUG (PLUG CAP) (CAP): An attachment plug is
a device which, by insertion in a receptacle, establishes connection
between the conduetors of the attached flexible cord and the con-
ductors connected permanently to the receptacle,

(15) AUTHORITY: See “administrative authority”.

(16) AvuToMATIC: Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as for example, a
change in current strength, pressure, temperature, or mechanical
configuration. (See “non-automatic”).

(17) BLOCK (TOWN, OR VILLAGE): Sece section E 800.02.

(18) BRANCH cIRCUIT: That portion of a wiring system extending
beyond the final overcurrent device protecting the civeuit,

Note: A device not approved for branch ecircuit protection, such as a
thermal cutout or motor overload protective device, 1s not considered as the
overcurrent device protecting the circuit.

(19) BRANCH OCIRCUIT-APFLIANCE: A branch circuit supplying
energy to one or more ouflets to which appliances are to be con-
nected; such eircuits to have no permanently connected lighting fix-
tures not a part of an appliance.

(20) BRANCH CIRCUIT—GENERAL PURPOSE: A branch eircuit that
supplies a number of outlets for lighting and appliances.

(21} BRANCH CIRCUIT—INDIVIDUAL: A branch circuit that supplies
only one utilization equipment,

(22) BRANCH CIRCUIT, MULTIWIRES. A multiwire branch circuit is
a circuit consisting of 2 or more ungrounded conductors having a
potential difference between them, and an identified grounded con-
ductor having equal potential difference between it and each un-
grounded conductor of the circuit and which is connected to the
neutral conductor of the system,

{23) BUILDING: A structure which stands alome or which is cut
off from the adjoining structures by fire walls with all openings
therein protected by approved fire doors.

(24) CABINET: An enclosure designed either for surface or flush
mounting, and provided with a frame, mat or trim in which swing-
ing doors are hung.

(25) CABLE: A combination of conductors which are hound to-
gether and insulated from each other. It also includes single condiic-
tors having the same insulation and outside protective covering as
commonly used in multiconductor cables.

(26) CaBLE vAULT: See “manhole”.

(27) CELL (AS APPLIED TO RACEMAYS) : See Wis. Adm. Code sections
E 356.01 and E 358.01.

(28) Cimcurr: A conductor or system of conductors through which
an electrie current is intended fo flow.

Bileotrical Code, Volume 2
Register, January, 1968, No. 145




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 7

(29) CIRCUIT-BREAKER: A device designed to open and close a cir-
cuit by nonautomatic means, and to open the cireuit automatically
on a predefermined overload of current, without injury to itself
when properly applied within its rating,

(30) CrLiMpING SPACE: The vertical space reserved along the side
of a pole structure to permit ready aecess for linemen to equipment
and conductors located on the pole structure,

(81) CommoN wusg: The simultaneous use of facilities by 2 or
more agencies supplying the same type of service,

(32) COMMUNICATION CIRCUIT: See section B 800,01,
(83) COMMUNICATION LINES: See “lines”,

(34) CowocmaLED: Rendered inaccessible by the stiucture or finish
of the building. Wires in concealed raceways are considered con-
cealed, even though they may become accessible by withdrawing them,

Note! Raceways or wiring materials which are unexposed or not normally
visible are considered to be concealed.

(85) ConNDUCTOR: A wmetallic conducting material, usually in the
form of a wire or cable, suitable for carrying an eleciric current.

(36} ConNDUCTOR—BARE: A. conductor having mo covering or insu.
lation whatsoever. (See “covered conductor”),

(87) ConNDUCTOR CONFLICT: See “conflict”,

(88) CoNDUCTOR—COVERED: A conductor having one or more layers
of nonconducting materials that are not recognized as insulation under
the code. {See “conductor—hare”),

(39) CONDUCTOR—GROUNDING: A conductor which is used to con-
nect the equipment or the wiring system with a grounding electrode
or electrodes,

(40) CoNDUCTOR—LATERAL: In pole wiring work, a wire or cable
extending in a general horizontal direction approximately at right
angles to the general direction of the line conductors.

(41) CoNDUCTOR—LINE: One of the wires or cables carrying electric
current, supported by poles, towers, or other structures, but not
including vertical or lateral connecting wires,

(42) CONDUCTOR—VERTICAL: In pole wiring work, a wire or cable
extending in an approximately vertical direction,

(43) Compurr: A tube especially constructed for the purpose of
enclosing electrical conductors.

(44) CoNDUIT--FLEXIBLE METALLIC: A flexible raceway of cireulayr
cross-section, especially constructed for the purpose of drawing in
or withdrawing of wires and cables after the conduit and its fittings
are in place, and is made of metal strip, usually of steel, with
metallic corrosion resistant coating, helically wound, and with inter-
locking edges,

(45) CoNDUIT-—RIGID METAL: A tubular raceway with threaded
ends, for electric wires and cables; if of ferrous metal, having a
corrosion resistant coating on all surfaces except threads, and if of
corrosion resistant material, properly identified, and in either case
with a uniformly smooth interior coating of enamel or like matevial,

Hlecirical Code, Volume 2
Register, January, 1968, No. 146
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Conduit may be made of mild steel tubing of circular eross-section
having walls which in the various electrieal trade sizes comply with
the measurements set forth in chapter E 900, table 4, For other
materials, dimensions are to he the same,

(46) CONDUIT—THIN-WALL (electrical metallie tubing): A thin-
walled gteel or corrosion-resistant metal raceway of circular cross-
section, constructed for the purpose of pulling in or withdrawing
wires after it iz installed in place, coated inside and out to be
corvosion-resistant, and connected by means of fhreadless fittings.
The interior diameters should be the same as for the corresponding
trade sizes of rigid conduit.

(47) CONFLICT—ANTENNA: An autenna or its guy wire is at a
higher level than a supply or communication conductor and approxi-
mately parallel thereto, provided the breaking of the antenna or
its support will be likely to result in contact between the antenna
or puy wire and the supply or communication conductors,

(48) CONFLIGT—-CONDUCTOR: A conductor is so situated with re-
spect to a conductor of another line at a lower level that the hori-
zontal distance between them is less than the sum of the following
values:

{a) TFive feet, plus,

{(b) One-half the difference of level between the conductors con-
cerned, plus,

(¢) The value required in tables 6, T, and 8 of section E 123.06
for horizontal separation between conduetors on the same support
for the highest voltage carried by either conductor concerned.

(49) CONFLICT—STRUCTURE: As applied to a pole ling, the line is
so situated with respect to a second line that the overturning (at
the ground line) of the first line will vesult in coniact between its
poles or conductors and the conductors of the second line, assuming
that no conductors are broken in either line

(2) Ezceptions. Lines are not considered as conflicting under the
following conditions:

1, Where one line crosses another,

2, Where 2 lines are on opposite sides of a highway, street or
alley and are separated by a distance not less than 60% of the height
of the taller pole and not less than 20 feet,

(50) CONNECTOR--PRESSURE (solderless): A pressuve wire con-
nector is a device which establishes the connection between 2 or movre
conduetors or between one or more conductors and a terminal by
meang of mechanical pressure and without the use of solder.

{61) CoNTINUOUS LoaD: A load where the maximum current is
expeected to continue for three hours or more.

(52) CONTROL CIRCUIT: See section E 430.07L

(52) CONTROLLER: A device, or group of devices, which serves to
govern, in some predetermined manner, the electric power delivered
to the apparatus to which it is connected. See also section I 430.081
(1).

Electrical Code, Volume 2
Reglgter, January, 1968, No, 146




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 9

(54) COOKING UNIT—COUNTER MOUNTED: An assembly of one or
more domestic surface heating elements for cooking purposes designed
for flush mounting in, or supported by, a counter, and which assem-
bly is complete with inhervent or separately mountable controls and
internal wiring, {See “oven, wall-mounted”), :

(65) CURRENT-CARRYING PART: A conducting part intended to ba
connected in an electric civeuit, Non-current-carrying parts are those
not intended to be so connected,

(56) CURRENT-LIMITING OVERCUERENT PROTECTIVE DEVICE: (See sec-
tion E 240.27).

(87) Curour BOX: An enclosure designed for surface mounting and
having swinging doors or covers secured directly to, and telescoping
with, the walls of the box proper

(58) DEAD: Free from any electrieal connection fo a source of
potential difference and from electric charge, not having a potential
different from that of the earth. The term is used only with reference
to current-carrying parts which are sometimes alive,

(59) DEMAND FACTOR: Of any system or part of a system, the ratio
of the maximum demand of the system, or part of the system, to the
total connected load of the gystem, or part of the system under
consideration.

(60) DuviceE: A unit of an electrical gystem which is intended to
carry but not utilize electrical energy,

(61) DISCONNECTING MEANS: A devies, group of devices, or other
means whereby the conductors of a circuit can be disconnected from
their source of supply.

(62) DISCONNECTOR: A switch which is intended to open a circuit
after the load has been thrown off by some other means,

. Note: Manual switches designed for opening loaded circuits are usually
installed in circult with disconnectors, to provide a safe meang for opsning
the cireuit under load,

(63) Dry: See “location—dry.”

(64) Ducr: In underground work, a single tubular runway for
underground cables,

(66) DUST-IGNITION-PROOF: See section E 502.01 (2).

{66) DusTPROOF: 8o constructed or protected that dust will not
interfere with its successful operation,

(67} DusT-1IGHT: So constructed that dust will not enter the
enclosing case,

(68) DUTY-CONTINUOUS: A requirement of service that demands
operation at a substantially constant load for an indefinitely long
time,

(6%) DUTY-INTERMITTENT: A requirement of service that demands
operation for alternate intervals of (a) load and no load, or (b} load
and rest, or (c¢) load, no load and rest.

(70) DUTY—FERIODIC: A type of intermittent duty in which the load
conditions are regularly recurrent,

Reglster, January, 1968, No, 145
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(71) DUTY—SHORT-TIME: A requirement of service that demands
operation at a substantially constant load for a short and definitely
specified time, )

(72) DUTY-VARYING: A requirement of service that demands opera-
tion at loads, and for intervals of time, both of which may be subject
to wide variation

Note: See table in T 430.022 (1) for illustrations of various types of duty.

(73) DuTY CYCLE (WELDING): See section B 630.831 (8} (c).

(74) E¥FECTIVELY GROUNDED: See “grounded”,

(75) ELECTRIC 8i6N: A fixed or portable, self-contained electrically
illuminated =appliance with words or symbols designed to convey
information or attract attention,

{76) ELECTRICAL METALLIC TUBING: See “conduit”,
(77) ELECTRICAL SUPPLY EQUIPMENT: See “equipment”,
(78) ELECTRICAL SUPPLY LINES: See ‘“lines”,

(79) ELECTRICAL SUPPLY STATION: Any building, room, or separate
space within which elecirical supply equipment is located and the
interior of which is accessible, as a rule, only to properly qualified
persons,

Note: This includes generating stations and substations and generator,
storage battery, and transformer rooms, but excludes manholes and isolated
transformer vaults on private premises, (See “tranaformer vault”),

(80) Encrosep: Surrounded by a case which will prevent a person
from accidentally contacting live parts

(81) EQUIPMENT: A general term including materials, fittings,
devices, appliances, fixtures, apparatus, and the like, used as a
part of, or in connection with, an- electrieal installation.

(82) EQUIPMENT-~ELECTRIOAL S8UFPLY: Equipment which produces,
modifies, regulates, controls, or safeguards a supply of electriecal
energy.

(83) EQUIPMENT—UTILIZATION : Equipment which utilizes electrical
energy for mechanical, chemical, heating, lighting, testing, or similar
purposes and is not a part of supply equipment, supply lines or
cormmunication lines,

(84) LEXPLOSION-PROOF APPARATUS. Apparatus enclogsed in a case
which is capable of withstanding an explogion of a specified gas or
vapor which may oeccur within it and of preventing the ignition of a
specified gas or vapor surrounding the enclosure by sparks, flashes,
or explosion of the gas or vapor within, and which operates at such
an external temperature that a surrounding flammable atmosphere
will not be ignited thereby.

(85) Exposen: (As applied to cirenits or lines). In such a position
that in case of failure of supports or insulation contact with another
eircuit or line may resulf.

© (86) ExrogEp: (As applied to live parts). A live part can be
inadvertently touched or approached nearer than a safe digtance by
any person. It is applied to parts not suitably guarded or isclated.
(See “accessible” and “concealed”}.
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(87) Exrosep: (As applied to wiring method), Not concealed,

(88) EXTERNALLY OPERABLE: Externally operable means capable of
being operated without exposing the operator to contact with live
partg, This term is applied to equipment, sneh as a switch, that is
enclosed in a case or cahinet,

(89) FEEDER: A feeder iz the circuit conductors between the serv-
ice equipment, or the generator switchboard of an isolated plant, and
the branch cireuit overcurrent device,

(90) Frrring: An accessory such as a locknut, bushing or other
part of a wiring system which is intended primarily to perform a
mechanical rather than an electrical function.

(91) FLEXIBLE METALLIC TUBING: See “conduit.”

(92) Garage: A building, or part of a building, which accommo-
dates or houses self-propelled vehicles. For the purposes of this code
the term vehicle includes land, air and wafer vehicles,

(93) GENERAL-USE SWITCH: See “switch.”

(94) GroUND: A condueting connection, whether intentional or
accidental, between an elecfrical cireuit or equipment and earth, or
to gome conducting body which serves in place of the earth.

(95) GrOUNDED: Connected to earth or to some conducting body
which serves in place of the earth,

(96) GROUNDED CONDUCTOR: A conductor which is intentionally
grounded, either solidly or through a current limiting device,

(97) GROUNDED—FEFFECTIVELY: Permanently econnected to earth
through a ground connection of sufficiently low impedance and having
sufficient ampacity to prevent the building up of woltages which
may result in unduve hazard fo connected equipment or to persons,

(98) GROUNDED (EFFECTIVELY GROUNDED COMMUNICATION SYSTEM) :
See section | 800.02 (4) Note,

(99) GROUNDED SYSTEM: A system of conduetors in which at least
one conductor or point (usually the middle wire or neutral point of
transformer or generator windings) is intentionally grounded, either
solidly or through a current limiting deviee. This ground connection
may he at one or more points,

(100) GROUNDING CONDUCTOR: A conductor used to connect an
equipment, device or wiring system with a grounding electrode or
electrodes,

(101) GuarDpeED: Covered, shielded, fenced, enclosed or otherwise
protected, by means of suitable covers, casings, barriers, rails or
sereens, or by means of mats or platforms, to remove the liability of
dangerous contact or approach by persons or objeets to a point of
danger. Wires which are insulated, but not otherwise protected, are
not considered as guarded. (See “insulated.”)

(102) GuaArp ZONE: The space at minimum clearance from guards
to electrical parts where guards may be installed by workmen without
definite engineering design, (See section E 112.05.)

Hlectrleal Code, Volume 2
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(108) HANDHOLE: An opening in an underground system into
which workmen reach, but do not enter.

{104} HAZARDOUS LOCATIONS: See chapter E 500,
(105) HEADER: See section E 356.01.
(106) HmADER pUCTS: See section B 858.01,

(107) HoisTwaY: Any shaftway, hatchway, wall hole, or other
vertical opening or space in which an elevator or dumbwaiter is
designed to operate.

(108) IpeNTIFIED: As used in chapter E 200, the conductor or
terminal to which it refers is to be recognized as grounded.

(109) INSULATED: Separated from other condueting surfaces by a
dielectric substance or air space permanently offering a high resist-
ance to the passage of current and to disruptive discharge through
the substance or space,

Note: When any object s said to be Insulated, it is understocd to hd
fnsulated in s suitable manner for the cenditions to which it Is subjected.
Otherwise, it is within the purpose of these rules, uninsulated. Insulating
covering of conductors is one means of making the conductors insulated.

(110) INSULATING: (Where applied to the covering of a conductor
or to clothing, guards, rods, and other safety devices) means that a
device, when interposed between a person and current-carrying parts,
protects the person making use of it against eleeiric shock from the
current-carrying parts with which the device is intended to be used.
{The opposite of conducting.)

(111) IsorLATED: Isolated means that an object is not readily acces-
gible to persons unless special means for access are used.

(112) TSOLATED PLANT: A private electrical installation deriving
energy from its own generator driven by a prime mover,

(113) IsOoLATING SWITCH: See “switeh.”

(114) TIsoLATION BY ELEVATION: Elevated gufficiently so that persons
may safely walk underneath, (See “exposed.”}

(115) Joiwt Usk: The simultaneous uge of facilities by 2 or more
agencies not furnishing like services but having use for similar
facilities,

(116) LATERAL CONDUCTOR: See “conduetor.”

(117) LATERAL WORKING SPACE: The space regerved for working
between conductor levels outside the elimbing space, and to its right
and left,

(118) LIGHTING OUTLET: An outlet intended for the direct connee-
tion of a lampholder, a lighting fixture or a pendant cord terminating
in a lampholder,

(119) LIGHTNING ARRESTER: As applied to supply cireuits, a devics
which has the property of reducing the voltage of a surge applied to
its terminals, ig capable of interupting follow current if present and
restores itself to ifts original operating condition,

{120} LINE cONDUCTOR: See “conductor.”

(121) LiNES—COMMUNICATION: The conductors and their support-
ing or containing structures which are located outside of buildings
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and are used for public or private sighal or communication service
and which operate at not exceeding 400 volts to ground or 750 volts
between any 2 points of the ecircuit, and the itransmitter power of
which does not exceed 150 watts, When operating at less than 150
volts no limit is placed on the capacity of the system,

(a) Telephone, telegraph, railroad-signal, messenger-call, cloek,
fire or police alarm, community television antenna, and other systems
eonforming with the above are included.

(b) Lines used for signalling purposes, but not included under the
ahove definition are considered as supply lines of the same voltage
and are to be so run,

1. Exeception is made under certain conditions for communication
circuits used in the operation of supply lines, (See gection B 128.09
(19

(122) LINES—ELECTRICAL SUPPLY: Those conductors and their
necessary supporting or containing structures which are located en-
tively outside of buildings and are used for transmitting a supply of
electrical energy. Electrieal supply lines do not include communica-
tion lines as defined in section E 100.02 (121) above,

(a) Does not include open wiring on buildings, in yards or similar
locations where spans are less than 20 feet and all the precauntions
required for siations or utilization equipment, as the case may be, are
observed.

(b} Railway-signal lines of more than 400 volts to ground are
always supply lines within the meaning of these rules, and those of
legs than 400 volts may be considered as supply lines, if so run and
operated throughout,

(123) LoCATION-—DAMP; A location subject to a moderate degree of
moisture, such as some basements, some barns, some cold storage
warehouses, and the lile.

(124) LoCATION—DRY: A location not normally subject to damp-
ness or wetness, A location classified as dry may be temporarily sub-
ject to dampness or wetness, as in the case of a building under con-
struction,

(125) LocATion—wET: A location subject to saturation with water
or other liquids, such as locations exposed to the weather, washrooms
in garages, and likke locations, Installations underground or in con-
crete slabs or masonry in direct contact with the earth shall be con~
sidered as wet locations,

(126) LoOW-ENERGY POWER CIRCUIT: A circuit which is not a remote-
control or signal cireuit but which has the power supply limited in
accordance with the requirements of class 2 remote-control circuits,
(See chapter E 725.)

(a) Such circuits include electrie door openers and circuits used in
the operation of coin-operated phonographs,

(127) Low VOLTAGE PROTECTION: The effect of a device operative on
the reduction or failure of voltage to cause and maintain the inter-
ruption of power supply to the equipment protected,

(128) Low vOLTAGE RELEASE: The effect of a deviece operative on
the reduction or failure of voltage to cause the interruption of power
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supply to the equipment, but not preventing the 1'eestabhshment of
the power supply on return of voltage,

(129) MaNHOLE: (More accurately termed splicing chamber or
cable vault.) An opening in an underground system which workmen
or others may enter for the purpose of installing cables, transform- -
ers, junction boxes, and other devices, and for making connections
and tests.

(130) MawvaL: Capable of being operated by personal inter-
vention.

(131) MoToR CIRCUIT SWITCH: See “switch.”

(182) MULTI-OUTLET ASSEMBLY: A type of surface or flush race-
way, desngned to hold conductors and attachment plug receptacles,
assembled in the field or at the factory,

(133) Nuw CONSTRUCTION: All new electrical installations and all
extensions and renewals which constitute a substantial portion of the
ingtallation,

(134) NoNAUTOMATIC: The implied action requirves personal inter-
vention for its control, (Sea “automatic”}.

Nofe: As applied to an electric controller, non-automatic control does not
necessarily imply a manual contrelier, but only that personal Intervention
is necessary.

(135) OPEN WIRE: A conductor or pair of conductors separately
supported above the surface of the ground.

(136) OuTiET: A point on the wiring system at which eurrent is
taken to supply utilization eguipment.

(187) OUTLINE LIGHTING: An arrangement of incandescent lamps
or gaseous tubes to outline and ecall attention to certain features such
as the shape of a building or the decoration of a window.

{138) OVEN, WALL-MOUNTED: A domestie oven for cooking purposes
designed for mounting in or on a wall or other surface.

(139) PANELBOARD: A single panel, or group of panel! units, de-
gigned for assembly in the form of a single panel; including busses
and with or without switches and/or automatic overcurrent pro-
tective devices for the control of light, heat, or power circuits of
small individual as well as aggregate capacity; designed to be placed
in a cabinet or cutout box placed in or against z wall, or partition,
and accessible only from the front. (See definition of “switchboard”).

(140) PERMANENTLY GROUNDED: See “grounded, effectively”.

(141) Pore racmE: That side of a pole on which cross arms are
attached, or which is so designated by the companies owning or
operating the pole.

(142) PORTABLE APPLIANCE: An appliance capable of being readily
moved where established practice or the conditions of use make it
necesgary or convenient for it to be detached from its source of eur-
rent by means of a flexible cord and attachment plug.

(143) PROJECTOR, NON-PROFESSIONAL: See section F 540.30.
(144) PROJECTOR, FROFESSIONAL: See section E 540.10.
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(145) QUALIFIED PERSON: One familiar with the construction and
operation of the apparatus and the hazards involved, For over 600
volts see section B 710,10 (1) Note 1.

(146) RACEWAY: Any channel for holding wires, cables or bus
bars, which is designed expressly for, and used solely for, this pur-
pose.

Note! Raceways may ha of metal or insulating material and the term
includes rigid metal condult, rigid nonmetallic conduit, flexible metal con-
dult, electrical metallic tubing, underfloor raceways, cellular concrete floor
raceways, cellular metal flocor racewsays, surface metal raceways, structural
racewaysd, wireways and busways,

(147) RAINTIGHT: So constructed or protected that exposure to a

beating rain will not result in the entrance of water,

(148) RmADILY ACCESSIBLE: Capable of being reached quickly for
operation, renewal or inspection, without requiring those to whom
ready access iz requisife to climb over or remove obstaeles or to re-
sort to poriable ladders, chairs, ete. (See “accessible” and section
E 195.23).

(149) RECEPTACLE (CONVENIENT OUTLET): A receptacle is a con-
tact device installed at an outlet for the connection of an attachment
plug and flexible cord.

(150) RECEPTACLE OUTLET: An ouflet where one or more receptacles
are installed,

(151) RECcONSTRUCTION: Replacement of a substantial portion of
an existing installation by new equipment or construction. Does not
include ordinary maintenance replacements,

{152) REFRIGERATION COMFPRESSOR, SEALED (HERMETIC TYPE): See
section B 430.002.

(153) REMOTE-CONTROL CIRCUIT: Any electrical cirenit which con-
trols any other cireuit through a relay or an equivalent device,

{154) Rurar p1sTrRICTS: All places mot uvban, usually in the coun-
try, but in some cases within city limits. (See definition of “urban
districts”).

{165) Sag: (a) Apparent sag at any point. The departure of the
wire at the paxticular point in the span from the straight line be-
tween the 2 points of support of the span, at 60° F., with no wind.

(b) Apparent sag of a span. The maximum departure of the wire
in a given span from the straight line between the 2 points of sup-
port of the span, at 60° ¥., with no wind loading.

(e} Pinal unloaded sag, The sag of a conductor after it has been
subjected for an appreciable period to the loading prescribed, or
equivalent loading, and the loading removed.

{d) Initial unloeded sag. The sag of a conductor prior to the appli-
cation of any external load. ’

(e) Mawimum total sag. The total sag at the midpoint of the
straight line joining the 2 points of support of the conductor.

(f) Total sag. The distance, measured vertically, from any point
of a conductor to the straight line joining its 2 points of support,
under conditions of ice loading equivalent to the fotal resultant
loading.
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(g) Unloaded sag. (Of a conductor at any point in a span). The
distance, measured vertically, from the particular point in the con-
ductor to a sttaight line between its 2 points of support, without any
external load.

(156) SEALABLE EQUIPMENT: Equipment enclosed in a case or cabi-
net that is provided with means for gealing or locking so that live
parts cannot be made accessible without opening the enclosure. The
equipment may or may not be operable without opening the enclosure.

(167) SEALED (MERMETIC TYPE) REFRIGERATION COMPRESSOR: A
mechanical compressor consisting of a compressor and a motor, both
of which are enclosed in the same sealed housing, with no external
shafts nor shaft seals, the motor operating in the refrigerant
atmosphere,

(158) SERvICE: The conductors and equipment for delivering
energy from the electricity supply system to the wiring system of the
premises gerved.

(159) SERVICE CABLE: The service cable is the service conductors
made up in the form of a cable.

(160) SERVICE coNDUCTOR: The supply conductors which exfend
from the street main, or from transformers to the service eguipment
of the premises supplied.

(181) SERvICE PROP: The overhead service conductors between the
last pole or other aerial support and the first point of attachment to
the building or other structure.

(162) SERVICE ENTRANCE CONDUCTORS, OVERHEAD SYSTEM: The serv-
ice conductors between the terminals of the service equipment and a
point usually outside the building, clear of building walls, where
joined by tap or splice to the serviece drop,

{163) SERVICE ENTRANCE CONDUGTORS, UNDERGROUND SYSTEM: The
gervice conductors between the ferminals of the service equipment
and the point of connection to the service lateral.

(2) Where service equipment is lceated outside the building walls,
there may be no service-enfrance conductors, or they may be entirely
outside the building,

(164) SErRvICE EQUIPMENT: The necessary equipment, usually con-
sisting of circuit-breaker or switch and fuses, and their accessories,
located near point of entrance of supply conductors to a building and
intended to constitute the main control and means of cut-off for the
supply to that building.

(165) SERVICE LATERAL! The underground service conductors be-
tween the street main, including any risers at a pole or other strue-
ture or from transformers, and the first point of connection to the
gerviee entrance conductorg in a terminal box inside or outside the
building wall. Where there is no terminal box, the point of con-
nection shall be considered to be the point of entrance of the service
eonductors into the building.

(1686) SERVICE RACEWAY: The rigid metal conduif, electrical metal-

He tubing, or other raceway, that encloses service entrance con-
ductors.
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(167) Serrina: (Of circuit-breaker). The value of the current at
which it is set to trip.

(168) SzarL: Ig used to indicate requirements.

(169} SHouLpd: Is used to indicate recommendations, or that which
ia advised but not required, In general, recommendations have the
form of fine-print notes or paragraphs supplementing the preceding
text,

(170) SHow WINDOW: Any window used or designed to be used
for the display of goods or advertising material, whether it is fully
or partly enclosed or entirely open at the rear, and whether or not it
hag a platform raised higher than the street floor level,

(171) Sian: See “electric sign”

(172) S1GNAL CIRCUIT: Any electrieal cireuit which supplies energy
to an appliance which gives a recognizable signal,

(2) Such circuits include cireuits for door bells, buzzers, code-
calling systems, signal lights, and the like,

(173) SpAN LENuTH: The hovrizontal distance between 2 adjacent
supporting points of a conductor,

(174) SpECIAL PERMISSION: The written consent of the Depart-
ment of Industry, Lahor and Human Relations or Publie Service
Commission.

TRUCTURE FLICT: See “conflict”,
175) 8 URE CONFLICT: See “conflict”,

{176) SuUBSTANTIAL: So constructed and arranged as to be of ade-
guate strength and durability for the service to be performed under
the prevailing conditions,

(177) SWITCHES: (a) General use switch. A general-use switch is
a switch intended for use in general distribution and branch circuits.
It is rated in amperes, and it is capable of interrupting its rated
current at its rated voltage,

{b) General wse snap switch, A form of general use switeh so
constructed that it can be installed in flush device boxes, or on out-
let box eovers, or otherwise used in conjunction with wiring systems
recognized by this code,

(c) AC general wse snap switch. A form of general use snap switch
suitable only for nse on alternating current eireuits for controfling
the following:

1. Resistive and inductive loads (including electric discharge
lamps) not exceeding the ampere rating at the voltage involved.

2. Tungsten filament lamp loads not exceeding the ampere rating
at 120 volts,

8. Motor loads not exceeding 80% of the ampere rating of the
switcheg at the rated voltage.

Note: All AC general use snap switches are marked “AC” in sddition to
their electrical rating.
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(d) AC-DC general use snap switeh, A form of general use snap
switch suitable for use on either direct or alternating current cireuits
for controlling the following:

1. Resistive loads not exceeding fthe ampere rating at the voltage
involved.

2. Induective loads not exceeding one-half the ampere rating at the
voltage involved, except that switches having a marked horsepower
rating are suitable for controlling motors not exceeding the horse-
power rating of the switch at the voltage involved,

3. Tungsten filament lamp loads not exceeding the ampere rating
at 126 volts, when marked with the letter “T".

Note: AC-DC general use snap switches are not generally marked
AC-DC, but are always marked with their electrical rating.

(e) Isoclating switch: An isolating switch is a switch intended for
isolating an electric cireuit from ihe source of power, It has no
interrupting rating, and it is intended to be operated only after the
cireuit has been opened by some other means,

(f) Motor eircuit switch, A switch, rated in horsepower, capable
of interrupting the maximum operating overload current of a motor
of the same horsepower rating as the switch at the rated voltage.

(178) SWITCHBOARD: A large single panel, frame, or assembly of
panelg on which are mounted, on the face or back or hoth, switches,
overcurrent and other protective devices, buses, and usually instru-
ments, Switchboards are generally accessible from the rear ag well
ag from the front and are not intended to be installed in cabinets.
(See “panelboard.”)

(179) Taes, Tags or other markers of distinctive appearance,
indieating that men are at work on the equipment or lines so
designated.

(180) TEnsioN: (a) Final unloaded conductor tension. The longi-
tudinal tension in z conductor after the conductor has heen stretched
by the application for an appreciable period, and subsequent release,
of the heavy loading of ice and wind, and temperature decrease, speci-
fied in these rules (or equivalent loading).

(b) Initinl conductor tension. The longitudinal fension in a con-
ductor prior to the application of any external load,

(181) THERMAL CUTOUT: An overcurrent protective device which
contains a heater element in addition to and affecting a renewable
fusible member which opens the circuit, It is not designed to inter-
rupt short circuit currents,

(182) THERMAL PROTECTION: (As applied to motors.) The words
“Thermal Protection” appearing on the nameplate of a motor indicate
that the motor is provided with a thermal protector,

{183) THERMAL PROTECTOR: (As appled to motor.) An inherent
overheating protective device which is responsive to motor current
and temperature and which, when properly applied to a mofor, pro-
tects the motor against dangerous overheating due to overload ox
failure to start.
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(184) TRANSFORMER VAULT: An isolated fire-resistant enclosure,
either above or below ground, in which transformers and related
equipment are installed and which is not continuously attended dur-
ing operation.

(185) UrBaN DISTRICT: Thiekly settled area, whether inside city
limits or not, ox where congested traffic often occurs. A highway, even
though in the country, on which the traffic is often heavy, ig consid-
ered urban. )

(186) UminizatioN mQUIPMENT: Utilization equipment is equip-
ment which utilizes electric energy for mechanieal, chemiecal, heating,
lighting, or similar useful purposes, .

(187) VaPor-TIGHT: So enclosed that vapor will not enter the
enclosure,

(188) VBNTILATED: Provided with a means to permit circulation
of the air sufficiently to remove an excess of heat, fumes, or vapors.

(189) VERTICAL CONDUCTOR: See “conduector”,

(190) VOLATILE FLAMMABLE LIQUID: A flammable liquid having a
flash point below 100° F., or where temperature is above its flash
point,

(191) Vortage: (a) Veltage of & circuit. Voltage is the greatest
root-mean-square (effective) difference of potential between any
2 conductorg of the circuit concerned.

(b) Voltage to ground in grounded circwits. The voltage between
the given conductor and that point or conductor of the cireuit which
iz grounded.

(c) Voltage to ground in ungrounded circuits, The greatest voltage
between the given conductor and any other conductor of the cireuit.

Note 1: Where one circult is directly connected to another circult of
higher voltage (as is the case of auto-fransformers), both are considered
of thg C{nigher voltage, unless the circuit of lower voltage Ig effectively
grounded,

_, Note 2! When the term “volts" or ““voltage” is used without qualification,
it means the voltage beiween conductors if no grounded conductor capable
of carrying load is present. If such a grounded conductor is present, “volts"
or “voltage" means voits to ground.

(192) WaATeRTIGHT: So constructed that moisture will not enter
the encloging case,

(193) WBATHERPROOF: (a) Weatherproof means so constructed or
protected that exposure to the weather will not interfere with suc-
cessful operation,

Note! Raintight or watertight equipmient may fulflll the requirements for
“weatherproof”. However, weather conditions vary and consideration should
be given to conditlons resulting from snow, ice, dust, or temperature
extremes,

(b) Weatherproof: (As applied to the protective covering on a
conductor.) A covering made up of braids of fibrous material which
are thoroughly saturated with a dense moisture-proof compound
after they have been placed on the conductor, or an equivalent pro-
tective covering designed to withstand weather conditions,

(194) WELDER, ELECTRIC:
Rated primary current: section I 630,31 (8) (a).
Actual primary current: section E 630.81 (8) (b).

Reglster, January, 1968, No. 145
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(195) WET: (See “location—wat”),

{196} X-ray:

Continucus rating: section E 660.04 (1) (a) 1.
Long time rating: section E 680.04 (1) (a) 2.
Momentary rating: section H 660.04 (1) (a) 3.
History: Cr, Register, January, 1968, No, 146, eff. 2--1-68.
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PROTECTION OF BUILDINGS AND
STRUCTURES AGAINST LIGHTNING

Chapter E 160
SCOPE, DEFINITIONS, ETC.

I 160.01 Scope and purpose I 160.03 DMandatory and advisory
B 160.02 Interpretation and ex- requirements
ceptions B 160,04 ‘Terms and definitions

E 160.01 Scope and purpose. (1) The rules of this part of the
code apply to the protection against lightning of buildings and other
property, with the exception of property devoted to the production,
storage and transportation of flammable liquids and gases, explosives
manufacturing buildings and magazines and electrical lines and equip-
ment.,

(2) The purpose is the prevention of fire loss and other damages
from lightning by directing attention to the available means of pro-
tection which are believed to be effective.

Histery! Cr. Reglater, January, 1968, No. 145, eff, 2—1—68.

E 160.02 Interpretation and exceptions. (1) This code shall be lib-
erally construed. In cases of practical difficulty or unnecessary hard-
ships exceptions from its literal requirements may be made if equiva-
lent protection is otherwise secured.

(2) It i not intended that this code shall he interpreted ag recom-
mending the protection of every class of property to which it applies,
but shall constitute the standard where economic or other considera-
tions make it appear that protection is necessary or desirable.

History: Cr. Register, January, 1968, No, 145, eff, 2~1-58,

E 160.03 Mandatory and advisory requirements. The word “shall”
where used is to be understood as mandatory and the word “should”
ag advisory. “May” is used in the permissive sense.

Hlistory: Cr. Register, January, 1968, No, 145, eff. 2—1—68.

E 160.04 Terms and definitions.

{1) Arr TERMINAL: The combination of elevation rod, and brace,
or footing placed on upper portions of struectures, together with tip
or point if used.

(2) Conpuctor: The portion of a protective system designed to
carry the current of a lightning discharge from air terminal to
ground. ’

(3) BrancH coNDUCTOR: A conductor which branches off at an
angle from a continuous run of conductor.

Electrical Code, Volume 2
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(4) CaBrLk: A number of wires twisted or braided to form a con-
ductor.

(5) CoPPER-CLAD STEEL: Steel with a coating of copper welded to
it as distinguished from copper-plated or copper-sheathed material.

(6) DowxN coNpUCTOR: The vertical portion of a run of conductor
which ends at the ground.

{7} ErgvarioN Rop: The vertical portion of a conductor in an air
terminal by means of which it is elevated above the object to be pro-
tected.

(8) FASTENER: A device used to secure the conductor to the struc-
ture which supports it.

(9) GROUND CONNECTION: A buried body of metal with its surround-
ing soil and a connecting conductor which together serve to bring an
object into electrical continuity with the earth.

{10) METAL-ROOFED BUILDING: A building with a roof made of or
covered with metal.

{11) METAL-CLAD BUILDING: A building with sides made of or
covered with metal.

{12) PoinT: The pointed piece of metal used at the upper end of
the elevation rod to receive a lightning discharge.

(13) Roor coNDUCTOR: The portion of the conductor above the
eaves running along the ridge, parapet, or other portion of the roof.
History: Cr. Register, January, 1968, No, 146, eff. 2—1-68.
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Chapter E 161

LIGHTNING PROTECTION FOR
ORDINARY BUILDINGS

E 161.01 Conductors I 161,06 Number of down con-
E 161,02 Points and elevation ductors
rods I 161.07 Interconnection of me-
E 161.03 Prevention of deteriora- tallle magses
tion E 161.08 Ground connections
E 161.04 Air terminals and con- & 161.09 Radio installations and
ductors wires entering huildings

E 161,05 Moetal-roofed and metal- B 161,10 Concealed installations
clad buildings

Note: Bections It 161,01 to I 161.04, inclusive, hereunder apply more par-
ticularly to buildings of the ordinary types which have roofs of slate, tile,
or other non-conducting material. Section B 161.05 sets forth modification
to the rules preceding it which may be made for the case of buildings which
are roofed, or roofed and clad, with metal. Grounding and interconnection
of metals are included in section B 181.06 to It 161.08, while chapter B 1632
is to be referred to when buildings are equipped with spires, steeples, flag
poles or towers,

E 16101 Conductors. (1) MATERIALS. The materials of which pro-
tective gystems are made shall be relatively resistant to corrosion or
shall be acceptably protected against corrosion. No combination of
materials shall be used that forms an electrolytic couple of such
nature that in the presence of moisture corrosion is accelerated, but
where moisture is permanently execluded from the junction of such
metals contact between them is not objectionable.

(a) The following list of materials comprises those commonly used
for protective systems, or parts of protective systems, and with their
accompanying specifications constitule materials to be regarded as
standard for the purposes of this rule.

1. Copper, Where copper is used it shall be of the grade ordinarily
required for commercial electrical work, generally designated as being
of 98% conductivity when annealed,

2, Alloys. Where alloys of metals ave used they shall be substanti-
ally as resistant to corrvosion as copper under similar conditions.

8. Copper-clad steel. Where copper-clad steel is used, the copper
covering shall be permanently and effectively welded fo the steel core,
and the proportion of copper shall be sueh that the conductance is not
less than 30% of the conductance of an equivalent cross-section of
sclid copper.

4. Galvanized steel, Where steel is used it shall be thoroughly pro-
tected againgt corresion by a zine coating which will satisfactorily
withstand a standard test for galvanized coatings,

Notg: The Importance of reslstance to corrosion of lightning-conductor
materials should be emphasized at this point because corrosion, efther soll
or atmospherie, Ieads to deterioration and consequent impalrment of the
Inttlal degree of reliadbility of a system and should be forestalled wherever
possible. In this connection, there are several cambinations of metals, and
alloys of metials, that do not lead to marked corrosion when placed in con-
tact In the presence of moisture, whereas others do, and while it is not prac-
ticable to give here a. list of such combinations, manufacturers and pur-
chasers of lightning conductors are cautioned to use only those that have
been shown by experience or adequate tests to he free from objectionable

Hlectrical Code, Volume 2
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features. It may also be pointed out that atmospheric conditions in certaln
sea-const sections of the United States, notably the South Atlantic and Gult
coasts, are known to be destructive to galvanized steel, and in such regions
galvahized steel should be used with caution, a preference being glven to
copper. Copper 1s also to be preferred where corrosive gases are encountercd,
but it needs to be reinforced with a lead covering under excepiional condi-
tlons, such as are found near the tops of smokestacks, (See section E
164.02 (5)}.)

5. Aluminum, Where aluminum is used, care should be taken not
to use it in contact with the ground or elsewhere where it will rapidly
deteriorate, and precautions should be observed at conmections with
dissimilar metals. Cable conductors shall be of electrical conductor

grade aluminum.

(2) FORM AND SIZE. (2) The following sub-sections give minimum
sizes and weights for main and branch econductors. Conductors used for
bonding and inter-connecting metallic bodies to the main cable, and
which will not nermally be required to carry the main lightning cur-
rent, may be reduced in size.

{b) Conductors for inter-comnection tc domestic water systems,
gteam or hot water heating systems, or other metallic masses having
a low resistance to ground shall be full size, since in the event of 2
direct stroke the major portion of the discharge current may flow to
ground over such a system.

1. Copper cable. Copper cable conductors shall weigh not less than
187.5 1b, per M ft, The size of any wire of a cable shall be not less
than No. 17 AWG (0.045 ineh).

2, Copper tube, copper solid section and copper-clad steel. Tube, or
golid gection conductors of copper or copper-clad steel shall weigh not
less than 187.5 1b. per M ft. The thickness of any tube wall shall be
not less than No. 20 AWG (0.032 inch). The thickness of any copper
ribbon or strip shall be not less than No. 16 AWG (0.051 inch).

8. Galvanized-steel. Galvanized-steel conductors shall have a net
weight of steel of not less than 320 Ib, per M ft. and a zine coating of
not less than 2 ounces per square foot of galvanized surface. The
thickness of any tube wall, web or ribbon before galvanizing shall be
not less than No. 17, U, 8. Standard Sheet Gage (0.058 inch) and the
diameter of any wire of a cable hefore galvanizing shall be not less
than No. 14 Steel Wire Gage (0.080 inch).

4. Aluminum. a. Aluminum cable conductors shall weigh mot less
than 95 pounds per thousand feet and the size of any wire of the
cable shall be not less than No, 14 AWG (0.064 inch). Aluminum
conductors for bonding and interconnecting metallic bodies fo the
main cable shall be at least the equivalent in strenpth and cross-
sectional area of a No. 4 AWG (0.204 inch) aluminum wire. Alumi-
num strip conductors for interconnecting metallie bodies to the main
conductor eable, if void of perforations, shall be not less than No.
14 AWG (0.064 inch) in thickness and at least % inch wide. If per-
forated, the strip shall be as much wider as the diameter of the
perforations, Aluminum strip for connecting exposed water pipes shall
be not less than No. 12 AWG (0.080 inch) in thickness and at least
1% inch wide.

b. Aluminum connectors shall be not less than No, 12 AWG (0.080
inch) in thickness and of the same design and dimensions required for
stamped copper connectors.

Blectrical Code, Volume 2
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¢, Aluminum tubular points shall be not less than % inch 0.D,,
No. 16 AWG (0.050 inch) wall thickness and of the same lengthg as
required for copper points. Solid aluminum points shall be not less
than ¥ ineh in diameter and of the same lengths ag requived for
copper points.

d. Aluminum air terminal supports (for points and elevation rods),
when stamped, shall be not less than No. 14 AWG {0.064 inch) in
thickness and of the same design and dimensions required for copper
supports.

e. Cast aluminum parts (fasteners, clamps, connectors, fixtures,
ete.), shall be of the same designs and dimensions requirved for cop-
per alloy fittings and equivalent in strength and conductivity,

f. Copper, copper-covered and copper alloy fixtures and fittings
shall not be used for the installation of aluminum lightning protection
systems. Aluminum, galvanized iron or aluminum alloy fixtures and
fittings are the only types permitted, except for ground connections ag
provided in the next paragraph.

Note: The uze of aluminum materials for direct grounding of aluminum
Bystems of lightning protection is not acceptable and they should never be
buried in earth, Galvanized iron ground rods, leads and clamps are satis.
factory for grounding aluminum systems, Copper or copper-covered ground
rods and leads may he employed, provided the clamps for connecting the
aluminum down conductors to the copper or copper-covered grounding equip-
ment are types specially deasighed for making the connection between the
2 dissimflar metals, The connection of the aluwminum down conductors to
the grounding equipment shali he made at a point not less than one foot
above ground line. Protecting the connection from mechanical injury and
displacement by the use of sultable guards ls required,

(8) JoinTs. (a) General. Joints in conductors ghall be as few in
number as practicable and where they are necessary they shall be
mechanically strong and well made and provide ample electrical con-
tact. The latter requirement is to be regarded as met by a contact area
not less than double the conducting cross-sectional avea of the con-
ductor.

Note: The following suggestions are offered In regard to the construction
of jolnts in conductors,

1. Sections of cable conductor are preferably connected together by wun-
ravelllng § inches or more of the ends and making a solderless wrapped
Joint, An alternative is found in couplings of maileable metal No, 14 AWG
(0.064 inch) in thickness, % inches in length, and of semli-tubular form
with projections on the Interior which, when the coupling is cirimped, become
embedded in the cable,

2. Sectlons of tube conductor may be connected together by dowel-type
scretﬁ Joints with the dowels secured to the tube by rivets or by screw slesve
couplings,

3. Lengths of clreular eross-section conductor may be connected together
by the Western Union Joint with or without solder, MeIntire Sleeves, or
by screw couplings, Lengths of rectangular cross-section conductors (ribbon)
may ke connected together by overlapping and riveting.

z =
—

—

Mclntire Sleeve Joint
Above: Sleeve, Below: Completed Joint

4. Lengths of star-gsection conductor may be connected together by
means of screw joints formed from lugs of metal erimped over or
formed on the end of the conductor.
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5. Branch conductors are best connected to main conductors by
joints similar to those used in main conductors, except that they may
bein T or ¥ form.

6. Elevation rods are hest altached to cables by means of crimped
joints of malleable metal, similar to those described in the first para-
graph of this note, except that they should be in T form, and con-
nect to the elevation rod by means of a dowel or screw coupling.

7, Elevation rods on forms of conductor other than cable may be
attached in the same manner as branch rods, or by an equivalent
means,

(b) Mechanical strength. On structures exceeding 60 feet in height,
joints shall be so constructed that their mechanical strength in ten-
sion as shown by lahoratory tests is not less than 509 of that of the
amallest of the several sections of conductor which are joined together.

(¢) Electrical resistance. Joints shall be so made that they have an
electrical resistance not in excess of that of 2 feet of conductor,

(4) Fasteners, (a) Conductors shall be securely attached to the
building or other object upon which they are placed. Fasteners n
general shall be substantial in construction, not subject to breakage
and shall be, with the nails, screws, or other means by which they are
fixed, of the same material as the conductor, or of sach nature that
there will be no serious tendency towards electrolytic corrosion in the
presence of moisture becanse of contact between the different parts.

(b) Fasteners shall be so spaced as to give adequate support to
the conductor, generally not over 4 feet apart.

Note 1. The flrmness with which conductors are attached goes far toward
determining thelr period of usefulness and security. Insecure fasteners not
only lead to a reduction of the protective values of an inatallation but
detract from its appearance and necessitate repeated repairs,

Nots #. Conductors may be secured to wood surfaces by means of metal
pands or straps, screw-shank fasteners, or an equivalent means, Strap or
band fasteners should be made, If of copper, trom sheet metal not less than
Mo, 20 AWG (0.032 inch) in thickness and not less than 84 inch wide; or if
of alnminum, from sheet metal not less than No, 16 AWG (0.060 inch) in
thickness and not less than % inch wide; with sorew or nail holes sur-
rounded by an ample wldth of material, Screw-shank fasteners should be
provided with a fork of substantial construetlon which can be closed by
bending, The screw-shank itself should be at least the equivalent in size of
a No. 10 wood screw 1,5 Inches long,

Note §. Conductors may be secured to brick and stone surfaces by means
of screw-shank fasteners in the form of an expansion screw, by drive-
shank fasteners having the shank ridged or barbed to grip the hole shen
driven, or by fan-shank fasteners to be taid in the walls as they are bullt,

Note j. Elther the expansion screw or drive-shank should be not less than
34 inch In diameter and 2 inches in length, or of a type that will withstand
a pull of mt least 100 pounds. The fan-shank should be approximsately %
lnch wide at {ts narrowest place, 1/10 inch thick and 3 inches long,

Note 5. Where screws are used they should be not smaller than No. 8,
8 inch long. Neils should be not smaller In slze than 4d standard. Copper-
dad nails may be used with copper fasteners and galvanized nalls with
galvanized fasteners.

Nots 6. Fasteners may also be leaded into masonry or brick work.
History: Cr. Register, January, 1968, No, 145, eif, 2—1-68,

H 161.02 Points and elevation reds. (1) ATTACHMENT OF POINTS.
Separate points are not required, but if used shall be of substantial
construction and be securely attached to the elevation rods by screw
or slip joints. The conducting cross-sectional avea of the base shall be
at least equivalent to the conducting crosg-sectional area of the eleva-
tion rod.

Elactrical Cods, Volume 2
Register, January, 1968, No. 146




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 27

Fasteners and Supports

fead-covered
aerial tarminal

Air Terminals
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(2) ELEVATION RODS. (a) Size. Elevation rods shall be at least the
equivalent in weiglit and stiffness of a copper tube having an outside
diameter of % inch and a wall thickness of No. 20 AWG (0.032 inch).

(b} Form. Elevation rods may be of any form of solid or tubular
crogs-section.

{(¢) Height, The height of an elevation rod shall be such as to bring
the tip not less than 10 inches above the object to be protected.

Note: On flat surtfaces s greater helght than 19 inches iz desirable
but the helght need not exceed 5 feet. ITn most cases the proper height
for an elevation rod between the limits just mentioned will depend
upon the character of the object to be protected, The proper height may
also be taken as depending somewhat on the coentour of the object being
protected; a spire, for instance, does not require go high an elevation
rod as a slle having s pealed but much lesgs sloping roof,

(3) BRACES FOR ELEVATION RODS. (a) Use. Elevation rods shall be
amply secured against overturning either by attachment to the object
to be protected or by means of substantial tripod or other braces which
shall be permanently and rigidly attached to the building.

(b) Materials. The material from which braces are constructed
shall be at least the equivalent in strength and stiffness of 4
inch round iron, and with the nails or serews used in erecting, shall
comply with the requirements of section E 161.01 (1) MATERIALS as
to resistance to corrosion or protection against corrosion.

{¢) Form and construction. Braces shall be assembled by means of
riveted joints or other joints of equivalent strength. Preference should
be given to tripod or 4-legged braces and when in place the feet should
bo spread until the distance between them approximates % the height
of the brace.

(d) Guides, Where e¢levation rods are more than 24 inches high,
braces shall have guides for holding the elevation rod at 2 points
loeated approximately as follows: The lower at a distance above the
foot of the rod equal to % of its height, the upper at a distance above
the lower equal to % the height of the rod,

Note 1. Where elevation rods are 24 inches high or less, braces with
8. single gulde may be used, holding the rod approximately midwey of
its height. Ten-inch elevation rods may be braced by means of sub-
stantial footings.

Note 8 Where g¢levation rods are to be atiached to house chimneys
they can be secured either by means of expanszion screw fastenerg or a
band surrounding the chimmey, On horizontal masonry or brick work,
holes may be drilied and the rod set in cement. On woodwork lag-gerews
or strap faasteners may be used. Bracing in each case may be accom-
plished according to circumstances, but it fsa important that a good
lg]echamgal job be done to prevent coverturning of the air terminal by

e wind,

History: Cr. Reglster, January, 1968, No. 145, eff, 2-1-68,

B 161.03 Prevention of deterioration. (1) GENERAL. Precaution shall

be taken in every instance to provide against any undue tendency
towards deterioration due to local conditions,

{2) CorrosioN. (a) Where any part of a protective system is ex-
posed to the direct action of ehimney gases or other corrosive gases,
it shall be protected by a continuous covering of lead 1/16 inch or
more in thickness.

{b) Aluminum parts, including fasteners and anchors, shall he pro-
tected from direct contact with concrete or mortar wherever such con-
crete or movtar is wet or damp, or may become intermittently wet or
damp.

Hlectrical Code, Volume 2
Regiaster, January, 1968, No, 145




DEPT, OF INDUSTRY, LABOR & HUMAN RELATIONS 29

(3) MRECHANICAL INJURY. Where any part of a protective system
is exposed fo mechanical injury it shall be protected by covering it
with molding or tubing preferably made of wood or non-magnetic
material. If metal tubing is used the conductor shall be electrically
connected to it at its upper end.

(4) Use oF oRNAMENTS. The uge of small ornaments such as glass
balls attached to elevation rods is not objectionable but elevation rods
shall not be made to support vanes or ornaments having in any plane
a wind-resistance area in excess of 20 square inches.

Note: Twenty square inches of area as g maximum for an ornament
repregents approximately the wind resistance area of a b-inch glass
ball, Where heavy or large ornaments are desired they should be pro-
vided with a separate support.

Higtory: Cr. Register, January, 1968, Mo, 145, eff. 2-1-68,

E 161.04 Air terminals and conductors, (1) GENERAL. Air terminals
shall be provided for all structural parts that are likely to receive, and
be damaged by, a stroke of lightning.

(2) ProJmcTioNS. In the ease of projections such as gables, chim-
neys, and ventilators, the air terminal ghall be placed on, or attached
to, the object to be protected where practicable, otherwise within 2
feet of it.

(3) RIDGES, PARAPETS, AND EDCES OF FLAT ROOFS. Along ridges, par-
apets, and edges of flat roofs, air terminals shall be spaced at inter-
vals not exceeding 26 feet. :

(4) MRETAL PROJECTIONS AND PARTS OF BUILDINGS. Metal projections
and parts of buildings such as ventilators, smokestacks, and other ob-
jects, that are likely to receive, but not be appreciably damaged by,
a2 stroke of lightning, need not be provided with air terminals, but
shall be securely bonded to the lightning conductor with metal of the
same weight per unit length as the main eonductor.

Note I, Parts of structures most likely to be struck by lightning are
those which preject above surrounding parts such as chimneys, ventila-
tors, flagpoles, towers, water-tanks, spires, steeples, deck-railings, shaft-
houses, gables, skylights, dormers, ridges and parapets.

Note 2, The edge of the roof is the part most likely to be struck on
fiat-roofed buildings. On large flat and gently sloping rvoofs it is de-
girable to erect air terminals at points of intersection of lines dividing
the surface into rectangles not exceeding 50 feet in length,

Note 8, In parts of some buildings relatively thin layers of brick, stone
tile or similar masonry material have been laid on top of structura
steel, Lightning then has to break through the brick, stone, etc,, to
reach the gteel, and this may result In fragments of brick, stone, etc,,
belng thrown down into the street. Such construction should be ayvoided,
but where already existing, the aituation may be improved by cover-
ing the masonry with o metallic sheathing, which in turn is connected
to the lightning protective syatem,

(5) CoumRsING OF conDUCTORS. Conductors shall in general he
coursed over the roofy and down the corners and sides of buildings
in such a way as to constitute as nearly as loeal conditions will per-
mit, an enclosing network.

(6) RooF coNDUCTORS. (a) Roof conductors shall be coursed along
contours, such as ridges, parapets and edges of flat roofs, and where
necessary over flat surfaces, in such a way as to join each air termi-
nal to all the rest.

(b) Roof conductors surrounding decks, flat surfaces, and flat roofs,
shall be connected to form a cloged loop.
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(7} DownN coNDUCTORS, Down conductors shall preferably be
coursed over the extreme outer portions of buildings, such as corners,
due consideration being given to the best places for making ground
connections, and to the location of air terminals.

(8} OmsTrRUCTIONS. Horizontal conductors shall be coursed around
chimneys, ventilators, and similar obstruetions in a horizontal plane
and without abrupt turns.

(9) Brnps. No bend in a conductor which embraces a portion of
a building such as an eave, shall have a radius of less than 8 inches.
The angle of any turn shall not exceed 90° and conductors shall every-
where preserve a downward or approximately horizontal course,
History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 161,05 Metal-roofed and metal-clad buildings. The materials and
equipment required by this rule for the protection of metal-roofed or
metal-roofed and clad buildings, shall comply with the requirements
of sections E 161.01 to E 161.04, inclusive,

(1) METAL NOT CONTINUOUS, Buildings which are roofed, or roofed
and clad, with metal in the form of sections insulated from one an-
other, or so applied that they are not in electrical contact, shall be
treated in the same manner as are buildings composed of non-conduet-
ing materials.

(2) MeTAL coNTINUOUS. When buildings are roofed or roofed-and-
clad, with all-metal sheets made elecirically continucus by means of an
interlocking or other contact geceptable to the administrative author-
ity, or by bonding, the following modifications may be made to the
requirements of sections E 161,02 to E 161.08, inclusive,

(a) Air terminals need be provided only on chimmeys, ventilators,
gables, and other projections, such as are likely to receive and be
damaged by a stroke of lightning. Projections that are likely to re-
ceive, but not be damaged by a stroke of lightning need not be pro-
vided with air ferminals, but shall be seeurely bonded to the roof.

(b) Roof conductors may be dispensed with, and elevation rods, if
uged connected to the roof by soldered joints, or securely bolted joints,
having an area of contact of not less than 3 square inches. If the
roof metal is in small sections, connection shall be made fo at least 4
of the sections.

{¢) Down conductors shall be connected to the edges of roofs, or
to the lower edges of metal siding, by goldered or bolted joints having
an arvea of contact of at least 3 square inches, If the metzl is in
small sections, connection shall be made to at least 4 of the seetions.

(d) The roof metal should have adequate thickness (See section
E 171.02) to prevent a hole being burned in the metal in case of &
direct stroke to the roof, which could cause a fire if flammable mate-
rial were stored helow.

(3) METAL ROOF NOT ELECTRICALLY CONTINUOUS WITH METAL SIDING.
The siding shall be connected to the voof at each corner, and down
conductors shall be connected to the lower part of metal siding, in the
manner specified in subsection {(2) above, with a connaction between
roof and siding directly above the down conductor in every case, and
the down conductor grounded as specified in section E 161.08.

History: Cr. Register, January, 1968, No, 145, eff. 2—-1-68.
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E 161.06 Number of down conductors, (1} Minimum. There ghall
be not less than 2 down conduetors on any type of buildings, and
these shall be run so as to be as widely separated as practicable, The
following rules shall apply as to additional down conductors.

HNotg: In declding upon the location and number of down conductors
it should be kept in mind that it is very desirable to have at least 2
paths in parallel, and well separated, from the foot or near the foot of
each air terminal to ground, This causes a stroke upon any air terminal
to find a divided path the impedance of which is less than that offered
by a aingle path and affords increased protection. The obstruction, or
impedance, offered to the passage of ths stroke is nearly in inverse
proportion to the number of parallel paths if they are well separated,

(2) RECTANGULAR STRUCTURES, (a) On rectangular struetures hav-
ing gable, hip, or gambrel roofs, and exceeding 110 feet in length,
there shall be at least one additional down conductor for each addi-
tional 50 feet of length, or fraction thereof.

(b} On rectangular structures having French, flat, or sawtooth
roofs, and exceeding 300 feet in perimetfer, there shall be at least one
additional down conductor for each additional 100 feet of perimeter or
fraction thereod. :

(3) IRREGULAR-SHAPED STRUCTURES. {a) On an ell or T-shaped
structure there shall be at least one additional down conduetor; on an
H-shaped structure at least 2 additional down conductors; and on a
wing-built structure at least one additional down conductor for each
wing.

(b) On irregular-shaped structures the total number of down eon-
ductors shall in every case be sufficient to make the average distance
between them along the perimeter not greater than 100 feet.

(4) STRUCTURES EXCEEDING 60 FEET IN HEIGHT. On structures ex-
ceeding 60 feet in height there shall be at least one additional down
conductor for each addifional 80 feet of height, or fraction thereof,
except that the application of this rule shall not cause down condue-
tors to be placed aboui the perimeter of a structure at intervals of
less than 50 feet.

(5) METAL-ROOFED AND METAL-CLAD BUILDINGS. The number of down
conductors and ground connections for metal-roofed and metal-clad
buildings shall be determined in the same manner as for buildings
compoged of non-condueting materialy, ie. gecording to the require-
ments of sections (1), (2), (8} and (4) above,

(8) Dzap ENDS. Additional down conductors shall be installed where
necessary to avoid “dead ends”, or branch conductors ending at air
terminals, which exceed 16 feet in length, except that single down con-
ductors descending flagpoles, spives, and similar structures which are
adjuncts of buildings shall not be regarded ag “dead ends” but shall be
treated ag air terminals.

Note 1. Dead ends arise where an sir terminal is placed on the peak
of a dormer, or in some similar situation, and in the Interest of econtomy
iz connected only to the nearest conductor, whiech usually iz at the
nearest ridge. A stroke on such an alr terminal must traverae a single
conductor untit it reaches the ridge conductor where the path divides.
The foregoing rule allows 16 feet for the length of this single conductor.
Where greater lengthg are encountered the conductor must be extended
from the air terminal to ground.

Note 2 It is advisable to install additional down conductors at places
along runs of roof conductors where the roof conductor descends Into
low places hetween parts of buildings as it may in the case of an H-
sha.i)led gtructure where the end wings are higher than the connecting
portion.

History: Cr. Reglater, January, 1468, No, 145, eff. 2-1-68,
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E 161.07 Interconnection of metallic masses, (1) INTERCONNECTION
OR GROUNDING. Metallic masses about buildings which are a permanent
portion of the structure, or are permanently installed within or about
it, shall, with the exception of those of comparatively small size, be
made a part of the lightning-conductor system by interconmection
with it, or be independently grounded, or both, depending upon their
location with respect to the lightning conductorg and their surround-
ings as more fully described in sections (2) to (8) inclusive of
this rule.

Note: The object of interconnecting the metal parts of a building with
the conductor iz to prevent the damage from side flaghes that has heen
found to cceur, especially in the case of rather extensive metal objects
that are nearby. The main principle to be observed in the prevention of
such damage is to pick out on a building the places where side flashes
are most likely to occur and provide metallle paths for them.

(2) EXTERIOR EODIES OF METAL. Metal situated wholly on the exte-
vior of buildings shall be electrically connected to the conduector at its
upper {or nearest) end, and if of considerable length, shall be
grounded or electrically connected to the conductor at its lower (or
farthest) end.

Notg: Hxterior bodiey of metal include ornamental ridges, ventilators,
roofs, valleys, gutters, down spouts, and structursel iron, Connecting
these inte the lightning conductor system not only serves to prevent
side flashes that cause damage, but makes the system a nearer approach
to an enciosing network, .

(3) INTERIOR BODIES OF METAL, Metal situated wholly in the inte-
rior of buildings which at any point comes within 6 feet of a lightning
conductor, or metal connected thereto, shall be electrieally intercon-
nected with it, and if of considerable size or length shall be grounded
at its lower or farther extremity within the building.

Note: Interior hodies of metal include radiators, piping systems, tanks,
stationary machinery, stanchions, and various forma of structural metal,
In general, experience has shown that side flashes are not likely to
ocoeur to bodles of metal of ordinary size located more than § feet from
a conductor, whereas those that are nearer are likely to receive side
flashes which may damage a building or set fire to it, Very long or
very large bodies of metal may, however, be a menace at more than 6
feet. The side flashing to these nearby bodies is eliminated by inter-
connection but the rise of potential due to dynamic discharges is not,
80 interior grounding becomes necessary. Unlesas there are waler pipes
or their equivalent that may be used for interior grounding purposes
there may be danger to persons and livestock about dwellihg houses
and barng, On this account where water pipes are not available it is
advisable to avoid as far as practicable the necesslty for interconnection
of interior bodies of metal by keeping conductors movre than § feet away
from them—the farther the better,

(4) METAL BODIES PROJECTING THROUGH SIDES AND ROOFS. (a) Metal
which projects through roofs, or through sides of buildings above the
second floor, shall be bonded to the nearest conductor at the point
where it emerges from the building and be grounded at its lower or
extreme end within the building,

(b) Metal which projects through the sides of buildings below the
second floor shall be treated as though it were wholly within the
building,

Note: Metal projections through roofs and sides of buildings generally
congist of soil pipes, metal flues, over-flow pipes of hot-water heating
systems and_igolated gravity-type water systems, hayfork tracks and
ventilators. Hayfork iracks may be talen care of by connecting both
ends to the econductor.

(5) INTERCONNECTION OF METALS ON OR WITHIN METAL-ROOFED AND
METAL-CLAD BUILDINGS. (a) All parts of metal roofs, or roofs and
sides, ghall be gecurely bonded together.
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(b} All interior metal parts or eontents of considerable size or ex-
tent that are a permanent portion of a structure or are permanently
installed within it, shall be independently grounded, and if within
6 feet of sides or roof or a down conductor shall be connected thereto.

Note: The necessity for interconnecting and grounding the metal con-
tents of metal-roofed and metal-clad buildings arises from the fact that
in the event of a discharge the potential of the metal covering, even
though grounded, changes sufflciently with respect to nearby oblecta to
cause side flashes, especially where the distance to be covered by the flash
ig short. Side fiashes from the metal coverings of buildings are likely
to be especially destructive or dangerous because of the large electro-
static capacity involved. The chances for such side flashes should be
particularly considered: in all buildings housing dusty operations, as
flour miils, Care should be taken to ground ventilators projecting down-
ward from roofs.

(6) METALLIC BODIES TO RE INDEPENDENTLY CROUNDED., Metallic
bodies having any dimension exceeding 5 feet, and situated wholly
within buildings, and which do not at any point come within 6 feel
of a lightning conductor or metal conmected thereto shall be inde-
pendently grounded.

Nota: It is generally safest to ground all metal within buildings that
does not come close encugh to a conduector to require imterconnection
with it, using an independent ground connection of any of the usuq.l
types, for the reason that it prevents sparks from accumulated static
charges and from Inductlon due to dynamlic discharges.

(7) SUBSTITUTION FOR REGULAR CONDUCTORS, Kxtended metal parts
of buildings shall not be substituted for regular conductors, except
where they are permanently electrically continuous, and have a con-
ducting cross-sectional ares at least double that of the lightning con-
ductor that would otherwise be used.

Note: In some cases of monumental structures and others where heavy
and extensive metal parts are available they may well be used in place
of conductors to avoid expense and sacrifice of appearance, there being
no difference whether they are on the Interior or exterior of the astruc-
ture where used for down conductors,

{8) SIZE OF INTERCONNECTING AND BONDING WIRES. For bonding,
interconnecting and independenf grounding of metallic masses the con-
ductor used shall be at least the equivalent In strength and conducting
cross-sectional area of a No. 6 AWG copper wire, except where full-
gize lightning conductor is required by section E 161.04 (4),

History: Or. Register, January, 1968, No, 145, eff, 2-1-68,

¥ 161.08 Ground connections. (1) NUMBER. A ground connection
shall be provided for each down conductor, preference being given to
metal water pipes and other large underground metallic structures.

(2) DisTRIBUTION. Ground connections (and down conductors) shall
be placed at as uniform intervals ahout a building as practicable, and
grouping of ground connections on one side of a building avoided.

(3) MolIsture, In making ground connections advantage should be
taken of all permanently moist places where practicable, although
such places should be avoided if wet with waste water which contains
chemical substances especially corrosive to the metal with which the
ground connection is made.

Note: Chemical substances especially corrosive to lightning conductor
material are not ordinarily encountered in practice, They would usually
ba found about factorles engaged in chemical processes,

(4) PERMANENCY. Ground connections shall in every case be
thoroughly and permanently made, with due regard to the character
of the surrounding soil.
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(5) WATERPIPE GROUNDS. Where a metallic waterpipe enterg a build-
ing at least one down conductor shall be connected to it, preferably at
a point immediately outside of the foundation wall, by means of a
substantial clamp to which the conductor ean be attached by bolts or
solder,

(6) GROUNDING ELECTRODES IN DEEP S0IL. Where the soil is moist
clay, or other soil of similar character as to electrical resistivity,
artificial grounding electrodes may he made by extending the rod
itgelf into the ground a distance of not less than 10 feet, Where the
soil ig largely sand, gravel, or stones, more extensive artificial ground-
ing electrodes shall be made by adding metal in the form of driven
rods or pipes, or strips, plates, or lengths of conductor buried in
trenches as in subsection (7). Where a grounding electrode consists
of a driven rod or pipe, the length of the electrode shall be perma-
nently marked upon it at the top.

(7) GROUNDING ELECTRODES IN SHALLOW SOIL, Where bed rock is
near the surface, ground connections may be made by digging trenches
radially from the building and burying in them the lowest ends of
the down conductors or their equivalent in the form of metal strips
or wires. Where the soil is very drvy or will not permit digging to a
depth of more than one foot, in addition o the conductors laid radi-
ally, a similar conduetor shall be buried which encireles the structure
to be protected and connects all of the down conductors together.

{(8) TrENCHES. Trenches shall be long enough to acecommodate 12
feet of conductor when laid straight, but need not be more than 8 feet
in depth.

Note 1. Properly made ground connections are essentlal to the effec-
tive functioning of a lHghtning-conductor syatem and every effort should
be made to provide ample contact with the earth, This does not neces-
sarily mean that the resistance of the ground connection must he low,
but rather that the distribution of metal in the earth or upon itg sur-
face in extreme cases, shall he such asg to permit the dissipation of a
stroke of lightning without damage.

Note 2, Low resistance s, of course, desirable, but not essential, as
may be shown by the extreme case on the one hand of a bullding rest-
ing on moist elay 8oil, and on the other by a building resting on bare
solid rock. In the first case if the soil is of normal resistivity or from
200 to 6000 ohm-centimeters, the reslstance of a ground connection made
by extending the conductor 10 feet into the ground will be from 20 to
50 ohma, and 2 such ground connections on a small rectangular building
have heen found by experience to be sufflcient, Under these favorable
conditions providing adeguate means for collecting and dissipating the
energy of a flash without serious chance of damage is a simple and
comparatively inexpensive matter.

Note §. In the second case {f would be impossible to make a ground
connection in the ordinary sense of the term because most kinds of rock
are Insulating, or at least of high resistivity, and in order to obtain the
effeet of grounding other and more elaborate meansg are necessary, The
most effective means would be an extensive wire network laid on the
surface of the rock surrounding the building, after the manner of count-
erpoise to a radio antennsa, to which the down conductors, could be
connected. The resistance to earth at some distant point of such an
arrangement would be high but at the same time the potential distribu-
tion about the bullding would be substantially the same as though it
were resting on conducting soil and the resulting protective effect also
substantially the same.

Note 4 In general, the extent of the grounding arrangements will de-
pend upon the character of the goll, ranging from aimple extension of
the conductor into the ground where the soll is deep and of high con-
duectivity, to an elaborate buried network where the soil is very dry
or of very poor conductivity, Where a network is required it ghould
he huried if there is soll enocugh to permit it, as this adds to its effec-
tiveness. Its extent will be determined largely by the judgment of the
person planning the installation with due regard to the minimum re-
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quirements of this rule, which i1s intended to cover the ordinary run
of cases that are likely to be encountered in practice, keeping in mind
that as a rule the more extensive the underground metal available the
more effective the protection,

Neole §. Some essential features of good practice in grounding for pro-
tection against lightning are as follows:

1. Where practicable each artiflicial ground connection should extend
or have a branch which extends below and at least 2 feet awny from
the foundation walls of the building, as otherwlge there is a chance of
the wall belng damaged.

2. The meta}l! composing the ground connection should male confact
with the soil from the surface downwards, for if contact is made below
the surface there may be flashing at the surface with danger of burning
off the conductor.

3. During a stroke of lightning on o system of conductors the ground-
ing electrodes are to be thought of as the point through which the heavy
current flows between the air terminals and the surface of the earth
about the building and should, therefore, be distributed with the view
of carrying this flow of current in the most advantageous manney, This
will be generally realized by placing them at the outer extremities, such
gs the corners, and avoiding as far as possible the necessity for current
flow under the building.

History: Cr. Register, January, 1968, No, 146, eff, 2-1-68,

E 161.09 Radio installations and wires entering buildings. (1)
WIRES ENTERING BUILDINGS, Wires entering bhuildings shall conform
to requirements of the latest edition of the Wisconsin State Electrical
Code which are applicable,

(2) METAL RADIO MASTS ON BUILDINGS. Metal radio masts on build-
ings shall be bonded to the neavest lightning conductor.

(3) WOODEN RADIO MASTS. Wooden radio masts which extend more
than 6 feet above the ridge or highest parts of the building on which
they are placed shall be freated in the same manner as flag poles.

History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 161.10 Concealed installations. (1) FULL CONDUCTOR SYSTEMS. (a)
The same requirements as for exposed systems apply to concealed
systems. Conductors are coursed the same except that they may be
under the roofing material, under the roof, behind the exterior wall
facing or between the studs of walls,

(b) Groundings may be earvied to the exterior at or helow grade
level and then made in the conventional manner according .to soil con-
ditions encountered. Groundings may also be placed in the basement
below the basement slab but on outside walls only. Such groundings
below basement slabs should be avoided at interior locations in the
structure due to the fact that the soil in such locations will usually be
dry.

(¢) Chimney points and chimney conductors may be built into the
masonry of the chimney or may be attached to the exterior of the
chimney and then carried through the roof to the interior main con-
ductor.

(d) Approved fittings and flashingy shall be employed in making
all through roof and through wall connections. Particular care should
be employed on concealed ingtallations to insure common grounding
of all extended metallic parts such as the electric system, water sys-
tem, furnace pipes or ducts, gag pipes, soil pipes, metal lathing, foil
ingulation, ete.

(2) STRUCTURAL STEEL SYSTEMS. (a) The structural steel frame-
work of a building may be utilized as the main conductor of a light-
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ning profection system provided it is electrically continuous or is made
electrically continuous by bonding of non-electrically continuous sec-
tions. The electrical continuity may be measured by a comparison of
ohms resistance to ground at ground level and at the top and other
clevations of the structure. Electrically continuous reinforcing rods
may also be considered as structural steel,

(b) Air terminals may be individually bonded fo the framework
threugh the roof or parapets or they may be joined together with an
exterior conductor which shall be bhonded to the framework in not
less than the same number of places as there are groundings for the
structure.

(¢) Groundings chall be made from approximately every other steel
eolumn, around the perimeter, and in no ease shall they average more
than 60 feet apart.

(d} ANl bondings of air terminals, connecting conductors, and
grounding {ails shall be made to the steel with bending plates having
a surface contact of not less than 8 square inches, They shall be
bolted, welded, brazed or securely clamped to a cleaned section of the
steel,

(e) If the grounding locations are dry, such as in sand, gravel, or
rock, a counterpoise, interconnected with each of the individual ground
terminals shall be installed.

History: Cr. Register, January, 1948, No, 145, eff, 2—1-G8.
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Chapter E 162
MISCELLANEQUS STRUCTURES

It 162,01 Spires, stoeples, and fag E 162.02 Water towaers, sllos, and
Doles gimilar structures
B 162.083 Grain elevators

E 162.01 Spires, steeples, and flag poles. (1) GENERAL. The mate-
rials, equipment and ground connections requived by the ruleg of this
chapter for the protection of spires, steeples, and flag poles, shall
comply with the requirements of chapter B 161.

(2) Am TERMINALS., A single air terminal may be used, which ele-
vates the tip a digtance of not less than 10 inches above the uppermost
point of the strueture,

(3) Down conbUCTORS. A single down conductor may be used,
which, if the structure ig isolated, shall be extended directly io a
ground eonnection. If the structure is an adjunct of a building and
near or touching the perimeter, the down conductor shall he extended
divectly to a ground conneetion, but shall also be connected to the
lightning-conductor system on the building, If it is set well within
the perimeter the descending conduetor shall be connected to the near-
est roof comductor.

(4) INTERCONNECTION OF METALS, Bells, clocks, structural ivon, and
other metallic masses shall be connected to the down conduetor, If the
length of a metallic body is comparable to the height of the structure,
connection shall be made at the upper and lower extremities; other-
wise connection may be made at the nearest point.

(b} GROUNDING OF METALLIC SPIRES AND FLAG POLES. Spires and
flag poles composed entively of or covered entirely with metal and
resting on foundations of non-conducting material with the top so
constructed as to receive a stroke of lightning without appreciable
damage, need not be provided with air terminals or down conductors,
but shall be grounded or connected to the nearest lightning conductor,
or both, according as the structure is isolated, set within the perime-
ter of a building or near it, respectively.

Note: On spires and steeples exceeding 100 feet in helght it is advisa-
ble to use more massive conductors and fastenings than on ordinary
types of buildingas In order to reslst the extraordinary conditions found
on tall structures,

History: Cr. Register, January, 1968, No, 145, eff. 2—1-48.

E 162.02 Water towers, silog, and similar structures, (1) GENERAL.
The materials, equipment, and ground connections required by the
rules of this chapter for the protection of water towers, silos, and

_similar struetures, shall comply with the requirements of chapter
E 161,

Note: On gtructures exceeding 100 feet in helght it ig advisable to use
more massive conductors and fastenings than on ordinary buildings in
order to resist the extraordinary conditions found on tall structures,
especially with regard to femperature effects and loading which may
lead to alternate expansion and contraction,

(2) Ak TERMINALS. The number and location of air terminals shall
in general comply with the requirements of section E 164,04, except
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that on silos and other towers having roofs ending in a peak a single
alr terminal may be regarded as sufficient.

{8) CoNPUCTORS. Where more than one air terminal is used they
shall be connected together by a conductor which forms a closed loop
about the structure near the top, or passes over it, as the contour of
the roof may require. From this, or from the single air terminal if
but one is used, at least 2 down conductors shall be extended directly
to ground connections on opposite sides, if the structure is isolated.
If it is an adjunct of a building, near or touching the perimeter, one
down conductor shall be extended directly to a ground connection while
the other may be connected to the lightning conductor system on the
building. If it is set well within the perimeter both down conducfors
may be commected to the lightning-conductor system on the building.
If the height of the structure exceeds 100 feet the dowm conductors
should be cross-connected midway between top and bottom.

(4) INTERCONNECTION OF METALS, All metallic bodies of consider-
able size or extent, whether exterior or interior, shall be connected
to the down conductors. If their length is comparable to the height
of the structure they shall be connected to the down conductors at
both ends; otherwise connection may be made at the nearest point,

Note: Metal objects about towers which are comparable in length with
the helght of the atructure, consist usuaily of stalrways, elevator guides,
and drain pipes earrying water from the rooci,

(5) GROUNDING OF METAL TOWERS AND WATER TANKS, Towers and
tanks composed entirely of or covered entirely with metal and resting
on foundations of non-conducting material, with the uppermost por-
tion so constructed as to receive a stroke of lightning without appre-
ciable damage, shall be grounded by means of 2 earth terminals on
opposite sides of the structure.

History: Cr. Reglater, January, 1068, No, 145, eff, 2-1-68,

E 162.03 Grain elevators, (1)} GENERAL, The rules contained in chap-
ter ¥ 161, except ag modified by subsections (2) and (3), shall apply
to grain elevators, and to other strucfures in which combustible
dusts may be produced in quantities sufficient to form explosive or
ignitable mixtures with air or in which such dusts may accumulate
on ledges or other surfaces in quantities sufficient to sustain smolder-
ing fire,

(2) Conpuorors. Roof conduetors and down conductors shall be of
copper or aluminum cable conforming to section K 161.0%.

Note: Due to the physical deformation of such structures through
cycles of loading and unloading, it is necessary tha{ conductors have
pufficient flexibility to guard against breakage.

(8) INTERCONNECTION OF METALLIC MASSES. Interconnection of
metallic masses shall conform to section It 161.07, except that all inte-
rior metallic masses having any dimension greater than b feet, and
all metallic masses except those of comparatively small size, which
are within 6 feet of grounded metallic masses ineluding lightning con-
duetora and metal connected thereto, shall be interconnected with each
other and with the lightning conductors. Interconnected networks of
interior metallic masses shall have at least one interior ground con-
nection in addition to the lightning conductor grounds.

HMlsteryt Cr. Register, January, 1868, No, 145, eft, 2-1-68.
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Chapter E 163

BUILDINGS CONTAINING BALED
FLAMMABLE MATERIALS

‘B 163.01 Methods and materlals E 163,03 Bulldings of non-con-
H 163.02 Metal-roofed and metal- ducting materials
clad buildings

Note: It has been found that lightning flashes oceurring In the im-
mediate vicinity of cotton or other fibrous materials of a flammable na-
ture baled with metal ties may cause secondary discharges hetween the
ties of sufficient Intensity to cause ignition, To prevent fres of this type
8, greater degree of shielding is required than is afforded by the ordinary
system of lightning rods. The reguired conditlon is inherent or readlly
realized In all-metal or metal-covered buildings, but In the case of other
types made of non-conducting materials the nearest practicable ap-
proach to the necessary degree of shlelding Is found Iln a grounded net-
work of sufficiently small mesh coverlng the roof, It has been found
experimentally that the shielding effect of a network of given mesh
increases with the height above the shielded object, also that the shleld-
ing effect decreuses as the sise of the mesh 18 increased, A mesh of 6
feet 1s o fair mean value if placed on or a few feet above the roof.

E 163.01 Methods and materials. The materials, equipment and
ground connections required by the rules of this chapter shall comply
with the requirements of chapters E 161 and E 162.

History: Cr, Register, January, 1968, No, 145, eff. 2-1-G8.

E 163.02 Metal-roofed and metal-clad buildings. Metal-roofed and
metal-clad buildings shall be treated in the same manner ag required
in chapter X 161, section E 161.05. )

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 163.03 Buildings of non-conducting materials, The effect of an
electrostatic shield may be obtained by constructing on or above the
roof a network of wires or cables and grounding it about the perimeter
at the same intervals as required for metal-roofed buildings,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.
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Chapter E 164
SMOKESTACKS AND CHIMNEYS

01 Metal smokeatacks E 16§4.03 Reinforced-concrete
02 Brick, hollow-tile, and stacks
concrete staclks B 164,04 Vents emitting explosive
duats, vaepers or gages

B 164,
E 164.

E 164,01 Metal smokestacks. (1) Metal smokestacks need no protec-
tion against lightning other than that afforded by their eonstruction,
except that they shall be properly grounded. If the construction of
the foundation ig not such as to provide ample electrical connection
with the earth, ground connections shall be provided similar to thoge
requived for stacks made of materials other than metal as provided
in section E 164.02 (7). )

(2) Metal guy wires and cables shall be grounded at their lower
ends.

Note: Metal guy wires or cables attached to steel anchor rods set in
earth may be conaidered as sufficiently well grounded, Only those set
ir}:tcogcrete or attached to bulldings or non-conducting supports need
attention.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68,

E 164.02 Brick, hellow-tile, and concrete stacks. Where stacks of
brick, hollow tile, concrete, or other material liable to damage by
lightning are to he protected the following rules shall apply.

(1) Conpucrors. {a) Conductors shall be of copper of the grade
required for commercial electrical work, generally designated as hav-
ing 98% conductivity when annealed.

(b) The weight of the conductor shall be not less than 6 ounces
per linear foot.

(e) The size of any wire in a cable shall be not less than No. 15
AWG (0.057 inch),

(@) The thickness of any tube wall shall be not less than No. 15
AWG (0.057 inch),

(e) The thickness of any web or ribbon shall be not less than No.
12 AWG (0.080 inch).

{2) FasteENERS, (a) Fasteners shall be of copper or copper alloy
substantially as resistant to corrosion as the conductor itseif, and
must be strongly constructed. Each fastener must have a sufficiently
tight grip to support its corresponding length of conductor.

(b) Fasteners shall be spaced close enough to give ample support to
the conductor, generally not over 4 feet apart.

(3) AIR TERMINALS. {a) Air terminals shall be strongly construected
of the same grade of material as the conductor, or may be made of
stainless steel, monel metal, or other equally corrosion-resistant metal;
and shall be uniformly distributed about the rim of the stack at in-
tervals not exceeding 8 feet.
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(b} The height above the rim shall be not less than 30 inches,

(¢) They shall be secured to the top of the stack by means of ex-
pansion holts or fan shank fasteners of substantial construction. The
air terminals shall be electrically connected fogether by means of a
metal ring or band which forms a closed loop about 2 feet below the
top of the chimney. If there is a metal crown the air terminalg should
be connected thereto.

{4) DowN CONDUCTORS. (a) At least 2 down conductors shall be
provided on opposite sides of the stack, leading from the ring or
crown at the top to the ground.

(b) On stacks exceeding 160 feet in height the down conductors
shall be cross-connected approximately midway between top and bot-
tom. Where a metal ladder is continuous from the rim to the ground,
and the vertical members have a combined cross-section not less than
twice that specified in section E 181.01 (2) (c¢), such members may
be utilized as down conductors.

(6) LEAD COVERING, In order to prevent corrosion by gases, copper
air terminals, eonductors, and fasteners within 25 feet of the top of
the stack shall have a continnous covering of lead at least 1/16 inch
thick.

(6) Jornts, Joints in conductors must be as few as practicable and
of such construction as to show by laboratory tests a strength in fen-
gion of at least 60% of that of the conduetor.
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(7) GROUND CONNECTIONS. (a) Ground connections may be made in
the manmner preseribed for buildings, (See section E 161.08),

(b) If there is a water pipe nearby connection shall be made fo
it by means of a substantial clamp.
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(8) PROTECTION AGAINST MECHANICAL INJURY., (a) Down conductors
near the ground shall be protected against mechaniecal injury by means
of wood molding or other non-magnetic material.

(b) If metal tubing iz used for protective purposes the down con-
ductor shall be electrically connected to it at its upper end.

(9) MBTAL LINTNGS. Where stacks have a metal lining extending
part way up the lining shall be connected to the rod at its upper end
and grounded at the bottom.

History: Cr. Register, Jahuary, 1968, No, 145, eff. 2-1-68,

E 164.03 Reinforced-concrete stacks, (1) REINFORCING METAL. Stacks
consisting partly or entirely of reinforced conerete shall comply with
the requirements of section I 164.02, and in addition the reinforcing
metal shall be electrically connected together and shall be electrieally
connected to the down conductors at the top and bottom of the conerete.

Note: In existing stacks whose reinforcement may not be electrically
continuous, it is recommended that additional connections be made at
points where the reinforcing rods are accessible.

(2) JoiNTs. Joints hetween ivon or steel and copper, within 25 feet
of the chimney top shall be protected against corrvosion by being coated
with lead or imbedded in the conerete.

History: Cr. Register, JTanuary, 1468, No, 145, eff, 2—1-§8.

E 164.04 Vents emitling explosive dusts, vapors or gases, (1) Alr
terminals on capped or hooded vents emitting explosive dusts, vapors
or gases should extend not less than 5 feet above the opening,

(2} When explosive dusts, gases or vapors are emitted under foreed
draft from open stacks, the air terminals should extend not less than
15 feet above the vent opening.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68
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Chapter E 165
HANGARS, BALLOONS AND AIRSHIPS

i 185,01 Prevention of damage to E 165.02 Frevention of damage to
hangars airships

E 165.01 Prevention of damage to hangars. Where buildings hous-
ing aireraft are to be protected against lightning the following rules
shall apply.

Note: Buildings for the housing of aireraft require special attention
in regard to protection against lightning because of the hazardous na-
ture of their contents, and in the case of buildings for housing rigid alr-
ships, because of their great height and area. Permanent structures are
usuglly all-steel, sieel over wood frames, or ashestos on either wood or
steel. For the protection of all-gteel structures it is considered sufficient
to ground the framework (as indicated in subgection (8) below), but
for the protection of buildings of other forms of construction more ex-
tenslve measures are necessary.

(1) MaTERIAES. Materials used for the purposes of this chapter
shall comply with the requirements of gection E 161.01 (1) “Mate-

rials”.

(2) CoNpuctors., Conductors shall comply with the requirements of
section E 161.01 (2).

Note: It is recommended that where existing conditions are especially
severe with respect to weather or other causes, as may be the case with
very large buildings for the housing of aircraft, more massive con-
ductoras be used than required by section I 161.01 (2).

{3) CONSIRUCTION AND INSTALLATION, The construction and instal-
lation of conductors where used shall comply with sections E 161,01
(3) and (4), sections & 161.02 and E 161.08.

(4) STRUCTURES WITH STEEL FRAMES. Where protection is provided
for buildings with steel frames, all parts of which are securely honded
together, the air terminalg may be connected to the steel frame at the
nearest point and other conductors between air terminals and ground
cmitted, Where such connection is made the connecting conductor shall
comply with the requirements of section E 161.01 (2), as to weight,
and shall be secured in electrical contact with the frame by means of
bolts and nuts, The steel frame shall be grounded as provided in
gection E 165.01 (8).

(5) CONSTRUCTION OF AIR TERMINALS. Air terminals shall be
strongly constructed and shall be securely attached and braced against
overturning,

Note 1. The following construction is suggested for air terminals on
the roofs of steel-frame buildings, The elevation rod may consist of a
length of ‘“extra strong" galvanized-steel pipe not less than 0.76 inch
internal diameter, or an equivalent atumihum, copper or copper-alloy
tube, threaded at both ends, one to receive a threaded solld point 6
inches in length, and the other an attachment for securing the elevation
rod to the roof, By “equlivalent” ig meant of equivalent strength and
conductivity,
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Note 2 'This attachment should conslst of a pair of wooden blochs
holted to the outer and inner surfaces of the wood sheathlng and cut to
fit the roof end afford horizontal paraliel surfaces for mounting floor
flanges. The roof and blocks should be dritled through at the hub of
the fAanges and the tube screwed through both flanges in a vertical
position, The roofing should ke laid on around the outer wooden block
and copper or aluminum flashing applied.

(6) HEIGHT OF AIR TERMINAL, (a) Where air terminals are placed
on projections the height shall be such as fo bring the tip not less
than 10 inches above the object to be protected, Where air terminals
are placed near projections there shall be at least 4 inches of addi~
tional height above the object to be protected for each foot of separa-
tion.,

(b) Where air terminals are spaced 25 feet or less apart on roof
ridges or flat surfaces the height shall not be less than 4 feet 10
inches, For each additional foot of separation above 25 feef there shall
be an increase in height of not less than 2 inches.

(¢) Where air terminals are placed in rectangular arrangement as
in subsection (7) the height shall be determined by the longest side
of the rectangle.

(7) LOCATION OF AIR TERMINALS, Air terminals ghall be provided
for all structural parts that are likely to receive, and be damaged by,
a stroke of lightning.

(a) In the case of projections the air terminal shall be placed on
the objeet to be protected where practicable, otherwise it shall be
attached fo the roof as near by as practicable.

{(b) Along ridges, parapets, and edges of both flat and pitched
roofs, air terminals shall be evected at intervals not exceeding 25 feet.

{c) Flat and gloping surfaces, except as indicated below, ghall be
divided into rectangles having sides not exceeding 50 feet in length
by drawing lines parallel to the edges of the roof, and air terminals
erected at the intersection of these lines.

(d) On gambrel roofs only the portion above the breaks need be
considered and ig to be treated as a pitched roof.

{e) On mansard roofs only the flat portion need be considered and
is to be freated as a flat roof.

(8) GROUND CONNECTIONS. Ground connections for lightning condue-
tors shall comply with section E 161.08. Where the frame of the build-
ing is of steel it shall be permanently and effectively grounded as
follows:

(a) If there is a water-pips system entering the structure the frame
sha!l be bonded to it at the point of entrance with a conductor secured
to the pipe by means of a substantial clamp with a lug, and to the
frame with a bolt and nut. In addition, artificial grounds shall be
provided for the steel pedestals, columns, or roof trusses, at not less
than half of the footingg, and distributed as uniformly about the
perimeter as practicable.

{(b) If there is no water-pipe system available, an artificial ground
shall be provided at each footing.

(c) Where the soil iz deep, artificial grounds may be made by ex-
tending the grounding conductor into the soil a distance of at least 10
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feet, by driving a pipe or rod to a depth at least 8 feet, or by burying
to a depth of at least 6 feet a metal plate having an area of at least 4
square feet.

(d) Where the soil is shallow, grounds may be made by digging
trenches radially from the building and burying in them a length of
grounding conductor, or its equivalent in the form of a metal strip.
In addition, a trench should be dug surrounding the building and a
conductor laid in it which conneets all of the grounding conductors
together,

(e} Conduetor for grounding purposes shall eonform to section
E 165,01 (2) above.

(f) Where galvanized-steel pipes are used they shall be standard
“extra strong” and have a nominal internal diameter of not less than
0.75 inch.

() Where copper strips or plates are used they shall have a
thickness of not lesg than No. 14 AWG (0.064 inch).

(h) Grounding conductors shall be attached to buried electrodes
by means of soldered, riveted, welded, or bolted joints, and to the
frame with bolts and nuts.

(i} Trenches for grounding purposes must be long enough to ac-
commodate 12 feet of conductor when laid straight but need not be
more than 3 feet in depth.

{9) INTERCONNECTION OF METALS, (a) Bxterior metallic bodies such
as roof flashings and down spouts shall be securely bonded to the
lightning-conductor system. In the case of steel-frame buildings they
ghall be securely bonded to the frame, and all parts of the frame shall
be securely bonded together,

(b) Interior metallic bodies, such as piping systems and machinery,
shall be independently grounded and if within 10 feet of a lightning
conductor shall be securely bonded thereto. In the case of steel-frame
buildings, all interior metallic bodies within 10 feet of the walls shall
be securely bonded to the frame.

{c) Where water pipes are available they shall be used in prefer-
ence to other means for grounding interior bodies of metal. Where
artificial grounds ave necessary they shall be constructed in compli-
ance with section E 161.08.

(d) For al! bonding, interconnecting and grounding purposes the
conductor used shall be at least the equivalent in strength and con-
ducting cross-sectional area of a No. 8 AWG copper wire except where
full-size lightning conductor is otherwise required. (See section T
161.07 and notes.)

(10) SPARK PREVENTION, Each structure, after its protective sys-
tem is installed, shall be examined by ecompetent authority with a
view of determining whether all possible interior sources of sparks
from a stroke of lightning on the building have been eliminated. If it
appears that gaps between adjacent bodies of metal or between bodies
of metal and ground, are likely to give rise to sparks, suitable bonds
or ground connections shall be installed in such a manner as per-
manently and effectively to prevent them.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68.
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E 165.02 Prevention of damage to airships. To prevent damage from
lightning and aceumulation of static electricity, balloons and airships
ghall be treated as follows:

(1) CAPTIVE BALLOONS. Captive balloons shall be grounded through
the metal cable and winch by means of a pipe or rod driven 6 feet in
the ground, or ity equivalent in metal buried in a trench.

(2) FREH BALLOONS AND AIRSHIPS. Free balloons and airships shall
be provided with an effective grounding wire which is to be dropped
just previous to landing, and a good ground contact made for earrying
off such electrical charges as may have been accurmlated by them
while in the air,

(8) INTERCONNECTION OF METALLIC PARTS. All metal parts of lighter-
than-aireraft shall be interconnected so that any charge that may
accumulate may be distributed rather than remain concentrated.

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68,
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Chapter E 166

SHIPS
I 166,01 WVeazsels to be protected E 166.04 Vessels of other than
E 166.02 Radio antennas steel construction
B 166,08 Vessels with steel hulls K 166.06 Metal standing rigging
and steel masts and Jacob's ladders

E 166.06 Ground connections

E 166.01 Vessels to be protected. Vessels shall be protected as in-
dicated below irrespective of the geographical area in which they
operate,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 166,62 Radio antennas. Radio antennas shall be provided with
means for grounding during electrical storms.
History: Cr. Regiater, January, 1968, No, 145, eff, 2—-1.68.

E 166,08 Vessels with steel hulls and steel masts, If there is metal-
lic eontact belween steel huils and steel masts no further protection
against lightning is necessary.

History: Cr. Register, January, 1968, No, 145, eff. 2—1-§§,

E 166,04 Vessels of other than sieel construction. The grounding of
radio antennas constitutes sufficient protection for vessels of other
than steel construction, except where wooden masts or spars are em-
ployed, in which case all metal fittings such as trucks and bands shall
be effectively and permanently grounded by means of 1 x 1/32 inch
copper strips secured to spars by brass serews and led to the nearest
grounded metal-hull structure. Similar grounding of metal fittings at
the extremities of wooden masts and spars constitutes adequate pro-
tection where no radic antenna is installed,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 166.05 Metal standing rigging and Jacob’s ladders. Where metal
standing rigging and Jacob’s ladders are installed they shall be effec-
tively grounded at the lower ends in all cases (i.e. whether the vesse] is
equipped with a radip antenna or not) except where such rigging or
Jacob’s ladders are broken up into insulated sections not over 10 feet
in length for radio purposes by means of suitzble insulators, in which
case grounding at the lower ends is not necessary, Grounding shall be
carried out by means of stranded wire shunts % inch in diameter,
around dead eyes, lanyards, shackles, rigging screws, thimbles, ete.,
these shunts to be stranded, laid around the bright rigging, then
parcelled and sewed.

History: Cr, Reglster, January, 1968, No. 145, eff. 2-1—68.

E 166.06 Ground connections. In vessels having a steel hull, the hull
itself constitutes an adequate ground. In vessels having wooden hulls,
ground connection shall be made by means of a copper plate not less
than 36 square feef in avea secured to the outside of the hull below
the light water line.

History: Cr, Register, January, 1968, No, 145, &ff, 2—1-68.
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Chapter E 167
TREES

E 167.01 Methods and materials

Note: The protection of trees against lightning has been done on an
increasing scale during the last few years, especially trees of historical
interest or of unusual value. The rules of this chapter for the installa-
tion of lightning conductors on trees are based on what appears to be
the best information obtainable.

E 167.0) Methods and materials, Where it appears desirable to pro-
tect trees against lightning the following rules shall apply:

(1) Corxbuctors. Conductors may be copper, copper-clad steel,
aluminum or galvanized-iron and shall conform to the requirements
of section E 161.01.

(2) CoURsING OF CONDUCTORS. In genheral a single condmetor shall
be run from the highest part of the tree afong the trunk to a ground
connection, If the tree is forked, branch conductors shall be extended
to the highest parts of the prineipal limbs, If the tree is very large
2 down conductors may be run on opposite sides of the trunk and
interconnected near the top.

(a) The conduetors should be extended as close ag practicable to
the highest part of the tree.

{3) ATTACHMENT OF CONDUCTORS, Conductors shall be securely at-
tached to the tree in such a way as to allow for continued growth of
the trunk, and for swaying in the wind, without danger of breakage.

Note £, A sultable method is to place loose girdles of wire encaged in
flexible tubing about the tree and attach the conductors to them. As the
tres grows it is necessary ito loosen the girdles from time to timte to
prevent checliing of the flow of sap.

Note 2. Another method is to use serew-shank fasteners of the mame
meial as conductors which hold the conductor at a distance of ahout 2
inches from the trunk, With growth the fasteners become embedded
and are replaced with others.

Note 8, To allow for swaying of the tree In the wind the conductor
should be attached with an appreciable amount of slack between points
of support.

(4) GROUND CONNECTIONS. Grounds for conductors on trees ghall be
made ag follows: From each conductor, desecending the trunk of the
tree, extend 8 or more radial conductors in trenches 12 inches deep,
spaced at equal intervals about the base where practicable, to a dis-
tance of 10 to 2b feet, depending upon the size of the tree. If the
roots are very extensive the radial conductors may well be extended
more than 25 feef. It is desirable as a further protective measure to
connect the outer ends of the radial conductors together with a eon-
ductor which encireles the tree at the same depth as the radial con-
ductors. In very dry soil the network should be supplemented with
driven pipes, rods, or buried plates at its outer extremities,

Note: The object of the shallow network is to pick up the ground
current accompanying a lightning flash near the surface and at a dia-
tance from the trunlk rather than among the roots, which are as sus-
cepiible to damage as the top.

History: Cr. Reglster, January, 1068, No, 145, eff, 2-1-(8.
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Chapter E 168
LIVESTOCK IN FIELDS

B 168.01 Grounding of wire E 168,02 Breaking continuity of
fences fence
E 168.03 Trees

Note: (1) The information on this subjiect is limited, but the best ob-
tainable has been made use of in formulating the following rules. On
account of the nature of the exposure it is not possible, of course, to
eliminate the hazard entirely, but it ia belleved that if these rules are
applied it can be much reduced.

{2) The loag ¢f live stock by lightning is caused in large mesasure by
herds drifting against ungrounded wire fences during thunderstorms
and receiving a sufficient discharge to kill them, elther from sccumu-
lated static electricity or from a strolke on the fence itself, The fences
that give rise to the moat trouble of this kind are those constructed with
posts of poorly condueting material, sueh as wood or concrete, Fences
built with metal posts set in earth are as safe from lightning as it is
possible to malke them, especially if the electrical continulty Is broken
as provided hereafter. Breaking the electrical continuity 1s very useful
in that it prevents a lightning stroke from afecting the entire length of
a fence, as it may if the stroke is direct and the fence continuous, even
though grounded.

(%) Isolated trees in pastures where stock congregate geeking shade
are also a source of loss. In pastures where shade is avallabls from
wooded arsas of considerable size, isolated trees should be removed, or
ghi)uld be protected by suitable rodding as described in section I 168.03

elow.

E 168.01 Grounding of wire fences. Where it appears desivable or
necessary to mitigate the danger from wire fences constructed with
posts of non-conducting material the following rules shall apply:

(1) IroN rosTS, Ground connections may be made by inserting at
intervals galvanized-iron posts, such as are ordinarily used for farm
fencing, and attaching in electrical contact all of the wires of the
fence. If the ground is normally dry the intervals between metal posts
shall not exceed 150 feet. If the ground is normally damp they may he
placed 300 feet apart.

(2) IroN PIPE. A less expensive ground connection than subsection
(1) may be made by driving a length of 3 or % inch galvanized-iron
pipe beside the fence and attaching the wires by ties of galvanized-iron
wire, The spacing shall be the same as for the posts under subsection
(1) above.

(8) DepTH OF GROUNDS. Pipes or posts shall be extended into the
ground at least 3 feet.
Hiatory: Cr. Register, January, 1968, No, 146, eff. 2—1-88.

E 168.02 Breaking continuity of fence. In addition to grounding
the fence its electrical continuity shall be broken by inserting insulat-
ing material in breaks in the wires at intervals of about 1000 feet.
These ingertions may be in the form of fence panels of wood or lengthg
of insulating material to the ends of which the wires can be attached.
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Such lengths of insulating material may consist of strips of wood
2 x 2 x 24 inches, or their equivalent as far as insulating properties
and mechanical strength are concerned.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 168,03 Trees. Where a tree is igolated and the vicinity is much
frequented by livestock, the danger from lightning can be reduced by
installing a single conductor extending from the top of the tree, to a
distance of at least 6 feet into the ground.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.
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Chapter E 170
SCOPE, EXCEPTIONS, ETC.

® 170.01 Scope and purpose B 170.03 Mandaiory and advisory
E 170.02 Interpretation and ex- requirements
ceptions E i70.04 Termas and definitions

PROTECTION OF STRUCTURES CONTAINING FLAMMABLE
LIQUIDS AND GASES

Introduction

Note: Reduction of damage, Certain types of structures used for the stor-
age of flamunable ligqulds and gases are essentially self-protecting
against damage due to lightning stroles, Protection of a greater or less
degree may be secured in the case of others through the installation of
varlous types of protective equipment, such as rods, masts, overhead
ground wires, and by other means.

Sections F 164.061 through I 168,03 relate to the protection of buildings
and miscellaneous property agalnst lighining damage, Becauss of the
nature of contents of the structures consgidered in the following, extra
precautions must be talken, In these structures s small sparlk that would
ordinarily causge little if any damage might cause the complete destrue-
tion of the structure due to explosion of ils contents,

Fundomental principles of protection. Protection of structures and their
contents from lightning involves the following principles:

(1) The storage of flammable liguids and gases in all-metal structures,
essentially gastight.

(2} The clogure or protection of vapor or gas openingsa against en-
trance of flame,

3) The maintenance of containers in good condition, #s far ag po-
tential hazards are concerned,

(4) The avoidance, so far as possible, of the accumulation of Aamma-
ble air-vapor mixtures about such structures.

(6> The avoidance of spark gaps between metalilc conductors at
points where there may be an escape or accumulation of flammable
VADOrs DT Zases.

(6) The location of structures mot Inherently gelf-protecting in posi-
tlong of lesser exposure with regard to lightning, Elevated positlons
should be avoided.

(7) In ccnnection with structures not inherently self-protecting, the
establishment of zones of protection through se of grounded rods,
niasts, or the equivalent,

E 170.01 Scope and purpose. (1) Thig code applies to the protection
of structures containing flammable liquids and gases from lightning or
electric discharges. It applies particularly to structures containing
aleohol, benzol, petroleum, petroleum products, turpentine, and other
liquids which produce flammable air-vapor mixtures at atmospherie
temperatures,

(2) This code is primarily intended to give fundamental information
as to the kind of structures most suitable for the protection of their
contents from lightning or electric discharges and to indicate ways
of protecting such structures as are not inherently self-protecting.

{3) This code is concerned only with the prevention of fires or ex-
plosions from electric discharges and is not concerned with means of
extinguishing fires when once started.

History: Cr. Register, January, 1968, No, 145, off. 2—1-68.

E 170.02 Interpretation and exceptions. This code shall be liberally
construed. Exceptions from its literal requirements may be made if
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equivalent protection is otherwise secured. It is not intended that
this code be interpreted as recommending the protection of the class
of property to which it applies, but it shall constitute the standard
where economic or other considerations make it appear that protec-
tion is necessary or desirable.

History: Cr. Register, January, 1868, No, 145, eif. 2-1-68,

B 170.03 Mandatory and advisory requirements. The word “shall”
where usged is to be understoed as mandatory and the word “should”
as advigory, The word “may” is used in the permissive sense.

History: Cr. Register, January, 1968, No, 146, eff. 2-1-68.

E 170.04 Terms and definitions, The following terms and definitions
apply specifically to the structures, materials, and contents involved
in sections B 170.01 through 172.07.

(1) VaPoR OPENINGS. These are openings through a tank shell or
roof above the surface of the stored liquid. Such openings may be
provided for tank breathing, tank gaging, fire fighting, or other op-
erating purposes.

(2) FLAME PROTECTION OF VAPOR OPENINGS. Self-closing gage
hatches, vapor seals, pressure-vacuum breather valves, flame arresters,
or other reasonably effective means to minimize the possibility of
flame entering the vapor space of a tank, Where such a device is
used, the tank is said to be “flameproofed”.

(3) CacE. A system of wires or cables forming an esgentially con-
tinuous mesh or network over a structure and roof, including the
neeessary conductors that are connected to the struecture and to an
adequate ground.

(4) Cone oF PROTECTION. The cone of protection provided by a
grounded lightning rod or mast is that space adjacent to the rod or
mast that is substantially immune to direct strokes of lightning. When
overhead ground wires are used, the space protected is ealled a zone
of protection or protected zone, ’

(5) Frasa roinNT, Flash point is the minimum femperature at
which a liguid will give off vapor in sufficient amount to form a flam-
mable air-vapor mixture that can be ignited under specified conditions,

(6) GasTiGHT. Striteturey a0 constructed that gas or air can neither
enter nor leave the structure except through vents or piping provided
for the purpose,

(7) SPARK cAP. As used in this code, the term “spark gap” means
any short air space between 2 conduetors electrically ingulated from
or remotely electrically connected to each other.

(8) FLAMMASLE VAPORS, The vapors given off from a flammable
liquid at and above its flash point.

(9) FLAMMABLE AIR-VAPOR MIXTURES. When flammable vapors are
mixed with air in certain proportions, the mixture will burn rapidly
when ignited. The combustion range for ordinary petroleum products,
such as gazoline, is from 1% to 6% of vapor by volume, the remainder
being air.

* History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

Flecttical Code, Volume 2
Register, JTanuary, 1968, No. 145




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS &9

Chapter E 171
PROTECTIVE MEASURES

E 171.01 Conductors, air termin- E 171.0
als, and ground connec- 1 171.0 ;
tors E 171.06 Ilame protection of
H 171.02 Sheet steel vapor apenings
E 171,03 Rods, maata, and over-
head ground wires

4 Ground resistance
5 Blectrostatic shielding

E 171.01 Conducters, air terminals, and ground connectors. Con-
ductors for protective systems shall be selected as to material, form,
and size in accordance with sections E 160.01 through E 168.03, De-
tails as to air terminals, down conductors, interconnection of metal-
lic masses, and ground connections are also given in sections B 160.01
through I& 188.03. Connections to ground and interconnections between
metallic bodies should be as short and direct as possible,

Hisgiory: Cr. Register, January, 19868, No, 145, eff. 2—1-68.

E 171.02 Sheet steel, Experience in the petroleum industry demon-
strates that the use of 8/16 inch steel roof sheets on tanks has been
adequate. Sheet metal substantially less than 3/16 inch in thickness
may be punctured by severe strokes and should be protected by suit-
able air terminalg,

History: Cr. Register, January, 1968, No, 145, eff. 2—I—-68.

E 171.03 Rods, masts, and overhead ground wires. (1) The cone of
protection of a grounded rod or mast of conducting material ig con-
ventionally taken as the space enclosed by a cone, which has its apex
at the highest point of the rod or mast and a radius at the base which
bears a relation to the height. This relation depends upon the height
of the cloud above the earth relative to the height of the rod or mast.
A radius of base HM equal to the height of the rod or mast in im-
portant cases, or up to twice the height in legs important cases, has
been found to be substantially immune to direct strokes of lightning,
No part of the structure to be protected should extend outside of the
cone of protection (figure A). If more than one rod or mast is used,
the shielded region between them is somewhat greater than the total
of the shielded regions of all of the rods or masts considered indi-
vidually,

(2) Masts separate from the structure to be protected should be a
minimum of 6 feet from the protected structure, and the clearance
should be increased by one foot for every 10 feet of structure height
above 50 feet to prevent side flaghes, The masts shall be thoroughly
grounded and connected at ground level to the grounding system of the
structure to be protected.

(3) Where a suitable underground metallic water pipe serves the
strueture, the water pipe iz ordinarily the common grounding elee-
trode for all serviceg and facilities which require grounding at the
structure, If there is no water pipe or If the water pipe is not accessi-
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ble, the separate grounding electrodes of the various serviees and
facilitiez shall be bonded together and to the masts. If such separate
grounding electrodes are not accessible, the minimum separation be-
tween the mast and the structure shall be increased to 10 feet for mast
ground vesistance of 10 ohms or less, As an alternative, a buried
grounding conductor around the outside of the structure may be used
and bonded to the mast ground to avoid larger separations.

(4) The zone of protection of overhead ground wires is convention-
ally taken as a triangular prism or wedge. One-half of the base of the
wedge (HM) equal to the height of lowest point of the overhead
ground wire in important cases, or up to twice the height in fess im-
portant cases, has been found to be satisfactory (figure iB). The sup-
porting masts should have a cleavance from the protected structure
ag under section B 171.03 (2). Ground wires should be of a size
as indicated under section & 160.01. The material selected should he
non-corrosive for the conditions existing at the site, and the rules of
section I8 160,01 should be observed.

Figure A.

Cone of Protection Provided by a Vertical Grounded Conducter.

Figure B, HM = Height of Mast,

Zone of Protection Provided by a Horizontal Aerial Ground Wire,
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Figure D.

Alternate Grounding Method for Aerial Ground Wire Protection

(6) The minimum clearance between the overhead ground wires
and the highest projection on the protected structure shall be 6 feet.
For each 10 feet of lead between a point on the ground wire midway
between the supporting masts and ground in excess of 60 feet, the
clearance should be increased by one foot, These dimensions apply
when the ground-wire system is interconnected with the grounding of
the protective system in accordance with subsection (2). Where no
interconnection is made the recommendations of subsection (2)
apply. Variations in the ground-wire system design are shown in
the plan view of figure C.

(6) Masts used either separately or with ground wires may be of
wood. An approved type of air terminal shall be securely mounted to
the top of the pole (see figure D) extending not less than 2 feet above
the top of the pole and connected to ground electrodes. In case of an
overhead ground-wire system, the pole guy wire may be used as the
down conductor (see figure D). For metallic masts, the air terminal
and the down conductor are not required, but the masts shall be
grounded as described,

History: Cr. Regilater, JTanuary, 1968, No, 145, eff, 2—1-48.

E 171.04 Ground resistance, (1) The resistance of ground rods
driven in the earth and separated by distances of 10 feet or more will
be reduced in approximate proportion to the number of rods in par-
ailel.
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(2) The resistance of a conductor buried in the ground decreases
almost direetly in proportion to the increase in length of the buried
conductor. Such conductors are usually buried from 1 to 3 feet be-
neath the ground surface and running parallel with the ground sur-
face. _

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 171,05 Electrostatic shielding, The electrogtatically induced volt-
age on isolated objects in the field of a storm cloud may cause sparks
to ground when a lightning discharge oceurs to some adjacent object.
Isolated objects within a structure that is adequately shielded will
themselves be electrostatically shielded. If the structure is not shielded
or is only partially shielded, then the isolated objects should be
grounded to prevent electrostatic sparks. For further discussion of the
grounding of isolated internal objects see section F 161.07.

History: Cr. Register, January, 1068, No, 145, eff. 2—1-68.

E 171,06 TIlame protection of vapor openings. (1) Flame protectors
of any type should be stich as have been proved by adequate investiga-
tion and tests to he effective for the conditions under which they are
installed and used.

(2) For pipe sizes larger than 4 inches, the effectiveness of flame
protection employing screens on the Davy principle is questionable.
Pressure relief valves that remain closed at pressure differentials of
less than 1-inch head of water, and arresters in the forms of tubes,
plates, and thelr equivalent, have been found to be reasonably effec-
tive flame protection devices.

(3) Flame protectors should be substantially encased and capable
of withstanding the effect of cleaning and of flame and pressures
without material distortion or injury.

(4) Where screens are used, they should be made of corresion-
resistant wire with a mesh of about 40 per ineh, They should be pro-
tected so far ag pogsible from mechanical injury.

History: Cr, Register, January, 1968, No, 145, eff, 2—1-48,
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Chapter E 172

PROTECTION OF SPECIFIC CLASSES
OF STRUCTURES

E 172,01 Aboveground gteel tanks ® 172.04 Steel tanks with non-

containing flammable metallle roofs

liguids at atmospheric H 172.06 Grounding tanls

pressures HE 172,06 Pressure gtorage of
I 172.02 Additional protection flammable liguids or
E 172.03 Floating roof tanks

gases
E 172,07 Harthen contalners

E 172.01 Aboveground steel tanks containing flammable liquids at
atmospheric pressures, The contents of steel tanks with steel roofg of
riveted, bolted, or welded construction, with or without supporting
members, used for the storage of flammable liguids, are considered to
be reasonably well protected against lightning if the tanks conform
to the following specifications:

(1) All joints between steel plates to be riveted, bolted, or welded.

(2) All pipes entering the tank to be metallically connected to the
tank at the point of entrance. :

(8) All vapor or gas openings to he closed or flameproofed, as de-
gcribed in section E 171.06 when the stored stock is a clasg I or class
II flammable liquid.

{4) The metal tank and roof to have adequate thickness so that
holes will not be burned through by lightning strokes (3/16 inch roof
sheets on tanks when built have proved adequate).

{6) The roof to be continuously welded to the shell, or bolted, or
riveted and caulked, to provide a gastight seam and electrical con-
tinuity.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 172,02 Additional protection. In cages where additional protection
is deemed to be justified, the following procedursg are recommended:

(1) The internal structural supporting members shall be bolted,
riveted, welded or otherwise metallically honded to the tank roof at
neot more than 10-foot intervals. (Figure 1.)

(a) Any bonding conductor between the expandable roof and the
rigid supporting strueture should he made as short as possible for elec-
trieal reasons, but should be sufficiently long to prevent snapping off
due to mechanical motion of the reof. The conductor should be flexi-
ble and of a size not less than No, 1 AWG. The metal of the conductor
should be corrosive resistant for the liquids and vapors existing in
the tank.

(2) Provide an overhead ground-wire system or mast protection to
prevent contact of direct strokes with the roof (see section B 171.03).

History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 17203 Floating roof tanks. (1) GENErAL. Floating roof tanks
with hanger mechanisms, located within a vapor space have oceasion-
ally ignited at the seal during lightning storms even though there was
no evidence of being struck. This may result from sparks that eould
oceur in the pinned joints of the hanger mechanismg when bound
charges on the roof are suddenly releagsed by a nearby lightning stroke
and return to earth through the hanger mechanism and tank shell,
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(2) ProTECTION. (a) Experience indicates that floating roof tanks
without vapor spaces have not been subject to ignition, and protective
measures need not be considered.

(b) In areas where lightning protection is deemed to be justified,
floating roof tanks with hangers located within a vapor space may be
protected as follows:

1. Bond the roof to the shoes of the seal at intervalg not greater
than 10 feet on the circumference of the tank, and

2. Break up the conductive paths through the hanger linkage by
meang of insulated joints or install short jumper bonds around each
pinned joint of the hanger mechanism.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

K 172.04 Steel fanks with non-metallic roofs, (1) Steel tanks with
wooden or other non-metallie roofs are not considered to bhe self-
protecting, even if the roof is essentially gastight and sheathed with
thin metal and with all gas openings clesed or flameproofed.

(2) Such tanks should be provided with air terminals of sufficient
aeight and number to receive all strokes and keep them away from
the roof. The air terminals should he thoroughly bonded to each other,
to the metallic sheathing, if any, and to the tank, Isolated metal parts
should be avoided or else bonded to the tank, In lieu of air terminals,
any of the following may be used, conducting masts, suitably spaced
around the tank; or overhead ground wires; or a combination of masts
and overhead ground wires.

Histovy: Cr. Register, January, 1968, No, 145, eff, 2—1—-68.

E 172.05 Grounding tanks. (1) Tanks should be well grounded to
conduct away the current of direct strokes and avoid building up pe-
tential that may cause sparks to ground.

(2) Steel tanks that are in intimate contact with the ground, or
aboveground steel tanks connected to extensive metallic piping, are
sufficiently well grounded inherently,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 172.06 Pressure storage of flammable liquids or gases. Above-
ground storage tanks containing flammable liquids or liquefied
petroleum gas under pressure do not require lightning protection,

History: Cr. Register, January, 1868, No, 145, eff, 2-1-68.

B 172,07 Earthen containers, Earthen containers, lined or unlined,
with or without roofs, may be protected by air terminals, separate
masts, overhead ground wires, or a combination of these.

History: Cr, Register, January, 1368, No, 145, eff. 2—-1-68.
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Part 5

ELECTRICAL AND COMMUNICATION
EQUIPMENT AND WIRING
INCLUDING GROUNDING

Chapter E 190
SCOPE AND ATPLICATION OF RULES

E 190.01 Scope of rules E 190.02 Application of rules

E 190.01 Scope of rules. In part b, the National Electrical Code has
generally been followed., (The chapter numbers in the State Code
correspond to the article numbers in the National Flectrieal Code).
In some cages the rules differ from those in the National Electrical
Code or ave in addition thereto.

History: Cr. Register, January, 1968, No, 14G, eff, 2—-1-68.

E 190.02 Application of rules. (1) GENERAL. (a2) Iixcept ag other-
wise specified heveafter, these rules, which have for their purpose the
practical safeguarding of personsg and buildings and their contents
from electrical hazards arising from the use of electricity, apply to
the electric and communication conductors and equipment installed in
places of employment, within or on public and private buildings and
other premises, including yards, carnival and parking lots, mines,
trenches and tunnels, and industrial substations; also the conductors
that connect the installations to a supply of electricity, and other out-
side conductors adjacent to the premises,

(b) These rules do not apply to installations employed by a rail-
way, electric or communication utility in the exercise of its fumnection
as a utility where the installations are located outdoeors or in quarters
used exclusively for that purpose, but they do apply to wires used in
such quarters fo distribute a power supply for lighting, serviee out-
lets, and other utilization equipment,

(¢} The rules do nof apply to installations in ships, aiveraft, rail-
way cars or automotive equipment.

{(d} Chapters E 190 through E 480 of part 5 of the code are of
general application, Chapters E 500 through E 730 of part 5 apply to
installations which involve special occupancies, special equipment or
other special conditions. These chapters are supplementary to, or
amendzatory of, the general rules, and the latter apply under such
circumstances except as so amended for the particular conditions,
Chapters E 800 and E 810 govern the installation of communication
systems. No other chapters of part 5 apply to such Installations,
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except as they may be gpecifically referred to in chapters E 800 and
E 810. Some tables and examples are included in chapter E 900,

Note 1, The provisiong of this code constitute a minimum standard.
Compliance therewith and proper mailntenance will result in an installa-
tion reasonably free from hazard but not necesgarily eflicient or con-
venient. This code ls to be regarded neither as s design specification nor
an instruction manual for untrained persons, Good service and satis-
tactory results wlll often require larger sizes of wire, more brench cir-
euitsi.ﬂa.éld ketter types of equipment than the minimum which is here
speocifled, -

Note £ It ig recommended that architects, when drawing plans and
specifications, make provision for ample raceweays for wiring, spaces for
equipment, and allowances for future lnereases in the use of electricity.
In laying out an installation for constant-potential systems, provision
should he made for distribution centers located in easily accessible
places for convenience and safety of operation,

Notg 8. It is elsewhere provided in this code that the number of wires
and ecircuits confined in_a single enclosure be varyingly restricted, It
1a strongly recommended that architeets and others provide similar re-
girictions wherever practicable, to the end that the effects of break-
downs from short-circuita or grounds, even though resulting flre and
similar damage Is confined to wires, their insulation and enclosures,
may not invelve entire services to premises nor interruptions of es-
sential and independent serviceas.

(2) EQUIPMENT OF MORE THAN 600 voLTs. (a) All electricai equip-
ment and conductors of more than 600 volts shall comply with the
rules applying to electrical supply stations, Part 1. (See section E
110.01.)

(b) If such equipment and conductorg are installed in supply sta-
tions or other guarters accessible only to qualified persons, they need
not comply with the ruleg of Part b, but only with the rules of Part 1.

{¢) If such equipment and conductors are not installed in supply
gtations or other quarters accessible only to qualified persons, they
shall comply with the rules of Part b for equipment of over 600 volts
(See chapter E 710) and also with the rules of Part 1. In addition,
all current-carrying parts shall be either incased in effectively
grounded metal cases or conduit, or otherwise suitably guarded to
prevent access (or too close approach) to such current-earrying parts
by any but qualified persons.

(3) EQUIFMENT ACCHESSIBLE TO QUALIFIED PERSONS ONLY. Klectrical
equipment and conduectors, if installed in supply stations or other
quarters accessible only to qualified persons, may be installed in con-
formity with the rules applying to electrical supply stations (Part 1),
in which case only wiring used to distribute a power supply for light-
ing, service outlets and other utilization equipment need comply with
the rules of Part 5. (See section E 110.01).

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,
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Chapter E 195
GENERAL

=)

195.01 Scope 195.12 Mechanical execution of
195.02 Approval work

195.08 Mandatory and advisory 195.13 Mounting of equipment
Tules 135.14 Connections to terminals
196.04 Examinatlon and use of 106.15 Splices
egquipment 196.16 Working space about

195.06 Voltages

electrical equipment
Conductor gauges

. 195.17 Guarding of live parts
195,07 Conduciors 195.18 Arcing parts

195,08 Wiring methods 196.1% Light and power from
196.09 Interrupting capacity rallway conductors
195,10 Circult impedance and 195.20 Insulation resistance
other characteristics 196,21 Marking

195,11 Daeterlorating agencies 195.22 Identification

195.23 Readily accessible
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E 195.01 Scope. This chapter includes provisions applicable gener-
ally in installations of electric wiring and equipment.
History: Cr. Register, January, 1968, No. 145, eff. 3-1-68,

E 195.02 Approval, The conductors and equipment required or per-
mitted hy this code shall be aceeptable only when approved. Sea defi-
nition of “approved” in chapter E 100.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 195.03 Mandatory and advisory rules. Mandatory rules of this
code are characterized by the use of the word “shail”. Advisory rules
are characterized by the use of the word “should”, or are stated as
recommendations of that which is advised but not required.

History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 19504 Examination and use of equipment, Materials, devices,
fittings, apparatus and appliances desighed for use under thiz code
shall be judged chiefly with reference to the following considerations
which also determine the classifieation by types, size, voltages, cur-
rent capacities, and specific use,

(1) Except as otherwise permitted in this code, all electrical equip-
ment shall be installed or used in the exact manner and for the exact
pur}iose indicated by the manufacturer’s instructions, markings or
labels.

(2} Mechanical strength and durability, including, for parts de-
signed to encloge and protect other equipment, the adeguacy of the
brotection thus provided.

(8) Electrieal ingulation.

(4) Heating effects under normsl conditions of use and also under
abnormal conditions likely to arise in service.

(5) Arcing effects.

History: Cr. Reglster, January, 1968, No, 145, eff. 2—1-68.

E 195,05 Voltages, Throughout this code the voltage considered
shall be that at which the circuit operates.

History; Cr. Register, January, 1968, No. 145, eff, 2-1-68,
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E 195.06 Conduector gauges, Conductor sizes arve given in American
Wire Gauge (AWG).
History: Cr. Reglster, January, 1968, No, 146, eff. 2-1-68.

E 195.07 Conductors. Conductors normally used to carry current
shall be of copper unless otherwise provided in this code. Where con-
ductor gizes arve given in this code, they shall apply to copper con-
ductors., Where other materials are used, the size shall be changed
aecordingly.

History: Cr. Register, January, 1963, No, 144, eff. 2—-1-63.

E 195.08 Wiring methods. (1) Only wiring methods recognized as
suitable are included in this code, The recognized metheds of wiring
may be installed in any type of building or occupancy except as other-
wise provided in this code. :

(2) All conduetors shall be guarded in an approved manner when
brought closer to floor or platform than 8 feet, or when exposed to
mechanieal injury above that level.

() BEwception: Trolley conductors, grounding conductors size No. 4
or larger, lightning arrester ground conductors, pendants, and porta-
ble cords are exempt from thig rule.

{3) Bus-harz and other open bare ungrounded conductors which
are elevated less than 8 feet above floor or platform, shail be enclosed
by suitable guards.

History: Cr. Reglster, January, 1968, No, 145, eff, 2-1-68.

1 195.09 Interrupting capacity. Devices intended to break current
shall have an interrupting capaecity sufficient for the voltage employed
and for the eurrent which must be interrupted.

History: Or. Register, January, 1868, No, 145, eif. 2-1-68.

B 195.10 Cireuit impedance and other characteristics. The overcur-
rent protective devices, the total impedance and other characteristics
of the circuit to be protected shall be so selected and coovdinated as
to permit the circuit protective devices used to clear a fault without
the occurrence of extensive damage to the electrical components of
the cirenit. This fault may be assumed to be between 2 or more of
the cireuit conductors; or between any circuit conductor and the
grounding conductor or enclosing metal raceway.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 195.11 Deteriorating agencies, Unless approved for the purpose,
no conductors or equiptment shall be located in a damp or wet location;
where exposed to gases, fumes, vapors, liquids or other agents having
a deteriorating effect on the conductors or equipment; nor where ex-
posed to excessive temperatures.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E. 195.12 Mechanical execution of work, Electrical equipment shall
be installed in a neat and workmanlike manner.
History: Cr, Register, January, 1968, No, 145, eff, 2-1-68.

T 195.13 Mounting of equipment, Electrical equipment shall be
firmly secured to the surface on which it is mounted. Wooden plugs
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driven into holes in masonry, concrete, plaster or similar materials
shall not be depended on for security,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

E 195.14 Connections to terminals. (1) Connection of conductors to
terminal parts shall insure a thoroughly good eonnection without
damaging the conductors and shall be made by means of presstve
connections (including set screw type), solder lugs or splices to
flexible leads except that No. 8 or smaller solid conductors and No. 10
or smaller stranded conductors may be connected by means of
clamps or serews with terminal plates having upturned Iugs. Termi-
nalg for more than one conducter shall be of a type approved for
the purpose.

(2) Because of different charvacteristics of copper and aluminum,
devices such as pressure connectors and soldering lugs shall be suit-
able for the material of the conductor and shall be properly installed
and used, Materials such as solder, fluxes, inhibitors, and compounds,
where employed, shall be suitable for the use and shall be of a
type which will not adversely affect the conductors, installation or
equipment.

History: Cr. Register, January, 1968, No, 145, eff, 2--1-68.

E 195.15 Splices. Conductors shall be spliced or joined with splicing
devices approved for the use or by brazing, welding or soldering with
a fusible metal or alloy. Soldered splices shall first be so spliced or
joined 2z to be mechanically and electrically secure without solder
and then soldered, All splices and joints and the free ends of con-
ductors szhall be covered with an insulation equivalent to that of
the conductors.

History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 195,16 Working space about electrical equipment, Sufficient access
and working space shall be provided and maintained about all elec-
trical equipment to permit ready and safe operation and maintenance
of such equipment,

(1) HORIZONTAL DIMENSIONS, Except as clsewhere required or per-
mitted in this code, the hovizontal dimension of the working space
in the direction ¢f access to live parts, operating at not more than
600 volts, which are likely to require examination, adjustment, serv-
icing or maintenance while alive, shall not be less than indicated in
the following table. Distances are to be measured from the live

parts if such arve exposed or from the enclosure front or opening
when such ave enclosed,

Voltage to Ground Minimura Clear Distance

Conditlon_ _____________ ... . __. 1 2 3
L U 214 ft. 214 1t 3 It
WI-600... . T 235 f1. 815 1t 4 ft

Where the “Conditiuns” are as follows:

1. Exposed live part on one side and no live or groundad part on the other side of the work-
ing space or exposed live parts on both sides effectively puarded by suitable wood or other
insulating materials. Insulated wire or inaulated bus bars operating at net more than 300
volts shall not he considered live parts,

2, Exposed live parts on one side and grounded parts on the other side. Conerete, brick or
tile' wallg shail be considered as grounded.

3. Expesed live parts on both sides of the work space (not guarded as provided in Condition
1} with the operator between, )
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(a) Ewmception No. 1. Working space is not required in back of
assemblies such as dead-front switchboards or control centers when
there are no renewable or adjustable parts such as fuses or switches
on the back and when all connections are accessible from other loca-
tions than the back,

(b) Fzception No, 2. Smaller spaces may be permitted by the
authority having jurisdiction where it is judged that the particular
arrangement of the installation will provide adeguate accessibility.

(2) Crmar spacks. Working space required by thiz section shall
not be used as a passageway or for storage, When normally enclosed
live parts are exposed for inspection or servicing, the working space,
if adjacent to a passageway or general open space where other work
is earried on shall be suitably guarded,

(8) ACCESS AND ENTEANCE TO WORKING SPACE, At least one entrance
of sufficient avea shall be provided to give access to the working
space about electrical equipment,

(4) WorkiNg spAcE. In all cases where there are live parts nor-
mally exposed on the front of switchboards or control centers, the
working space in front of sueh boards or panels shall be mot less
than 8 feet.

(5) ILLUMINATION. Adequate illumination shall be provided for all
working spaces about switchboards and control centers,

(6) HeaprooM. The minimum headroom of working spaces about
switchboards or control centers where there are live parfs exposed
at any time, shall be 6% feet,

Note: Tor higher voltages, see chapter B 719,

Histery: Cr. Reglster, January, 1968, No, 145, eff, 2-1-68.

B 195,17 Guarding of live parts, {Not more than 600 Volis), (1) Ex-
capt as elsewhere required or permitted by this code, live parts of
electrical equipment operating at 50 wolts or more shall be guarded
against accidental contact by approved cabinets or other forms of
approved enclosures, or any of the following means:

{a) By location in a room, vault, or similar enclosure which is
accessible only to gqualified persons. :

(b) By suitable permanent, substantial partitions or screemns so
arranged that only qualified persons will have access to the space
within reach of the live parts. Any openings in such partitions or
gereens shall be so sized and located that persons are not likely to
come into accidental contact with the live parts or fo bring conduct-
ing objects into contact with them.

(¢) By a guard rail, provided the live parts operate at 600 volts
or less and provided the location is such as to make contact with live
parts unlikely.

(d) By location on a suitable balcony, gallery, or platform so ele-
vated and arranged as to exclude unqualified persons.

(e} By elevation at least 8 feet above the floor or other working
surface,

{2) In locations where electrical equipment would be exposed to
physical damage, enclosures or guards shall be so arranged and of
such strength ag to prevent such damage.

Blectrical Code, Volume 2
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(8) Entrances to rooms and other guarded locations containing
exposed live parts shall be marked with conspicuous warning signs
forbidding unqualified persong to enter.

Notg: For motors see Wis, Adm. Code sectiong I8 430,132 and E 430.1383,
For additional requirements at voltages over 600 see chapter I 710,

History: Cr, Register, January, 1968, No, 145, eff. 2—1-68.

E 193,18 Arcing parts. Parts of electrical equipment which in ordi-
nary operation produce arcs, sparks, flames or molten metal, shall be
enclosed unless separated and isolated from all combustible material.
For hazardous locations see Wis. Adm. Code chapters I 500-517,
inclusive. For motors see section E 430.014,

History: Cr. Register, January, 1368, No, 145, eff, 2-1-68,

E 19519 Light and power from railway conduetors. Cireuits for
lighting and power shall not be connected to any system containing
trolley wires with a ground return, except in electric railway cars,
car houses, power houses, or passenger and freight stations operated
in connection with electric railways.

History: Cr. Reglster, Janwary, 1968, No, 145, eff, 2-1-68,

E 195.20 Insulation resistance. All wiring shall be so installed that
when completed the system will he free from short-circuits and from
grounds other than as provided in chapter E 250, In order that a
reasonable factor of safety may be provided, the folowing table of
insulation resistances is suggested as a guide where the insulation is
subjected to test:

(1) For cireuits of No, 14 or No, 12 wire, 1,000,000 ohims, For cix-
cuits of No, 10 or larger conductor, a resistance based upon the
allowable ampacities of conductors ag fixed in tables E 310.12 through
E 310.15 as follows:

25 to 50 amperes, inclusive - 250,000 ohms
51 to 100 amperes, inclugive 100,000 ohms
101 to 200 amperes, inclusive . ___________ 50,000 ohms
201 to 400 amperes, incelusive . ________________ 25,000 ohms
401 to 800 amperes, inclusive ______ —— 12,000 ohms
Over 800 amperes —_— - _ - 5,000 ohms

(2) The above values are to be determined with all switchboards,
panelboards, fuseholders, switches, receptacles and overcurrent devices
in place,

(8) Where climatic or other conditions are such that the wiring
or equipment is exposed to excessive humidity, it may be necessary
to modify the foregoing provisions,

History:; Cr. Regigter, January, 1968, No, 145, eff. 2-1-68,

E 195.21 Marking. The maker’s name, trademark, or other identi-
fieation shall be placed on all electrical equipment. Other markings
shall be provided giving voltage, current, wattage, or other ratings
as are prescribed elsewhere in this code.

Hlistory: Cr, Register, January, 1968, No, 145, eff, 3-1-68.

E 195.22 Identification, Each disconnecting means required by this
code for motors and appliances, and each service, feeder or hranch
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cireunit at the peint where it originates, shall be legibly marked to
indicate its purpose, The marking shall be of sufficient durability to
withstand the environment involved,

History: Or, Register, January, 1968, No, 145, eff, 2-1-68,

E 195.23 Readily accessible. Disconnect switches and cireuit break-
ers shall be readily accessible and have the center of the operating
means in its highest position not more than 614 feet above the floor
or operating level, and it is recommended that it be at least 3 feet
above thig level, Fuses shall be readily accessible with the location of
their midpoint governed by the same dimensions ag for switches and
circuit breakers, The operating means of disconnect switches and eir-
cuit breakers may function through rods or cables when the switches
or breakers are located outside the ahove range. This requirement does
not cover installations specifically exempted elsewhere in this code.

(1) ExceprioN No. 1. This section does not apply to switchboards,
unit substations, motor control centers, or equipment exceeding 600
volts.

History: Or. Register, January, 1968, No, 145, eff. 2-1-68.
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WIRING DESIGN AND PROTECTION

Chapter E 200

USE AND IDENTIFICATION OF
GROUNDED CONDUCTORS

E 200.01 Scope H 200,07 Identified conductor in

B 200,08 (General gt‘ounded clrcuits only

H 200.03 Connection to grounded ® 200.08 onnectiona to acrew-
system ghells

200,04 Circuits derived from H 200,00 Means of identification
auto-iransformers of terminals

H 200.06 Unidentifled eircuits I 200.10 Identification of termi-

B 200.06 Means of identification nals

of grounded conductors

E 200.01 Seope. This chapter provides requirements for the use and
identification of a grounded conductor in interior wiring systems. (See
definitions of “grounded conductor” and “grounding conductor” in
chapter  100.)

History: Cr. Register, Janwary, 1968, No, 145, eff, 2-1-63.

E 200.02 General. All interior wiring systems shall have a grounded
conductor which is continuously identified throughout the system ex-
cept as follows:

(1) ExcepTioN No, 1: A grounded conduetor is not required in cer-
tain eircuits or systems as provided in sections E 200.05, E 250.003,
E 250.005, E 250.006, E 250.007, E 260.008, E 503.13, E 517.06, and
I 680.04.

(2) ExcerrioN no. 2: Continuous identification throughout a length
of a conductor between terminals is not required for certain condue-
tors under sections E 200.06 (1) and (2).

History: Cr. Register, Januwary, 1968, No. 145, eif, 2—-1-68.

E 200.03 Connection to grounded system. No interior wiring shall be
electrically connected to a supply system uniless the latter contains,
for any grounded conductor of the interior system, a corresponding
eonductor which is grounded.

Note: Electrically connected implies connection capable of carrying
current as distinguished from connectlon through eleetromagnetic in-
duction,

History: Cr. Register, Janwary, 1988, No, 145, eff, 2-1-88,

E 200.04 Circuits derived from aute-transformers. Branch eciremits
ag described in chapter E 210 shall not be supplied through auto-trans-
formers (transformers in which a part of the winding iz common to
both primary and secondary eircuits) unless the system supplied has
an identified grounded conductor which is solidly connected to a similar
identified grounded conductor of the system supplying the auto-
transformer. -

History: Cr. Register, January, 1068, No, 145, eff, 2—1—68,
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E 200.05 Unidentified circuits, (1) Two-wire branch circuits and
AC cireuits of 2 or moere conductors may be tapped from the un-
grounded conductors of circuits having identified grounded neutrals.
Switching devices in each tapped civeuit shall have a pole in each
ungrounded conductor, These poles shall manually switeh together
where the switching devices serve as the dlsconnectmg means reguired
by section E 422,23,

{a) Ewception: For motor controllers see section E 430.084, and
for heating equipment see section E 422.46,

. (2) Polyphase e¢ircuits need not have one conductor grounded and
identified, except as required by section I 250.005, but where one con-
ductor is grounded it shall be identified.

(8) Other unidentified ungrounded systems or circuits may be used
only by special permission.
Hintory: Or. Register, Jonuary, 1968, No, 145, eff. 2-1-68.

E 200.06 Means of identification of grounded conductors. Identifica-
tion for grounded conductors shall be as follows:

(1) Insulated conductors of No. 6 or smaller, except conductors of
type M1 cable, shall have an outer identification of white or natural
gray color as specified in gection E 810.02 (7). The grounded con-
ductors of type ML cable shall be identified by distinetive marking
at the terminals during the process of installation.

(2) Ingulated conductors larger than Ne. 6 shall have an outer
identification of white or natural gray color or shall be identified by
distinctive white marking at terminals during process of installation.

{3) Where, on a 4-wire delta-connected secondary, the midpoint of
one phase is grounded to supply lighting and similar loads, that phase
conductor having the higher voltage to ground shall be indicated by
tagging or other effective means at any point where a connection is
to be made if the neutral conductor is present.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 200.07 Identified conductor in grounded circuits only. Conductors
having white or natural gray covering shall not be used other than as
conductors for which identification is required by section E 200.02, ex-
cept under the following conditions, and then only where they are, in
other respects, suitable for use as ungrounded conductors in the cireuit:

(1) ExceptioN No. 1: Identified conductors, rendered permanently
unidentified by painting or other effective means at each outlet where
the conductors are visible and accessible, may be used as unidentified
conduetors,

Note: The foregoing permits the use of 2-wire cable having one
bitack and one white conductor on 2-wire clrecuits tapped from the
outside legs of a4 3-wire system or any 2 conductors of a multi-wire
system where the identified conductor of the 2-wire cable 1s rendered
permanently unidentified at terminala,

" (2) EXcEPTION N0, 2: Cable containing an identified conductor may
be used for single-pole, 3-way or 4-way switch loops where the
connections are g0 made that the unidentified conductor is the return
conductor from the switch to the outlet,

Note: Thias exception makes It unnecessary to paint the terminal ef
the identifled conductor at the switch outlet,
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(3) EXcEPTION NO. 3: A flexible cord, for connecting a portable ap-
pliance, having one conductor identified as reguired by section E 400,13
may be used even though there is no grounded conductor in the ecireuit
supplying the outlet to which it is connected,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

T 200,08 Connections to screw-shells. An identified conductor, where
run to a screw-shell lampholder, shall be connected to the serew-shell,
Histery: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 200.09 Means of identification of terminals, The identification of
terminals to which a grounded conductor is to be connected shall be
by meang of a metallic plated coating substantially white in color,
such as nickel or zine, or the terminals may be of material substanti-
ally white in color. The other terminals shall be of a readily distin-
guighable different color.

Histoxy: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

E 200.10 Identification of ferminals. (1) DEVICE TERMINALS. All de-
vices provided with terminals for the attachment of conductors and
intended for connection to more than one side of the cireuit shall have
terminals properly marked for identification except as follows:

(2) Hueeption No. 1: Marking may be omitted where the electrical
connection of a terminal intended to be conneeted to the grounded
cohductor is elearly evident.

(b) Ewxception No., 2: Single-pole devices, Devices to the terminals
of which only one side of the line is connected need not have terminals
marked for identification.

(¢) Ewception No, $: Panelboards and devices. The terminaly of
lighting panelbeards and of deviees having a normal current rating of
over 30 amperes need not be marked for identification, except as re-
quired in subsection (2) for polarized receptacles for attachment
plugs and polavized attachment plugs.

(2) PLUGS AND RECEPTACLES. Two-wire polarized receptacles for at-
tachment plugs and polarized attachment plugs shall have the termi-
nal intended for commection to the grounded conductor marked for
identification.

(a) Fuxception No. 1: Two-wire attachment plugs, unless of the
polarity type, need not have thelr terminals marked for identification,

(b} Euxception No, 2: Three-wire and four-wire receptacles and at-
tachment plugs. Three-wire and four-wire yeceptacles and attachment
plugs, other than those of the grounding type which are rated within
the limits outlined and required under section E 210.21 (2), but on
which one terminal may be used for the connection of either a ground-
ing conductor or a grounded eireuit conductor, shall have such a
terminal marked to show other than a whita or green finish.

(8) ScrEw-sHELLS, In the case of devices with serew-shells, the
identified terminal shall be the one connected to the serew-shell. This
does not apply to screw-shells which serve as fuseholders.

(4) SCREW-SHELL DEVICES WITH LEADS, In the case of serew-sheli
devices with attached leads, the conductor attached to the screw-shell
shall have white or natural gray finish, The ocuter finish of the other
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conductor shall he of a solid color that will not be confused with the
white or natural-gray finish which is to identify the grounded
conduetor,

(5) Fixep APPLIANCES. The terminals of fixed appliances need not
be marked to indicate the proper connection to the grounded conductor
unless a single-pole gwitch formsg an integral part; then the terminal
connected to the switch shall be the unidentified terminal.

(6) PORTABLE APPLIANCES, The terminals of portable appliances
need not be marked for identification.
History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,
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Chapter E 210
BRANCH CIRCUITS

T 210.01 Scope E 210.08 Heavy-duty lampholders
E 210.02 Specific purpoge branch 1 210,19 Conductors
circuit B 210.20 Overcurrent protection
I 210.03 Classifications m 210,21 Qutlet devices
m 210.04 Multi-wire branch ecir- B 210.22 Receptacle outlets re-
culty quired
® 210.06 Color code B 210.23 Maximum load
H 210.06 Voltage B 210.24 7Permissible loads
H 210.07 Groundlng receptacles B 210.25 Tablae of requirements

E 210.01, Scope. The provisions of this chapter shall apply to branch
circuits supplying lighting or appliance loads or combinations of such
loads, Where motors, or motor-operated appliances, are connected to
any cireuit supplying lighting or other appliance loads, the provisions
of both thigs chapter and chapter E 430 shall apply. Chapter E 430
shall apply where branch cirenit supplies only motor loads.

Hintory: Cr, Register, Januwary, 1963, No, 1456, eff. 2-1-88%,

E 210.02. Specific purpose branch cirenit. The provisions applying
to branch circuits referred to in the following table are exeeptions to
the provisions of this chapter or are supplementary thereto, and shall
apply to branch circuits supplying the loads veferred to therein:

BUSWAYS oo Section E 364.08
Cranes and Hoists Section E 610,42
Infra-red Industrial Heating Equipment ___________ Section E 422,11
Inductive and Dielectric Heat Generating Bquipment __Chapter B 665
Instruments . Section I 384.22
Motion Picture Studios and Similar Locations ________ Chapter I 530
Motors and Motor Controllers : Chapter E 430
Organs Section B 650.06
Remote-Control, Low-Energy Power, Low-Voltage Power and Signal
Civewits oo Chapter E 725
Signsg and Outline Lighting Section E 600.06
Sound Recording and Reproduction .. __ Section I¥ 640.06
Space Heating; Panel and Embedded Types . _______ Chapter E 422
Systems over GO0 Volts N _-Chapter E 710
Systems under 50 veolts Chapter E 720
Theatres and Assembly Halls __.____ Sections E 520.41, B 520.52 and
B 520.62

Welders — Chapter I 630
X-ray Equipment Section E 660.03

History: Cr, Regiater, January, 1968, No, 145, eff, 2-1-68.

E 210.03 Classifications. Branch circuits recognized by this chapter
shall be classified in accordance with the maximum permitted rating
or setting of the overcurrent device, and the classification for other
than individual branch eirenits shall be 15, 20, 30, 40 and 50 amperes,
When conductors of higher capacity are used for any reason, the
rating or setting of the specified overcurrent device shall determine
the cireuit classification,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.
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A. GENERAL PROVISIONS

E 210.04 Multi-wire branch circuits. Branch circuits recognized by
this chapter may be installed as multi-wire circuits, (See section
T8 100.02 for definition).

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68,

E 210,05 Color eode. {1) Where installed in raceways, as aluminum
gheathed cable, as open work, or as concealed kmob-and-tube work,
the conductors of multi-wire branch ecireunits and two-wire branch
cireuits connected to the same system shall conform to the following
color code. Three-wire cireuits—one black, one white, one red; four-
wire cireuits—one black, one white, one red, one blue; five-wire cir-
cuits—one black, one white, one red, one blue, one yellow. Where
more than one multi-wire branch circuit is carried through a single
raceway the ungrounded conductors of the additional cirenit may be
of colors other than those specified. All cireuit conductors of the
same color shall be connected to the same ungrounded feeder conductor
throughout the installation,

{(a) Ewmception: Color coding is not required for electric range or
clothes dryer circnits,

(2) Any conductor intended solely for grounding purposes shall be
identified by a continuous green color or & continuous green color with
a yellow stripe unlesg it be hare. Except for public highway traffie
control, communications, metering, railway and railroad signal instal-
lIations, branch cireuit conductors and equipment lead wires to which
branch cirewit conductors atfach having a continuous green color or
a continuous green color with a yellow stripe shall not be used for
other than grounding purposes,

Note 1 The above ig not intended to prohibit the use of a conductor hav-
ing a continuous green color or a continuous green color with a yellow
stripe, insulation for internal wirlng of equipment, except where such wiring
serves as the lead wires to which the branch circuit conductors attach,

Note 2. See section I 200.07 for use of white or natural gray for grounded
or neutral conductors.

History: Cr, Register, January, 1968, No. 146, eff. 2-1-G8.

E 210.06 Voltage. (1} Vorrage. The voltage to ground on branch
cireuits supplying lampholders, fixtures, or standard rveceptacles of
15-ampere or less rating shall not exceed 150 volts, except ag follows:

(a) Exception No, 1, In industrial establishments or in stores
where the conditions of maintenance and supervision assure that only
competent individuals will service the lighting fixtures the voltage of
branch eireuits which supply only lighting fixtures that ave equipped
with mogul-base serew-shell lampholders or with lampholders of other
types approved for the application, mounted not less than 8 feet from
the floor, which do not have switch control as an integral part of the
fixture shall not exceed 300 volts to ground;

(b) Exception No. 2. In industrial establishments, office buildings,
schools, stores, and public and commercial areas of other buildings,
such as hoiels or transportation terminals, the voltage of branch cir-
cuits which supply only the ballastz for electric discharge lamps
mounted in permanently installed fixtures, by other than screw-shell
type lampholders, which do not have manual swifch control as an
integral part of the fixture shall not exceed 300 volts to ground. Where
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serew-ghell type lampholders are used for electric discharge lamps the
fixtures shall be installed not less than 8 feet from the floor;

(¢) Exception No. 3. For infra-red industrial heating appliances as
deseribed in section E 422.11;

(d) Exception No. 4, In railway properties as deseribed in section
E 195.19.

(e) Ezeeption No. 5. The branch ecircuits supplying the ballasts
for electric discharge lamps mounted in permanently instalied fixtures
on poles for the illumination of areas such as highways, bridges,
athletic fields, parking lots, at a height not less than 22 feet, or on
other structures such as tunnels at a height not less than 18 feet,
shall not exceed 500 volts between conductors when installed as
provided in section E T30.07 (1).

{2) VOLTAGE BETWEEN CONDUCTORS—DWELLINGS. In dwelling occu-
pancies, the voltage between conductors supplying lampholders of the
- serew-shell type, receptacles, or appliances, shall not exceed 150 volts,
except as follows: Exception: The voltage between conductors may
exceed 150 volts when supplying only:

(a) Permanenfly connected appliances,
(b) Portable appliances of more than 1,380 watts,

{c) Portable motor-operated appliances of * horsepower or greafer
rating.

{(3) VorLTaeE DROP. The size of the conductors for branch cireuits
ag defined in chapter E 100 should be such that the wvoltage drop
would not exceed 8% to the farthest outlet for power, heating, light-
ing, or combinations thereof. Providing further that the maximum
total voltage drop for feeders and branch cireuits should not
exceed 5% over all, .

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 210,07 Grounding receptacles. Receptacles and cord connectors
equipped with grounding contacts shall have those contacts effectively
grounded. The branch circuit or branch cireuit raceway shall include
or provide a grounding conductor to which the grounding contacts of
the receptacle or cord connector shall be connected. The metal armor
of type AC metal-clad cable, the sheath of aluminum sheathed cable,
or a metallic raceway is acceptable as a prounding econductor. See
section B 210.21(2) and sections E 250.045 and Ii 250.059.

(1) ExcEPTION: For extensions only in existing installations which
do not have a grounding conductor in the branch cirveunit, the ground-
ing conductor of a grounding type receptacle outlet may be grounded
to a grounded cold water pipe near the equipment,

History: Cr, Register, January, 1968, No. 145, efi, 2—1-68.

E 210,08 Heavy-duty lampholders. Heavy-duty lampholders referred
to in this chapter shall include lampholders rated at not less than 750
watts.

(1) Exceprion: Admedium lampholders rated at 660 watts shall be

considered to be heavy duty type.
Histoxy: Cr, Register, January, 1968, Ne. 145, eff, 2-1-68,
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B. SPECIFIC REQUIREMENTS

E 210,19 Conductors, Circuit conductors shall conform to the
following:

(1) Ampacrty, Shall have an ampacity of not less than the rating
of the branch cireuit and not less than the maximum load to be
served.

(2) Minimum size shall not be smaller than No. 8 for ranges of
8% kw or more rating, nor smaller than No, 14 for other loads.

(8) ExcErTIONS: (a) Fwxception No, I, Range loads. See note 5 of
table E 220.05. Where the maximum demand of a range of 8% kw
or more rating is computed according to column A of table E 220.05,
the neutral conductor of a 3-wire branch eireuit supplying a house-
hold electriec range, a wall-mounted oven or a counter-mounted cook-
ing unit may be smaller than the ungrounded conductors but shail
have an ampacity at least 70% of the ampacity of the ungrounded
conductors and shall not be smaller than No. 10,

Note: Cable assemblies with the neutral conductor smaller than the un-
grounded conductor shall he g0 markead,

(b} EBuception No. 2. Tap conductors. Tap conductors may be of
less capacity than the branch circuit rating provided no tap conductor
is of less capacity than the load to be served and provided the rating
is not less than 20 amperes for 50 ampere eireuits or 15 amperes for
circuits rated less than 60 amperes and only where these tap con-
ductors supply either:

1. Individual lampholders or fixtures with taps extending not
longer than 18 inches heyond any portion of the lampholder or fixture,
except as required in gsection B 410.65 (2) (b); or,

2. Individual outlets with taps not over 18 inches long; or,

3. Infra-red lamp industrial heating appliances.

4, Nonheating leads of snow and ice melting cables and mats.

(c) Euxception No, 8 Fixture wires and cords. Fixture wires and
cords may be of smaller size, but not less than the size specified in ex-
ception No. 3 of section B 240.05. See tables section B 400.08 (2)
and section E 402.04.

(d) Ewxeeption No. 4. Outlet devices. Outlet devices may have less
carrying capacity than the branch circuit rating, but not less than
the types and ratings specified in sections ¥ 210.21 (1)—(3).

(e) Ewception No, 5. Where tap conductors supply electric ranges,
wall-mounted electric ovens and counter-mounted electric cooking
unitg from 50 ampere branch circuits they shall be of suitable capac-
ity for the load to be served, not less than 20 amperes in rating and
ne longer than necessary for servicing the appliance,

History: Cr. Register, January, 1968, No. 145, off, 2-1-88,

E 210.20 Overcurrent protection, The rating or setting of overcur-
vent devices shall conform to the following:

(1) RATING. Shall not be in excess of the value specified in section
E 240.05,

(a) Exception: Tap conductors and flxiure wires. Tap conductors,
fixture wires and cords as permitted in section E 210.19 (3) may
be considered as protected by the circuit overenrrent device.
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{2) SINGLE APPLIANCE, Shall not exceed 1509 of the rating of the
appliance, where the circuit supplies only a single appliance of
10-ampere or more rating.

(3) CONTINUOUS LOADS. Where loads other than motor loads will
constitute continuous loads see section B 210.28 (2) and sections
E 220.02 and E 240.02,

Histoxy: Cr, Register, January, 1968, No, 145, eff. 2-1-68,

E 210.21 Outlet devices, Outlet devices shall have a rating not less
than the load to be served and shall conform to the following:

(1) LAMPHOLDERs. Lampholders when connected to circuits having
a rating of over 20 amperes ghall be of the heavy duty type.

{2) RecepracrEs. (a) Receptacles installed on 15 ampere and
20 ampere branch-cireuits shall be of the grounding type and they
shall be installed in accordance with section B 210.07. Grounding
type receptacles which are of a type that reject nongrounding type
attachment plugs or which are of the locking type may be uged for
specific purposes or in special locations,

(b) When grounding type recepiacles are used as replacements
for existing nongrounding types a grounding conductor installed
in accordance with section E 250.057 shall be provided, If it is
impractical to reach a gource of ground a nongrounding type recep-
tacle shall he used. The installation of grounding type outlets shall
not be used as a vequirement that all portable equipment be of the
grounded type. See chapter B 250 for requirements for the grounding
of portables,

(¢} Receptacles required in Wis. Adm. Code section B 517.03 (4)
are considered as meeting the requivements of this section,

(d) When connected to circuits having 2 or more outlets, recep-
tacles shall conform to the following:

15-amp. civevits . ... . _________ Not over 15-amp. rating
20-amp, cirewits __.._.___ . __ - 156 or 20-amp. rating
80-amp. circuits e 30-amp. rating
40-amp, eivewits . _______ 40 or 50-amp, rating
B0-amp. cireuits —— 50-amp. rating

(e) Receptacles connected to cireuits having different voltages, fre-
quencies or types of current (AC or DC) on the same premises shall
be of such design that attachment plugs used on such circuits are
not interchangenble,

() Grounding receptacles rated at 16 or 20 amperes and installed
in ¢ireunits of less than 150 volts hetween conductors shall be approved
for use only on potentials less than 150 velts. Grounding receptacles
rated at 15 amperes and installed in cireuits of 151 to 300 volts
between econductors shall be approved for use only on potentials not
less than 151 volts,

(g) Receptacleg rated at 15 ampeves connected to 15 or 20 ampere
branch circuits serving 2 or meore outlets shall not supply a total
load in excess of 12 amperes for portable appliances. Receptacles
rated at 20 amperes connected to 20 ampere branch cirenits serving
2 or more outlets shall not supply a total load in excess of 16 amperes
for portable appliances,
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(3} CAPACITY OF RANGE RECEPTACLES. Capacity of range receptacles
may be based on single range loads as computed from table E 220.065.
History: Cr, Register, Jahuary, 1988, No, 145, eff, 2-1-48,

E 210,22 Receptacle outlets required. Receptacle outlets shall be in-
stalled as follows:

(1) GENERAL. Where portable cords are used, except where the
attachment of cords by other means is specifically permitted.

Note: A cord connector that Is supported by a permanently connected
cord pendant is considered a receptacle outlet,

(2) DWELLING TYPE OCCUPANCIES, In every kitchen, dining room,
breakfast room, Eving room, parlor, library, den, sun room, recreation
room, family room and bedroom, receptacle outlets shall be installed
so that no point along the floor line in anhy usable wall space is
more than 6 feet, measured horizontally, from an outlet in that
space including any wall space 3 feet wide or greater and the wall
space occupied by sliding panels in exterior walls, The receptacle
outlets shall, insofar as practicable, be spaced equal distances apart.
Receptacle outlets on the floor shall mot be counted as part of the
required number of receptacles unless located within one foot of the
wall. Receptacle outlets in fixtures and appliances shall not he
counted as part of the required number of reeceptacles. At least one
outlet shall be ingtalled for the Iaundry.

(a) Outletz in other sectiong of the dwelling for special appliances
such as laundry equipment shall be placed within 6 feet of the
intended loecation of the appliance.

(8} OTHER OCCUPANCIES. Guest or sleeping rooms in hotels, motels,
dormitories, rooming houses, homes for the aged and similar oceu-
pancies shall have receptacles installed in accordance with section
£ 210.22 (2). :

History: Cr, Register, January, 1968, No. 145, eff, 2-1-48,

E 210.23 Maximum load, The maximum load shall conform to the
following:

{1} APPLIANCES CONSISTING OF MOTORS AND OTHER LOADS. Where a
circuit supplies only motor operated appliance loads, chapter E 430
shall apply. For other than a portable appliance, the branch cirenit
size shall be caleulated on the basis of 125% of motor load where
the mofor is larger than 34 hp plus the sum of the other loads.

(2) OTHER LoaDs, The total load shall not exceed the branch eirenit
rating, and shall not exceed 809% of the rating when load will eon-
stitute a continuous load such as store lighting and similar loads.
In computing the load of lighting units which employ ballasts, trans-
formers or auto-transformers, the load shall be based on the total
of the ampere rating of such units and not on the wattage of the
lamps,

(a) Eweception No. I, When the assembly including the overcurrent
device protecting the branch circuit is approved for continuous oper-
ation at 100 per cent of ifs rating, the total load may equal the
branch circuit rating.

(b) Exeeption No. 2. Where branch circuits are derated in accord-
ance with note 8 of tables E 810,12 through E 310.15 the derating
factor for econtinuous loading shall not apply.

(c) Eaxception No. 8. Range loads. See note 5 of table E 220.5.°

History: Cr, Reglster, January, 1968, No. 145, eff, 2-1-68.
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B 210,24 Permissible loads, Individual branch cireuits may supply
any loads, Branch circuits having 2 or more outlets may supply only
loads as follows:

(1) 15 AND 20-AMPERE BRANCH CIRCUITS. Lighting units and/or
appliances, The rating of any one portable appliance shall not exceed
80% of the branch eireuit rating, The total rating of fixed appliances
shall not exceed B0% of the branch eirvcuit rating when lighting units
or portable appliances are also supplied,

(2) 80-AMPERE BRANCH CIRCUITS. Fixed lighting units with heavy
duty Jampholders in other than dwelling occupancies; or appliances in
any occupancy. The rating of any one portable appliance shall not
exceed 24 amperes,

(3) 40-AMPERE BRANCH CIRCUITS, Fixed or stationary cooking appli-
ances or fixed water heaters; or clothes dryers; in other than dwell-
ing occupancies fixed lighting units with heavy-duty lampholders er
infra-red heating units.

(4) 50-AMPERE BRANCH CIRCUITS. Fixed lighting units with heavy
duty lampholderg in other than dwelling cecupancies; or fixed cooking
appliances; or infra-red lamp industrial heating appliances.

Notg 1: The term “fixed” as used in thiz section recognizes cord con-
nections where otherwise permitted,

Note 2: Fixed outdoor electric snow melting and deicing installations may
be supplied by any of the brameh cireunits described herein provided the
circuit supplies no other load.

History: Cr, Reglster, January, 1988, No. 145, eff, 2—-1-§4,

B 210.25 Table of rvequirements. The requirements for cireuits hav-
ing two ox more outlets (other than the receptacle cirenits of section
E 220.03 (2)) as specifically provided for above arve summarized in
table B 210.25.

TABLE E 210.25
BRANCH CIRCULT REQUIREMENTS

(Type FEP, FEPB, R, BW, RU, RUW, RII-RW, SA, T, TW, RI, RUH,
RHW, RHH, THHN, 'ﬁHW, and THWN conductors in raceway or cabla.)

CIRCUIT RATING 15 Amp. 20 Amp. 80 Amp, 40 Amp, b0 Amp.
CONDUCTORS:
(Min. Size}
Cireuit Wires¥._ . _______ 14 12 10 3 6
Tap8 e oo 14 14 14 12 iz
Fixture Wires and Cords Refer to Section 1 240.05, Exception No, 3
OVERCURRENT
PROTECTION. _______ 16 Amp. 20 Amp. 30 Amp. 40 Amp. 50 Amp.
OUTLET DEVICES:
Lampholders permitted _ Any Any Heavy Heavy Heavy
Type Type Duty Duty Duty
Receptacle Rating.__. __ 15 Max, 16 or 20 30 Amp. 40 & 60 50 Amp.
Arop, Amp. Amp,
MAXIMUM LOAD______ 15 Amp. 20 Amp. 80 Amp. 40 Amp. 50 Amp.
PERMISSIBLE LOAD...| Refer to Refer to Refer to Refer to Refer to
Subsection | Subsection | Subsection | Subszection | Subsection
' 210.24 E 21424 E 210,24 I 210,24 It 210,24
[} 1) @} @) 4)

#These ampacities are for copperf conductors where deyating is not required. See tables
E 310,12 through E 310,15,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-58,
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Chapter E 215

FEEDERS
E 215.01 Scope B 215.06 Common neutral feeder
E 215.02 Conductor size E 215,06 Diagram of feeders
K 215.03 YVoltage drop B 215.07 Installation requirements
E 215.04 Overcurrent protection

E 215.01 Scope. This chapter deals with installation requirements
for, and, the size of conductors in the feeders needed to supply power
to branch circuits and, the loads as caleulated under chapter I 220.

History: Cr, Register, January, 1968, No. 145, eff, 2-1—68.

L 215,02 Conductor size, (1) Feeder conductors shall have a current
rating not smaller than the feeder load as determined by section
E 220.04. A 2-wire feeder supplying 2 or more 2-wire branch cireuits
or a 3-wire feeder supplying more than two 2-wire branch circuits,
or 2 or more 3-wire branch circuits, shall not be smaller than 30
amperes, Where a feeder carries the fotal current supplied by the
service-entrance conductors, such feeder, for services of 55 amperes
and smaller, shall be of the same size as the service-entrance
conductors,

Note: See section H 230.041 (1) for minimum size of feeders in multi-
occupancy residential buildings.

{2) Where at any time it is found that feeder conductors are, or
will be overloaded, the feeder conduetors shall be increased in capacity
to accommodate the actual load served.

Note! See examples Nos, 1 to 7 of chapter B 900,
History: Cr. Regiaster, January, 1968, No, 145, eff. 2-1-68,

E 215.03 Voltage drop. The size of the conductors for feeders should
be such that the voltage drop for the lead as computed by section
E 220.04 would not be more than 3% for power, heating or lighting
loads or combinations thereof. Providing further that the maximum
total voltage drop for conductors for feeders and branch cireuits
should nof exceed 5% overall.

History: Cr, Register, January, 1968, No. 140, off. 2-1-58.

E 215.04 Overcurrent protection, Feeders shall be protected against
overcurrent in aeccordance with the provisions of chapter T 240.
History: Cr, Register, January, 1968, No, 145, eff, 2-}-68,

E 215.05 Common neutral feeder. A common neutra] feeder may be
employed for 2 or 3 sels of 3-wire feeders, or 2 sets of 4-wire or
b-wire feeders. When in metal enclosures, all conductors of feeder
circuits employing a common neutral feeder ghall be contained within
the same enclosure as provided in section E 300.20.

History: Cr, Reglster, January, 1468, No, 145, eff, 2-1-§8§,

E 215.06 Diagram of feeders. If required by the administrative au-
thority, a diagram showing feeder details shall be supplied previous
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to installation. This diagram should show: Area in square feet; load
(hefore applying demand-factors); demand-factors selected; com-
puted load (after applying demand-factors); and the size of condue-
tors.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 215.07 Installation requirements. Where a feeder supplies branch
cireuits in which grounding conductors are requived, the feeder shall
inelude or provide a grounding means to which the grounding conduc-
tor of the branch cireuit shall be connected,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-G8,
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Chapter E 220
BRANCH CIRCUIT AND FEEDER CALCULATIONS

H 220.01 Scope B 220.05 Tahle—Demsand loads for

E 220.02 Cealeulation of branch household electric
circult loads rangens, ete,

E 220.08 Branch circuits required B 220,06 Table—Demand factors

B 230.604 Calculation of feeder for household electric
loads clothes dryers

E 220,07 Optional calculation

B 220.01 Scope. This chapter provides the basiz for caleulating the
expected branch cireuit and feeder loads and for determining the num-
ber of branch eireuits required.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

E 220,02 Calculation of branch circuit loads. (1) COMPUTATION. The
Ioad for branch circuits shall be ecomputed in accordance with the
provisions of this rule,

(2) WHEN MAXIMUM LOAD OF BRANCH CIRCUIT CONTINUES FOR LONG
PERIOD OF TIME. Where in normal operation the maximum load will
constitute a continuous load, such as store lighting and similar loads,
the minimuwm unit loads specified in this section shall be increased
by 25%. ‘

{a) Ewmception No, 1, Where branch circuits are derated in accord-
ance with note 8 of tables E 810.12 thvough E 310.15, the unit loads
are not required to be increased by 25%.

(b) Ewxception No. 2, When the assembly including the overcurrent
devices protecting the branch circuits and feeders are approved for
operation at 100% of their rating the minimum unit leads need not
be inereased over those specified.

(3) (GENERAL LIGHTING LOAD. (a) In listed occupancies. In the oc-
cupancies listed in table B 220.02(3) (2)2, a load of not less than the
unit load specified shall be included for each square foot of floor area.

1. In determining the load on the “watts per squave foot” basis, the
floor area shall be computed from the outside dimensions of the build-
ing, apartment or area involved, and the number of floors; not includ-
ing open porches, garages in connection with dwelling occupancies,
nor unfinished spaces and unused spaces in dwellings unless adaptable
for future use.

Note I, The unit values herein are based on minimum load conditions

and 1009 power factor, and may nat provide sufficlent capacily for the
installation contemplated.
. Note 2. In view of the trend toward higher intensity Heghting systems and
inereased loads due to more general nse of fixed and portable appliances,
eaclh insgtaliation should be censidered as to the load likely to he Imposed
and the capacity increased to insure safe ¢peration.

_Note 3. Where electric discharge ilghting systems are to be Installed,
{113‘{’1 piower-fagtor type should be uged or the conductor capaclty may need
o be increased.

(b) In other occupancies. In other occupancies, a load of not less
than the unit load specified in subsection (4) shall be included for
each outlet.
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(4) Orupr Loaps, For lighting other than general illumination and
for appliances other than motors, a load of not less than the unit load
specified below shall be included for each outlet.

*Qutlety supplying specific appliances and other loads e _ ..
—_ —— _Amp. rating of appliance

Outlets supplying heavy-duty lampholders o ___ 5 amperes
1Other outlets 1% amperes

* Tror motors, see sections E 430.022 and & 430,024,

1 This provision ghall not be applicable to receptacle outleta connected to
the circuit specified in section B 220.03 (2) nor to receptacle outlets
prot\;idedn fga-o E%e connection of stationary equipment as provided for in
seclLion I LUD.

TABLE E 220,02 (3) (a) 2
GENERAL LIGHTING LOADS BY OCCUPANCIES

{nit Load per
Type of Occupancy Sq. Ft. (Watts}

Court Rooms__
*Dwellings (other than hotels} ..
Garages-——Commercial {storage). ... ___ -
Hospitals. e m—— e
*Hotels and Motels, ineluding apartment houses without provisions for
cooking by tenants. . . . ameaao
Industrial, Commercial (loft) Buildings.
Lodge Rooms_ oL

AN

SRLOTNONHDNN N NN

Warehouges, Storaps,
In any of the above occupancies except single-family dwellings and indi-
vidual apartments of multi-family dwellings:
Asgsembly Halls and Auditorjums, . 1
Halls, Corridors, Clogets ________
Storage SpaCes. e )74

#AN recoptacle autlets of 16-ampere or less rating in sfngle-family and multi-family dwellings
and in guest rooms of hotels and motels execept thoze connected to the receptacle circuits
specified in section B 220,02 (2) may be considered as outlets for general illumination, and
no additional load need be incliided for such outlets, The provisions of section E 220,02 (4)
ghall apply o ali other recéptacle outlets.

(5) Exceprrons. The minimum load for outlets specified in subsec-
tion (4) shall be modified ag follows:

(a) Exception No. 1. Ranges. For household electric ranges, the
branch ecircuit load may be computed in accordance with table
E 220.05.

(b) Exception No. 2. Show-window UHghting, For show-window
lighting a load of not less than 200 watts for each linear foot of
show-window, meagured horizontally along its base, may be allowed
in lHeu of the gpecified load per outlet.

(c) Fwception No. 8, Multi-outlet assemblies. Where fixed multi-
dutlet assemblies are employed, each 5 feet or fraction thereof of each
separate and continuous length shall be considered as one outlet of not
less than 1% ampere capacity; except in locations where a number of
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appliances are likely to be used simultancously, when each cne foot
or fraction thereof shall be considered as an outlet of not less than
1% amperes, The requirements of this rule are not applicable to dwell-
ings or the guest rooms of hotels, s

(d) Ewxception No. 4. Telephone exchanges. Shall be waived for
manual switchhoards and switching frames in telephone exchanges.

(6) EXISTING INSTALLATIONS. Additions to existing installations
shall conform to the following: . S

(a) Dwelling occupancies. New circuits or extensions to existing
circuits may be determined in accordance with subsection (8) or
(4); except that portions of existing struetares not previously
wired, or additions to the building structure, either of which exceeds
H00 square feet in area, shall be determined in accordance with sub-
section (3).

(b) Other than dwelling vccupaneies. When adding new cireuits
or extensions to existing cirenits in other than dwelling occupancies;
the provisions of subsection (3) or (4) shall apply.

Hiatory: Cr. Register, January, 1988, No, 145, eff, 3—1-48.

E 220,03 Branch circuits required. Branch cireuits shall be installed
ag follows:

(1) LIGHTING AND APPLIANCE CIRCUITH, {a) For lighting, and for
appliances, including motor-operated appliances, not specifically pro-
vided for in section E 220.08 (2), branch circuits shall be pro-
vided for a computed load not less than that determined by section
E 220.02.

(b) The number of circuits shall be not lesg than that determined
from the total computed load and the capacity of circuits to be used.
In every ease the number shall be sufficient for the actual load to be
served, and the branch civeult loads shall not exceed the maximum
loads gpecified in section E 210.23, ‘

(¢} Where the load is computed on a “watts per square foot” basis,
the total load, in so far as practical, shall be evenly proportioned
among the branch cirenits according to their eapacity.

Note I. When lighting unity to be installed operate at other than 1009
power factor, see section B 210,23 (2) for maximum ampere load per-
mitted on branch cireuits,

Note 2. For general Illumination in dwelling occupancles, it ig recom-
mended that net less than one branch cirenit be Installed for each 500
square feet of floor area in addition to the receptacle circults called for
in gection | 220.03 (2).

See examples No. 1, 1(a), 1(b), 1(e)}, and ¢, chapter B 900,

(2) RECEPTACLE CIRCUITS, DWELLING OCCUPANCIES, (a) TFor the
small appliance load in kitchen, Iaundry, pantry, family room, dining
room and breakfast room of dwelling occupancies, 2 or more 20 am-
pere branch cirenifts in addition to the hranch cireults specified in
subsection (1) shall be provided for all receptacle outlets in these
rooms, and such cireuits shall have no other outlets,

(b) Receptacle outlets supplied by at least 2 appliance receptacle
branch cirenits shall be installed in the kitchen.

(¢) Receptacle outlets installed solely for the support of and the
power supply for electric clocks may be installed on lighting branch
circuits,

Note: A 2-wire 115/280 volt branch circilt 1g the equivalent of two 115 veolt
receptacle branech circuits, .
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(3) FIXEp APPLIANCES, Fixed appliances exeeeding % hp or 300
watts rating shall not be connected to lighting branch cireuits, Where
~an air conditioner sleeve is provided in a building wall, an outlet
within 4 feet of the sleeve location shall he provided. If a circuit is
not Tun to the outlet, a raceway shall be provided. When the air
conditioner is added it shall be supplied by a separate circuit, A
receptacle outlet installed for an air conditioner shall not bhe
counted as one of the receptacies required by section T 210.22 (2).

{4) OTHER crcurTs, For specific loads not otherwise provided for
in subsections (1), (2), or (8), branch circuits shall be as required
by other rules of the code.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 220.04 Calculation of feeder loads. The computed load of a feeder
shall be not less than the sum of all branch cireuit loads supplied by
the feeder, ag determined by section F 220.02, subject to the following
provisions:

(1) GENERAL LIGHTING. The demand factors lsted in subseetion
(2) may be applied to that portion of the total branch cireunit Toad
computed for general illumination. These demand factors shall not
be applied in determining the number of braneh circuits for general
illumination supplied by the feeders.

Note I, 8se subsectlons K (8) and (8).

Note 2. The demand factors herain are based on minimum load condi-
tions and 100% power factor, and in specific instances may not provide
suffcient capacity for the installation contemplated. In view of the
trend toward higher intensity lighting systems and increased loads due
to more general use of flxed and portable appliances, each inastallation
should be considered as to the load likely to be imposed and the eapacity
inereaged to insure sefe operation, Where eleciric discharge Hghting
gystems are to be installed, high power-factor type should be used or
the conductor capacity may need to he inereased.

TABLE SECTION I 220.04 (2)
CALCULATION OF FEEDER LOADS BY OCCUPANCIES

Portion of Lighting Load Feeder

Tyype of Oceupancy to which Demand Demand

Factor Applies (wattage) Factor
Dwellings—Other than Hotels ____ . .n.ooooono Firat 3,000 or less at_ . . <o 100%,
Next 8,001 to 120,000 at_____ 3897,
Remainder over 120,000 at__. 269,
*Hoapitale oo e Firat 50,000 or less at________ 4097,
TRemainder over 50,000 at____ 209,

#iotels and Motels—Including Apartment Houses

without provision for cocking by tenants. ____ First 20,000 or less at_.._____ 60%
Next 20,001 to 100,000 at____ 40%,

Remainder over 100,000 at__ . 309,

‘Warehouses (Storage) o aermmemeeen TFirat 12,500 or lesg at_______. 100%
Remainder over 12,600 at___. 50,

All OPHerB o oo o e e Total Wattage_ - coooemee 1009,

#The demand factors of this table shall not apply te the computed load of sub-feeders to
arens in hospitals, hotels and motels where entire lighting is likely to be used at one time; as
in operating rooms, ballrooms, or dining roors.
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(3) SHOW-wINDOW LIGHTING. For show-window lighting, a load of
not less than 200 watts shall be included for each linear foot of show-
window measured horizontally aleng its base.

(4) Morors. For motors, a load computed according to the provi-
sions of sections F 430.024, E 430,025, and E 480.026 shall be included,

(5) NEUTRAL FEEDER LOAD, The neutral feeder load shall be the
maximum unbalance of the load determined by section I 220.04, The
maximum unbalanced load shall be the maximum connected load be-
tween the neutral and any one ungrounded conductor; except that
the load thus obtained shall be multiplied by 140% for 5-wire, 2-phase
systems, For a feeder supplying household electric ranges, wall-
mounted ovens and counter-mounted cooking units, the maximum
unbalanced load shall be considered ag 70% of the load on the un-
grounded conductors, as determined in accordance with section E
220.05, For 3-wire DC or single-phase AC, 4-wire 3-phase and b-wire
2-phase systems, a further demand factor of 70% may be applied
to that portion of the unbalanced load in excess of 200 amperes, There
shall be no reduction of the neutral capacity for that portion of the
load which consists of electric discharge lighting, See examples 1,
1 (a), 1 (b), 1 (c), 2, 8, 4 and B, chapter I§ 900. In dwelling occu-
pancies where a 100 ampere minimum service is required [sub-
section E 230.041 (1)], the neutral may be two sizes smaller than
the ungrounded conductors when of the same material,

(6) FIXED ELECTRICAL SPACE HEATING. The computed load of a
feeder supplying fixed electrical space heating equipment shall be the
total eonnected load on all branch circuits.

{a) Faxception No. 1. Where reduced loading of the conductors re-
sults from units operating on duty-cyele, intermittently, or from all
units not operating at one time, the administrative authority may
grant permission for feeder conductors to be of a capacity less than
100%, provided the conductors are of sufficient capacity for the load
go determined.

(b) Exception Neo. 2. Subsection (6) does not apply when feeder
capacity is caleulated in accordance with optional method in section
E 220.07 for one-family residences,

{') NON-COINCIDENT LOAD. In adding the branch circuit loads to
determine the feeder load, the smaller of two dissimilar loads may be
omitted from the total where it is unlikely that both of the loads will
be gerved simulianeously.

(8) SMALL APPLIANCES. The computed branch cireuit load for re-
ceptacle outlets in other than dwelling occupancies, for which the al-
lowance is not more than 1% amperes per outlet, may be included with
the general lighting load and subject to the demand factors in sub-
section (1}.

Dwelling Occupancies

Note: The requirements in following sections B 220,04 (9)—(12) apply to
c(hlv)euir(lg) type occupanicies and are supplemental to sectlons ™ 220.04

(9) SMALL APPLIANCES —DWELLING OCCUPANCIES. In single-family
dwellings, in individual apartments of multi-family dwellings having
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provisions for cooking by tenants, and in each hotel suite having a
serving pantry, a feeder load of not less than 1500 watts for each
2-wire cireuit installed as required by seetion B 220.03 (2) shall
be included for small appliances (portable appliances supplied from
receptacles of 156 or 20 ampere rating) in pantry and breakfast-room,
dining room, kitchen and laundry. Where the load is subdivided
through 2 or more feeders, the computed load for each shall include
not legs than 15600 watts for each 2-wire cireuit for small appliances.
These loads may be included with the general lighting load and
subject to the demand factors in section E 220.04,

(10) EiECTRIC RANGES. The feeder load for household electric ranges
and other cooking appliances, individually rated more than 1% kw,
may be caleulated in accordance with section E 220.06.

Note:r In order {o provide for possible future instaliation of ranges of
higher ratings, it {s recommended that where ranges of less than 88
kw ratings or wall-mounted ovens and counter-mounted cooking units
are to he installed, the feeder capacity be not less than the maximum
demand value speclfied in column A of table B £20.05.

{a) Where a number of single-phase ranges are supplied by a 8-
phase, 4-wire feeder, the current shall be computed on the basis of
the demand of twice the maximum number of ranges connected be-
tween any two phase wires,

Note: See example 7, chapter T8 %00,

(11) FIXED ELECTRICAL APPLIANCES (OTHER THAN RANGES, WATLL-
MOUNTED OVENS, COUNTER-MOUNTED COCKING UNYTS, CLOTHES DRYERS,
AIR CONDITIONING EQUIPMENT OR SPACE HEATING EQUIPMENT}. Where
4 or move fixed electrical appliances other than electric ranges, wall-
mounted ovens, counter-mounied ecooking units, clothes dryers, air
conditioning equipment or space heating equipment are connected o
the same Teeder in a single or multi-family dwelling, a demand factor
of 100% for the largest individual load and 75% for the balance may
be applied to the fixed appliance load.

(12) SPACE HEATING AND AIR COOLING. In adding branch circuit
loads for space heating and air cooling in dwelling occupancies, the
smaller of the 2 loads may be omitted from the total where if is
unlikely that both of the loads will be served simultaneously.

Note: Permanently installed bathroom heating units are considered fixed
appliances and must be included in the load of section (il}.

(13) BELECTRIC CLOTHES DRYERS, Where provisions are made for
installing one or more electric clothes dryers, a feeder load of 5,000
wattg or the mameplate rating of the appliance, whichever is larger,
shall be included for each dryer, subject to the demand factors of
table E 220.06.

(14) AIR CONDITIONERS, Where provisions are made for installing
one or more air conditioning units, a feeder load of 1,000 watts or
the nameplate rating of the appliance, whichever is larger, shall be
ineiuded for each unit,

History: Cr, Register, January, 1968, No. 145, eff. 2—-1-68.
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TABLE E 220,05

DRMAND LOADSE FOR HOUSEHOLD ELECTRIC RANGES, WALL-
MOUNTED OVENS, COUNTER-MOUNTHED COOKING UNITS AND
OTHER HOUSEHOLD COOKING APPLIANCES OVER

1% kw RATING

Column A to be used in all cases except as otherwise permitted in

Note 4 below,

93

Maximuin
Demand Demand Factors
(See Notes) (Bee Note 4)
NUMBER OF APPLIANCES
COLUMN A COLUMN B COLUMN C
{Not over 12 {Less than 84 | (812 kw to 834
kw Rating) kw Rating) kw Rating)
8 kw 80% 0%
11 kw Th% 65%,
14 kw T0% B6%
17 kw 667, 50%,
20 lew 629, 45%,
21 lew 5997, 439,
22 kw B6%, 409,
23 low 5347, 36,
24 lew 519% 359
25 kw 4997 349,
26 kw 474 3207,
27 kw 45%, a2,
28 kw 439, a2,
29 kw 414, 324,
30 kkw 108 324
31 kw 3965 28%,
32 kw 389, 287,
33 kew 374, 234,
34 kw 1697, 28%
35 kw 359, 28%,
36 kw 3457 265,
87 kw 3377 268
38 lew 329, 269,
30 kw 314 26,
40 kw 309, 26%,
(16 kw plus 1 low 307, 249,
ior each range) 309 229,
(25 Jow plus 34 309, 20
kw for each 309, 18%,
range) 309, 169%,

Note I, Over 12 kw to 27 kw ranges all of same kw rating, For ranges,
individually rated more than 12 kw but not more than 27 kw, the maximum
demand in Column A shall be Increased 5% for each additional kw of rating
gg inajor fraction therecf by which the rating of individual ranges exceeds

w.

Note & Over 12 kw to 27 kw ranges of unequal ratings. For ranges Indl-
vidually rated more than 13 kw and of different ratings but none exceeding
27 kw an average value of rating shall be calculated by adding together
the ratings of all ranges to obtain the total connected load (using 12 kw for
any range rated Jess then 12 kw) and dividing by the total number of
ranges; and then the maximum demand in Column A shall he increased Ego
rlfgrkeach kw or major fractlon thereof hy which this average value exceeds

W,

Note 8. The branch circult load for a commercial range shall be the
nameplate rating of the range, The following demand factors may be used
to determine the feeder load for commercial cooking appliances: One or two
appliences—100%, three appliances—90%, four appliances—80%, and five
or more appliances—G0%,

Note 4 Over 19 kw to 8% kw In lieu of the method provided in Col-
umn A, loads rated more than 13 lkw but not more than 8% kw may be con-
sidered as the sum of the nameplate ratings of all the loads, multiplied by
tlflel d%mand factors specifled in Columns B or C for the given number
of loads.

Note 5. Branch circuit load, Branch cireult load for one range may be
computed in accordance with Table E 220,05, The branch circuit load for
one wall-mounted oven or ohe counter-mounted cooking unit shall be the
nameplate rating of the appliance,
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Note §. Branch circuit load. Branch circuit load for one range may be
computed in accordance with table B 220,05, The branch circuit Ioad for one
wall-mounted oven or one counter-mounted cooking unit shall he the name-
plate rating of the appliance. The branch cireult load for a counter-mounted
cooking unit and not more than 2 wall-mounted ovens all supplled from &
single branch circuit and loeated in the same room shall be computed by
adding the nameplate rating of the individual appliances and treating this
total a8 equivalent to one range.

History: Cr. Register, January, 1968, No. 145, eff, 2—1-68.

TABLE E 220,08
DEMAND FACTORS FOR HOUSEHOLD BELECTRIC CLOTHES DRYERS

Demand Faetor
Numbher of Dryers (per cent)

)
=3
(=3

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

£ 220.07 Optional calculation, ¥or single-family dwellings and indi-
vidual apartments of multi-family dwellings where the fotal load of
each dwelling wnit is supplied by one 3-wire, 100 ampere or larger
feeder or set of serviee entrance conductors, the following percentages
may be used in lieu of the method of determining feeder (and service)
loads detailed in section I 220,04,

TARBLE 1 22007
(1) OPTIONAL CALCULATION FOR ONE-FAMILY RESIDENCE

Per Cont
LOAD (in kw or kva) of Load
Alr conditioning and cooling including heat pump compressors (see It 220,04(12)) 100%;
Central electrical space heating (see I 220.04(12)) .o~ oo emncomaoaon 100%,
Less than 4 seuarately controlled electrical space heating units (see subsection
B 220,04 (12)) oo e e e e e e mmm e mm e m o am 1009,
Tirst 10 low of all other lead 100
Remainder of other load . . e 409,

{2) All other load shall include 1500 watts for each 20 ampere
appliance outlet civeuit (section E 22003 (2)); lighting and port-
able appliances at 8 watts per square foot; all fixed appliances, (in-
cluding 4 or more separately controlled space heating units [see
section E 220.04 (12)], ranges, wall-mounted ovens and counter-
mounted cooking units) at nameplate rated load (kva for motors and
other low power-factor loads). See examples 1 (b) and 1 {c¢) of chap-
ter E 900,

Mlistory: Cr. Register, January, 1988, No. 145, eff. 2--1-68,
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230.001
230.002

230.003
230:004
230.005
230.021
230.022
230,023
230.024

230.025
230.026

230,027
230.030

230,021
230,032

230.033
230.034

230.035
230.040
230.041

B 8 F Hd HE H BEMd H B B ZE

5 =5 8

230.042
230.043

230.044
230.045

230,046
230,047

e =5 M

=HE

Note: For over 600 volts see section B 230,100,

Chapter E 230

SERVICES
Scope D 230.048
Number of services to a
building
Supply to a buildlng B 230.049
from_ another
Insulation of service T 220450
conductors B 230.951
?ize of service conduec- B 250,052
ors
Number of dropa I 230.053
Service drop conductors
Minimum plze of gerv- I 230,054
lce drop conductors
Clearance of gervice E 230.060
drop X 230.062
Supports over buildings B 230.063
Point of attachment to I 230.0790
buildings E 230,071
Means of attachment
Insulation; underground I 230.072
gervice conductors
Size of underground W 230.073
service conductors
Protection against dam- I 230.074
age
Raceway seal B 230.095
Grounding raceways & 230.076
and cable sheaths 1 230.080
Termination at service 1 230,091
equipment T 230,092
Insulation of gervice-
entrance conductors I 230,093
Bize of service-entrance
conductors, overhead 1 230,094
system and underground
gystem
Service-entrance con- B 230,100
ductors without splice I 230.101
Other conductors in
gervice raceway E 230,102
Wiring methods B 230,103
Conductor congidered HE 230,104
outside building " 230.106
Mechanical protection
Individual open conduc- K 230.106
tors exposed to weather HE 230.107

95

Individual open condue-
tors not exposed to
weather

Individual conduectors
entering buildings
Service cables

Service head
Enclosing raceways
made raintight
Terminating raceway at
service eguipment
Grounding service race-
ways and cable armeor
Hpaszardous locations
Guarding

Grounding and bonding
General i

Rating of aervice equip-
ment
Connection to
nals
Connections ahead of
disconnecting means
Bafeguarding emergency

termi-

supply

Multiple occupancy
More than one building
Where required
Location

Location of branch-cir-
cuit overcurrent devices
Protection of specific
ecircuits

Relative location of
overcurrent device and
other gervice equipnment
Scope
Service~entirance con-
ductors

Warning signs
Disconnecting means
Isolating switches
Eguipment in secon-
daries

Qvercurrent protection
Lightning arresters

A. GENERAL REQUIREMENTS

E 230,001 Scope. The provisions of this chapter shall apply to the
econductors and equipment for control and prolection of seivices—
circuits that conduct electric power from the supply system or plant to
the premises to be served.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 230,002 Number of services to a building. In general, a building
or other premiges gerved shall be supplied through only one set of

service conductors, except as follows:

(1) ExceprioN No. 1, Fire PUMPS, Where a sgeparate service is
reguived for fire pumps.
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(2) ExoerrioN No, 2. EMERGENCY LIGHTING, Where a separate serv-
ice is required for emergency lighting and power purposes.

(3) ExceprioN No. 8. MULIIPLE-OCCUPANCY BUILDINGS, (a) By spe-
cial permission, in multiple-occupancy buildings where there is no
available space for service equipment aceessible to all the occupants,

{b) Multiple-occupancey buildings that do not have individual occu-
pancy above the second floor and which have service conductors run
to each occupancy may have 2 or more separate sets of service-
entrance eonductors tapped from one drop, or 2 or more sub-sets of
service-entrance conductors tapped from a single get of main service
conductors. See section B 230.075 and section E 280.090 (1) (d).

(4) ExceErTioN No, 4. CAPACITY REQUIREMENTS, Additional services
may be installed because of capacity requirements in accordance with
the following table:

Number of Services
Service Rating Permitted

0~ 400 amperes. ... ___.__.__.._.
401~ 800 amperes
801-1200 amperes

[

Note 1: Where 2 services are permitted, one must be of at least 400 am-
pere rating. Where 3 services are permitted, 2 must he of at least 400
ampere rating,

Note 2: For services above 1200 ampere rating and 8 in number, the
pattern established by the above table and Note 1 is to be continued.

(p) TXCEPTION No, 5. BUILDINGS OF LARGE AKEA, Two or more sets
of service conductors may be installed for the same class of service
for the same consumer if located more than 150 feet apart (measured
in a straight line), provided that all electrical wiring supplied by
each service has no common raceway or connection with any other
service.

(6) EXCEPTION No. 6. DIFFERENT CHARACTERISTICS OR CLASSES OF
vusp, Where additional services are required for different voltages,
frequency, or phase, or different classes of use. Different classes of
use could be because of needs for different characteristies, or because
of rate schedule as in the case of controlled water heater service.

Note: On a farm or any place that must depend partially or wholly on
a local motor-driven pump for fire protection, it is advisable to connect
that motor in such a way that the opening of other than its own cir-
cuit protection will not interrupt serviece to the pump,

(7) Exceprion No, 7. MULTI-STORY BUILDINGS. In multi-story build-
ings supplied through 2 or more transformers, one service will be
permitted per floor provided that all eleetrical wiring supplied by
each service has no common raceway or connection with any other
service. More than one service per floor ig permitted under the con-
ditions outlined in sections B 2380.002 (4) and (5).

Note: The provisions of section E 230.002 (7) BExceerlonr No. 7 are not
intended to prohibit interconnecting transformer secondaries.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 230,003 Supply to a building from another, No overhead service,
ne underground service and no service from an isolated plant shall
supply one building from another, unless such buildings are under

Electrical Code, Volume 2
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single occupaney or management, Conductors in conduit or duct
encased on all sides by concrete or brick masonry not less than
2 incheg thick, shall be considered outside the building. See section
B 230.076,

Historys Cr. Register, January, 1968, No. 145, eff. 2-1-68,

B. INSULATION AND SIZE OF SERVICE CONDUCTORS

E 230.004 Insulation of service conductors. Service conductors shall
have an insulating covering which will normally withstand exposure
to atmospheric and other conditions of use and which shall prevent
any detrimental leakage of current to adjacent conductors, objects, or
the ground.

(1) EXceprioN., GROUNDED CONDUCTOR. In the case of service con-
ductors that have a nominal voltage to ground of not more than 300
volts, a grounded sgervice conductor without an insulating covering
may be ingtalled.

Note 1. For service drops, see section B 230.022,

Note £ For service entrance conductors, see sectlon E 230.040,

Note 3. For underground services, see section E 230.080,

El\ggte 4. For farmstead service conductors, see Wig, Adm, Code section

Hlstory; Cr, Register, January, 1968, No, 146, eff, 2-1-68,

E 230,005 Size of service conductors, Service eonductors shall have
adequate ampacity to safely conduet the eurrent for the loads sup-
plied without a temperature rise detrimental to the insulating cover-
ing of the conductors, and shall have adequate mechanical strength.

Note: Minimum sizes are given in the following references:

For gervice drops, see section B 230.023,
For service entrance conductors, see section I 230.041.
For underground service conductors gee section B 230.081.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

C. SERVICE DROPS

E 230021 Number of drops. No building shall be supplied through
more than one service drop, except for the purposes listed in section
E 230,002.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 230.022 Service drop conductors, (1) In multiple-conductor cables,
eonductors shall be covered with rubber, thermoplastic, thermosetting
or other suitable ingulation, except a grounded conductor may he
uninsulated where the maximum voltage to ground of any conductor
is not over 300 volts, '

{2) Al open individual conductors shall be insulated or covered.

Noie: Conductors baving extruded covering used for service drops have
%ealsoairée ampacities as covered conductors listed in tables E 310.1%2 and

History: Cr, Register, January, 1288, No, 145, eff, 2-1-68,

B 230.023 Minimumn size of serviee drop conductors. (1) Conductors
shall be of sufficient size to carry the load and shali not be smaller
than No. 8 copper or equivalent except for limited load as in section

Hlectrical Code, Volume 2
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E 280.041 (4), where they may be not smaller than No. 12 and shall
then be of hard drawn copper or eguivalent,

(2) Conductors to a building from a pole on which a meter or
disconnecting means is installed shall be eonsidered as a service drop
and installed aecordingly, The clearance to ground of these con-
ductors shall be in aceordance with Wis. Adm. Code section E T730.18,

History:s Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 230.024 Clearance of service drop. Service drops shall not be
readily accessible and, for voltages not in excess of G00 volts, shall
conform to the following: Subsections (1)—(5) inclusive, Por clearance
of conductors of over 600 volts, see Wis, Adm, Code section E 128.03
in Volume 1,

(1) CrmARANCE OVER RooF. Conductors shall have a clearance of not
lesg than 8 feat from the highest point of roofs over which they pass,
except that where the voltage between conductors does not exceed 300
volts and the piteh of the roof is greater than 3 inches per foot, the
clearance may be not less than 8 feet, Where the service conduit ex-
tends through a roof, the service drop conductors, if operating at less
than 300 volts between conductors, may have a clearance of not less
than 18 inches vertically above the roof providing such conductors do
not extend more than 45 inches acregs the roof,

(2) CLEARANCE FROM PLATFORMS AND GROUND, Conductors shall have
a clearance of not less than 10 feet from any platform, porch, fire
escape or other projection from which they mipht be reached, For
clearance of conductors from the ground see Wis. Adm, Code sec-
tions E 128.08 in volume 1 and E 730.18.

(8) CLEARANCE FROM BUILDING OPENINGS, Conductors shall have a
clearance of not lesg than 36 inches from windows, doors, porches, fire
eseapes, or similar locations. The clearance from windews refers only
to those portions of windows which are normally capable of being
opened. Conductors run above a window are censidered inaccessible
from that window. No clearance is required from windows consisting

of glass blocks or fixed panes which cannot be opened.

(4) CLEARANCE FROM STORAGE TANKS. A horizontal clearance of at
least 156 feet shall be maintained between above-ground fammable
liquids storage tanks and open conductors operating at more than
300 volts to ground. When the voltage is 300 or below, a horizontal
clearance of not less than 8 feet shall be maintained,

Note: Thls requirement does not apply to LPG tanks with capacity of
1,000 gallons or less,

(5) CLEARANCE FROM WELLS, A horizontal clearance of at least %
the required vertical clearance of the conductor shall be maintained
between open conductors and wells,

History; Cr, Register, January, 1068, No, 145, eff. 2-1-68,

E 230,025 Supports over buildings. Where practicable, conductors
pagsing over a building shall be supported on structures which are
independent of the building, Where necessary to attach conductors to
roof they shall be gupported on substantial structures.

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68,
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E 230.026 Point of attachment to buildings. (1) The point of attach-
ment of a service drop to a building or other structure shall be not
less than 10 feet above finished grade and shall be at a height to
permit a minimum eclearance for service drop conductors of 10 feet
above sidewalks and 18 feet above driveways, alleys and public roads.
The attachment should not be more than 30 feet above ground unless
a greater height is necessary for proper elearance, Where it is imprac-
tical to get the point of attachment high enough to obtain the above
clearances, the clearance over residential driveways may be veduced,
provided a clearance of 10 feet over sidwalks, 18 feet over alleys and
public roads, and a minimum of 12 feet over residential driveways
iz obtained,

(2) In the event a mast type riser ig required to attain the required
height, it shall be of such construetion and so supported that it will
withstand the strain imposed by the serviee drop. Raceway fittings
shall be of a type approved for the purpose,

History: Cr. Register, Janhuary, 1868, No, 145, eff, 2-1-68.

E 230.027 Means of attachment. Multiple-conductor cables used for
service drops shall be attached to buildings or other structures by
fittings approved for the purpose. Open conductors shall be attached
to non-combustible, nonahsorptive insulators securely attached to the
building or other structure or by fittings approved for the purpose.

History: Cr. Register, JTanuary, 1968, No, 145, eff, 2-1-68.

D. UNDERGROUND SERVICES

E 230.030 Insulation; underground serviee conductors, (1} Under-
ground conductors up to the point of attachment to service equipment
shall be covered with rubber, eambric, thermoplastic, paper or other
approved insulating material, except:

{a) Eweeption No, 1, Uninsulated grounded neutral conductors of
aluminum or copper may be installed underground when part of an
approved cable assembly.

(b) Exceplion No. 2. Bare grounded mneutral conductors of copper
may be installed underground in duct or conduit.

(2} Insulated gervice conductorg installed underground, or in con-
crete slabs or masonry in direct contact with earth, shall be lead-
covered or of other {ypes specially approved for the purpose.

" History: Cr. Register, January, 1%68, No, 145, eff. 2-1-68."

B 230.031 Size of underground serviee conductors., (1) SiZE oF
UNDERGROUND SERVICE LATERAL. Conductors shall be of sufficient size
to carry the load and shall not be smaller than No. 8 copper or the
equivalent execept for limited load as in section B 230.041 EXCEPTION
No. 4 the conductors shall not be smaller than No, 12 copper or equiv-
alent. The underground service lateral shall not extend into a build-
ing in a raceway longer than 3 feet,

{2) Srzr OF UNDERGROUND SERVICE ENTRANCE CONDUCTORS. Same as
required for overhead service entrance conductors. See section
E 230,041,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-58,
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E 230,032 Protection against damage. (1) IN THE GROUND. Under-
ground service conductors shall he protected against physical damage
by being installed in duct, conduit, in eable of one or more conductors
approved for the purpose, or by other approved means, See section
E 31001 (2) and sections B 310.06 and E 310.06. Also see Wis. Adm,
gode chapter E 129 in wvolume 1 of the Wisconsin Siate Bleetrical

ode,

(2) ON rorES, Where underground service conductors ave carried
up a pole the mechanieal protection shall be installed to a point at
least 8 feet above the ground. Such mechanical protection may be pro-
vided by the use of approved cable, pipe, or other approved means,

(3) WHERE ENTERING BUILDING. Underground service conducfors
shall have mechanical protection in the form of rigid or flexible con-
duit, electrical metallic tubing, auxiliary gutters, the metal tape of
an approved service cable, or other approved means, The mechanical
protection shall extend to the enclosure for the service equipment un-
less the service switch is installed on a switchboard, in which case a
bushing shall be provided which, except where lead-covered conductors
are used, shall be of the insulating type.

History: Cr, Regigter, January, 1968, No, 145, eff. 2-1-68,

E 230.03% Raceway seal. Where a service raceway or duct enters
from an underground distribution system, the end within the building
shall be sealed with guitable compound so asg to prevent the entrance
of moisture or gases, Spare or unused ducts shall also be sealed,

History: COr. Regiater, January, 1968, No, 145, eff. 2-1-68.

B 230.084 Grounding raceways and cable sheaths. See section E
230.063.
History: Or, Register, January, 1968, No, 145, eff, 2-1-68.

E 230.035 Termination at service equipment. See section It 280.042,
exception No. 3, and section E 230.053.
History: COr. Register, JTanuary, 1968, No, 145, eff. 2-1-68.

E. SERVICE-ENTRANCE CONDUCTORS

B 230,040 Insulation of service-entrance conductors. (1) Service-
entrance conductors extending along the exterior of or entering
buildings or other structures shall be rubber-covered or thermoplastic-
covered if in raceways, or in cables approved for the purpose, except
a grounded conductor may be uninsulated whexe the maximum voltage
to ground of any conductor is not over 300 volts,

(a) Where only on the exterior of the huilding or other struecture
the conductors shall be insulated or covered.

(2) Open individual eonducters which enter the building or other
structure shall be rubher-covered or thermoplastic-covered.

Histery: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 230,041 Size of service-entrance conductors, overhead system and
underground system. Service-entrance conductors ghall have sufficient
ampacity to carry the load as determined by Wis, Adm, Code chap-
ter B 220 and in accordance with tables E 310,12, E 310.13, E 310,14
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and E 310.15, Service-entrance conductors shall not be smaller than
No. 6 except:

(1) ExceprioN No. 1. For single-family residences vequiring more
than three 2-wire branch cireuits or having an arvea of more than
500 square feet (external dimensions) and for multi-occupancy
buildings requiring more than three 2-wire branch eirenits, the
servies shall be a minimum of 100 amperes, 3-wire or 4-wire, and
each unit requiring more than two 2-wire branch circuits shall have
a 3-wire service, Services or feederg to each unit of multi-occupaney
residential buildings ghall be a minimum of 50 amperes. For neutral
size on 100 ampere services in dwelling occupancies, see section
E 220.04 (5).

(2} Excrprion No. 2, For installations congisting of not more than
two 2-wire branch circuits they shall not be smalier than No. 8.

(3) ExcepTioN No. 3. By special permission due to limitations of
supply source or load requirements they shall not be smaller than
No. 8.

(4) EXCEPTION MO, 4. For installations to supply only limited loads
of a single branch circuit, such as small polyphase power, controlled
water heaters and the like, they shall not be smaller than the con-
duetors of the branch eireuit and in no case smaller than No. 12.

() ExcmprioN No, 5. The neutral conductor which shall have an
ampacity in conformity with section E 220.04 {5), but shall not be
smaller than the ungrounded conductors when these are No, 8 or
gmaller,

History: Cr. Reglster, JTanuary, 1968, No, 145, eff. 2—1-68.

E 230,042 Service-entrance conducters without splice. Service-sn-
trance conductors ghall be without splice except as follows:

(1) Exception No. 1. Clamped or bolted connections in a meter en-
closure are permitted.

(2) ExceprioN No. 2, Taps to main service eonductors are per-
mitted as provided in section E 230.002 (8) (b) or to individual sets
of gervice equipment as provided in section E 230.070.

(8) EXcEPTION No. 3. A connection is permitted, when properly en-
closed, where an underground service conductor enters a building and
ig to be extended to the service equipment or meter in another form
of approved service raceway or service cable.

(4) ExcerTioN No. 4. A connection is permitted where gervice con-
ductors are extended from a service drop to an outside meter location
and returned to connect to the service entrance conductors of an exist-
ing installation.

(b) ExcerrioN No. b. For extending existing services, special per-
mission to make gplices in fittings of the service run and to extend
existing wire size may be granted,

History: Cr. Register, January, 1968, No, 146, eff, 2—_1—68.

E 230.043 Other conductors in smervice raceway, Conductors other
than service conductors, grounding conductors, or control conductors
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from time switches having overcurrent protection, shall not be in-
stalled in the same gervice raceway or service entrance cable,

Note I, Water heater leads are to be considered as service entrance
conductors.

Note 2. Where a meter is located on a pole the wires to and from the
meter may be installed in the same raceway if service equipment is pro-
vided at each building supplied from {his pole.

History: Cr. Register, January, 1968, No, 146, eff. 2-1-68.

F. INSTALLATION OF SERVICE-ENTRANCE CONDUCTORS

E 230.044 Wiring methods. Service-entrance conductors extending
along the exterior, or entering buildings or other structures may be
installed as separate conductors, in cables approved for the purpose,
or encloged in rigid conduit, or, for cireuits not exceeding 600 volts,
in electrical metallic tubing, wireways, auxiliary gutters, or as bus-
ways.

(1) Service-entrance conductors shall net be run within the hollow

spaces of frame buildings unless provided with overcurrent protec~

tion at their outer end,
Histery: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 230,045 Conductor considered outside building., Conductors in con-
duit or duct placed under at lezst 2 inches of concrete beneath a
building, or within a building and enclosed by concrete or brick not
less than 2 inches thick shall be eonsidered outside the building,

History: Cr, Reglster, January, 1468, No, 145, eff. 2—1-68.

E 230.046 Mechanical protection. Individual open conductors or
cables other than approved service-entrance cables, shall not be in-
stalled within 8 feet of the ground or where exposed to physical dam-
age. Service-entrance eables, where liuble to contact with awnings,
shutters, swinging signs, installed in exposed places in driveways, near
coal chutes or otherwise exposed to physical damage, shall be of the
protected type or he protected by eonduit, electrical metallic tubing
or other approved means,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 230,047 Individual open eonductors exposed to weather. Individual
open conductors exposed to weather shall be supported on insulators,
racks, brackets, or other means, placed at intervals not exceeding
9 feet and separating the conductors at least 6 inches from each other
and 2 inches from the surface wired over; or at intervals not exceed-
ing 15 feet if they maintain the conduetors at least 12 inches apart.
For 300 volts or less, conductors may have & separation of not less
than 8 inches where supports are placed at intervals not exceeding
4% feet and conductors are not less than 2 inches from the surface
wired over. Weatherproof conductors on exterior of buildings shall
have a clearance from the ground of not less than 8 feet, and a clear-
ance from windows, doors, porches, ete., of not less than 3 feet. Con-
ductors run above the top level of a window are considered out of
reach from that window.

Hislory: Or. Reglster, January, 1968, No, 145, eff, 2-1-68.

E 230,048 Individnal open conductors mot exposed to weather, In-
dividual open conductors not exposed to the weather may be supported
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on glags or porcelain knobs placed at intervals not exceeding 4% feet

and maintaining the conductors at least one inch from the surface

wired over and a separation of at least 244 inches between conductors.
History: Or, Register, January, 1968, No. 145, eff, 2-1-68,

E 230.049 Individual conduetors entering buildings, Individual eon-
ductors entering buildings shall pass inward and upward through
slanting noncombustible, nonabsorptive ingulating tubes, or shall enter
through roof bushings, and shall conform to the provisions of chapter
E 324. Drip loops shall be formed on the conductors before entering
tubes,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 230,050 Service cables. Service cables of a type not approved for
mounting in contact with a building shall have insulating supports at
intervals not exceeding 15 feet, and maintaining a distance of at least
2 inches from the surface wired over, Service cables mounted in con~
tact with the building shall be supported at intervals not exceeding
414 feet.

History: Cr. Reglater, January, 1968, No, 145, eff, 2—1—g8,

E 230,051 Service head. Service raceways shall be equipped with a
raintight service head. Service cables, unless continuous from pole to
service equipment or meter, shall be equipped with an approved
raintight service head, or be formed in a gooseneck, taped and painted
or taped with self-sealing weather-resistant thermoplastics and held
securely in place by its connection to service-drop conductors below
the gooseneck or by a fitting approved for the purpose. Drip loops
shall be formed on individual conductors. Tao prevent the emtrance
of moisture, service-entrance conduetors shall be connected to the
service-drop conductors below the level of the service head or the
termination of gervice-entrance cable sheaths. Where service heads
are used, conductors of opposite polarity shall be brought out through
separately bushed holes, Service head and serviece drop attachments
and communication cables or conductors attached to or carried along
the surface of a building shall be so located that no part of the
drip loops or service drop conductors within 8 feet of the service
head and service drop attachments shall be less than 12 inches from
commmunication cables or conductors,

Mistory: Cr, Register, January, 1968, No, 145, eff, 2~1—68.

E 230,052 Enclosing raceways made raintight. When rigid metal
raceways are installed where exposed to weather the raceways shall be
made raintight and arranged to drain.

History: Cr. Register, January, 1968, No, 145, eff. 2-1—§8,

E 230.053 Terminating raceway at service equipment. Where con-
duit, electrical metallie tubing, or service cable is used for service con-
ductors, the inner end shall enter a terminal box or cabinet, or be
made up directly to an equivalent fitting, enclosing all live metal parts,
except that where the service disconmecting means is mounted on a
switchboard having exposed bus-bars on the back, the raceway may
be equipped with a bushing which shall be of the insulating type un-
less lead-covered conductors are used,

History: Cr. Register, January, 1968, No, 145, eff. 2—1—§8,
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E 230.054 Grounding service raceways and cablé armor, See section
E 230.063.
History: Or. Register, January, 1968, No, 145, eff. 2-1-68.

G. SERVICE EQUIPMENT

E 230.060 Hazardous locations., Service equipment installed in haz-
ardous locations shall comply with the requirements of Wis. Adm.
Code chapters I 500 to B 517 inclusive,

History: Cr, Register, January, 1968, No, 145, eff. 2-1-68.

H. GROUNDING AND GUARDING

1 230,062 Guarding. Live paris of service equipment shall be en-
closed so that they will not be exposed to accidental contact, unless
meounted on a switchboard, panelboard or controller accessible to guali-
fied persons only and located in a room or enclosure free from easily
ignitible material. Suech an enclosure shall be provided with means
for locking or sealing doors giving acecess to live parts.

History: Or. Register, January, 1968, No. 146, eff, 2-1-68.

E 230,063 Grounding and bonding. Service equipment shall be
grounded as follows:

(1) BquiPMENT, The enclosure for service equipment shall be
grounded in the manner specified in chapter E 250, unlesg {a) the
voltage does not exceed 150 wolty to ground and such enclosures are
{b) isolated from conducting surfaces, and (c) unexposed to contact
by persens or materials that may also be in contact with other con-
ducting surfaces.

{2) Racmways. Service raceways, and the metal sheath of service
cables, shall be grounded. Conduit and metal pipe from underground
supply shall be considered sufficiently grounded where containing lead-
sheathed cable honded to a continuwous underground lead-sheathed
cable gystem.

(8) FrexisLi coNpuir, Where a service run of rigid metal raceway
is interrupted by flexible metal conduit, the sections of rigid metal
raceway thus interrupted shall be bonded together by a copper con-
ductor not smaller than No. 8, using clamps or other approved means.
The conductor and bonding devices shall be protected from physical
damage, Where the flexible conduit runs to the service cabinet, similar
bonding shall be installed between the cabinet and the rigid raceway.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

J, DISCONNECTING MEANS

E 230.076 General. (For multiple occupancy buildings see also sec-
tion B 230.075.)

(1) DISCONNECFION FROM SERVICE CONDUCTORS. (a) Means shall be
provided for disconnecting all conductors in the building or other
gtrueture from the serviece conductors, The disconnecting means for
each set of service conduciors ghall consist of:

1. A single main disconnecting means for single occupaney build-
ings or other structures or,
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2. A single main disconmnecting means for each metered service in
each occupancy of a multi-occupancy building having service con-
ductors run to each occupancy or,

3. A single main diseconnecting means for each mestered service up
to and including 6 or,

4. Not more than 6 switches or 6 cireuit-breakers where the
combined rating of the service disconnecting means exceeds 400
amperes or, .

b. Not more than 6 switches or 6 circuit-breakers for each farm
sevvice entrance, whether on a pole or in separate buildings except
for the residence which shall have a single main disconnecting means,

6. Not more than 6 switches or 6 cireuit-breakers for additions te
existing services installed prior to the effective date of this code.

Note; Main disconnects for fire pumps, emergency lighting or fire alarm
systems shall not be counted as disconnecting means so far as the limit of
the number of disconnecting means is concerned,

(b} For services operating at not to exceed 250 volts and capacities
up to and including 100 amperes, the service switch and service fuses,
when not a part of a switchboard, shall be of the accessible fuse or
dead front type in which the fuses are dead when accessible and no
live parts are exposed to accidental contact.

(2) Location, The disconnecting means shall be located at a
readily accessible point nearest to the entrance of the conductors,
either inside or outside the building or other structure. See 'Wis, Adm.
Code sections B 195,16 and & 230.045,

(3) APprrovAL. The disconnecting means shall be of a type approved
for sexvice equipment and for prevailing conditions.

(4) Tyres PERMITTED. The disconnecting means for ungrounded
conductors shall consist of either:

{2) A manually operable swiich or circuit-breaker equipped with
a handle or other suitable operating means positively identified and
marked for mechanical operation by hand,

(b) An electrically operated switeh or circmit-breaker provided the
switeh or civeunit-breaker can be opened by hand in event of a failure
of the power supply and the open and closed positions are clearly
indicated to the operator. In addition to the normal operating means,
a push-button type of electrical remote control may be used to trip
or open the service dizconnecting means, but not to close it,

(5) EXTERNALLY OPERABLE. An enclosed service switch or eirenit-
brealker shall be externally operable, See definition section E 100.02
(88).

(6) InpicATING, The disconnecting means shall plainly indicate
whether it is in the open or closed position.

(7) SWITCH AND CIRCUIT-BREAKER, Where more than one switch or
cireuit-breaker is permitted by subsection (1), they shall be in a
common enclosure or in a group of separate enclosures,

(8) SIMULTANEOUS OPENINGS, The disconnecting means shall simul-
tancously disconnect all ungrounded eonductors,

(9) DISCONNECTION OF GROUNDED CONDUCTOR., Where the switch or
cirenit-breaker does mnot interrupt the grounded conductor, other
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means shall be provided in the service cabinet or on the switchboard
for disconmeeting the grounded conductor from the interior wiring.
History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 230.071 Rating of service equipment. (1} The service disconnect-
ing means shall have a rating not less than the load to be carried
determined in accordance with chapter & 220. In general the service
diseonnecting means shall have a rating of not lesg than 60 amperes
where a gwitch is used, and not less than 50 amperes where a circuit-
breaker is used, except:

(a) Ewxception No, 1, For single-Tamily residences requiring more
than three 2-wire branch circuits, or having an area of more than
500 square feet (external dimensions) and for multi-ocecupancy build-
ings requiring more than three 2-wire branch cireuits, the service
equipment shall have a rating of not less than 100 amperes, 3-wire.

(b) Exceplion Neo. 2. For installations consisting of not more than
two 2-wire branch cireunits a service equipment of 30 ampere minimum
rating may be used.

- (¢) Exceplion No. 8, For installations consisting of a single branch
cireuit a circuit-breaker of 15 or 20 ampere rating may be used.
{2) Where multiple switches or circuit breakerg are used in ac-
cordance with section 230.070 (1), the combined rating shall not
be legs than required for a single switch or breaker.
History: Cr, Register, January, 1968, No, 145, eff. 2-1-68.

E 230.072 Connection to terminals, The service conductors shall be
attached to the disconnecting means by pressure connectors, clampg or
other approved means, except that connections which depend upon
solder shall not be used.

History: Or. Register, January, 1968, No, 145, eff, 2-1-68.

E 230.073 Connections ahead of disconnecting means, Service fuses,
meters, high-impedance shunt circuits (such as potential coils of
meters, ete.), supply conductors for time switehes, surge protective
capacitors, instrument transformers, lightning arresters and circuits
for emergency systems, fite pump equipment, fire and sprinkler alarms
as provided in seetion B 230.094, may be on the supply side of the dis-
connecting means. Tapsg from service conductors to supply time
switches, eireuits for emergency lighting, efc., shall be installed in ac-
dordance with section B 230.044 and disconnecting means sghall be
installed as required in gection I 230.070.

Note: For detailed service provisions for flre alarm, sprinkler supervisory,
or watchman systems, see appropriate standards of the Natlonal Fire Pro-
tectlon Assoctation,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 230074 Safeguarding emergency supply, Where an emergency
stupply is provided to feed the conduetors controlled by the service
disconnecting means, the disconnector shall be of a design that will
open all ungrounded conductors from the usual supply before connec-
tion is made to the emergency supply, unless agreed upon arrange-
ments have been made for parallel operation and suitable automatic
control equipment provided, See Wis. Adm, Code chapter E 700,

History: Cr. Register, January, 1868, No. 145, off. 2-1-68,
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E 230.075 Multiple occupaney. In a multiple occupancy building, each
ccupant shall have access to his disconnecting means. A multiple
occupancy building having individual oceupaney above the second
floor shall have service equipment grouped in a common accessible
place, Multiple occupancy buildings that do not have individual occu-
pancy above the second floor may have service conductors run to each
occupancy in accordance with gection B 230.002 (3) (b).

History: Cr. Reglster, January, 1968, No, 145, eff. 2-1-68.

E 230.076 More than one building. In a property comprising more
than one building under single management, the conductors supply-
ing each building served shall he provided with a readily accessible
means, within or adjacent to the building, of disconnecting all un-
grounded conductors from the source of supply. In garvages and out-
buildings on vesidential property the disconnecting means may con-
sist of a snap switeh, suitable for use on braneh circuits, including
switch controls at more than one point.

Histery: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

K. OYERCURRENT PROTECTION

E 230.090 Where required, Each ungrounded service-entrance con-
- ductor shall have overcurrent protection.

(1) UNGROUNDED CONDUCTOR, Such protection shall be provided by
an overcurrent device in series with each ungrounded serviee con-
ductor, having a rating or setting not higher than the allowable am-
pacity of the conductor, except as follows:

(a) Ewception No, 1. For motor-starting currents, ratings in con-
formity with section E 430.052, T 420.062, or E 430.063 may be used,

(b) Euxception No, 2. Cireuit-breakers may have a rating or sefting
in conformity with sections T 240.05 (1) and E 240.05 (2}, and
gection B 240.07; fuges shall conform to requirements of section B
240.08,

{c) Eweeption No. 8, Not more than 6* sets of overcurrent devices
may serve as the overcurrent deviee,

(d) Eweeption No. 4, In a multiple-occupancy building each oceu:
pant shall have access to his overcurrent protective devices. A
multiple-oceupaney building having individual oceupaney above the
second floor shall have service equipment grouped in a common
aceesgible place, the overcurrent protection consisting of not more
than 6% sety of overcurrent devices. Multiple-occupancy buildings
that do not have individual oceupancy above the second floor may
have service conductors run to each occupancy in aceordance with
section E 230.002 (3) (b) and each such service may have not more
than 6% gets of overcurrent devices,

Note: A set of overcurrent devices is all the devices required to protect
all the ungrounded conductors of a cireuit,

(2) NoT IN GROUNDED CONDUCTOR. No overcurrent deviee shall be
inserted in a grounded service conductor except a cirenit-breaker which
simultaneously opens all conductors of the cireuit.

* Main disconnects for fire-pumps, emergency lighting or fire alarm sys-

tems shall not be counted as disconnecting means so far as the limit of the
numher of disconnecting means is concerned.
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{3) MORE THAN ONE BUILDING. In a property comprising more than
one building under single management, the ungrounded conductors
supplying each building served shall be protected by overcurrent de-
vices, which may be located in the building served or in another build-
ing on the same property, provided they are accessible to the occu-
pants of the building served.

History: Or. Register, January, 1968, No. 145, eff, 2-1-88.

E 230.091 Location, The service overcurrent device shall be an in-
tegral part of the service disconnecting means or shall be focated im-
mediately adjacent thereto, unless located at the oufer end of the
entrance.

Historyt Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 230.002 Location of branch-cirenit overcurrent devices, Where the
service overcurrent devices are locked or sealed, or otherwise not
readily accessible, branch-civeuit overcurrent devices shall be installed
on the load side, shall be mounted in an accessible location and shall be
of lower rating than the service overcurrent device.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 230.093 Protection of specific circuits. Where necessary to pre-
vent tampering, an automatic overcurrent device protecting service
conductors supplying only a specific load such as a water heater, may
be locked or sealed where located so as to be accessible.

History: COr, Register, January, 1963, No. 145, eff, 2-1-63.

E 230.094 Relative location of overcurrent device and other service
equipment. The overcurrent device shall protect all circuits and de-
vices except as follows:

(1) The service switch may be placed on the supply side.

(2) High impedance shumt cireuits (such as potential coils of
meters, ete.), lightning arresters, surge protective eapacitors, and in-
strument transformers, may be connected and installed on the supply
gide of the scrvice disconnecting means as permitted in section E
230.073.

(8) Circuits for emergency supply and time awitches may be con-
nected on the supply side of the service overcurrent device where
separately provided with overcurrent protection,

(4) Circuits used only for the operation of fire alarm, other pro-
tective signalling systems, or the supply te fire pump equipment may
be connected on the supply side of the service overcurrent device
where separately provided with overcurrent protection,

(5) Metery for alternating current service not in excess of 600 volis,
provided the serviee contains a grounded conductor and the cases and
enclosures of such meters are grounded by connection to the grounded
cirenit conductor {see section Tt 260.061) or to a common system and
equipment ground electrode (see section I 250.054) ; or meters for
alternating current service not containing a grounded service con-
ductor and not in excess of 300 volts,

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68.
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L. SERVICES EXCEEDING 600 VOLTS

E 230.100 Scope, Service conductors and equipment used on cir-
cuits exceeding 600 volts shall comply with the applicable provisions
of the preceding rules of this chapter and with the tollowing rules
which are additions to or modifications of the preceding rules.

Note 1, Becondary conductors, not the primary conductors, are regarded
as constituting the service conductors to the huilding proper in the foliowing
cases:

a. Where step-down transformers are located outdoors,

b. Where step-down transformers are located in a separate building
from the one served.

¢, Where step-down transformers are located in the building scrved in
8, transformer vault conforming to the requirements of sections E 450.41
through E 450.48 or in any other enclosure under the sole control of the
supply company.

¢, For emergency purpeses only, where the transformer primary discon-
niectmg means is in a locked enclosure, accessible to authorized personnel
alone.

Note 2: Except for the cases listed in Note 1, the primary conductors are
the service conductors.

Note 8! In no case will the provisions of this chapter apply to equipment
not dircetly connected to service conductors, and consequently will not
epply to equlpment in vaults under the sole comtrol of the supply company.

History: Cr, Register, Janhuary, 1968, No, 145, eff. 2-1-68.

E 230.101 Service-entrance conductors, (1) CoNDUCTOR sizm. Service
conductors ghall be not smaller than No. 6 unless in cable. Conductors
in cable ghall be not smaller than No. 8.

(2) WiriNg METHODS. In locations accessible to other than qualified
persons service-enfrance conductors of more than 600 volts shall be
installed in rigid conduit, or as multiple conductor cable approved for
the purpose.

(3) OpenN work. If open work is employed where not accessible to
other than qualified persons, the service conductors shall be rigidly
supported on glass, porcelain or other insulators approved for the
purpose, which will keep them at least 8 inches apart, except at ter-
minals of equipment. They shall be not less than 2 inches from the
surfaces wired over and for voltages exceeding 2,600 not less than
3 inches,

(4) SurporTs. Service conductors and their supports, including in-
sulators, shall have strength and stability sufficient to insure mainte-
nance of adequate clearance with abnormal currents in case of short
circuits, .

(6) GuarDING, Open wires shall be guarded where accessible to
ungualified persons.

(6) SERviCE CABLE. Where cable conductors emerge from a metal
sheath or raceway, the insulation of the eonductors shall he protected
from moeisture and physical damage by a pothead or other approved
means.

{7) DRAINING RACEWAYS, Unless econductors specifically approved
for the purpose are used, raceways embedded in masonry, or expesed
to the weather, or in wet locations shall be arranged to drain.

(8) Over 15,000 voLrs. Where the voltage exceeds 15,000 volis be-
tween conduciors they shall enter either metal enclosed switchgear
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or a transformer vault conforming to the requirements of Wis. Adm.
Code sections E 450.41 through E 450.48.

(9) CONDUCTOR CONSIDERED OUTSIDE BUILDING. Conductors in con-
duit or duct placed under at least 2 inches of comcrete beneath a
building, or within a building and enclosed by concrete or brick not
less than 2 inches thick shall be considered outside the building.

MHistory: Cr, Register, January, 1968, No. 145, eff. 2-1-58,

E 230.102 Warning signg. High voltage signs shall be posted where
unauthorized persons might come in contaet with live parts.
Histoxry: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 230.103 Disconnecting means. The circuit-breaker or the alterna-
tives for it specified in section E 280.106 will eonstitute the discon-
necting means required by section E 230.070 (1) (a). The discon-
necting means shall be capable of being closed on a fault within the
maximum interrupting rating of the overcurrent protection.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

E 230,104 Isolating switches, Tsolating switches shall bhe provided
as follows:

(1) Air-brealk isolating switches shall be installed between oil
switcheg or air or oil cireuit-breakers used as service switches and
the supply conductor, except where such equipment is mounted on re-
movable truck panels or metal-enclosed switchgear units which can-
not be opened unless the circuit is disconnected, and which, when re-
moved from the normal operating position, automatically disconnect
the eircuit-breaker or switch from all live parts.

(2) When the fuses used with non-automatic oil switcheg in accord-
ance with section B 230,106 are of a {ype that may be operated as a
digconneet switch, they may serve as the isolating switch when they
completely disconnect the oil switch and all service equipment from
the source of supply.

{8) Air-break isolating switches shall be aceessible to qualified at-
tendants only. They shall be arranged so that a grounding connection
on the load side can readily be made. Such grounding means need
not be provided for duplicate isolating switches, if any, installed and
maintained by the supply company.

History: Cr, Register, Janhuary, 1968, No, 145, eff. 2—1-68,

E 230.105 Equipment in secondaries. Where the primary service
equipment supplies one or more transformers whose seecondary wind-
ings connect to 2 single set of mains, and the primary load-interrupter
gwiteh or cireuit-breaker is capable of being opened and closed from
a point outside the transformer vault, the disconnecting means and
overcurrent protection may he omitted from the secondary cireuit
provided the primary fuse of cirvcuit-breaker is rated or set to pro-
tect the secondary ecireuit.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 230.106 Overcurrent profection. Overcurrent devices shall be pro-
vided in accordance with the following:

(1) IN VAULT OR CONSISTING OF METAL-ENCLOSED SWITCHGEAR.
Where the service equipment is installed in a transformer vault
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meeling the provisions of Wis, Adm. Code sections E 450,41 through
E 45048 or consists of metal-enclosed switchgear, the requirements
for overeurrent protection and diseonnecting means may be fulfilled
by the following:

(a) A nomautomatic oil switch, oil fuse cutout, air Ioad-interrupter
switeh, or other approved switch, capable of interrupting the rated
cireuit load, and suilable fuses may be used.

(b) An automatic trip eireuit-breaker of suitable current carrying
and interrupting capacity with an overcurrent unit in each un-
grounded  conductor may be used,

(c} A switch capable of interrupting the no-load current of the
transformer supplied through the switch and guitable fuses may be
used, provided the switch is interlocked with a single switch or cireuit
breaker on the secondary ecircuit of the transformer so that the
primary switch cannot be opened when the secondary circuif is closed.

(d) Vaults shall conform to the provisions of Wis. Adm. Code
sections E 450.41 through E 450.48,

(e) Metal-enclosed switchgear shall consist of a substantial metal
structure and a sheet metal enclosure. Barriers between adjacent
switchgear units and internal metal barriers shall be not less than
% inch of metal or No. 11 U.8.8, gage. All other covers, panels and
doors shall be not less than No. 14 U.8.8. gage. Where installed over
a wood floor, suitable protection thereto shall be provided.

(2) NoT IN VAULT OR NOT CONSISTING OF METATL-ENCLOSED SWITCH-
GEAR., Where the service equipment is not in 2 vault or metal-enclosed
switchgear, the requirements for the overeurrent protection and dis-
connecting means may be fulfillad by the following:

(a) Air load-interrupter switches, or other approved switches,
capable of interrupting the rated cireuit load may be used with suit-
able fuses on a pole or elevated strueture outside the building pro-
vided the switeh may be operated by persons using the building.

{b) On circnits of any voltage, an automatic trip cireuit-breaker
of suitable ampacity and interrupting capacity with an overcurrent
unit in each ungrounded conduefor may be used. The circuit-breaker
shall be located outside the building as near as practicable to where
the service eonductors enter the building. The location may be on a
pole, roof, foundation, or other structure,

(3) Fuses. Fuses used as permitted in subsections (1) and (2)
shall have an interrupting rating at least egual to the maximum
short-cireuit eurrent possible in the ecircuit,

(4) CiRCUIT BREAKERS. Circuit breakers shall he free to open in
case the cireuit is closed on an overload. Thig can be accomplished
by means such as trip-free breakers or by multiple breakers having
an operating handle per pole, A service cireuit breaker shall indicate
clearly whether it is open or closed, and shall be capable of inter-
rupting the maximum short-circuit current to which it may be
subjected.

(6) ENCLOSED OVERCURRENT DEVICES. The restriction to 80% of
rating for an enclosed overcurrent device on continuous loads shall
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not apply to overcurrent devices installed in setvieces operating at
over 600 volts.
Mistory: Cr, Register, January, 1068, No. 145, eff, 2-1-68,

E 230,107 Lightning arresters. Lightning arresters installed in ac-
cordance with the requirements of chapter E 280 shall be placed on
each ungrounded overhead service conductor on the supply side of the
gervice equipment, when called for by the administrative authority.

History: Cr, Register, January, 1168, No. 145, eff, 2—1-68.
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240.01
240.02

240,03
240,04

240.05

240,06
240,07

240.08
240.09

240.11
240.12
240.13

240,14
240.15
241,16
240.17

HEEE HEE HE E@F2 H 2 "B

Chapter E 240

OVERCURRENT PROTECTION

Scope

Purpose of overcurrent
protection

Protection of equipment
Time-delay overcurrent
protection

Overcurrent protection
of conductors

Fuses
Non-adjustable-irip cir-
cuit-breakers
Thermal devices
Feeders at supply
tiong

Ungrounded conductors
Grounded conductor
Change in_ size
grcunded conductor
Tusges in mulitiple
Location In ecireuit
Location in premises
Tinclosureg for overcur-
rent devices

sta-

of

o

240.18

240.19
240.20
240.21
240.22
240.23
240.24

240.25
240.27

240.28

HH EH 4

5 H

H EE

240.29
%40.30

=E

DHaconnection of fuses
and thermal cutouts be-
tore handling

Areing or suddenly-mov-
ing paris

Plug ftuses of the IEdi-
gon-base type
Tugeholders for
fuses

Plug fuses and fusehold-
ers of type S

plug

Cartridge fuses angd
fuseholders

Link fuses and fuse-
hotders
Cireuit-breakers
Current limiting over-

current protective device
Table—Number of over-
current units, such as
trip coils or relays, for
protection of circuits
Dlagrams

Supplementary overcur-
rent protection

A, INSTALLATION

E 240.01 Scope, This chapter provides the general vequirements for
the application of overcurrent preotective devices,
History: Cr, Register, Jahuary, 1968, No. 145, eff, 2-1-68.

E 240.02 Purpose of overcurrent protection. Overcurrent protection
for conductors and equipment is provided for the purpose of opening
the electric circuit if the current reaches a value which will cause an
excassive or dangerous temperature in the conductor or conductor
insulation.

History: Cr. Register, January, 1868, No, 145, eff, 2-1—-68.

B 240,03 Profection of equipment. Fquipment shall be protected
against overcurrent as specified in the references in the following
table:

Chapter
Equipment No.
Appliances e o e B 422
Capacitors e O E 460
Cranes and Hoists - I K 610
Emergency Systems T 700
Generators o E 44b
Inductive and Dielectric Heat Generating Equipment __ . . . E 665
Machine Tools E 670
‘ Motion Picture Studios and Similar Locations - ... ___ E 530
Motors and Motor Controllers — o ______ " 430
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Organs E 650
Over 600 Volts __.._____________ . ___ E 710
Remote-Control, Low-Energy Power, Low-Voltage Power and

Signal Cireuits __ - E 725
Services . E 230
Signs and Outline Lighting _____________ . __ 600
Sound Equipment —________ E 640
Switchboards and Panelboards _________ _________________ E 384
Theaters and Assembly Halls __________ . _______ E 520
Transformers e E 450
Welders ___ e e e E 630
Xray Equipment I 660

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E 240,04 Time-delay overcurrent protection, Cirenit-breakers and
plug fuses installed in residential occupancies on circuits of 20 am-
peres ot less shall be of the time-delay type.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-63.

E 240.05 Overcurrent protection of conductors. Conductors shall be
protected in accordance with their ampacities as given in tables
E 310.12 through E 310.15, except as follows:

(1) ExcerrioN No. 1, RATING OF NONADJUSTABLE OVERCURRENT PRO-
TECTION OF 800 AMPERES OR LESS, When the standard ampere ratings
of fuses and nonadjustable circuit breakers do mnot correspond with
the allowable ampacities of conductors. the next higher standard rat-
ing may be used,

(2) ExcepTION NO., 2, ADJUSTABLE-TRIP CIRCUIT BREAKERS,
Adjustable-trip ecircuit-breakers of the thermal trip, magnetic time-
delay trip or instantanecus-trip types shall be set to operate at not
more than 125% of the allowable ampacity of the conductor.

Noter The effect of the temperature on the operation of thermally-
controlled circuif-breakers should he taken into consideration in the appli-
cation of such circuit-breakers when they are subjected to extremely low or
extremely high temperatures,

(8) ExceprioN No. 8. FIXTURE WIRES AND CORDS., Fixture wire or
flexible cord, sizes No. 16 or No. 18, and tinsel cord shall be considered
as protected by 20-ampere overcurvent devices. Fixture wires of the
sizes permitted for taps in section E 210,19 (3) (b) shall be con-
sidered as protected by the overcurrent protection of the 80-ampere
and 50-ampere branch civeuits of chapter B 210. Flexible cord ap-
proved for use with specific appliances shall be considered as pro-
tected by the overcurrent device of the hranch circuit of chapter E
210 when conforming to the following:

20 ampere circuits, No. 18 cord and larger.
30 ampere cireuits, cord of 10 amperes eapacity and over,
50 ampere circenits, cord of 20 amperes capacity and over.
(4) ExcerTioN No, 4. MoTor CIRCUITS. The conductors supplying
motors and motor-operated appliances shall be considered as protected

by the overcurrent protective devices specified in Wis. Adm. Code
sections I 430.032, E 430.084, B 430.052, E 430.058 and F 480.062.
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(5) EXCEPTION No. 5. REMOTE CONTROL. Except as provided in Wis.
Adm, Code chapter T 725, the conductors of the control civeuits of
remote-conbrol switches shall be considered as protected from over-
current by overeurrent devices that are not of the so-called time-lag
type and are rated or set at not more than 500% of the ampacity
of the remote-control conductors, as specified in tables I 310.12
through & 310.15. :

(6) ExcErTION No.. 6. Public highway traffic signal cireuits whose
conductors are not overloaded may be brotected by overcurrent devices
rated or set at not more than 200% of the carying eapacity of the
conductors, as specified in tables I 310.12 through & 210.15.

Histery: Cr, Register, January, 1968, No, 14b, eff. 2-1-68.

F 240.06 Fuses. (1) If the allowable ampuaeity of a conductor doas
not correspond to the rating of a standard-size fuse, the next larger
size or rating of fuse may he used only where the rating is 800 am-
peres or less,

(2) Standard ampere ratings for fuses are 15, 20, 25, 80, 35, 40, 45,
60, 60, 70, 80, 90, 100, 110, 125, 160, 176, 200, 225, 250, 800, 350, 400,
450, 500, 600, 800, 1000, 1200, 1600, 2000, 2500, 3000, 4000, 5000, and
6000, Fuses with amnpere rating other than the standard rating listed
may be used when they are of an ampere rating smaller than those
included in the standard list,

(38) Plug fuses and fuseholders shall not be used in circuits exceed-
ing 125 volts between conductors except in circuits gupplied from a
system having a grounded neutral and no conductor in such cireuits
operating at more than 150 volts to ground,

(4) Cartridge fuses and fuseholders rated at 300 volts shall not be
used in circuits exceeding 800 volts between conductors except in
circuits supplied from a system having a' grounded neutral and no
conductor in such cirenits operating at more than 300 volts to ground,

(6) 'The screw-shell of plug-type fuscholders shall be connected
to the load side of the circuit.

Histerys Cr, Reglster, January, 1968, No, 145, eff. 2-1-68.

E 240.07 Non-adjustable-trip cirenit breakers, (1) Non-adjustable-
trip circuit breakers, except as otherwise permitted in Note 10 to
tables E 810.12 through E 310,15 shall be rated in accordance with the
ampacity of the conductor, When the allowable ampacity of a con-
ductor does not correspond to the rating of a standard-size cireuit-
breaker, the next larger size or rating of eircuit-breaker may be
uged only where the rating is 800 amperes or less.

(2) Standard ampere ratings for cirenit-breakers are 15, 20, 30, 40,
5¢, 60, 70, 100, 125, 150, 176, 200, 225, 250, 300, 850, 400, 500, 600,
700, 800, 1000, 1200 and 1600,

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68.

E 240.08 Thermal devices., Thermal cutouts, thermal relays and
other devices not designed to open short-cireuits, shall not be used for
protection of conductors against overcurrent due to short-civeuits or
grounds but may be used to protect motor branch circuit conductors
from overload if protected in aceordance with section E 430.040.

History: Cr, Register, January, 1088, No. 145, eff, 2-1-68.
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E 240.09 Feeders at supply stations. Each conductor of a constant-
potential cireuit entering or leaving a supply station, except grounded
neutral conductors, shall be protected from excessive current by 2
cireuit-breaker, or by an equivalent device of approved design, Such
protective devices shall be located as near as practicable to the point
where the conductors enter or leave the building. For the outgoing
cireuits nob connected with other sources of power, the protective de-
vices may be placed on the supply side of transformers or similar
devices,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-638.

B 240.11 Ungrounded conductors. (1) An overcurrent device (fuse
or overcurrent trip unit of a circuit-breaker) shall be placed in each
nngrounded conductor. The number and position of the overcurrent
units such ag trip coils or relays shall be as given in table & 240,28,

(2) Circuit-breakers shall open all ungrounded conductors of the
cireuit, except as follows:

(a) Ewception: Individual single-pole cireuit-breakers may be used
for the protection of each conductor of ungrounded 2-wire circuits,
each ungrounded conductor of 3-wire divect-current or single-phase
cireuits, ox for each ungrounded conductor of lghting or appliance
branch ecireuits connected to 4-wire 3-phase systems, or B-wire 2-
phase systems, provided such lighting or appliance circuits are sup-
plied from a system having a grounded neutral and no eonductor in
such circuits operates al a voltage greater than permilted in section
B 210.06.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

T 240.12 Grounded eonduefor, No overcurrent deviee shall be placed
in any permanently grounded qonductor, except as follows:

(1) ExcrerioN No, 1, Where the overcurrent device simultaneously
opens all eonductors of the cireuit.

(2) ExcepTioN No, 2. For motor-running protection asg provided in
Wis. Adm. Code sections E 430,036 and E 430.037.
History: Cr, Reglster, January, 1968, No. 145, eff. 2-1-68,

T 240.13 Change in size of grounded conductor. Where a change
oceurs in the size of the ungrounded conductor, a similar change may
be made in the gize of the grounded conductor.

History: Cr, Register, January, 1968, No. 146, eff. 2-1-68,

E 240,14 Fuses in multiple. For the protection of conductors having
allowable ampacities exceeding the rated capacity of the largest
approved cartridge type fuse in section B 24023 (1) (a), such cart-
ridge fuses arranged in multiple may be used, provided as few fuses
as possible are used and the fuses are of the same type, character-
igties, and rating and provided the fuseholder terminals are mounted
on a single continuous pair of bus-bars, or have an equivalent arrange-
ment that will eliminate any potential difference between the termi-
nals of the fuses,

History: Cr. Register, January, 1968, No. 146, eff. 2-1-68.
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B. LOCATION

E 240,15 Location in eircuit, Overcurrent devices shail be located at
the point where the conductor to be protected receives its supply, ex-
eept as follows:

(1) ExceprioN No. 1. SERVICE CONDUCTORS. An overcurrent protec-
tive device for serviee conductors may be located as specified in see-
tion B 230.091.

(2) ExceprioN No. 2. SMALLER CONDUCTOR PROTEGTED, Where the
overcurrent device protecting the larger conductors also protects the
smaller conductors in accordance with tables B 810.12 through
E 310,15,

(3) ExceprioN No. 3, BRANCH CIRCUTTS. Taps to individual outlets
and cirenit conductors supplying a single household electric range
shall be considered as protected by the branch cireuit overcurrent de-
vices when in accordance with the requirements of sections E 210,19
and E 210.20.

(4) ExCceEPTION No. 4, FEEDER TAPS. A conductor tapped from a
feeder shall be considered as properly protected from overcurrent
when installed in accordance with sections E 210.25, E 364.08 and
E 430.058.

(5) ExcerrioN No. 5. FEEDER TAPS NOT OVER 10 FEET LONG. Where
(a) the smaller conductor has an ampacity of not less than the sum
of the allowable ampacities of the conductors of the one or more eir-
cuits or Joads supplied, and (b) the tap is not over 10 feet long and
does not extend beyond the switchboard, panelboard or control devices
which it supplies, and {c) except at the point of connection to the
feeder, the tap is enclosed in conduit, elecirical metallic tubing, ov
in metal gutters when not a part of the switchboard or panelboard.

(6) ExczprioN No. 6. FEEDER TAPS NOT OVER 25 FEET LONG. Where
the smaller conductor has an ampacity at least one-third that of the
conductor from which it is supplied, and provided the tap is suitably
protected from physical damage, is not over 25 feet long, and termi-
nates in a single circuit-breaker or set of fuses which will imit the
load on the tap to that allowed by tables B 310.12 through B 310.15,
Beyond this peint the conductors may supply any number of cirenit-
breakers or sets of fuses. Where feeders are at a greater olevation
than 25 feet, this distance may be increased to 50 feet,

History: Cr, Reglster, January, 1968, No, 145, eff. 2-1-68.

B 240.16 Location in premises. Overcurrent devices shall be located
where they will be:

(1) Readily accessible, except as provided in Wis. Adm, Code sec-
tiong E 280.091 and E 230.092 for service equipment, E 864,11 for
husways, E 600,06 (4) for sighs, ¥ 610,42 for eranes and hoists, and
for outdoor overhead lighting. See section E 195.23.

(2} Not exposed to physical damage.

(8) Not in the vicinity of easily ignitible material,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-§8.

Electrical Code, Volume 2
Register, January, 1968, No, 145




118 WISCONSIN ADMINISTRATIVE CODE

C. ENCLOSURES

E 240,17 Enclosures for overcurrent devices, (1} GENERAL. Over-
current devices ghall be enclosed in cutout boxes or cabinets, unless a
part of a specially approved assembly which affords equivalent pro-
teetion, or unless mounted on switehboards, panelboards or contreliers
located in rooms or enclosures free from easily ignitible material and
dampness. The operating handle of a cireuit-breaker may be accessi-
ble without opening a door or cover.

(2} DAMP OR WET LOCATIONS. Enclosures for overcurrent devides in
damp or wet locations shall be of a type approved for such locations
and shall be mounted so there is at least one-fourth inch air space
between the enclosure and the wall or other gupporting surface.

(3) VERTICAL POSITION, Enclosures for overcurrent devices shall be
mounted in a vertical pogition unless in individual instances this is
shown to be impracticable.

(4) RoseTTes. Fuses shall not be mounted in rosettes.
‘TMistory; Cr., Register, January, 1968, MNo, 145, eff. 2-1-48,

D, DISCONNECTING AND GUARDING

I 240,18 Disconnection of fuses and thermal cutouts before han-
dling. Disconnecting means shall be provided on the supply side of all
fuses or thermal cutouts in cirenits of more than 150 volts to ground
and cartridge fuses in circuits of any voltage, where accessible to
other than qualified persons, so that each individual cireuit confaining
fuses or thermal cutouts can be independently disconnected from the
solree of electrical energy, except as provided in section E 230.073 and
except that a single disconnecting means may be used to control a
group of circuits each protected by fuses or thermal cutouts under the
conditions deseribed in section B 430.112.

History: Cr., Regiater, January, 1968, No. 145, eff. 2-1-68,

E 240.19 Arcing or suddenly-moving paris. Arcing or suddenly-
moving parts shall comply with the following:

(1) LocarioN. Fuses and cireuit-breakers shall be so located or
shielded that persons will not be burned or otherwise injured by their
operation.

(2) SUDDENLY-MOVING PARTS. Handles or levers of circuit-breakers,
and similar parts which may move suddenly in such a way that per-
sons in the vicinity are liable to be injured by being struck by them,
shall be guarded or isolated.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

B, PLUG FUSES AND FUSEHOLDERS
B 240,20 Plug fuses of the Edison-base type. Plug fuges of the Edi-
son-basge type shall conform to the following:

(1) CrasstricaTioN. Plug fuses of this type shall be classified at
not over 125 volts, 0 to 30 amperes.
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(2) Live parTS. Fuses and fuseholders when installed and assem-
bled together shall have no live parts exposed.

(3) MaREING, Plug fuses of 15 amperes rating or less shall be
distinguished from thoge of larger rating by an hexagonal opening in
the cap through which the mica or similar window shows, or by some
other prominent hexagonal feature such as the form of the top or
cap itself, or an hexagonal recess or projection in the top or cap.

Note: Plug fusges of the Edison-bass type ars recognized in thizs code only
as a replacement item in existing installations,

History: Cr, Regiater, January, 1968, No. 145, eff, 2-1-G8.

E 240.21 Fuseholders for plug fuses. Fuseholders for plug fuses of
30 amperes or less shall not be installed unless they comply with
section B 240.22 or are made to comply with gection E 240.22 by the
insertion of an adapter.

History: Cr, Register, January, 1968 No, 145, eff, 2-1-68.

E 240.22 Plug fuses and fuseholders of type 8. Where type S plug
fuses are to be used as the overcurrent device required by this code,
the fuses and fuseholders shall conform to the following requirements:

(1) CrassiFrcaTioN, Plug fuses and fuseholders of type S shall be
classified at not over 125 volts; 0 to 15 amperes, 16 to 20 amperes,
and 21 to 30 amperes,

{2) UsE OF FUSES IN A FUSEHOLDER OF A DIFFERENT CLASSIFICATION,
Fuses of the 16 to 20 ampere and the 21 {o 30 ampere classification
shall not be usable with fuseholders or adapters of a lower ampere
clagsification.

(3) FUSEHOLDERS AND ADAPIERS, Fuses, fuseholders, and adapters
shall be =0 designed that a fuse other than a type 8 fuse cannot be
used in a fuscholder or adapter designed for type S fuses.

(4) TAMPERABILITY. Fuses, fuseholders and adapters shall be so
designed as to be subject to tampering or bridging only with diffienlty.

(5) ADAPTERS TO BE NON-REMOVABLE, F'use adapters shall be so de-
signed that when once ingerted in a fuseholder they cannot be removed,

(6) INTERCHANCGEABILITY. Fuses, fuseholders and adapters of vari-
ous manufacturers shall be interchangeable with each other, and the
plugs with adapters shall be suitable for use in the Edison-base fype
fuseholder,

(7) Prue¢ TYPE. Fuses and fuseholders shall be of the plug type.

(8) AMPERE RATING. Each fuse, fuscholder and adapter shall be
marked with its ampere rating.

(9) MARKING. Fuses of the 0 to 15 ampere rating shall be distin-
guished from those of larger rating by an hexagonal opening in the
cap through which the mica or similar window shows, or some other
prominent hexagonal feature such as the form of the top or cap itself,
or an hexagonal recess or projection in the top or eap.

Histery: Cr, Register, January, 1068, No. 145 eoff, 2-1-68,
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F. CARTRIDGE FUSES AND FUSEHOLDERS
E 240.23 Cartridge fuses and fuseholders. Cartridge fuses and fuse-
holders shall conform to the following:

(1) CrassIFIcATION, (a) 0-600 ampere carfridge fuses and fuse-
holders shall be classified as regardg current and voltage as fellows:

Not over 250 volts Not over 300 volts Not over 660 volts

Amperées Amperes Amperes

0— 30 0-15 0- 30

31~ 60 16-20 81- 60
61-100 . 21-30 61-100
1031200 31-60 101-200
201-400 — 201-400
401600 0 | - 401-600

{b) 601-6000 ampers cartridge fuses and fuseholders shall he
classified at 600 volts as follows:

601- 800 1601-2000 3001-4000
8011200 2001-2500 4001-65000
1241-1600 25013000 60016009

Note: There are no 250 voit ratings over 600 amperes, but §00 volt fuses
may be used for lower voltages.

(2) NON-INTERCHANGEABLE—(-600} AMPERE CARTRIDGE FUSEHOLDERS,
Fuseholders shall be so designed that it will be difficult to put a fuse
of any given class into a fuseholder which is designed for a current
lower, or voltage higher, than that of the class to which it belongs.
Fuseholders for current limiting fuses shall not permit insertion of
fuses which are not current limiting.

(3) MarkING, Fuges shall be plainly marked with the ampere rat-
ing, the voltage rating, the current-limitation where it applies, and the
name or trademark of the maker. The marking shall be either by direct
printing on the fuse barrel or by means of an attached label,

(4) Fuse reducers shall not he used except as permitted by the
authority having jurisdiction,

History: Cr. Register, January, 10868, No. 145, eff, 2-1-68.

G. LINK FUSES AND FUSEHOLDERS

E 240,24 Link fuses and fuseholders., Link fuses and fuseholders
shall be used only by special permission and shall conform to the fol-
lowing:

{1) MounTING. Link fuses shall be mounted on approved fuse-
holders.

(2) DiMeNsioNs. Link fuses and fuseholders shall have the follow-
ing dimengiong in inches:

Minimum Separation of
Amperes Capacity Nearest Metal Parts of | Minimum Break
QOpposite Polarity Distance

Not over 126 volls

BH-1600 . - oo U 134 114
Not over 250 vatts
601-1500________._.. e aihmmmaa—ne- 284 2
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(a) Yor 3-wire systems, link fuses, and fuseholders shall have the
bresk distance required for cireuits of the potential of the outside
wires, except that in 125250 volt systems with grounded neutral the
fuses and fuseholders in 2-wire, 1256 volt branch circuits may have the
gpacing specified for not over 125 volis.

(3) SpaciNg. A space shall be maintained between the fuse termi-
nals of link fuses of the same polarity of at least 14 inch for voltages
up to 125, and of at least % inch for voltages from 126 to 250, This
is the minimum distance allowable and greater separation shall be
provided where practicable.

(4) MareriaL, Contact surfaces on tops of link fuses shall be of
copper or aluminum having good electrical connections with the fusible
part of the strip.

(5} MINIMUM RATING. Link fuses and fuseholders shall be used
only in sizes rated at morve than 600 amperes, and only by special per-
mission.

(6} MARKING, Link fuses shall be stamped with 80% of the
maximum current which they can carry indefinitely,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-G8.

H. CIRCUIT-BREAKERS

H 240.25 Circuit-breakers, Circuit-breakers shall eonform to the fol-
lowing:

(1) MEeTHOD OF OPERATION. In general, circuit-breakers shall be cap-
able of being closed and opened by hand without employing any other
source of power, although normal operation may be by other power
such as elecirical, pneumatic, and the like. Large cireuit-breakers
which are to be closed and opened by electrical, pneumatic, or other
power shall be eapable of being closed by hand for maintenance pur-
poses and shall also be capable of being tripped by hand under load
without the use of power,

(2) TYPE OF OPERATION., Cirecuit-breakers of the 0-30 ampere class
should be of the time-delay type.

(8) INJURY TO OPERATOR. Circuit-breakers shall be arranged and
mounted so that their operation is not likely to injure the operator

(4) InpicaToN. Cirenit-breakers shall indicate whether they are
in the open or cloged position,

(b) NON-TAMPERABLE. An air cireuit-breaker, used for the branch
circuits degeribed in chapter E 210, shall be of such design that any
alteration of its trip point (calibration), or in the time required for
its operation, will be difficult.

(6) MARKING, Circuit breakers shall be marked with their rating
in guch a manner that the marking will he durable and visible after
installation except that it may be necessary to remove a trim or
cover. The ampere rvating of circuit breakers rated 100 amperes or
lesz and 600 volts or less shall be molded, stamped, etched, or similarly
marked into the handle or the escutcheon area of the cirenit breaker.
Each cireuif breaker intended to interrupt fault currents greater
than 10,000 amperes shall have its interrupting rating shown on the
label or on the product.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.
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E 240,27 Current limiting overcurrent protective device. A current
limiting overcurrent protective device is a deviece which, when inter-
rupting a specified circuit, will consistently limit the short-cireuit cur-
rent in that cireuit to a specified magnitude substantially less than
that obtainable in the same cireuit if the deviece were replaced with
a solid conductor having comparable impedance.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

TABLE E 240.28

NUMBER OF OVERCURRENT UNITS, SUCH AS TRIPF COILS OR
RELAYS, FOR PROTECTION 9F CIRCUITS

(See diagrams 1 to 19 following thls table)

(See section B 240.11 for the overcurrent protection of conductors in
general, section B 230,090 for services, and
section B 430.037 for motors)

SYSTEMS3

#Number and Location of
Overcurrent Units

2-Wire, Single-phase A.C. or D.C.
Ungrounded. .
2-wire, Single-phase, A.C, or D.C., One Wire
Grounded.

2-Wire, Single-phase A.C. or D,C., Mid-point
Grounded.

2-Wire, Single-phase A.C, Derived from
8-Phase, with Ungrounded Neutral.

2.Wire, Single-phase. Derived from 3-Phase,
Grounded Neutral System by Using
Qutside Wires of 3-Phase Cireuit.

3.Wire, Single-phase, A.C. or D.C.
Ungrounded Neutral.

8-Wire, Single-phase A.C. or D.C.
Grounded Neutral.

3-Wire, 2-Phase, A.C. Common Wire
Ungrounded. .

3-Wire, 2-Phase, A.C,, Coramon Wire
Grounded.

4-'Wire, 2-Phase Ungrounded, Phases Separate.

4-Wire, 2-Phase, Grounded Neutral, or
5-Wire, 2-Phase, Grounded Neutral,

3-Wire, 3-Phase, Ungrounded.

3-Wire, 8-Phase, 1 Wire Grounded.

3-Wire, 8-Phase, Grounded Neutral.

3.Wire, 8-Phase, Mid-point of One hase
Grounded.

4-Wire, 8-Phase, Grounded Neutral.

4+ Wire, 3-Phase, Ungrounded Neutral.

Two (one in each conductor, Diagram 1).
One {in ungrounded conductor. Diagram 2).
Two (one in each conductor. Diagram 3),
Two (one in each conductor, Diagram 4),

Two {one in each conduetor, Diagram b),

Phree (one in each conductor, Diagram 6).

Two (one in each econductor except neutral
conductor. Diagram 7).
Three (one in each conduetor. Diagram 8).

Two (one in each condietor except common
conductor, Diagram 9),

Four (one in each conductor, Diagram 10).

Four {one in each conductor except neutral
conduetor. Diggrams 11 and 12).

Three {ene in each conductor. Diagram13+#),

Twe {one in each ungrounded conductoer.
Diagram 14).

‘Three {one in each conductor, Diagram 15%),

Three {one in each conductor. Diagram 174},

"Phree (one ia each ungrounded conductor.
Diagram 18%%), .
Four (one in each conductor. Diagram 19).

Notes to Table B 240,28

*], An overcurrent unit may consist of a series overcurrent tripping
device or the combination of a current transformer and a secondary
overcurrent tripping device, Either 2 or 3 secondary overcurrent tripping
devices may be used with 3 current transformers on s 3-phase system
gimilayr to those shown in dlagrams 15 and 18,

**2 When 3 current transformers are used instead of 3 series over-
current tripping devices shown in diagrams 13, 15, 17 and 18, the sec-
ondary tripping devices may consist of 3 secondary overcurrent tripping
devices or 2 secondary overcurrent tripping devices with a residual cur-
rent tripping device of a lower range. See disagram 16.

8. Where standard devices are not avallahle with 3 or 4 overcurrent
units as required in the table, it is permissible to substitute 2 overcur-
rent units and one fuse where 3 overcurrent unlts are called for, 2 over-
current units and 2 fuscs where 4 overcarrent units are called for, The
fuse or fuses are to be placed in the conductors not econtaining an
overcurrent unit. This practice, however, of substituting fuses for over-
current units is to be discouraged for obvious reasons,

History: Cr. Register, January, 1968, No. 1456, eff. 2-1-G8.
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DIAGRAMS E 240,20

Diagramsg 1 to 19 showing number of overcurrent unitg such ag trip
%}01‘%20 gg relays for the protection of ecircuits asg required by table
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E 240.30 Supplementary overcurrenf protection. Where supplemen-
tary overeurrent protection is utilized in connection with appliances
or other utilization equipment to provide individual protection for
specific components or internal eircuits within the equipment itself,
thiz does not abrogate any of the requirements applicable to branch
circuits and is not to be used as a substitute for branch-circuit
protection.

Note: It is not the intent of the above requirement that supplementary
overcurrent protective devices be subject to the accesgibility reguirements
gs given elsewhere in this code for bhranch circuft overcurrent protective
evices.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.
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Chapter E 250

GROUNDING
Scope K 250.072
Other chapters
Two-wire direct-cur- 250,073
rent syvstems
Three-wire direct-cur- 260,074
rent gystems
Alternating-current 250,075
systems
Furnace circuits 250,076
Electric crane circults
Circuits of less than &0 250077
volty
Current over grounding 250,078
conductors 260.079
Grounding connection 250,081
for direci-current sys- 250.082

tema

Grounding connections
for alternating-current
gystems

Two or more huildings
supplied by a single

H EH HobooEas bHmEE 8 8 "3 d -

gervice
Conductor to be 250,993
grounded 250,094
Iaolated systems
Service conductor en- 250.085
closuresg
Other conductor en- 250.096
clogures .
Spacing from lightning T 250.097
rods w 250,098
Fixed and stationary B 250.099
equipment ; general X 250.111
Fixed and stationary
equipment ; specific E 250.112
Non-electrical equip- I 250.113
ment
Portable equipment B 250,114
Spacing from lightning
rods
Bffective grounding
Locatlion of system " 260.115
ground connection
Common uge of ground- W 250.116
ing conductor B 250,117
Common grounding H 250,118
electrode o 250,121
Underground service
cable B 250.132
Short sections of race-
way B 250.123
Fixed equipment
Hguipment on atruye-
tural metal
Portable equipment B 250.124
Frames of electric
ranges and electrie
clothes dryers
Grounding equipment BE 250.125
to cireuit conductor

B 250.1%1
Bonding at service
equipment H 250,132

A, GENERAL

Continuity at service
equipment

Metal armor or tape of
service cable

Bonding at grounding-
type receptacles
Continuity at other en-
closures

Voltages exceeding 250
volts

Loosely-Jointed metal
raceways

Hazardous locations
Bonding jumpers

Water pipe

Other awvailable elec-
trodes

Made electrodes
Resistance

Raillway tracks

Use of lightning rods
Material

Installation
Direct-current systema
Alternating-current sys-
temas

Interior raceway and
equipment
Portable
equipment
Outline lighting
Common raceway
Continuity

To raceway or
armor

To electrode
Attachment to circuits
and equipment
Continuity and attach-
ment of branch circuit
grounding conductors to
boxes

Atftachments to elec-
trodes

Ground clamps

Protection of attachment
Clean surfaces
Instrument transformer
circuits

Inatrument transformer
cases

Caszes of instruments,
meters and relays; op-
erating veoltage 750 or
leas

Cases of instruments,
meters and relays; op-
%e&ting‘ voltage over

and pendent

cable

Instrument
conductor
On secondary services;
750 volts or less

On primary eircuits

grounding

E 250,001 Scope. This chapter treats of protection of electric ingtal-
lations by grounding. Insulation, isolation and guarding are suitable
alternatives under certain conditions, See section B 195,17,

Electrical Code, Volume
Register, January, 1968, No, 145
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(1) SYSTEMS AND CiRcUiTs. Circuits are grounded for the purpose
of limiting the voltage upon the ecircuit which might otherwise occur
through exposure to lightning or other voltages higher than that for
which the cireuit is designed; or fo limit the maximum potential to
ground due to normal voltage.

{(2) EXPOSED CONDUCTOR ENCLOSURES, Exposed conductive materials
enclosing electric conductors are grounded for the purpose of pre-
venting a potential above ground on the enclosures.

{8) EXPOSED EQUIPMENT ENCLOSURES. Exposed conductive materials
encloging electric equipment, or forming a part of such equipment, are
grounded for the purpose of preventing a potential above ground on
the equipment.

History: COr. Reglster, January, 1968, No, 145, eff, 2-1-68.

B 250,002 Other chapters, In other chapters, applying to particular
cases of installation of conductors and equipment, there are requive-
ments that are in addition to those of this chapter or are modifica-
tions of them:

Chapter Section
Applianees_ . T 422 E 422.18
Branch Civewits. ... ____________________________________ u 210 E 210,06
B 210.08
Communieations Cirewits.__ ... ... ________ ... _ E 800
Conduetors . . .. E 200
E 310 B 310.02
Cranesand Hoists_ .. _____ .. ___________________ X 610
Tixtures and Lighting Bauipment__ ______________________. T 410 E 410.91
E 410.92
E 410.93
E 410,94
E 410,95
E 410.96
Flexible Cords. ..o _____ E 400 B 40,18
E 460.1
Generators____.________________________ . ______ I 445 I 445.08
Grounding Receptactes (Qutlets) . . _________ . ______________ E 210 E 210,07
E 210.21
& 210.22

Hazardous Lacations_ . _ ...
Inductive and Dielectric Heat Zenerating Equipment.
Lessthan B0 V.. . e -
Lighting Fixtures_ . ... ... -
Metal Working Machine Tools. .- o
Mobile Homes______...._.___._

HEEHEEEE
-
ot
=

530 K 530,19
I 530.66
1 430
B 650
E 870 E 370,04
H 370.16
w 810
E 410 E 410,66
. B 410.56
Remote Control Cirewits_ . ... ... B 726 B 725.21
Rocm Air Conditioners.____ B 422 E 422.61
Services. .- ..o E 230
Service Equipment. ______. E 230 B 230.068
Signs and Outline Lighting_ _ _ E 600
Sound Recording Equipment. B 640 B 640,04
Swimming Poola._ . ___.___ B 680
Switehboards E 384 T 384,11
Switches, .. oo ien E 880 E 380.01
I 380.12
Theaters and Assembly Halls_ _ __________________________.. K 520 1 520,81
Transflormers, . cccaocmooaan E 450 E 450,08
Travet Trailers_____ : E 661
K-ray Bquipment E 660

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

HElectrical Code, Volume 2
Regiater, January, 1968, No. 145
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B. CIRCUIT AND SYSTEM GROUNDING

E 250.003 Two-wire direct-current systems, A two-wire direct-cur-
rent system supplying interior wiring, and operating at not more than
800 volts between conductors, shall be grounded, unless such system
is used for supplying industrial equipment in limited areas and the eir-
cuit is equipped with a ground detector.

Note: It 1a recommended that 2-wire direct-current systems operating
at more than 300 volts between conductors be grounded when a neutral
point can be established such that the maximum difference of po-
tential between the neutral point and any other peint on the system
does not exceed 300 volts, Tt is recommended that 2-wire direct-current
systema be not grounded when the voltage to ground of either conduc-
tor would exceed 300 volis after grounding, See section & 250.022,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

B 250.004 Three-wire direct-current systems, The neutral conductor
of all 8-wire direct-current systems supplying interior wiring shall be
grounded. See section E 250.022.

History: Cr. Register, January, 19688, No. 145, eff, 2—1-68.

E 250.005 Alternating-current systems. Secondary alternating-cur-
rent systems supplying interior wiring, and interior alternating-cur-
rent wiring systems, except those covered in sections E 250.006, E
250.007 and E 250,008, shail be grounded when they can be so grounded
that the maximum voltage to ground does not exceed 300 volts. Where
a service conductor is uninsulated in accordance with section E 230,004,
the system ghall be grounded.

Note 1! Higher voltage systems may be grounded.

Note 8: It is recommended that ungrounded systems supplying industrial
equipment and operating at more than 300 volts and less than G600 volts bhe
equipped with ground detectors,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 250.006 Furnace circuits, Electric furnace cireuits need not be
grounded.
History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 250.007 Electric crane cirvenits, Circuits for electric cranes operat-
ing over combustible fibers in Class III hazardous locations shall not
be grounded. See gection B 508,13,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-(8,

E 250.008 Circuits of less than 50 volts. Circuits of less than 50
volts need not be grounded, except as follows:

(1) Where supplied by transformers from systems of more than
150 volts to ground, except as provided in subsection E 250.045 (4).

(2) Where supplied by transformers from ungrounded systems.

(3) Where run overhead outside buildings,

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

C. LOCATION OF GROUNDING CONNECTIONS

E 250.021 Current over grounding conductors, The grounding of
wiring systems, circuits, arresters, cable armor, econduit, or other metal
raceways as a protective measure shall be so arranged that there will
be no objectionable passage of current over the grounding conductors.

RElectrical Code, Volume 2
Reglater, January, 1968, No. 145
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The temporary currents set up under accidental conditions, while the
grounding conductors are performing their intended protective funec-
tions, are not to be considered as objectionable. Where an objection-
able flow of current occurs over a grounding conduetor, due to the use
of multiple grounds, (1) one or more of such grounds shall be aban-
doned, or (2) their location shall be changed, or (8) the continuity of
the conductor between the grounding connections shall be suitably
interrupted, or (4) other means satisfactory to the administrative au-
thority shall be taken to limit the current.
History: Or. Reglster, January, 1968, No. 145, eff. 2-1-68.

E 230,022 Grounding conmection for direct-current systems. Direct-
current systems which are to be grounded shall have the grounding
connection made at one or more supply stations but not at individual
services not elsewhere on interior wiring.

istory: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 250,023 Grounding eomnections for alternating-current systems.

(1) Secondary alternating-current cirenits which are to be grounded
shall have a connection to a grounding electrode at each individual
service, except as provided for in section ® 250.021, The connection
ghall be made on the supply side of the service disconnecting means.
Bach secondary distribution system which is grounded shall have at
least one additional connection to a grounding electrode at the
transformer or supply system. No conmnection to a grounding electrode
shall be made to the grounded cirenit conductor on the load side of
the service discormecting means, except as provided for in section
E 250.024,

(2} Where the secondary system is grounded at any point, the
grounded conductor shall be run to each individual service, The
grounded conductor shall terminate within the service equipment at
the point where the equipment grounding conductor originates. This
conductor shall be not smaller than the required grounding conductor
specified in table B 250.094 (1).

Histery: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 250,024 Two or more buildings supplied by a single service. (1)
Where more than one building is supplied by the same service, the
grounded circuit conductor of the wiring system of any building utiliz-
ing one braneh cireuit supplied from such service may be connected
to a grounding electrode at such building, and in the case of any
building housing equipment required to be grounded or utilizing 2 or
more branch circuits supplied from such service, and in the case of 2
building housing live stock, shall be so connected,

(2) When a metal raceway system is used in any such building
supplied from a single service and this metal raceway or any connected
non-current carrying metal part ig accessible from any grounded sur-
face, the metal raceway system and the neutral conductor shall be
bonded together and connected to an approved ground electrode at the
entrance to the building,

History: Or. Register, January, 1968, No, 145, eff. 2-1-68.

E 250.025 Conductor to be grounded, For alternating-current inte-
rior wiring systems the conductor to be grounded shall be as follows:
(1) Single-phase, 2-wire: the identified conductor;

Hlectrical Code, Volume 2
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(2) Single-phase, 3-wire: the identified neutral conductor;

(3) Multi-phase systems having one wire commeon to all phases: the
identified common conductor;

(4) Multi-phase systems having one phase grounded: the identified
conductor;

(5) Multi-phase systems in which one phase is vused as in (2): the
identified neutral conduetor, One phase only can be grounded. See
chapter B 200,

Note: The identified conductor ig commonly known as “the white wire.”
Histoxy: Cr. Register, January, 1968, No. 146, eff, 2-1-68,

E 250.026 Isolated systems, For an interior wiring system or cireuit
which is required to be grounded and which ig not electrically con-
nected to an exterior secondary distribution system, the grounding
connection shall be made at the transformer, generator, or other source
of supply, or at the switchboard, on the supply side of the firgt switch
controlling the system. See fine print note after section E 200.03.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

D. ENCLOSURE GROUNDING

E 250.032 Service conductor enclosures, Serviee raceways, service
cable sheaths or armoring, when of metal, shall be grounded,
Histoxy: Cr. Register, January, 1968, No. 145, eff, 2—1-68.

E 250.032 Other conductor enclosures, Metal enclosures for condue-
tors shall be grounded, except they need not be grounded in runs of
less than 25 feet which are free from probable contact with ground,
grounded metal, metal lath or conductive thermal insulation and which,
where within 1'each from grounded surfaces, are guarded against con-
tact by persons.

History: Cr. Register, January, 1968, No. 145, eff, 2—-1-68.

E 250.032 Spacing from lightning rods. Metal enclosures of con-
ductors shall, wherever practicable, be kept at least 6 feet away from
lightning rod conductors. Where it is not practicable to secure 6 feet
separation, they shall be bonded together.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E. EQUIPMENT GROUNDING

E 250.042 Fixed and stationary equipment; general, Under any of
the foliowing conditions, exposed, noncurrent-carrying metal parts of
fixed and stationary equipment, which are liable to become energized,
shall be grounded:

(1) Where equipment is supphed by meang of metal-clad wiring;

(2) Where equipment is located in a wet location and is not isolated;

(3) Where equipment is located within reach of a person who can
make contact with any grounded surface or objeet;

(4) Where equipment is located within reach of a person standing
on the ground;

(5) Where equipment is in a hazardous location; see chapters E
B600-E 517 inclusive;

Elactrical Code, Volume 2
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(6) Where equipment is in electrical contaet with metal or metal
lath;

(7) Where equipment operates with any terminal at more than 150
volts to ground, except as follows:

(a) Enclosures for switches or circuit-breakers where accessible to
qualified persons only;

(b) Metal frames of electrically-heated devices, exempted by special
permission, in which case the frames shall be permanently and effec-
tively insulated from ground;

{¢) Transformers mounted on wooden poles at a height of more than
8 feet from the ground.

Note: See section ® 103,04 (2), in volume 1.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 250.043 Fixed and stationary equipment; specific. Exposed, non-
current-carrying metal parts of the following kinds of equipment,
regardless of voltage, shall be grounded:

(1} Frames of motors as specified in =section E 430.142;

(2) Controller cases for motors, except lined covers of snap
switches;

(8) Eleetric equipment of elevators and eranes;

(4) Electric equipment in garages, theatres and motion picture
studios, except pendent lampholders on circuiis of not more than 150
volts to ground;

(5) Motion-picture projection equipment;

(8) Electrie signs and associated equipment, unless these are in-
accessible to unauthorized persons and are also insulated from ground
and from other conductive objects;

{(T) Generator and motor frames in an electrically operated organ,
unlesg the generator is effectively insulated both from ground and
from the motor driving it;

(8) Switehboard frames and structures supporting switching equip-
ment, except that frames of divect-current, single-polarity switch-
boards need not be grounded where effectively insunlated.

(9) Equipment supplied by clags 1 and class 2 remote confrol and
gignaling cirenits where part B of this chapter requires those cireuits
to be grounded.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

T 250.044 Non-electrical equipment, The Tollowing metal parts shall
be grounded:

(1) Trames and tracks of electrically operated eranes;

(2) The metal frame of a non-electrically driven elevator car to
which electrie conductors are attached;

(3) Hand-operated metal shifting ropes or cables of electric ele-
vators;

(4) Metal enclosures such as partitions, grill work, ete, around
equipment carrying voltages in excess of 750 volts between condue-
tors, unless in substations or vaults under the sole control of the sup-
ply company.

Note: Where extenslve metal in or on bulldings may hecome energized
and is subject to personal contact, adequate bqnding and grounding will

provide additional safety,
Hisiory: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

Electrical Code, Volume 2
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E 250.045 Portable equipment, Under any of the following condi-
tlons, exposed non-current carrying metal parts of portable equip-
ment, which are liable to become energized, shall be grounded:

(1) In hazardous locations (see Wis. Adm, Code chapters B 500 to
E 517);

(2) When operated at more than 150 volts to ground, except:

(a) Motors, where guarded;

(b) Metal frames of electrically-heated appliances exempted by
section B 422.12,

(8) In residential occupancies., {a) clothes-washing, clothes-drying,
and digh-washing machines, sump pumps, and (h) portable, hand
held, motor operated tools and appliances of the following types:
drills, hedge clippers, lawn mowers, wet serubbers, sanders and saws.

1. Exeeption: Such toolg and appliances protected by an approved
system of double insulation, or its equivalent, need not be grounded.
Where such an approved system is employed the equipment shall be
distinetively marked.

Note: Portable tools or appliances not provided with speciat insulating or
grounding protection are not intended to be used in damp, wet or con-
ductive locations,

(4) In other than residential cccupancies, (a) portable equipment
used in damp or wet locations, or by persons standing on the ground,
on concrete or mefal floors or working ingide of metal tanks or
boilers, and (b) portable tools which are likely to be used in wet and
conductive locations shail be grounded except that they need not be
grounded where supplied through an insulating iransformer with
ungrounded secondary of not over 50 volts,

1, Exception: Such tools protected by an approved system of double
insulation, or its equivalent, need not he prounded. Where such an
approved system is employed, the equipment shall be distinetly
marked and where the conditions of maintenance and supervigion
assure that the proper grounding of the tool will be maintained (as,
for example, on some factory production lines) it ig recommended
that grounded type tools be used,

Note: It is recommended that the frames of all portable motors which
operate at more than 60 volts to ground be grounded,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-¢8.

E 250,046 Spacing from lightning reds. Metal frames and enclosures
of electric equipment shall, wherever practicable, be kept at least 6
feet away from Mghtning red conductors, Where it is not practicable
to secure 6 feet separation, they shall be bonded together. See sections
E 250.034 and E 250.086,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

F. METHODS OF GROUNDING

E 250.051 Effective grounding, The path to ground from cireuits,
equipment, and conductor enclosures shall (1) be permanent and
confinuous and (2) shall have ample ampacity to conduct safely
any currents liable to be imposed on it, and (3) shall have impedance
sufficiently low to limit the potential above ground and to facilitate
the operation of the overcurrent devices in the cireuit.

Histery: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

Blectrical Code, Volume 2
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E 250,052 Location of system ground connection. The grounding con-
ductor may be connected to the grounded conductor of the wiring
gystem at any convenient point on the premises on the supply side
of the service disconnecting means.

Note: It is recommended that high capacity services have the grounding
conduetor connected to the grounded conductor of the system within the
service entrance equipment enclosure,

History: Cr. Register, January, 1968 No. 145, eff. 2-1-68.

E 250.053 Common use of grounding conductor. The grounding con-
ductor of a wiring system shall also be used for grounding equip-
ment, condnit and other metal raceways or enclosureg for conductors,
including service conduit or cable sheath and service equipment.

(1) Exceprion: The grounding connection as covered in the excep-
tion in section B 210.07 may be made to 2 grounded cold water pipe
near the equipment.

History: Cr. Register, January, 19638, No. 145, eff. 2-1-68.

E 250.054 Common grounding electrode, Where the alternating-
current system is connected to a grounding electrode in or at a build-
ing as specified in sections B 250.023 and E 250.024, the same elec-
trede shall be used to ground conductor enclosures and equipment in
or on that building,

History: Cr, Register, January, 1988, No. 145, eff. 2-1-68.

E 250.055 Underground service cable. Where served from a con-
tinuous underground metal-sheathed cable system, the sheath or armor
of underground service eable metallically connected to the underground
system, or underground service conduit containing a metal-sheathed
eable bonded to the underground system, need not be grounded at the
building and may be insulated from the interior conduit or piping.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 250.05¢ Short sections of raceway. Isolated sections of metal
raceway or cable armeor, where required to be grounded, shall prefera-
bly be grounded by connecting to other grounded raceway or armer,
but may be grounded in accordance with section E 250.057.

History: Cr., Register, January, 1968, No. 145, eff. 2-1-68.

E 250.057 Fixed equipment. (1) Metal boxes, cabinets and fittings,
or non-current-carrying metal parts of other fixed equipment, where
metallically connected to grounded cable armor or metal raceway, are
considered to be grounded by such connection,

(2) Where not so connected they may be grounded in one of the
following ways:

(a) By a grounding conduector run with ecircuit conduetors; this
conductor may be uninsulated, but where it is provided with an
individual covering, the covering shall be fiished in a continuous
green color or a continuous green color with a yellow stripe.

(b) By a separate grounding conductor installed the same as a
grounding conductor for conduit and the like;

(¢) By a grounding conductor in the supply cord, when cord con-
nected as permitted in section E 400.03;

{d) By special permission, other means for grounding fixed equip-
ment may be used.

History: Cr. Register, January, 1963, No. 145, eff. 2-1-68,

Blectrical Code, Volume 2
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E 250,068 Equipment on structural metal. {1) Electric equipment,
secured to and in contact with the grounded structural metal frame
of a building, shall' be deemed to be grounded.

(2) Metal car frames supported by metal hoisting cables attached to
or running over sheaves or drums of elevator machines shall be deemed
to be grounded where the machine is grounded in accordance with this
code.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 250.059 Portable equipment. Non-current-carrying metal parts of
portable equipment may be grounded in any one of the following
ways:

(1) By means of the metal enclosure of the conductors feeding such
equipment, provided an approved grounding type attachment plug is
used, one fixed contacting member being for the purpose of grounding
the metal enclosure, and provided, further, that the metal enclosure
of the conductors ig attached to the attachment plug and to the
equipment by connectors approved for the purpose;

(a) Ewception: The grounding contacting member of grounding
type attachment plugs on the power supply cord of hand-held tools
or hand-held appliances may be of the movable self-restoring type.

Note; Attachment plug caps are not Intended to be used as terminations
for metal-clad cable or flexible metal conduit.

(2) By means of a grounding conductor run with the power supply
conductors in a cable assembly or flexible eord that is properly termi-
nated in an approved grounding-type attachment plug having a fixed
grounding contacting member, The grounding conductor in a cable
agsembly may be uninsulated; bhut where an individual covering is
provided for such eonductors it shall be finished a continuous grean
color or a continuous green color with a yellow stripe,

(a) Eaxception: The grounding contacting member of grounding
type attachment plugs on the powsr supply cord of hand-held tools
or hand-held appliances may be of the movable gelf-restoring type.

(3) A separate flexible wire or strap, insulated or bare, protected
as well as practicable against physical damage may be used only by
special permission except where a part of an approved portable
equipment,

Historys Cr. Register, January, 1963, No, 145, eff, 2-)-68,

E 250.060 Frames of electric ranges and eleciric clothes dryers.
Frames of electric ranges and electrle clothes dryers rihall he grounded
by any of the means provided for in sections E 250.( 57 and E 250.059
or where served by 120/240 volt, 3-wire branch circuits, they may
be grounded by connection to the grounded cireuit conductors, provided
the grounded ecircuit conductors are not smaller than No. 10 AWG,
The frames of wall-mounted ovens and counter-mounted cooking units
shall be grounded and may be grounded in the same manner as elec-
tric ranges.

History: Cr. Register, January, 1968 No. 145, eff. 2—-1-68.

Electrical Code, Volume 2
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E 250.061 Grounding equipment to cirenit conductor. The grounded
service conductor on the supply side of the service disconnecting
means may be used for grounding meter housing and service equip-
ment and metallic enclosures and guards, The grounded cireuit con-
ductor on the load side of the service disconnecting meang shall not
be used for grounding equipment, cable armor, or metal raceways
except as provided in section B 250,067 (2) (d), and in section
£ 250.080.

History: Or. Register, January, 1968, No. 145, eff, 2-1-63.

G. BONDING

T 250.07L Bonding at sevvice equipment, The electrical continuity
of the grounding circuit for the following equipment and enclosures
shall be assured by one of the means given in section E 260.072,

(1) The service raceways or service cable armor or sheath, except
as provided in subsection E 230.063 (2) and section E 250.065;

(2) All service equipment enclosures containing service entrance
conduetors, including meter fittings, boxes or the like, interposed in
the service raceway or armor;

(3) Any conduit or armor which forms part of the grounding con-
ductor to the service raceway.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 250,072 Continnity at service equipment. Electrical continuity at
serviee equipment shall be assured by one of the following means:

{1) Bonding equipment to the grounded serviee conductor in a man-
ner provided in section E 250.113;

(2) Threaded couplings and threaded bhosses on enclosures with
joints shall be made up wrench tight where rigid conduit is involved;

(3) Threadless couplings made up tight for rigid conduit and elec-
trical metallic tubing;

(4) Bonding jumpers meeting the other requirements of this chap-
ter. Bonding jumpers shall be used around concentric or eccentrie
knockouts which are punched or otherwise formed so as to impair the
electrical connection to ground.

(5) Other devices (not locknuts and bushings) approved for the pur-
pose,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

£ 250.073 Metal armor or tape of service cable. With service cable
having an uninsulated grounded service conductor in continuous elee-
trical contact with its metallic armor or tape, the metal covering is
considered to be adequately grounded.

History: Or. Regigter, January, 1968, No. 145, eff, 2-1-68.

E 250.074 Bonding at grounding-type receptacles, Grounding con-
tinuity between a grounded outlet box and the grounding circuit of
the veceptacle shall be established by means of a bonding jumper
between the outlet box and the receptacle grounding terminal,

(1) ExceprioN No. 1: When the hox is surface-mounted, direct
metal-to-metal contact between the deviee yoke and the box may be
used to establish the grounding cireuit.
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{2) ExcerrioN No. 2: Contact devices or yokes designed and ap-
proved for the purpose may be used in conjunction with the support-
ing serews to establish the grounding circuit between the deviee yoke
and flush-type boxes installed in walls.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-£8,

X 250.075 Coniinuity at other enclosures, The electrieal continuity
of metallic raceway systems and cable armor that are to serve as
grounding conductors shall be assured, At points where raceway or
armor connects to metal enclosures, any non-conducting coating which
might interrupt such continuity shall be removed unless fittings are
used which are so designed that such removal is Unnecessary.

Misterys Cr. Register, January, 1968, No. 145, eff. 2-1-88.

E 250,076 Voltages exceeding 250 volts. The electrical continuity of
metal raceway or metal sheathed cable which containg any conductor
other than service entrance conductors of more than 250 volts to
ground shall be assured by one of the methods specified in sections
E 250.072 (2)~(5), or by one of the following methods:

(1) Threadless fittings, made wp tight, with conduit or armored
cable; .

(2) Two locknuts, one inside and one outside of hoxes and cabinets.

History: Cr, Regiater, January, 1868, No. 145, eff. 2-1—68.

E 250.077 Loosely-jointed metal raceways. Expansion joints and
telescoping seetions of raceways shall be made electrically continuous
by bonding jumpers or other approved means, Metal trough raceways
used In conmection with sound recording and reproducing, made up in
sections, shall contain a grounding conductor to which each section
shall be bonded.

Histery: Cr. Register, January, 1988, No. 145, eff, 2-1-48.

E 250.078 Hazardous locations, In hazardous locations, regardless of
the voltage involved, the electrical continuity of metallic raceway,
boxes and the like, shall be assured by one of the methods specified in
subsections T 250.072 (2)-(5).

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 250.079% Bonding jumpers. Bonding jumpers shall conform to the.
following:

(1) MATERIAL aANp sizg, Bonding jumpers shall bhe of copper or
other corrosion-resistant material and shall be of sufficient size to
have current-carrying capacity not less than is required in table
E 250.004 (1). '

(2) ArTacTMENT. Bonding jumpers shall be attached to cabinets
and the like in a manner provided in seetion T 250.118; where used
between grounding electrodes or around water meters and the like,
they shall be attached in a manner provided for in section F, 250.114,

History: Cr. Register, January, 19638, No. 145, eff. 2—-1-¢8.

H. GROUNDING ELECTRODES

E 250.081 Water pipe. A metallic underground water piping system,
either local or supplying a community, shall always be used as the
grounding electrode where sueh a piping system is available. If the
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buried portion of the metallic piping system is less than 50 feet
excluding well casings, or has a resistance to ground of more than
3 ohms, the piping system ground shall be augmented by at least
2 grounding electrodes recognized in section E 250.082 and section
E 250,083 wherever the cireuit or non-current carrying parts are
vequired to be grounded. The interior metallic cold water piping sys-
tem shall always be bonded te the one or more grounding electrodes.

Note: Fxpanding use of nonmetallic piping for water systems and insu-
lating couplings on metallic water systems makes it more important that
water piping within a building be adeguately grounded without depending
on connections to an outside piping system, The interior piping system
should be electricaily continuous, Bonding to gas, sewer, hot waier piping
and metallic air ducts within the premises will provide additional safety.

Mistory: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 250.082 Other available electrodes, Where a water system as
described in section E 250.081 ig not available, the grounding connec-
tion may be made to any of the following if the resistance to ground
is less than 3 ohms or the metal is supplemented by 2 electrodes of
the type recognized in section E 250.083:

(1) The metal frame of the building, if effectively grounded;

(2) Other local metallic underground systems, such as piping, tanks
and the like, Gas piping shall not be used.
History: Cr. Register, January, 1968, No. 146, eff. 2-1-63.

E 250.083 Made electrodes. Where electrodes described in sections
F 260.081 and E 250.082 are not available, the grounding electrode
shall consist of a driven pipe, driven rod, buried plate or other device
approved for the purpose and conforming to the following require-
ments:

(1) PLATE ELECTRODES. Each plate electrode shall present not less
than 2 square fest of surface to exterior soil. Electrodes of iron, or
steel plates shall be at least %4 inch in thickness. Electrodes of non-
ferrous metal shall be at least 0.06 inch in thickness.

(2) PIPE ELECTRODES. Electrodes of pipe or conduit shall be not
gmaller than of the % inch trade size and, where of iron or steel, shall
have the outer surface galvanized or otherwise metal-coated for cor-
rosion protection.

(3) Rop ELECTRODES. Flectrodes of rods of steel or iron shall be at
least % inch in diameter. Approved rods of non-ferrous materialy or
their approved equivalent used for electrodes shall be not less than
14 inch in diameter.

(4) InsTALLATION, Electrodes should, as far as practicable, be im-
bedded below permanent moisture level. Except where rock bottom
is encountered, pipes or rods shall be driven to a depth of at least
8 feet vegardless of size or number of electrodes used. Pipes or rods
when less than standard commercial length shall preferably be of one
piece. Such pipes or rods shall have clean metal surfaces and shall
not be covered with paint, enamel or other poorly conducting mate-
rials. Where rock bottom is encountered at a depth of less than 4
feet, electrodes shall be burjed in a horizontal trench, and where pipes
or rods are used as the electrode they shall comply with subsections
(2) and (3) and shall not be less than 8 feet in length. Bach elec-
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trode shall be separated at least 6 feet from any other electrode,
including those used for signal eircuits, radio, lightning rods, or any
other purpose.

History: Cr. Register, Jahuary, 1968, No, 145, eff, 2-1-068.

E 250.084 Resistance, If the resistance to ground of an underground
piping or metallic system is more than 8 ohms, 2 made electrodes
must be added to the grounding system. If a single made electrode
does not have a resgistance to ground of less than 25 chms, 2 made
electrodes shall be installed. The distance between made electrodes
shall be at least 6 feet.

Histoxy: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

B 250.085 Railway tracks. Rails or other grounded conductors of
electric railway circuits shall not be used (1) as a ground for other
than railway lightning arresters and railway equipment, conduit,
armored cable, metal raceway, and the like, where other effective
grounds are available; and (2) in no case shall such rails or other
grounded conductors of railway circuits be used for grounding inte-
rior wiring systems other than those supplied from the railway cir-
cuit itself.

History: Cr. Register, January, 1968, No. 145, eff. 3-1-88.

E 250.086 Use of lightning rods. Lightning rod conductors and
driven pipes, rods or other made electrodes used for grounding light-
ning rods, shall not be used in lieu of the made grounding electrodes
required by this chapter for grounding wiring systems and equipment.
The foregoing provision shall not be ftaken to forbid the bonding
together of the several made electrodes that are respectively provided
for electric wiring systems and equipment, for communication systems,
and for lightning protection. See section E 800.31 (2) (e).

Note: It is recommended that all separate electrodes be bonded together
to Hmit potential differences betwwen them and between their assoclated
wiring systems.

History: Cr. Register, January, 1968, No. 146, eff, 2-1-68.

J. GROUNDING CONDUCTORS

E 250.091 Material. The material for the grounding conduectors shall
be as follows:

(1) For SYSTEM OR COMMON GROUNDING CONDUCTOR. The grounding
conductor of a wiring system shall be of copper or other corrosion-
resistant material. The conductor may be solid or stranded, insulated
or bare. Except in cases of bus-bars, the grounding conduetor shall
be without joint or splice throughout its length, Where the grounding
conductor is not of copper, its electrical resistance per linear foof
ghall not exceed that of the allowable copper conductor for such a
purpose.

(2) TTOR CONDUCTOR ENCLOSURES AND EQUIPMENT ONLY. The ground-
ing conduetor for equipment and for conduit and other metal race-
ways or enclosures for conductors, may be a conductor of copper or
other corrosion-resistant material, stranded or solid, insulated or
bave, a bus-bar or a rigid conduit, steel pipe, electrical metallic tubing
or the armor of type AC metal-clad cable, except that under condi-
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tions favorable to corrosion, a suitable corrosion-resistant material
shall be used. Where conduit is used as a grounding conductor, all
joints and fittings shall be made wrench tight.

History: Cr. Register, January, 1968, No. 146, efi. 2-1-68.

E 250.092 Installation., Grounding conductors shall be installed as
follows:

(1) S¥YSTEM OR COMMON GROUNDING CONDUCTOR, A grounding con-~
ductor. No. 4 or larger, may be attached to the surface on whieh it is
carried without the use of knobs, tubes or insulators. It need not
have protection unless exposed to severe physical damage. A No, 6
grounding eonduetor, which is free from exposure to physical damage,
may be run along the surface of the building construetion without
metal eovering or protection, where it is rvigidly stapled to the con-
struction; otherwise, it shall he in conduit, electrical metallic tubing
or cable armor. Grounding conductors smaller than No. 6 shall be in
conduit, electrical metallic tubing, cable armor, wireways, auxiliary
gutters or any other approved raceways, Metallie enclesures for
grounding conductors shall be electrieally continuous from the point
of attachment to cabinets or equipment to the grounding electrode,
and ghall be securely fastened to the ground clamp or fitting. Where
rigid metallic conduit or steel pipe is used as protection for a ground-
ing conductor, the installation shall comply with the requirements
of Wis, Adm. Code chapter E 346; where electrical metallie tubing is
used, the installation shall comply with the requirements of chapter
E 348, Aluminum grounding conductors shall not be used where in
diveet confact with masonry or the earth or where subject to corrosive
eonditions, Where used outside, aluminum grounding eonductors shall
not be installed within 18 inches of the earth.

{2) CoNDUCTOR ENCLOSURES AND EQUIPMENT ONLY. A grounding con-
ductor for conductor enclosures and equipment only shall meet the
requirements of section I 250.002 (1), except that where smaller
than No. 6, as permitted by section E 250,095, it need not be armored
or installed in a raceway where run through the hollow spaces of a
wall or partition or otherwise run so as not te be subject to physical
damage.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 250,093 Direct-curvent systems, The carrying capacity of the
grounding conductor for a direct-current supply system or generator
shall not be less than that of the largest conductor supplied by the
system, except that where the grounded cirveuit conductor iz a neutral
derived from a balancer winding or a balancer set protected in aceord-
ance with requirements of section E 445.04 (4), the size of the
grounding conductor shall not be less than that of the neufral con-
ductor. The grounding conductor shall in no case be smaller than No.
8 copper.

Mistery: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 250.094 Alternating-current systems. (1) SERVICE AND COMMON
GROUNDING CONDUCTOR FOR GROUNDED SYSTEMS, Where the wiring
system is grounded, the size of the grounding conductor for an
alternating current system or for a common grounding conductor
shall not be less than is given in table E 250.094 (1), except that
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where connected to made electrodes (as in section E 250.083), that
portion of the grounding conductor which is the sole commection
between the grounding electrode and the grounded system conductor
need not bhe larger than No. 6 copper wire or its equivalent in ampac-
ity. The grounding conductor for an underground service shall be
sized the same as required for an equivalent overhead service.

(2) SERVICE EQUIPMENT GROUNDING CONDUCTOR FOR UNGROUNDED
SYSTEMS, Where the wiring system is ungrounded, the size of a
grounding conductor for a service raceway, for the metal sheath or
armor of a service cable, and for service equipment shall not be less
than is given in fable E 250.094 (2), except that where connected to
made electrodes {as in section E 250.083) that portion of the ground-
ing conductor which is the sole connection between the grounding elee-
trode and the service equipment nced not be larger than No. 6 cop-
per wire or its eguivalent in ampacity. The grounding conductor
for an underground service shall be sized the same as reguirved for
an equivalent overhead service.

TABLE E 250.004 (1)

SERVICE AND COMMON GROUNDING CONDUCTORS
MR GROUNDED SYSTERMS

Size of Largest Service Conductors or Size of Grounding Conductor
Equivalent for Multiple Conductors AWG No,
COPPER ALUMINUM COPPER ALUMINUM*
2 or gmaller G or smalier 8 6
or 2/0 or 3/0 [ 4
2/0 or 3/0 4/0 or 250 MCM 4 2
Over 8/0 to Gver 250 MCM to
350 MCM 500 MCM 2 0
Over 350 MCM to Over 500 MCM to
600 MCM 900 MCM 0 3/0
Over 800 MCM to Over 900 MCM to
1100 MCM 1750 MOCM 2/0 4/0
Over 1100 MCM Over 1750 MCM 3/0 250 MCM

#Bee Installation restrictions in Section E 250,092 (1)

TABLE H 200.084 (2)

SERVICH BQUIPMENT GROUNDING CONDUCTOR
FOR UNGROUNDED SYSTEMS

- Size of Largest Service Conduetor or Bize of Grounding Conduetor AWG No.
Equivalent for Multiple Conductors or Trade Size {Inch)
Blectrical
Copper Alumisum Capper Aluminum Conduit Metallic
or Pipe Tubing
2 or smaller 0 or smaller 8 5 4 !
or 2/0 or 8/0 6 4 ﬁ 1/5
2/0 or 8,/0 4/0 or 250 4 2 3 114
Over 3/0 to Over 250 MCM
360 MCM to 500 MCM 2 0 B2 1Y
Over 850 MCM Over 500 MCM
to 600 MCM to 900 MCM 0 3/0 1 2
Over 600 MCM Over 900 MCM
to 1100 MCM to 1760 MCM 2/0 4/0 1 2
Over 1100 MCM | Over 1750 MCM 3/0 250 MCM 1 2

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.
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E 250,095 Interior raceway and equipment. The size of the ground-
ing conductor for conduit, cable sheath or armor, and other metal
raceways or enclosures for conductors, and for equipment, shall be
not less than given in table E 250.095. For ratings above 1200 am-
peres, the size of the grounding conductor shall bhe increased propor-
tionately. See Wis. Adm. Code section E 884.03 (3).

TABLE B 250,085

SIZES OF CONDUCTORS FOR GROUNDING INTERIOR
RACEXWAY AND EQUIPMENT

Rating or Setiing of Automatic Size of Grounding Conductor
Overcurrent Device in Cireuit
Ahead of Equipment, Conduit, ete., Copper Aluminum¥ Conduit Metaltic
Not Exceeding (Amperes) ire Wire or Pipe Tubing
No. No, (Ench) {Inch)
16%% 145 ﬁ e}
14 12 g
12 10 14 14
10 8 1a 15
8 6 3 i
G 4 13 1
3 1 P 14
1 00 34 137
(1} Q00 1 2
00 0000 1 2
000 250 MCM 1 2

#Sea installation restrictions in section E 260.092 (1).
#Parmissible oaly when part of an approved cable aszsembly,

History: Cr, Register, January, 1968, No. 148, eff. 2-1-G8.

E 250,096 Portable and pendent equipment. For grounding portable
or pendent equipment, the conductors of which are protected by fuses
or circuit-breakers rated or set at not exceeding 20 amperes, No. 18
copper wire may be used. Conductors of Nos, 16 or 18 copper which are
used for grounding portable equipment shall be part of an approved
flexible cord assembly. For grounding portable or pendent equipment
protected at more than 20 amperes, table E 260.095(1) shall be
followed.

History: Or, Begister, January, 1968, No, 145, eff, 2-1-68.

E 250,097 Outline lighting. Isolated non-current-carrying metal
parts of ocutline lighting systems may be bonded together by a No.
14 conductor protected from physical damage, where a conductor com-
plying with section E 250.095 is used to ground the group,

History: Cr, Register, January, 1968, No, 145, sff, 2-1-§8.

E 250,098 Common raceway. A grounding conductor may be run
in the same metal raceway with other conductors of the sysfem fo
which it is connected.

Histery: Cr. Register, January, 1968, No. 145, eff, 2-1-48,

E 250,099 Continuity. No automatic cutout or switch shall be placed
in the grounding conductor of an interior wiring system unless the
opening of the cutout or switch disconnects all sources of energy.

History: Cr, Register, Janovary, 1968, No. 145, eff, 2-1-68,

Electrical Code, Volume 2
Regigter, Tanuayy, 1968 No, 146




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 143

. GROUNDING CONDUCTOR CONNECTIONS

E 250.111 To raceway or cable armor. The point of connection of
the grounding conductor to interior metal raceways, cable armor and
the like shall be as near as practicable to the source of supply and
shall be so chosen that no raceway or cable armor is grounded through
a run of smaller size than is called for in section E 250.095.

History: Cr. Register, January, 196§, No. 145, eff, 3-1-68,

E 250.112 To electrode. The grounding connection to the electrode
shall be located as follows:

(1) To warer PIPES, For residential occupancies, the system or
common grounding conductors shall be attached to a water piping
system on the street side of the water metor where the meter is
located within the building, ¥f the meter is located outside, the point
of connection shall be the closest accessible point to where the water
system enters the building. For other than residential occupancies
the point of attachment shall be on the street side of the water meter
or on a cold water pipe of adequate ampacity as near as practicable
to the water service entrance to the building, Where the source of
the water supply is from a driven well in the basement of the prem-
ises, the connection shail be made as near as practicable to the well.
Where practicable, the point of attachment shall be accessible. Where
the point of attachment is not on the street side of the water meter,
the waler piping system shall be made electrically continuous by
bonding together all parts between the attachment and the street side
of the water meter or the pipe entrance which contain insulating
sections or are lable to become disconnected, as at meters, valves and
service unions. Whenever a metallic water system becomes available
within fhe building, the service ground shall be connected to it.

(2) To oTHER ELECTRODES, The grounding conductor shall be at-
tached to other electrodes permiited in sections E 250.082 and E
250.083 at a point which will assure a permanent ground. Where prac-
ticable the point of attachment shall be accessible,

Histfory: Cr. Register, January, 1%68, No. 145, eff. 2-1-68,

E 250.113 Attachment to circuits and equipment, The grounding
conductor, bond, or bonding jumper ghall be attached to cireuits, con-
duits, cabinets, equipment, and the like, which are to be grounded, by
mezns of suitable lugs, pressure connectors, clamps, or other approved
means, except that connections which depend upon solder shall not
be used.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-§8.

I 250,114 Continuity and attachment of branch cirveuit grounding
conductors to boxes. Where more-than one grounding conductor of a
branch cirveuit enters a bhox, all such conduetors shall be in good
electrical contact with each other and the arrangement shall be such
that the disconnection or removal of a receptacle, fixture, or other
device fed from the box will not interfere with or interrupt the
grounding continuity.

(1) METALLIC BOXES. A connection shall be made hetween the one
or more grounding conductors and a metallic box by means of a
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grounding screw which shall be used for no other purpose, or an
approved grounding device,

(2) NONMETALLIC BOXES. One or more grounding conductors
brought into a nonmetallic outlet box shall be so arranged that a
connection can be made to any fitting or device in that box which
requires grounding.

History: Cr. Register, January, 1963, No. 145, eff, 2-1-068.

E 250.115 Attachments to electrodes. The grounding conductor shall
be attached to the grounding electrode by means of (1) an approved
bolted clamp of cast bronze or brass or of plain or malleable cast iron,
or (2) a pipe fitting, plug, or cther approved device, serewed into the
pipe or into the fitting, or (8) other equally substantial approved
meang, The grounding conductor shall be attached to the grounding
fitting by means of suitable lugs, pressure connectors, elamps, or other
approved means, except that connections which depend upon solder
shall not be used. Not more than one conductor shall be connected to
the grounding electrode by a single clamp or fitting, unless the clamp
or fitting is of a type approved for such use.

Histoxry: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

1 250.116 Ground clamps. For the grounding cenductor of a wiring
system the sheet-metal-strap type of ground clamp is not considered
adequate unless the strap is attached to a rigid metal base which,
when installed, is seated on the water pipe, or other electrode and the
gtrap is of such material and dimensions that it is not liable to stretch
during or after installation.

Note: Ground clamps for use on copper water tubing and copper, brass, or
lead pipe should preferably be of copper, and those for use on galvanized or
iron pipe should preferably be of galvanized iron and so designed as to avold
phy¥sgical damages to pipe, Ground clamps used with aluminum grounding
conductors should be approved for the purpose.

History: Cr, Register, January, 1968, No, 146, eff, 2-1-68.

E 250.117 Protection of attachment. Ground clamps or other fittings,
unless approved for general use without protection, shall be protected
from ordinary physical damage (1) by being placed where they are
not liable to be damaged or (2) by being enclosed in metal, wood, or
equivalent protective covering.

Histoxy: Cr, Register, January, 1968, No, 145, eff. 2—1-68.

E 250,118 Clean surfaces, Where a non-conductive protective coat-
ing, such as paint or enamel, is used on the equipment, conduit, coup-
lings or fittings, such coating shall be removed from threads and other
contact surfaces in order to insure a good electrical connection.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

L. INSTRUMENT TRANSFORMERS, RELAYS, ETC.

E 250.121 Instrument transformer circuits. The secondary circuits
of current and potential instrument transformers shall be grounded
where the primary windings are connected to circuits of 300 volts or
more to ground, and, where on switchboards, shall be grounded irre-
spective of voltage, except that such circuits need not be grounded
where the primary windings are conneeted to cirenits of 750 volts or
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less and no live parts or wiring ave exposed or accessible to other than
qualified persons.
History: Cr. Register, January, 1968, No. 145, eff. 2—1-G8.

E 250.122 Instrument transformer cases, Cases or frames of in-
strument transformers shall be grounded where accessible to other
than qualified persons, except that cases or frames of current trans-
formers, the primaries of which are not over 150 volts to ground and
which are used exclusively to supply curvent to meters, need not be
grounded.

Iistory: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 250.123 Cases of instruments, meters and relays; operating volt-
age 750 or less. Instruments, meters and relays which operate with
windings or working parts af 7560 volts or less shall be grounded as
follows:

(1) NoT oN SWITCHBOARDS. Instruments, meters and relays not lo-
cated on switchboards, which operate with windings or working parts
at 300 volts or more to ground, and accessible to other than gualified
persons, shall have the cases and other exposed metal parts grounded;

{2} ON DBAD FRONT SWITCHBOARDS. Instruments, meters and relays
(whether operated from current and potential transformers, or con-
nected dirvectly in the circuit) on switchboards having no live parts
on the front of the panels shall have the cases grounded;

(3) ON LIVE FRONT SWITCIIBOARDS. Instruments, meters and relays
(whether operated from current and potential transformers, or con-
nected directly in the civeuit) on switchboards having exposed live
parts on the front of panels shall not have their cases grounded. Mats
of insulating rubber or other suitable floor insulation, shall be pro-
vided for the operator where the voltage to ground exceeds 150,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 250.124 Cases of ingtruments, meters and relays; operating volt-
age over 750, Where instruments, meters and relays have current-
carrying parts over 750 volts to ground, they shall be isolated by
elevation or protected by suitable barviers, grounded metal or insulat-
ing covers or guards. Their cases shall not be grounded, except as
follows:

(1) In electrostatic ground detectors the internal ground segments
of the instrument are connected to the instrument case and grounded;
the ground detector shall be isclated by elevation.

History: Cr. Regiater, January, 1968, No. 145, eff, 2-1-G8.

E 250.125 Instrument grounding conductor. The grounding conduec-
tor for secondary cireuits of instrument transformers and for instru-
ment cases shall not be smaller than Neo. 12 where of copper; where
of other metal, it shall have equal conductance, Cases of instrument
transformers, instruments, meters and relayvs which are mounted di-
rectly on grounded metal surfaces of enclosures or grounded metal
switchboard panels shall be considered to be grounded and neo addi-
tional grounding conductor will be required.

History: Cr. Register, January, 1968, No. 145, off. 2-1—68,
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M. LIGHTNING ARRESTERS

E 250,131 On secondary services; 750 volts or less. Where & light-
ning arrester is installed on a secondary service, the connections to
the service conductors and to the grounding conductor shall be as
short as practicable. The grounding conductor may be (1) the
grounded serviee conductor, or (2) the common grounding conductor,
or (3) the service equipment grounding conductor. The bonding or
grounding conductor shall be of eopper not smaller than No. 14 or of
equivalent corrosion-resistant material.

History: Cr. Register, January, 1968, No. 146, eff, 2-1-68,

E 250.132 On primary cireuits, The grounding conductor of a light-
ning arrester proteeting a transformer which supplies a secondary dis-
tribution system may be interconnected as follows:

(1) METALLIC INTERCONNECTION. A metallic interconnection may be
made to the secondary neutral provided that, in addition to the direct
grounding connection at the arrester:

(a) The grounded conduector of the secondary has elsewhere a
grounding connection to a continuous metallic underground water pip-
ing system. However, in urban water pipe areas where there are at
least 4 waterpipe comnections on the neutral and net less than 4
such connections in each mile of neutral, the metallie interconnection
may be made to the secondary neutral with omission of the direct
grounding connection at the arrester,

(b) The grounded esnductor of the secondary system iz part of a
multi-grounded neutral system, of which the primary neutral has at
least 4 ground connections in each mile of line in addition to a ground
at each service.

(2) THROUGH SPARK GAP. Where the secondary is not grounded as
in subsection (1), but is otherwise grounded as in sections E 250.082
and F 250.083, such interconnection, where made, shall be through
a spark gap having a 60-cycle breakdown voltage of at least twice
the primary circuit voltage but not necessarily more than 10 kv, and
there shall be at least one other ground on the grounded conduetor
of the secondary not less than 20 feet distant from the lightning
arrester grounding elecivode.

(8) BY SPECIAL PERMISSION, Except as above provided, intercon-
nection of the arrester ground and the secondary neutral may be
made only by special permission.

History: Cr, Reglster, January, 1968, No, 145, eff. 2—1-68.

Blectrical Code, Volume 2
Register, January, 1968, Ne, 145




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 147

Chapter E 280
LIGHTNING ARRESTERS

E 280.01 Where required I 280.23 Connections; size and
E 280.02 Number required material

I 280.03 Where connected B 280.24 TIngsulation .

E 250.11 TUtllization egquipment H 280,20 8Switch for isolating ar-
I 280.21 Location; indaora rester

B 280.22 Location; outdoors E 280.26 Grounding

A, INDUSTRIAL STATIONS

E 280.01 Where required. Lightning arresters shall be provided in
industrial stations in locations where thunderstorms are frequent and
adequate protection against lightning is net otherwise provided.

Note: Tor lighining arresters in hazardous locations, ses chaptera
B 500-E 517,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 280.02 Number required. A lightning arrester shall be connected
to each ungrounded overhead conductor entering or leaving the sta-
tion, except that where there is more than one cireuit, a single set of
arresters may be installed on the station bus where means are pro-
vided to protect circuits that may remain disconnected from the bus.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E 280,03 Where connected. The arrester shail be connected on the
line side of all connected station apparatus.
History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

B. OTHER OCCUPANCIES

E 280.11 Utilization equipment. Lightning arresters installed for the
protection of utilization equipment may be installed either inside or
outside the building or enclosure containing the equipment to be pro-
tected. Arresters, unless isolated by elevation or made otherwise in-
accessible to unqualified persons, shall be enclosed, and where the
operating voltage of the cirenit exceeds 760 volts between conductors
they shall be inaccessible to unqualified persons.

Note! Secondary lightning protectlon devices may reduce damage to
wirlng and equipment caused by lightning dlsturbances, See section It 502.03.

Historyt Cr. Regiater, January, 1968, No. 145, eff, 2—1-68.

C. GENERAL

E 280,21 Location; indoors. Arresters installed indoors shall be lo-
cated well away from other equipment, passageways and combustible
parts of buildings, and where containing oil shall be separated from
other equipment by walls meeting the requirements of section E
450.42,

Hlatory: Cr. Register, Jenuary, 1968, No. 145, eff, 2-1-68.
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E 280.22 Location; outdoors, Where arresters containing oil are
located outdoors, provision shall be made to drain away any accumu-
lation of oil.

Note: Oil may be drained away by ditches and drains or the oil may
be absorbed and danger of spreading removed by paving the yard with
cinders or other absorbent material to & depth of severai inches,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 280.23 Connections; size and material. The connections between
the arrester and the line wire or bus, and between arrester and ground
shall be of copper wire or cable or the equivalent, and, except as pro-
vided on secondary services in section B 250.131, shall not be smaller
than No. 6, and shall be made as short and as straight as practicable,
avoiding as far as possible all bends and turns, especially sharp bends.

History: Cr, Regigter. January, 1968, No. 145, eff. 2-1-63.

B 280.24 Insulation, Lightning-protection accessories such as gap
electrodes, and choke coils where used, shall have an insulation from
ground or from other conductors at least equal to the insulation re-
quired at other points of the cireuit.,

History: Cr, Register, January, 1968, No, 145, eff. 2-1-68.

E 280.25 Switch for isolating arrester. Where isolating switches or
disconnecting devices are used, they shall withstand, in full open posi-
tion, a voltage test between live parts 10% in excess of the maximum
voltage test they will withstand to ground.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68,

E 280.26 Grounding. Lightning arresters shall be grounded in the
manner prescribed in chapter E 250,
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68
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WIRING METHODS AND MATERIALS

Chapter E 300

WIRING METHODS—GENERAIL REQUIREMENTS

B 300.01 Scops E 300.13 Mechanical continuity;
B 300.02 Voltage limitations conducfors
® 300,03 Conductors of different I 300.14 ¥ree length of conduc-
gystema tors at outlets and
B 300.04 Protection against phys- switch pointa
ical damage E 300,15 DRoxes
E 300,05 Protection against cor- II 300.16 Raceway or cable to
rosicn open or concealed wiring
L 300,06 Raceways exposed to B 300,17 Number of conductors In
diferent temperatures raceway
E 300.07 Underground runs H 300,18 Inserting conductors in
E 300,08 Through studs, joists raceways
and rafters E 300.19 Supporting conductors in
E 300.09 Grounding metal enclo- vertical raceways
sures E 30020 Induced currents in
E 300.10 Blectrical continuity of metal enclosures
metal raceways and ea- E 300.21 Prevention of apread of
closures flre
E 300.11 Secured in place E 300.22 Wiring in ventilating
E 30012 Mechanical continuity; and exhaust ducts

&

raceways and cables 300.23 Temporary wiring

K 300.01 Seope. (1) The provisions herein apply to the electrical
and mechanical requivements for the various methods of installing
fixed electrical conductors for electric light, heat and power and cer-
tain signal systems.

(2) The provisions of this chapter shall apply to all wiring installa-
tions, except for remote-control, including low voltage relay switching,
low-energy power and signal systems as provided in chapter E 725,
and communication systems as provided in chapter I 800.

(3) On premises where a coniinuous underground metallic water-
piping network system is not available as a grounding electrods, and
where it is not practicable otherwise to secure a ground of perma-
nently low resistance, the use of a wiring method which does not em-
ploy metal enclosures for the wires is recommended, unless the char-
acter or occupancy of the building is such as to require the use of a
metal-enclosed wiring system,

(4) The provisions of this chapter ave not intended to apply to the
conductors which form an integral part of equipment sueh as motors,
motor controllers and the like.

History: Cr. Reglater, January, 1968, No. 145, eff, 2-1-§8.

E 300.02 Voltage limitations, Wiring methods specified herein may
be used for voltages not exceeding 600, unless specifically limited in
some chapter. They may be used for voltages over 600 where specific-
ally permitted elsewhere in this code.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-88.
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E 300.03 Conductors of different syatems. (1) Conductors of light
and power systems of 600 volts or less may occupy the same enclosure,
without regard to whether the individual eirenits are alternating-cur-
rent or direct-current, only where all conductors are insulated for the
maximum voltage of any conductor within the enclosure.

{a) Where A.C. and D.C. lighting or power conductors occupy the
same enclosure, the D.C. conductors shall be marked “D.C.” at all
places of access.

{2) Conductors of light and power systems of over 600 volts shall
not occupy the same enclosure with conductors of light and power
systems of 600 volis or less.

(3) Secondary wiring to electric discharge lamps of 1,000 volis or
less, insulated for the secondary voltage involved, may occupy the
same fixture enclosure as the branch cirenit conductors.

(4) Primary leads of electric discharge lamp ballasts, insulated
for the primary veltage of the ballast, when contained within the
individual wiring enclosure may occupy the same fixture enclosure
ag the branch circuit conductors.

() Excitation, control, relay and ammeter conductors used in con-
nection with any individual motor or starter may occupy the same
enclogure as the motor cirenit conductors.

(6) Conductors of signal or radio systems shall not cceupy the
same enclosure with conductors of light or power systems except as
permitted for sound recording in section I 640.06; for remote-control,
low-energy power and signal circuits in sections T 725.16 and E
795.42; and communication systems in sections £ 800.03 and E 800.21,

History: Cr. Register, January, 1568, No., 145, eff. 2-1-68.

E 300.04 Protection against physieal damage. Where subject to
physical damage, conductors shall be adequately protected.
History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 300.05 Protection against corrosion, Metal raceways, cable armor,
boxes. cable sheathing, cabinets, metallic elbows, couplings and fit-
tings shall be of material suitable for the envirenment in which they
are to be installed. _ _

(1) Ferrous raceways, cable armor, boxes, cable sheathing, cabinets,
metallic elbows, couplings and fittings shall be suitably protected
against corrosion inside and outside (except threads at joints) by a
coating of approved eocrvrosion resistant material such as zime, cad-
mium, or enamel. Where protected from corrosion solely by enamel,
they shall not be used out of doors or in wet locations as described
in (3) below.

(2) Unless made of materials judged suitable for the condition, or
unless corrosion protection approved for the condition is provided,
ferrous or non-ferrous metallie raceways, cable armor, boxes, cable
sheathing, cabinets, elbows, couplings and fittings shall not he
installed in concrete or in direct conmtact with the earth, or in areas
subject to severe corrosive influences,

(3) In portions of dairies, laundries, canneries, and other indoor
wet locations, and in locations where walls are frequently washed or
where there are surfaces of absorbent materials, such as damp paper
or wood, the entive wiring system, including all boxes, fittings, con-
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duits and cable used therewith, shall be mounted so that there is at
least one-quarter inch air space between it and the wall or support-
ing surface,

Note: Meat-packing plants. tanneries, hide cellars, casing rooms, gluae
houses, fertilizer rooms, salt storage, some chemical works, metal refineries,
pulp mills, sugar mills, round houses, some stables, and similar locations
are judged to be occupancies where gevere corrosive conditions are likely
to ba present.

History: Cr, Register, January, 1968, No, 145, eff. 2—1-68.

E 300.06 Raceways exposed to different temperatures. (1) SEALING.
Where portions of an interior raceway system are exposed to widely
different temperatures, as in refrigerating or cold-storage plants,
provision shall be made to prevent circulation of air from a warmer
to a colder section through the raceway,

(2) ExpANSION FOINTS, Expangion joints for rung of raceway shall
be provided where required to compensate for thermal expansion and
contraction,

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 300.07 Underground runs. {1) Conductors run underground shall
comply with the provisions of Wis. Adm. Code section I 230.032 as
far as mechanical protection is concerned.

(2) Underground cable run under a building shall be in a raceway
that is extended beyond the outside wall of the building.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

E 300.08 Through studs, joists and rafters, (1) Where exposed or
concealed wiring conductors in insulating tubes or cableg are installed
through bored holes in studs, joists or similar wood members, holes
shall be bored at the approximate centers of wood members, or at
least 2 inches from the top edge.

{2) Where there is no objection because of weakening the building
strueture, metal-clad or non-metallic sheathed cable, aluminum
sheathed cable and type MI cable may be laid in notches in the stud-
ding or joists when the cable at those points is protected against the
driving of nails into it by having the notch eovered with a steel plate
at least ¥ inch in thickness before building finish is applied.

History: Cr. Register, January, 1968, No. 146, eff. 2-1-68.

E 300,09 Grounding metal enclosures. Metal raceways, boxes, cab-
inets, cable armor and fittings shall be grounded if and as presecribed
in chapter E 250. :

History: Cr, Register, January, 1968, No. 145, eff. 2-1-¢8.

E 300.10 Electrieal continuity of metal raceways and enclosures.
Metal raceways, cable armor, and other metal enclosures for condue-
tors, shall be metallically joined together inte a continuous electrical
conduetor, and shall be so connected to all boxes, fittings and cabinets
as to provide effective electrical continuity, Raceways and eable as-
semblies shall be mechanically secured to boxes, fittings, cabinets and
other enclosures, except as provided for non-metallic boxes in section
B 370.07.

Histery: Cr. Register, January, 1968, No. 145, eff. 2—-1—-§8,

E 300.11 Secured in place, Raceways, cable assemblies, boxes, cabi-
nets and fittings shall be securely fastened in place, uniess otherwise
provided for specific purposes elsewhere in this code.

Noie! Bee chapter I 318 for Continuous Rigid Cable Supports.

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68.
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E 300.12 Mechanical confinuity; raceways and cables. Raceways and
cable assemblies shall be continuous from outlet to outlet and from
fitting to fitting.

Hlistory: Cr. Register, January, 1968, No, 145, eff, 2—1-68.

E 300.13 Mechanical continuity: eonductors. Conductors shall be
continuous between outlets, devices, ete., and, except as permitted for
auxiliary gufters in section E 874.08, and for wireways in section E
362.06, there ghall be no splice or tap within a raceway itself.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-G8.

E 300,14 Free length of conductors at outlets and switch points. At
least 6 inches of free conductor shall be left at each outlet and switch
point for the making up of joints or the connection of fixtures or de-
vices, except where conductors are intended to loop without joints
through lampholders, receptacles and similar devices.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E 300.15 Boxes. Except ag permitted in gections E 336,11 and B
410,60, a box shall be installed af each outlet, switch, or junction
point of conduit, electrical metallic tubing, surface metal raceway,
metal-clad cable, aluminum sheathed cable, non-metallic sheathed
cable or type MI cable, and at each outlet and switeh point of con-
cealed knob-and-tube work,

(1) Excerrion: Straight through splice joints for MI cables are
permitted without a box provided the splice is accessible and a fitting
approved for the purpose is used.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 300.16 Raceway or cable to open or concealed wirving. (1) A box
or terminal fitting having a separately bushed hole for each conductor
shall be used wherever a change is made from conduit, electriec metal-
lic tubing, non-metallic sheathed cable, metal-clad cable, aluminum
sheathed cable, or type MI eable and surface metal raceway wiring
to open wiring or to concealed knob-and-tube work. A fitting used
for this purpose shall contain no taps or splices and shall not be used
at fixture outlets,

(2) A busghing may be used in leu of a box or terminal fitting at
ends of conduit or electrical metallic tubing where conductors leave
the conduit or tubing behind a switchboard, or where more than 4 con-
ductors leave the conduit or tubing at control apparatus or in similar
locations, in which case the conductors shall be bunched, taped and
painted with insulating paint. Such a bushing shall be of the insulat-
ing type except for lead-covered eonductors.

History: Cr, Reglster, January, 1968, No. 145, eff. 2—-1-68,

E 360.17 Numher of conductors in raceway. In general the per-
centage of the total interior cross-sectional area of a raceway oceu-
pied by conductors shall not be more than will permit a ready installa-
tion or withdrawal of the conduectors and dissipation of the heat
generated without injury to the insulation of the conductors. See
the following rules of this code: conduit, Wis, Adm. Code: section
E 346.06; electric metallie tubing, section E 348.06; flexible metal
conduit, section E 350.03; surface metal raceways, section B 352.04;
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underfloor raceways, section E 854.05; cellular metal fioor raceways,
gection B 356.05; structural raceways, E 357.06; cellular concrete floor
‘raceways, section E 358.09, wireways, section E 362.05; auxiliary
gutters, section E 374.05; theaters, section B 520.05; signs, section
E 600.21 (4); sound recording, sections E 640.03 and E 640.04; and
remote-~control, low-energy power, low-voltage power and signal cir-
cuits chapter E 725,
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 300.18 Inserting conductors in raceways. (1) Raceways shall first
be installed as a complete raceway system without conduetors, except
those raceways exposed and having s removable cover or capping.

(2) As far as possible, eonductors shall not be inserted until the
interior of the building has been physically protected from the weather,
and all mechanieal work on the building which i likely to injure the
conductors has been completed,

(3) Pull wires, if to be used, shall not be installed until the raceway
system is in place,

(4) Cleaning agents or materials used as lubricants that might
have a deleterious effect on conductor coverings shall not be used,

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E 300.19 Supporting conductors in vertical raceways, (1) Conductors
in vertical raceways shall be supported at intervals not greater than
those specified in the following table:

Cenductors

Aluminum Copper

Ne, 18 to No. 8. e Not greater than 100 feet 101 feat
No. 6 o No. O, ... .. Not greater than 200 faet 190 feet
No, 00 to No, 0000__ -.-Not greater than 180 feet 80 feet
211,601 CM to 860,600 CM_ _--Not greater than 136 feet 60 feet
450,001 CM to 500,000 CM___ .--Not greater than 120 feat 50 feet
600,001 CM to 750,000 CM.________________ " Not greater than 95 feet, 40 feet

Above 760,000 CM._ .. ____._.______. Not greater than 85 feet 86 feet

(2) Onme of the following methods of support, or a method of equal
effectiveness is recommended:

(a) By clamping devices constructed of or employing insulating
wedges inserted in the ends of the conduits, With cables having varn-
ished cambric or thermoplastic insulation it may also be necessary to
clamp the conductor, :

(b) By inserting hoxes at the required intervals in which insulating
supports are installed and secured in a satisfactory manmer to with-
stand the weight of the conductors attached thereto, the boxes being
provided with covers.

{c} In junction boxes, by deflecting the cables not less than 90 de-
grees and carrying them horizontally to a distance not less than twice
the diameter of the cable, the cables being carried on 2 or more in-
sulating supports, and additionally secured thereto by tie wires if de-
sired. When this method is used cables shall be supported at inter-
vals not greater than 20% of those mentioned in the preeceding tabu-
lation.

Histery: Cr, Register, January, 1968, No. 145, eff. 2-1-88,
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E 300.20 Induced currents in metal enclosures, (1) When conductors
carrying alternating current ave installed in metal enclosures they
ghall be so arranged ag fo avoid heating the surrounding metal by
induction. To accomplish thiz all phase conduetors and the neuntral,
where one is usged, shall be grouped together.

(2) Ewxception: Tn the case of cireuits supplying vacuum or electric
discharge lighting systems or signs, or X-ray apparatus, the cur-
rents carried by the conductors are so small thai the induetive heat-
ing effect may be ignorved where these conductors are placed in metal
enclosures or pass through metal,

(2) When a single conductor of a circuit passes through metal
with magnetic properties the inductive effect shall be minimized by:

(a) Cutting slots in the metal between the individual holes through
which the individual conductors pass, or

() Passing all the conductors in the eircuit through an insulating
wall sufficiently large for all of the conductors of the cireuit,

Note; Aluminum being 5 nonmagnetic metal, there will be no heating
dae to eddy currents, However, induced currents wili be present. Thesse
are not consldered of sufflcient magnitude to require grouping of conductors
or special treatment in passing conductors through aluminum wall sections,

History: Cr, Register, Janunary, 1968, No. 145, eff, 2-1-63.

E 300.21 Prevention of spread of fire. Elecfrical installations shall
be s0 made that the possible spread of fire through fire-stopped par-
titions, hollow spaces, fire walls or fire partitions, vertical shafts,
ventilating or air-handling ducts is reduced to a minimum,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 200,22 Wiring in ventilating and exhaust duets, (1) Where it is
necessary to run a wiring system through air handling duets or
plenum chambers, the wiring method shall be rigid conduit, electrical
metallic tubing, flexible steel conduit with lead-covered conductors,
type ACL metal-clad cable with fittings suitable for the location,
type MI mineral insulated-metal sheathed cable, or type ALS alumi-
num sheathed cable, The terminals of circuits of such wiring systems
shall be so located that it will not be necessary to install motors or
control equipment in the duets, except for temperature and humidity
control, Raceways shall not interfere with the operation of automatic
fire dampers in duets.

(a) Ewception No. 1. The above provisions shall not apply to
integral fan systems specifically approved for the purpose.

(b) Euxceplion No, 2. It is not the intent of this section fo inelude
habitable rooms or areas of a building, the prime purpose of which
is not air handling. It may, however, include false ceiling space,
hollow spaces in the wall, and the like if used for air handling
purposes,

(¢) Ewception No. 8. In ventilating systems used solely for data
processing systems the wiring method shall be rigid conduit, el¢ctrical
metallic tubing, flexible steel conduit with lead-covered conduetors,
type ACL metal-clad cable with fittings approved for the purpose,
type MI mineral insulated-metal sheathed cable, type ALS aluminum
sheathed cable, or flexible cords or cables specifically approved as a
part of the data processing system, when such cords or cables may
he used in eonfermance with other sections of this code.
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(2) No wiring system of any type shall be installed in ducts used
for dust, loose stock, vapor removal or ventilation of commercial type
cooking equipment.

History: Cr, Register, January, 1368, No, 145, eff. 2-1-68.

In 300,28 Temporary wiring. (1) Suitable disconnecting switches or
plug connectors shall be ingtalled to permit the disconnection of all
conductorg of the temporary circuit by a single operation.

(2) No bare conductors nor edrth returns shall be used for the
wiring of any temporary circuit,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.
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Chapter E 310
CONDUCTORS FOR GENERAL WIRING

B 310.01 General E 310.12 Table—allowable ampaci-
E 310.02 Application and con- ties  of insulated copper
struction conductors
B 310,08 Insulating materials IZ 310.13 Table—allowable ampaci-
E 310,04 Temperature limitations ties_ of insulated copper
I 310.05 ‘Wet locationa conductors
E 310.06 Buried conductors Ik 310.14 Table—allowable ampaci-
E 310.07 Corrosive conditions ties of insulated alumi-
E 310.08 Minimum slze of condue- nurn conductors
tors & 310,15 ‘Table—allowable ampaci~
0 310.09 Stranded conductors ties of insulated alumi-
B 310.1¢ Conductorg in multiple num conductors
& 310,11 fxmpaclty reduction rac-
ora

E 310.01 General. (1) The purpose of this chapter is to assure that
conductors have mechanieal strength, insulation, and ampacity ade-
quate for the particular conditions under which they are to be used.

(2) Conduetors shall be insulated, except when covered or bare con-
ductors are specifically permitted in this code.

(3) The provisions of this chapter are not intended to apply to con-
ductors which form an integral part of equipment such as motors,
motor controllers, and the like, ar which are provided for elsewhere
in this code.

History: Cr. Register, January, 19638, No, 145, off, 2—1—68.

E 310.02 Application and construction. (1) CONDUCTOR APFLIGATION.
Conductor insulations as specified in the following table B 310,02 (1)
may be installed for any of the wiring methods recognized herein,
except as otherwise provided for in the table or in section E 310.03,
or as otherwise specified in this code. They are suitable for 600 volis
unless otherwise specified.

(2) CoNDUCTOR CONSTRUCTION. Insulated conductors for use at 600
volfs or less shall eonform to the provisions of table T 310.02 (2).

TABLE E 310.0Z (1)
CONDUCTOR APPLICATICN

Max,
Trade Name Type Operating Application Provisions
Letter Temp.

Rubber-Covered Fixture Wire FRI-1 60°C Tixture wiring.
140°F Limited to 300 V.

Solid or 7-Strand *RF-2 60°C Fixture wiring, and as permitted
140°F in K B10.08.

Rubber-Covered Fixture Wire #FF-1 80°C Fixture wiring,
140°F Limited to 3060 V.

Flexible Stranding ARF-2 80°C Fixture wiring, and as permitted
140°F in B 810.08.

Heat-Resistant Rubber-Covered *REH-L T6°C Fixture wiring.

Fizture Wire 167°F Limited to 300 V.

Solid or 7-Strand *REH-2 75°C Fixture wiring, and as permitted

1G67°F in I& 810.08.

*Fixture wives are not intended for installation as branch cireuit conductors nor for the
connection of portable or stationary appliances,
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TABLE H 31002 (1)~=Continued

Max,
Trade Name Type Operating Application Previsions
Letter emp.
Heat-Resistant Rubber-Coverad *FFH-1 75°C TFixture wiring,
Fixture Wire 167°F Limited to 300 V.
Flexible 8tranding APPH-2 76°C Fixture wiring, and as permitted
167°F in E 310.C8.
Thormoplastic Covered Fixture P 60°C Pixture wiring, and as permitted
Wire—Solid or Stranded 140°T in section E 310.08, and for cir-
cuits as permitted in Chapter
B 726,
Thermoplastic-Covered Fixture #TFR 80°C Fixture wiring, and as permitted
Wire—Ilexibie Stranding 140°[* in gection B 310,08, and for c¢ir-
cuits as permitted in Chapter
E 725.
Fluerinated Ethylene Propylene *PF 200°C Fixture wiring, and as permitted
392°p in section E 810.08.
Fixture Wire, SBolid or 7-Strand PG 200°C Fixture wiring, and as permitted
302°F in gection E 31108,
Fluorinated Ethylene Propylene *PFI" 160°C Pixture wiring, and zs permitted
302°F in gection 1 310.08.
Fixture Wire, FFlexible Stranding *PGFIF 150°C Fixture wiring, and as permitted
302°F in section I 310.08.
Cotton-Covered, Heat-Resistant, | *CF 90°0 Fixture wiring,
Tixtuzre Wire 194°F Limited to 300 V.
Agbestos-Covered Heat-Resistant. | *AT 150°C Fizture wiring.
Fixture Wire 302°F Limited to 300 V. and Indoor
Dry Location,
Silicone Rubber Insulated *SF-1 200°C Fixture wiring.
Fixture Wire 392°T" Limited to 300 V.
Solid or 7-8trand IJF-2 200°C Fixture wiring, and as permitied
J92°F in It 310.08,
Silicone Rubber Insulated *IEF-1 150°C Fixture wiring,
Fixture Wire 302°r Limited to 300 V.
Fiexible Stranding HBFE-2 150°C PFixture wiring, and as permitted
302°F in E 319.08,
Code Rubber R 60°C Diry Loeations,
140°F
Heat-Resistant Rubber RH 75°C Dry Locations,
1687°F
Heat-Resistant Rubber RHH 90°C Dry Locations,
194°F
Moisture-Resistant Rubber RW 60°C Dry and wet locations. i
140°F For over 2000 volts, insufation
shall be ozone-resistant.
Moisture and Heat-Resistant RH-RW 40°C Dry and wet locations,
Ruhbber 140°F For over 2000 volts, insulation
shall be ozone-resistant.
75°C Dry locations.
167°F For over 2000 volés, insulation
shall be ozone-Tesistant,
Moisture and Heat-Resiastant RHW 76°C Dry and wet locations.
aubber 167°F Tor over 2000 volts, inaulation
shall be ozons-resistant.
Latex Rubber RU 60°C Dry locations.
140°T

#Finture wires are not intended for installation ns branch cireuit conductors nor for the

connection of portable or s{ationary appliances.
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TABLE 1 310.02 (1)—Continued

Max.
Trade Name Type Operating Applieation Provisions
Letter Temp.
Heat-Resistant Latex Rubber RUH 15°C Dry locations.
Moisture-Resistant Latex Rubber RUW IHOZF Dry and wet locations.
40°8
Thermoplastic T 80°C Dry locations.
140°F
Moisture-Resistant Thermoplastic | TW GOZS Dry and wet locations.
140
Heat-Resistant Thermoplﬁstic THHN gOZ(’: Dry locations.
194°F
Moisture and Heat-Resistant THW 76°C Dry and wet locations.
Thermeplastie 167°F
Moisture and Heat-Resistant THWN 76°C Brry and wet locations.
Thermeplastic 167°F
Mineral Insulation {Metal MI 85°C Dry and wet locations with Pype
Sheathed) 185°F O termination fittings.
250°C For special application,
482°F
Thermoplastic and Ashestos TA BOZC Switehboard wiring only,
194°F ’
Silicone-Ashestos SA M0°C Dry locations — max, operating
IHF iemperature for special applica-
tions 125°C.
Thermoplastic and Fibrous TBS 920°C Switehboard wiring oniy.
Outer Braid 194°T
Varnished Cambric »-r-‘; o 85°C Dry locations only, Smaller than
185°F No. 6 by special permission.
Asbestos and Varnished Cambrie AVA i10°C Dry loeations only,
230°r
Ashestos and Varaished Cambric AVL 116°0 Dry and wet locations.
230°F
Asbestos and Varnished Cambrie AVB e Dry locations only.
194°F
Synthetic Heat Resistant SI8 90°C Switehbeard wiring only.
194°F
Fluorinated Ethylene Propylene FEP or 90°C Dry locations,
FEPB 194°F
200°C Dry locations—special applica-
392°F tions.
Ashestos A 200°C Dry locations enly. In raceways,
392°F only for leads to or within appa-
ratus, LEimited to 300 V.
Asbestos AA 200°C Dry iocations only. Open wiring.
a92°1 In raceways, only for leads to or
within apparatus. Limited to
Asbestos ) AT 126°C Dry locations only. In raceways,
257°F only for leads to or within appa-
ratus, Limited to 800 V.
Asbestos ATA 125°0 Dry locations only, Open wiring.
257°1 In raceways, onty for leads to or
within apparatus.
Paper 95°0 Fur underground service conduc-
185°F tors, or by special permission.
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(3} MARKING, Insulated wires, cables and cords of all kinds except
paper-insulated wire shall have a continuous distinetive marking =o
that their maker may be readily identified. All wires, cables and cords
shall also be plainly tagged or marked as follows:

{a) The maximum working voltage for which the wire was tested
or approved. This may be omitted for asbestos-covered switchboard
wires, )

(b) The words “National Electrical Code Standard,” or “NEC
Std.”

(c) Name of the manufacturing company, and, if desired, trade
name of the wire,

{(d) Month and year when manufactured.

(e) The proper type letter for the particular style of wire or cable
as given in the following sections.

(4) SURFACE MARKING. (a) A durable marking on the surfaee shall
be provided at intervals not exceeding 24 inches showing the name
of the manufacturer or a significant abbreviation thereof, type letter
or letters as specified in chapter E 310, table E 810.02 (2) and chap-
ters E 336, E 338 and E339, the size AWG, or circular mils and the
maximum voltage on the following types of wire and cable rated
600 volts or less:

1. Single conductors only, rubber insulated and thermoplastie insu-
lated for general wiring.

2, Nonmetallic sheathed cable,

8. Service-entrance cable,

4. Underground feeder and branch cireuit cable.

(b) All other types of wire and cable, flexible cords, fixture wires,
switchboard wires, and any of the above types with a metallic cover-
ing are not required to have a marking on the surface,

(b} Crasstrrcation. In addition to the type letters specified in
table B 310.02 (2}, the following letters shall apply:

(a) A type letter or letters used alone indicates a single insulated
conductor.

(b) The letter “D” used as a suffix indicates a twin wire with 2
insulated conductors laid parallel under an outer non-metallic
covering,

(¢} The letter “M"” used as a suffix indicates an assembly of 2 or
more insulated conductors twisted together under an outer non-
metallic covering.

(d} The letter “L” used as a suffix indicates an outer covering of
lead.

(e} Voltage. Type letters, when used alone, indicate conductors
for use at not more than 600 volts. Conductors for use at higher volt-
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ages shall be indicated by adding numerieal suffixes to the type letters
ag follows:

10—for use at not more than 1000 volts.

20-—for use at not more than 2000 volts.

30—for use at not more than 3000 volts.

40—for use at not more than 4000 volts.

50—7for use at not more than 5000 volts.

Note: The working voltages referred to In the table are the operating
voltages between phases of single and 2-phase syatems, and 3-phase
systems with grounded or ungrounded neutral,

(f) Al NEC standard conductors shall be examined and tested at
the factory and, if approved, shall be labeled before shipment,

(6) IDENTIFICATION OF INSULATION. ANl rubber-insulated conductors
and all thermoplastic-insuiated conductors, No. 14 and larger, shall
have a readily recogmizable durable marking to indicate the grade of
insulation; except that single-conductor, code-rubber insulated con-
ductors having a iead sheath; and multi-conductor cables, armored
cable, and non-metallic-sheathed cable having code-rubber or non-
moisture-resistant thermoplastic-insulated conductors, need not be so
marked.

(7) IDENTIFIED CONDUCTCRS. (a) Single insulated conductors of
No. 6 or smaller. intended for use as identified conductors of cireuits
shall have an outer identification of a white or natural gray color.
Twin and twisted-pair conductors and three-conductor cables shall
have one conductor, and four-conductor cables shall have at least one
conductor identified in this manner,

1, Exeeption No. 1. Multiple-conductor varnished cloth insulated
cables,

2. Exception No. 2. Fixture wire as outlined helow,

3. Exception No. 3. Mineral insulated-metal sheathed ecable.

(b) For fixture wires the identifieation shall be ag above, or by
means of stripes or by the means described in seetions B 400,13 (1),
(2), (8), (4) and (5).

Note: Wires having their outer covering finished to show a white or
natural gray color but having colored tracer threads In the braid, identifying
the source of manufacture, are congidered as meeting the provisions of
thig section,

(8) BINGLE COoNDUCTORS, intended for use as unidentified condize-
tors, and conductors other than the identified conductor in multi-
conductor cables, shall be finished to show a eolor or combination of
colors other than, and contrasting with, white or natural gray. The
colors eontrasting with white or natural gray, may be provided by
meang of an approved stripe or stripes on black conductors, For iden-
tification requirements for conductors larger than No, 6 see section
20006 (2).

(9} INSULATION THICKNESS; OVER 600 voLTs. The thickness of in-
sulation for conduectors for use at over 600 volts shall conform to
tables E 310,02 (9) (a) through E 810,02 (9) (d):

Hlectrical Code, Volume 2
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TARBLE I 31002 (D) (a)

THICKNESS OF RUBBER INSULATION FOR RUBBER-COVERED
WIRE AND CABLR, IN 64THS OF AN INCH

Classification

~ Conductor Size R 10 R 20
WG or RH 10 RH 20 RW 307* RW 40%* R GO**
MOCM RW 10 RW 20 | RE-RW 30+ | RH-RW 40%* | RILRW 50%*
RHW 10 RHW 20 RHW 30%¥ RHW 40+ RHW 50%
4 [T (RS (RO PO,
4 5 7 9 10%
5 6 8 9 10
G 7 8 9 10
7 8 9 10 11
8 ¢ 9 10 11
9 ) 10 11 11

*No, 8 AWG i the minimum conductor size for 5000 volts aperation.
##Zhall he of approved ozone-resistant type for operation at voltages over 2000,

TABLE B 31002 (9) (b)

THIOKNESS OF VARNISHED-CAMBRIC INSULATION FOR SINGLE-
CONDUCTOR CABLE, IN G4THS OF AN INCH

TFor Voltages Not Exceeding

Conduetor Size -
AWG or MCM 1000 2000 3000 4000 5000

0T T R

TABLI ¥ 310.02 (&) (¢)

PHICKNESS OF VARNISHED-CAMBRIC INSULATION TGR
MULTIPLE-CONDUCTOR CABLE, IN G4THS OF AN INCH

For Voltages Not Exceeding

Conductor Size 1000 2000 4000 4000 5000
AWG or MCM —_—
C B C B C B (] B ] B
) I 4 0 oo of-o---
12__. 4 0 5
10.._ 4 Q 5
82 ... 4 [ 5
1-4/0__ 5 13 [}
213-500__ 6 0 k]
501-1000._ 6 4 4
1001-2000 7 b ki

Note: The thickness given in columns headed “C” are for the insula-
tton on the individual conductors, Those given In the columns hesded
“B" gre for the thicknesa of the overail belt of insulation, .
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TABLE E 310.02 (8} (d)

THICIKNIISS OF ASRRSTOS AND VARNISHED-CAMBRIC
INSULATION IFOR SINGLE-CONDUCTOR CABLE, TYPES
AVA, AVB AND AVL, IN MILS

let Wall Znd Wall
Asbestos Varnigshed Cambrie Asbestoa
Conduetor Size For Voltages Noft Exceeding
AWG or MCM - — - -
1000- 1000
5000 1000 2000 3000 4000 6OGO 5000
M3 = 15 45 60 80 100 120 26
1-4/0___ 20 45 60 80 100 120 30
218-500._ 26 45 60 80 100 120 40
501-1000.... 80 45 60 80 100 120 40
1001-2000_ .. ... 30 85 i3 95 115 140 60

History: Cr. Register, January. 1868, No, 145, eff. 2-1—68.

E 310.03 Insulating materials. (1) The rubber insulations include
those made from natural and synthetic rubber, neoprene and other
vuleanizable materials,

(2) Thermoplastic insulation may stiffen at temperatures below
minus 10° C. (14° F.) and care should be used in its installation at
such temperatures. It may be deformed when subject to pressure; care
should be taken in its installation, as for example, at bushings, or
points of support. See Wis, Adm. Code section E 373.06 (2).

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 310,04 Temperature limitations. No conductor shall he used under
such conditiong that its temperature, even when carrying current, will
exceed the temperature specified in table E 310,02 (1) for the type
of insulation involved. '

History: Cr, Register, January, 1968, No, 145, eff, 2-1—§8.

E 310.05 Wet locations. Insulated conductors used underground, in
concrete slabs or other masonry in direct contact with earth, in wet
loeations, or where condensation or accumulation of moisture within
the raceway is likely fo occur, shall be moisture-resistant, rubber-
covered (fype EW); moisture-and heat-resistant (type RH-RW);
moisture-and heat-registant, rubber-covered (type RHW); moisture-
resistant latex rubber (type RUW); moisture-resistant, thermo-
plastic-covered (type TW); moisiure-and heat-resistant, thermeo-
plastic-covered (type THW); molsture-and heat-resistant thermo-
plastic (type THWN); lead covered; aluminum sheathed cable (type
ALS); mineral insulated-metal sheathed (type MI); or of a type
approved for the purpose.

Note: Buch conductors are not saitable for direct buris! In the earth
unlegs of a type specifically approved for the purpose,

History: Cr. Repgister, January, 1968, No. 145, eff. 2=1-§8.

E 310.06 Buried conductors, Cables of one or more conductors for
direct burial in the earth shall be type USE, except that branch eir-
cuit and feeder cable may be type UK. Where single conductor cables
are installed, all conductors of each service, feeder, sub-feeder or
braneh cireuit, including the neutral conductor, shall be run continu-
ously in the same trench or raceway. Supplementary mechanical pro-

Electrical Code, Volume 2
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tection, such as a covering board, econcrete pad, raceway, ete.,, may be
required by the administrative authority. See section E 389.03 (3).
Mistory: Cr, Register, January, 1968, No. 145, eff, 2-1-638,

B 310.07 Corvosive conditions, Conductors exposed to oils, greases,
vapors, gases, fumes, liguids or other substances having a deleterious
effect upon the conductor or insulation shall be of a type approved for
the purpose.

Higiory: Cr. Regiater, January, 1968, No. 145, eff. 2-1-68.

E 310.08 Minimum size of conductors. Conductors, whether solid or
stranded, shall not be smaller than No, 14, except for printing press
control cireuits; as provided for flexible cords in section E 400.07;
for fixture wire in section E 410.18; for fractional horsepower motors
in section It 430.022; for cranes and hoists in geetion It 610.14; and
for remote-control, low-energy power, low voltage power and signal
circuits in section E 725,18,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 310.09 Stranded conduciors., Except when uged ag bus bars or in
type MI cable, conductors No. 6 and larger, installed in raceways
shall be stranded.

History: Cr. Register, January, 1968, No, 145, elf. 2-1-63.

E 310.10 Conductors in multiple. Conductors in sizes smaller than
1/0 shall not be run in multiple. Conductors in size 1/0 and larger
may be run in multiple provided the a1rangement is such as to assure
equal division of total ewrrent among all conductors involved. All of
the multiple conductors shall be of the same length, of the same con-
ductor material, cireular-mil area, same insulation type and terminated
in the same manner. Where run in separvate raceways or cables, the
raceways or cables shall have the same physical characteristics,

Note: When conductors are used in multiple, space in enclosures should
be given consideration,

History: Cr, Register, January, 1968, No. 145, efi, 2—1-68.

E 310.11 Ampacity reduction factors, Where more than 3 eonductors
are installed in a raceway or assembled into one or more cables the
ampacity of each conductor shall be reduced in accordance with note 8
to tables E 310.12 through E 310.15,

Note; The maximum centinuous ampacities of copper conductors are given
in table £ 310,12 and B 310.13, The ampacities of aluminum conductors are
given in tables B 310.14 and B 310.15, .

History: Cr, Regiater, January, 1968, No. 145, eff, 2-1-68,

Notes to Tables I 310,12 through B 310,15
1. Baplanation of tables, For explanation of type letters, and for recog-
nized size of conductors for the various conductor insulations, see sections
E 310.02 and B 210,03, For Installation requirements, see sections & §10.01
through E 310.09, and the various chapters of this code, Wor flexible cords
sea tables T 400,09 and B 400.11,

2, Applioation of tables, For open wiring on insulators and for concéaled
knoh-and-tube worlk, the allowable ampacities of tables B 310.13 and
I 310.15 shall be used, For all other recognized wiring methods, the allow-
able ampacities of tables B 310,12 and B 310.14 shall be used, unless other-
wise provided In this code.

3. Aluyminun conductors. For aluminum conductors, the allowable ampacl-
ties shall be in accordance with tables E 310.14 and B 310,15,
4, Bare conductors. Where bare conductors are used with insulated con-

ductors, their allowable ampacity shall be limited to that permitted for
the Insulated conducters of the same size.

Dlectrical Code, Volume 2
Register, January, 1968, No. 146




DEPT, OF INDUSTRY, LAROR & HUMAN RELATIONS 169

5. Type MI cable. The temperature limitation on which the current-
carrying capaclities of type MI cable are based, is determined by the insulat-
ing materials used in the end seal. Termination Attings incorporating un-
impregnated organic insulating materals are Hmited to 86°C. operation.

6. Ullimate insulation temperature. In no case ghall conductors be associ-
ated together in such a way with respect to the kind of circuijt, the wiring
method employed, or the number of conductors, that the limiting tempera-
ture of the conductors wiil be exceeded.

7. Use of conductors with higher operating temperatures, Where the room
temperature is within 10° C, of the maximum allowable operating tem-
perature of the insulation, it Is desirable to use an insulation with a
higher maximum allowable operating temperature; although insulation can
be used in a room temperature approaching lts maximum allowable operat-
Ing temperature lim't if the current s reduced in accordance with the cor-
rection factors for different room temperatures.

8. More than 8 conduclors in @ vaceway or cable. Tables B 210.12 and
1 310.24 give the allowable ampacities for not more than 8 conductors [n
4 raceway, or cable,. Where the number of conductors in a raceway or cable
exceeds 3, the allowable ampacity of each conductor shall be reduced as
shown in the following table; .

Per Cent of Values in
Number of Conductors Tables E 810,12
and I 810.14

Exception No. 1, When coenductors of different systems, as provided in
section I 300,03 are installed in s common raceway the derating factors
shown above apply to the number of Power and Lighting (chapters E 210,
B 215, B 220 and It 230) conductors only,

Bxception No, 2. The derating factors of sections E 210, 23 (2) and
B 220.02 (2) do not apply when the above deratfing factors are also reguired.

Exception No. 3. The derating factors shown above do not apply to branch
‘elrcuits supplying an individual residentlal occupancy,

a. Where the number of conductors in a raceway or cable exceeds 3, or
where single conductors or multi-conductor cables are stacked or bundied
without malntaining aspacing as required In chapter B 318 and are not
installed in raceways, the individual ampacity of each conductor ghall he
reduced as shown in the above table,

9. Use of type RH-RW rubber insuleted wire. Where type RH-BW rubber
insulated wire is used in wet locatlons the allowable ampacities shall be
those of column 2 in tables B 210.12 through B 310.15. Where used in dry
locations the allowable ampacities shall be those of column 3 in tables
H 310.12 through E 310.15,

10. Overourrent profection, Where the standard ratings. and settlngs of
overcurrent devices do not correspond with the ratingsz and settings allowed
for conduetors, the next higher standard rating and setting may be used
except ad Umited In sectlom B 240.05,

11. Neuwiral condustor. A neutral cohductor which ecarries only the unbal-
anced current from other conductors, &s in the case of normally balanced
circuits of 3 or more conductors, shall not be counted in defermining am-
pacities as provided for in Note 8.

8, In a 3-wire eircuit consisting of 2 phase wires and the neutral of a
4-wire, 3 phase WYH connected system, a common conductor carries approxi-
mately the same current as the other conductors and is not therefore con-
sidered as a neutral conductor.

12. Voltage drop. The allowable ampacities in tables B 310.12 through
H 310.16 are based on temperatiire alone and do not tale voltage drop into
consideration,

13. Deteriovation of insulation. It should be noted that even the best
grades of rubber insulation will deteriorate in time, so eventually will need
to be replaced.

14, Aluminuwm sheathed ceble, The ampacities of type ALS cables ara
determined by the temperature limitation of the insulated conductors incor-
porated within the cable. Hence the ampacities of alumintm gheathed cable
may be determined from the columns in tables B 310.12 and & 310.14 appli-
ca{)lesto the type of insulated conductors employed within the cable, Sea
note 8.

Hlectrical Code, Volume 2
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TABLE E 310,12
ALLOWARBLE AMPACITIES OF INSULATED COPPER CONDUCTORS
Not More th&é‘ Three Conductors in Raceway or Ca.bfl% or ])Direct Burial

ased on Room Temperature of 30°C, 86°F
" Bize Temperature Rating of Conducter. See Table E 810,02 (1)
AWG 60°C 75°C 85-90°C 110°C 126°C 200°C
MCM (140°1) A69°F) (186°F) (230°F) (257°F) (392°1)
14 16 16 25% 80 a0 30
12 20 20 30* 35 40 A9
10 30 30 40+ 45 50 66

40 4b 50 60 63 70

These ampacibies relate only to conductors described [in table E 310,02 (1).
#The ampacities for types FEP, FEPB, RHH, and THHN conductors for sizes AWG 14,
12 and 10 shall be the same as designated for 76°C conductors in this table.

_Mistery: Cr. Register, January, 1968, No. 146, eff. 2-1-68,
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TABLE E 310.13
ALLOWABLE AMPACITIES OF INSULATED COPPER CONDUCTORS

Bingle Conductor in Free Aijr
(Based on Room Temperature of 30°C. 88° In.)

. Temperature Rating of Conductor. See Table E 310,02 (1)
ize
W Bare and
[t 75°C £5-80°C 110°C 125°C 200°C Covared
(140°F) (L67°F) {185°F) (230°F) (267°T) (392°1") | Conductor
14 20 20 a0*
i& 25 25 40%*
10 40 40 85%
3 55 65 9
8 30 95 100
4 105 126 136
3 120 145 165
2 140 170 180
1 165 195 210
0 195 219 245
00 226 265 286
000 260 310 330
0000 300 860 386
2560 840 405 425
300 375 445 480
350 420 505 530
400 455 6545 575
500 615 620 GE0
600 575 880 749
700 630 THk 816
750 656 ‘7186 845
800 880 816 880
900 730 870 940
1000 T80 915 1900
1250 890 1065 1130
15600 980 1176 1260
1750 1070 1280 1370
2000 11566 1385 1470
CORRECTION FACTORS, ROOM TEMPHRATURES
C. I
40 104 .82 .88 80 .94 .95
45 113 W71 .82 B3 .90 .92
50 122 .58 LTh .80 BT .89
56 181 .41 .67 T4 .83 .86
60 140 .91
70 158 87
76 167 .86
80 178 .84
an 194 .80
100 212 77
120 240 .69
140 284 .59

These ampacities relate only to conductors described in table B 310.02 (1).
*The amﬁacities for types FEP, FEPB, RHH and THHN conductors for szie AWG 14
12 and 10 shall be the same as desfgnated for T69C conductors in this table.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-83.
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TABLE W 310,14

ALLOWARBLE AMPACITIES OF INSULATED ALUMINUM
CONDUCTORS

Not More than Three Conductors in Raceway or Cable or Direct Burial
{Based on Hoom Temperature of 30°C. 86°F..)

Temperature Rating of Condueter. See Table B 810,02 (1)

Size
AWG 60°C T6°C 85-90°C 110°C 125°C 200°C
MCOM (140°F) (167°F) | (185°F} (230°F) (267°F} {392°F}
12 15 16 25%% 25 30 20
10 25 25 Bl 35 40 45
8 30 40 40%% 45 60 55
6 40 0] 55 50 6h 76

I"hese ampacities relate only to conductors described in table £ 310,02 (1). For three wirs,
gingle phase service and sub-service circuits, the allowable ampacity of RH, RH-RW, 5
BEHW, and THW aluminum conductors shall be for sizes #2-100 Amp., #1-110 Amp.,
#1/0-125 Armp,, #2/0-150 Amp., #3/0-170 Amp. and #4/0-200 Amp,

#T'he ampacities for types RHH and THHN conductors for sizes AWG 12, 10 and 8 shalt
be the game as designated for 75°C conductors in this table,

History: Cr. Register, January, 1368, No. 145, eff, 2—1-68.

‘Wlectrical’Code, Volume 2
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TARLE E 310,15

ALLOWARBLE AMPACITIES OF INSULAPED ALUMINUDN
CONDUCGCTORS

Single Conductor in Free Alr
(Baged on Room Temperature of 30°C, 86°I,)

Temperature Rating of Conductor. See Table F 510,02 {1

Size
AWQ Bare and
MCM 60°C 76°C 85°-90°C 110°C 125°C 200°C Covered
{140°F) (1679} (185°F) (230°F) (257°F) (392°IF"} {Ceonductor
12 20 20 0% 40 40 48 an
10 30 80 45% 50 56 GO 45
8 45 556 55% 65 q0 80 56

6 | G0 T 30 95 100 106 80

.90 04 95

.85 .00 02

.80 .87 .80

.74 83 .86

.67 .78 .83 .91

.52 W71 .78 .87

.43 .66 L8 .86

.30 .61 .69 .84
.80
LT
.69
.59

These ampacitiea relate only to conductors deseribed in table It 310,02 {1).

*The ampacities for tyFes RHH and 1I'HHN eonductors for sizes AWG 12, 10 and 3 shall
be the same as designated for 75°C eonductors in this tabie.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

Ilectrical Code, Volume 2
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Chapter E 318
CONTINUOUS RIGID CABLE SUPPORTS

H 318.01 Definition E 318,04 Installation
I 318.02 Use T 318.05 GJrounding
B 318.03 Construction B 318.06 Ampacity

E 318.01 Definition. (1) A continnous rigid cable support is a unit
or an assembly of units or sections, and associated fittings, made of
metal or other noncombustible materials forming 2 continuous rigid
structure used to support cables. Continucus rigid cable supports
include ladders, troughs, channels, and other similar gtruetures.

(2) It is not the intent of this chapter to require that cables be
supported by continuous rigid cable supports or to recognize the use
of conductors deseribed in chapter E 810 in continuous rigid cable
supports for general wiring.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 318.02 Use. (1) Continuous rigid cable supports may be used as
the mechanical support for only the following wiring methods under
the conditions detailed in the chapter for each wiring method:

{8) Mineral-ingulated metal-sheathed cables, (Wis, Adm, Code
chapter T 330), (b} Aluminum sheathed cable, (chapter E 331), (c)
Metal-clad cable, (chapter E 884), (d) Nonmetallic sheathed cable,
(chapter B 386), (e} Service entrance cables, {chapter E 338), (f)
Underground feeder and branch circuit cable, (chapter E 389), (g)
Any approved conduit or raceway with its contained eonductors.

{(2) Continuous rigid eable supports may be used a8 the mechanical
support for factory-agsembled, multiconduetor control, signal, and
power cables, which are specifically approved for installation in con-
tinuous rigid eable supports in fire-resistive or non-combustible con-
strostion, but shall not be used (2) in hoistways, (b) where the cables
supported are subject to severe physieal damage, (¢) in areas having
readily combustible contents as determihed by the authority enfore-
ing this code. Continuous rigid cable supports may be used to support
cables in hazardous locations when the cables are specifically approved
for such use, (Refer to Wis, Adm. Code sections B 501.04, E 502.04
and E 503.03.)

History: Cr. Reglster, January, 1968, No. 145, eff, 2-1-68.

E 318.03 Construction. Continuous rigid eable supports shall be
approved for the purpose and shall comply with the following:

(1) Shall have suitable strength and rigidity to provide adequate
gupport for all contained wirinhg,

{2) Shall not present sharp edges, burrs or projections injurious
to the insulafion or jackets of the wiring.

(3) If made of metal, shall be adequately protected against corro-
gion or ghall be made of corrosion-resistant material,

(4) 8hall have side ralls or equivalent structural members,

Rlectrical Code, Volume 2
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(6} Shall include fittings for changes in direction and elevation
of runs,
History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 318.04 Imstallation. (1) Continuous rigid cable supports shall be
installed as a complete support system.

{2) Each run of confinuous 2igid cable support shall be complete
hefore the installation of eables,

(8) Continuous rigid cable supports shall be mechanically con-
nected to any enclosure or raceway into which the eables contained
in the continuous rigid cable support extend or terminate.

(4) In portions of rung where additional physical protection is
required, noncombustible covers or enclogures providing the required
protection shall be used,

(b) Installations invelving different electrieal systems shall comply
with section E 300.08 and where separation is required, the separation
shall be a solid noncombustible partition or compartment. Where
cables, as permitted by section E 318.02 (2) are instalied in the
same continuous rigid cable support as the cables permitted by see-
tion B 318.02 (1), the requirements of this seetion shall apply.

(8) When continuous rigid eable supports are installed in tiers, the
minfmure vertical clearance hetween tiers shall be 12 inches,

(7) Continuovs rigid cable supports may extend transversely
through partitions or walls, other than fire walls, provided the sec-
tion of the support within the wall is continuous and unventilated,
See section B 300.21,

(8) Continuous rigid cable supports may extend vertically through
dvy floors and platforms provided the continuous rigid cable support
is totally enclosed where it passes through the floor or platform
opening and for a distance of 6 feet above the floor or platform to
provide protection from physical injury. See section B 300.21.

(9) Continuous rigid cable supports may extend vertically through
floors and platforms in wet locations where (a) there arve curbs or
other suitable means to prevent water flow through the floor or plat-
form opening and (b) the continuous rigid ecable support is totally
enclosed where it passes through the floor or platform opening and
for a distance of 6 feet above the floor or platform to provide pro-
tection from physical injury. See section E 800.21,

(10) Cable splices and cable taps shall be made only in junction
boxes or fittings approved for the purpose,

(11) In other than horizontal runs, and where side rails do not
provide adequate containment of the cables, they shall be fastened
securely to transverse members of the continuous rigid eable support,

(12) Where continuous rigid cable supports are located adjacent to
one another an adequate working space of 24 inches minimum should
be maintained on one side of each continuous rigid cable support, or
where grouped in rows adjacent to each other 2 minimum working
space of 32 inches should be maintained over each continuous rigid
cable support.

(13) A minimum vertical clearance of 6 inches should be main-
tained from the top of the continuous rigid cable support to all
ceilings, beams, and other obstructions.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

THectrical Clode, Yolume 2
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E 318.05 Grounding. All metal sections of continunous rigid eahle
gsupports and fittings shall be bonded and effectively grounded to
provide a continuous civeuit for fault current. A continuous rigid
cable support system shall not be used either as a grounded cireuit
conductor or as an equipment grounding conductor, See Wis. Adm.
Code section E 250.033.

Histery: Cr. Register, January, 1968, No. 145, eff. 2—1-G8.

E 318.06 Ampacity, The ampacities of cables installed in continuous
rigid cable supports shall be as follows:

(1) Where cables containing not more than three current-carrying
conductors are installed in ventilated continuous rigid cable supports
and spacing is maintained at from one-quarter to one cable diam-
eter, the factors of table E 318.06 (1) shall he applied to the ampaci-
ties of the cables used,

TABLE H 31806 (1)
FACTORS FOR CABLES WITH MAINTAINED SPACING

Horizontally
Number of Cables ——

bt
Y
=
o
tn
=

Vertically

1.00 0.93 0.87 0,84 0,83 0,82
0.89 0.83 0.79 0.76 0.75 0,74
0.80 0.76 0,72 0.70 0,69 0,68
0.77 0.72 .68 0.67 0. 66 0.65
0.76 0.70 .66 0.66 0.64 0,63
0.74 0.69 0.64 0.63 0,62 0.61

(2) The ampacities of cables shall be in accordance with the
requirements of note 8 of Notes to tables B 310.12 through E 310.15
where (a) cables are not spaced, (b) spacing is maintained between
cables of more than three current-carrying conductors, or (¢) unven-
tilated continuous rigid cable supports are used.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,
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Chapter E 320
OPEN WIRING ON INSULATORS

I 320.01 Definition E 320.10 Separation from metal
E 320.02 Use work
H 320.03 Other chapters I 320,11 8Separation from piping
B 320.04 Conductors in damp locations
H 320,06 Supports H 320,12 Protection from physical
E 320,06 Conductor separation damage
E 32007 PFlexible non-metallic 5 320.13 In accessible attics
tubing I 320,14 Hntering spaces subject
E 320.08 Tie wires to dampness, wetness or
B 320.09 Paasing through walls gorrogive vapors
and floors B 320,15 Switches

E 320.01 Definition. Open wiring is a wiring method using cleats,
knobs, tubes and flexible tubing for the protection and support of
insulated conductors run in or on buildings, and not concealed by the
bullding struecture,

History: Cr. Reglster, January, 1968, No. 145, eff. 2—1-G8,

E 320.02 Use, (1) Open wiring on insulators may be used for ex-
posed work, either inside or outside building; in dry or wet locations;
where subject to corrosive vapors such as covered by chapter & 480;
for services as covered by chapter E 230, provided the requirements of
this chapter are satisfied.

(2) Open wiring on insulators shall not be used (a) in commereial
garages, (b) in theaters, (c) in motion-picture studios, (d) in hoist-
ways, and (e) in hazardous locations, except in storage compartments
of clagg ITI locations as provided in subgection B 503.03 (2).

History: Cr. Register, January, 1868, No. 145, eff. 2—1-68.

E 320.03 Other chapters. In addition to the provisions of this chap-
ter, open wiring shall conform to the other applicable provisions of
this code. See egpecially chapters E 800 and E 730.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-48,

E 320.04 Conductors. The type of conductors shall conform to chap-
ter E 810. Only single conductors shall be used.

(1) The allowable ampacities of insulated conductors as shown in
chapter E 210 shall apply to open wiring on insulators.

History: Cr. Register, January, 1368, No. 145, eff, 2-1-68.

B 320.05 Supports. (1)} Conductors shall not be in contact with any
object other than their insulating supports. They shall be rigidly sup-
ported on noncombustible, non-ahsorptive insulating material as
follows:

(a) Under ordinary cirecumstances, supports for wiring over flat sur-
faces shall be not more than 4% feet apart. Where the conductors are
likely to be disturbed, the distance between supports shall be short-
ened sufficiently to provide adequate support for conductors;

Hlectrical Code, Volume
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{b) Conductors shall be supported within 6 inches of a tap;

{¢) Conductors shall not be dead ended at a rosette, lampholder, or
recepbacle unless the lagt support ig within 12 inches of the device,

(2) The following exceptions to the provisions of subsection E
320.05 (1) may be permitted:

(a) Fzception No. 1. For use of non-metallic flexible tubing, see
section E 320.07.

(b} Ewxception Ne., 2. Conductors of No. 8 or larger installed in the
open, across open spaces where not likely to be disturbed, may be sup-
ported at distances not greater than 15 feet provided that approved
noncombustible, non-absorptive insulating separators assuring not less
than 2% inch separation between conductors, are installed at inter-
vals of not over 414 feel.

(¢) Exception No. 8. In buildings of mill construction where not
likely to be disturbed, feeders in the open, not smaller than No. 8, may
be separated about 6 inches and installed direct from timber to timber
being supported from each timber only.

(3) When nails are used to mount lmobs they shall not be smaller
than 10 penny, When screws are used to mount knobs, or when nails
or screws are used to mount cleats, they shall be of a length sufficient
to penetrate the wood to a depth equal to at least one-half the height
of the knob and fully the thickness of the cleat. Cushion washers shall
be used with nails.

History: Or. Reglster, January, 1968, No. 145, eff. #-1-68.

E: 320.06 Conducfor separation. Open conductors shall be separated
ag follows:

(1) For voltage not exceeding 300 volts between conductors, 2%
inches from each other and shall be separated from the surface wired
over at leagt %% inch in dry locations.

(2) PFor voltages of 301 to 600 volts between conductors, 4 inches
from each other and shall be separated from surface wired over at
least 1 inch.

(3) In damp or wet locations, a separatmn of at least 1 ‘mch from
the surface wired over shall be maintained for all voltages..

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,

E 320.07 Flexible non-metallic tubing. In dry locations, when not ex-
posed to severe physical damage, conductors may be separately en-
caged in flexible tubing. Tubing shall be in eontinuous length not ex-
ceeding 15 feet, and secured to the surface wired over by straps spaced
not exceeding 4% feet apart.

History: Cr. Register, January, 1968, No. 145, off, 2-1-68.

E 320.08 Tie wires, No. 8 or larger conductors supported on solid
linobs shall be securely tied thereto. Tie wires shall have a covering
equivalent to conductors which they confine,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 320.09 Passing through walls and floors. Open conductors shall be
separated from contact with walls, floovs, timbers or partitions through
which they pass by tubey or bushings of noncombustible, non-absorptive
insulating material, Where the bushing is shorter than the hole, a

Hlectrigal Code, Volume 2
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waterproof sleeve of non-inductive material shall be inserted in the
hole and an insulating bushing slipped into the sleeve at either end
in such a manner as to keep the conductors absolutely out of con-
tact with the sleeve. Bach conductor must be earried through a sepa-
rate tube or sleeve.

History: Cr. Register, January, 1968, No. 145, off, 3-1-68.

E 320.10 Separation from metal work. Open conductors shall be
separated at leas{ 2 inches from metallic conduit, piping, or other
conducting material, and from any exposed lighting, power or gignal
conductor, or shall be separated therefrom by a continuous and firmly
fixed non-conductor additional to the insulation of the conductor.
Where any insulating tube is used, it shall be secured at the ends.
Deviation from this requirement may, when necessai'y, be allowed by
the administrative authority.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 320.11 Separation from piping in damp locations. Open conduc-
tors located close to water pipes or tanks, or in other damp locations,
shall be so placed that an air space will be permanently maintained
between them and pipes which they cross. Where practicable, condue-
tora shall be installed over, rather than under, pipes upon which mois-
ture is likely to gather or which may leak.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 320.12 Protection from physical damage. Where open conductors
crogs celling joists and wall studs, and are exposed to physical dam-
age, they shall be protected by one of the following methods, Conduc-
tors within 8 feet fromn the floor shall be considered exposed to physi-
cal damage.

(1) By guard strips not less than % inch in thickness and at least
as high as the insulating supports, placed on each side of and close
to the wiring.

(2) By a substantial running board at least % inch thick back of
the conductors with side protections, Running hoards shall extend at
least 1 inch outside the conductors, but not more than 2 inches and
the protecting sides shall be at least 2 inches high and at least %
inch thick.

(8) By boxing made as above and furnished with cover kept at least
1 inch away from the conductors within. Where protecting vertical
conductors on side walls the boxing shall be closed at the top and
the holes through which the conduectors pass shall be bushed.

(4) By rigid metal eonduit or electrical metallie tubing, in which
case the rules of Wis. Adm, Code chapter E 846 or & 348 shall apply;
or by metal piping, in which case the conductors shall be encased in
continuous lengths of approved fiexible tubing. The conductors pass-
ing through metal enclosures shall be so grouped that current in both
directions iz approximately equal,

History: Cr. Register, January, 1968, No, 146, eff. 2-1-68.

E 320.13 In accessible attics. Conductors in unfinished attics or roof
tpaces ghall be installed in accordance with the provisions of section
E 324.08.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68,
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E 320.14 Entering spaces subject to dampness, wetness or corrosive
vapors. Conductors entering or leaving locations subject to dampness,
wetness or corrosive vapors shall have drip loops formed on them and
shall then pass upward and inward from the outside of buildings, or
from the damp, wet, or corrosive location, through noncombustible,
non-absorptive insulating tubes. See also Wis, Adm, Code sections
E 230,049 and E 730.21,

History: Cr. Register, January, 1968, No, 14§, eff. 2-1-68.

B 320.15 Switches, (1) Surface-type snap switches shall be mounted
in accordance with the provisions of section E 380,10, Metal boxes are
not required. See gection E 380.03.

(2) Other types of switehes shall be installed in accordance with
the provisions of section E 380.03.

History: COr. Register, January, 1968, No, 145, eff. 2—1~68,
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Chapter E 324
CONCEALED KNOB-AND-TUBE WORK

E 324,01 Deflnition 1 324.07 8eparation from other
B 324.02 TUae objects and protectlon
B 324.03 Other chapters B 324,08 In unflnished attics and
B 324.04 Conductors roof spaces

E 324.06 Supports E 32409 Boxes of insulating ma-
E 324.06 Conductor geparation terial

B 32410 Switches

E 324.01 Definition. Concealed knob-and-tube wiring is a wiring
method using knobs, tubes and flexible non-metallie tubing for the pro-
tection and support of insulated conductors concealed in hollow gpaces
of walls and ceilings of buildings.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

B 324.02 Use. Concealed knob-and-tube work may be used in the
hollow spaces of walls and ceilings. It shall not be used {1} in ¢com-
mercial garages, (2) in theaters, except as provided in section E
520.04, (8) in motion-picture studios, nor (4) in hazardous locations.

History: Cr. Register, January, 1968, No, 146, eff, 2-1-68,

E 324,03 Other chapters, In addition to the provisions of this chap-
ter, concealed knob-and-tube wiring shall conform to the other applica-
ble provisions of this code. See especially Wis. Adm. Code chapter
E 300,

History: Cr. Register, Janusry, 1968, No, 145, eff. 2-1-.

E 324.04 Conductors, Only single conductors shall be uged. The
ampacity and type of conductor shall conform to chapter B 310,
History: Cr. Register, January, 1968, No, 145, eff, 2—1-68.

E 324.05 Supports. Conductors shall be supported at intervals not
exceeding 43 feet by knobs or tubes of noncombustible, non-absorp-
tive, insulating material, There shall be a knob within 6 inches from
each tap. Tie wires shall comply with B 320.08. Where such support is
impracticable and the conductors are in a dry location, they may be
fished when separately enclosed in flexible non-metallic tubing ex-
tending in continumous lengths from one support to the next or to a
box, or from one box to another,

History: Cr. Register, January, 1968, No, 145, off. 2-1-68.

E 324.06 Conductor separation, (1) Conductors shall be separated at
least 3 inches and maintained at least 1 inch from the surface wired
over,

(2) At distributing centers, meters, outlets, switches or other places
where space ig limited and the 3 -inch separation cannot he maintained,
each conductor shall be encased in a continuous length of flexible
tubing,
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{3) Where practicable, conductors shall be run singly on separate
timbers or studding,
Historyt Cr. Reglster, January, 1968, No. 146, eff. 2-1-68.

E 324.07 Separation from other objects and protection. Conductors
shall be separated from other conductors and objects as follows:

{1) The provisions as to rigid supporting and clearance from for-
eign wires and other objects, as specified for open wiring in sections
E 320.09, B 320.10, E 320.11, and £ 320.15, shall be complied with.

(2) Conductors passing through cross timbers in plastered parti-
tions shall be protected by an additional noncombustible, non-abhsorp-
tive insulating tube extending at least 8 inches above the timber.

Mistory: Cr, Register, January, 1968, No, 145, eff. 2-1-68.

E 324,08 In unfinished attics and roof spaces. Conductors in unfin-
ished attics or roof spaces shall comply with the following:

(1) Conductors in unfinished attics and roof spaces shall be run
through or on the sides of joists, studs and rafters, except in attics
and roof spaces having head room at all points of less than 3 feet in
buildings completed before the wiring is installed.

(2} Where conductors in accessible unfinished attics or roof spaces
reached by stairway or permanent ladder are run through bored holes
in floor joists or through bored holes in studs or rafters within 8 feet
of the floor or floor joists, such econductors shall be protected by sub-
stantial running boards extending at least 1 inch on each side of
the conductors and seeurely fastened in place.

(3) Where carried along the sides of rafters, studs or floor joists,
nejther running boards nor guard strips wili be required.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 324.09 Boxes of insulating material. Non-metallic outlet boxes
may be used as provided in sections E 370.03 and E 370.07.
History: Cr. Reglster, January, 1968, No, 145, eff. 2-1-68.

E 324.10 Switches, See sections E 380.03 and E 380.10,
History: Cr. Reglster, January, 1968, No, 145, eff. 2-1-68,
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Chapter E 328
BARE-CONDUCTOR FEEDERS

E 328,01 Usgse E 328,04 Accessibility
Il 328,02 Bize and capacity of K 328.05 Supports
copper conductors B 328,06 Fire cutoifs
E 328.68 Branch taps X 42807 Speclal safeguards

E 328.01 Use. By special permission, bare conductors installed in
accordance with the provisions of Wis. Adm. Code sections B 300.01
to E 300.22 inclusive, and in accordance with the provisions of sec-
tions E 328.02 to ¥ 328.07 inclusive, may be used for feeders only.
Such bare conductors may be installed only in a chase, channel or
shaft of noncombustible material in a building of fire-resistive con-
struction; and only where the voltage between conductors does not
exceed 600 volts, Bare conductors shall not be used in damp or wet
loeations, nor in any hazardous location, nor where subject to cor-
rosive vapor, except in storage-battery rooms as provided in section
T 480.07.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 328,02 Size and capacity of copper conductors. The maximum per-
missible eurrent shall be 1000 amperes per square inch of cross-sec-
tional area of conductor in unventilated enclosures, and 1200 amperey
per square inch in ventilated enclosures, These provisions are not
intended to apply to equipment such as controls and switchgear,

Histery: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 328,03 Branch taps, Branch taps from bare-conductor feeders may
be installed as specified in section E 240.16; provided that the me-
chanical protection specified by exceptions No. 6 and 6 of section
E 240.15 shall not be required for that portion of the conductor loeated
in the chase, channel or shaft, :

History: Cr. Register, January, 1968, No, 146, eff. 2-1-68.

E 328.04 Accessibility., The conductors shall not be accessible to
other than qualified persons,
History: Cr. Register, January, 1968, Nq, 145, eff, 2-1-63.

B 328.05 Supports, Conductors shall be supported as follows: (1)
Conductors shall be supported on noncombustible, non-absorptive in-
sulating supports of adequate mechanieal strength.

(2) Conduetors shall be so supported that a separation between con-
ductors, and between conductors and ground, of mnot less than that
specified in section E 884.26 will be maintained under all conditions of
operation.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 328.06 Tire cutoffs, Where floors are pierced, suitable cutoffs
against vertical travel of fire shall be provided. See also section
& 300.21.

History: Cr. Register, January, 1968, No. 145, eff, 2~1-68.
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B 328.07 Special safegunards. In addition fo the provisions of the
preceding rules, the administrative authority may require other safe-
guards in view of special conditions that may be met in a particular
installation,

History: Cr. Register, January, 19638, No, 145, eff. 2-1-68,
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Chapter E 330

MINERAL INSULATED-METAL SHEATHED CABLE
Type MI

K 330,01 Definition and construc- = 830.06 'Wet locations

tion B 330.07 Bends
H 330.02 Use E 330,08 Terminating seal
D 330.03 Other chapters B 330.09 TIittings
E 330.04 Supports M 330.1% Insulation resistance
H 330.06 Through studs, jolsts K 230.11 Qeneral
and ratters
A, GENERAL

E 330.01 Definition and construction. For the purpose of this chap-
ter, mineral insulated-metal sheathed type MI cable is a cable in which
one or more electrical conductors are insulated with a highly com-
pressed refractory mineral insulation and enclosed in a liquidtight and
gastight metallic tube sheathing., It shall be used with approved
fittings for terminating and comnecting to boxes, outlets and other
equipment.

Histery: Cr. Register, January, 1968, No, 145, eff, 2-1-68.

E 330,02 Use. Mineral insulated-metal sheathed cable may be used
for services, feeders and branch eircuits in beth exposed and con-
cealed worl, in dry or wet locations; in class I, class II, and class 111
hazardous loeations as noted in the appropriate chapters; for under
plaster extensions as provided in Wig, Adm. Code chapter B 844; and
embedded in plaster finish on brick or other masonry. It may be used
where exposed to weather or continuous moisture, for underground
rung and embedded in masonry, concrete or fill, in buildings in course
of construction or where exposed to oil, gasoline, or other conditions
not having a deteriorating effect on the metal sheath. The sheath of
mineral insulated-metal sheathed cable exposed to destructive COrro-
sive conditions, such as some types of cinder fill, shall be protected by
materials suitable for those conditions.

History: Cr. Register, January, 1988, No, 146, eff. 2-1-68,

E 330.03 Other chapters. In addition to the provisions of this chap-
ter, the installation of mineral insulated-metal sheathed cable shall
comply with the other applicable provigions of this code, See especially
chapter E 300,

History: Cr. Register, January, 1968, No, 145, eff, 2~1-68.

B, INSTALLATION

E 330.04 Supports. Mineral insulated-metal sheathed eable shall be
securely supported by approved staples, straps, hangers or similar
fittings, so designed and installed as not to injure the cable. Cable
shall be secured at intervals not exceeding 6 feet except where eable
is fished.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68.
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E 330.05 Through studs, joists and rafters. See Wis.. Adm. Code
section B 300.08,
History: Cr. Register, January, 1968, No, 145, eff. 2-1-G8.

E 830.06 Wet locations. See section E 300.05.
History: Cr, Regiater, January, 1968, No, 145, eff. 2-1-68,

E 330.07 Bends. All bends shall be so made that the cable will not
be damaged and the radius of the curve of the inner edge of any
bend shall be not less than b times the diameter of the cable.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 330.08 Terminating seal. At all points where mineral insulated-
metal sheathed cable terminates an approved seal shall be provided
immediately after stripping to prevent entrance of moisture inte the
mineral insulation, The conductors extending beyond the sheath shali
be insulated with an approved insulating material,

Hintory: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68,

E 330.09 Fittings. When type MI cable iz connected to boxes or
equipment, the fittings shall be approved for the conditions of service.
When single conductor type MI cables enter metal boxes thvough
separate openings, refer to section E 300.20.

History: Cr. Register, January, 1368, No. 145, eff. 2-1-§8.

E 330.10 Insulation resistance. The completed wiring system shall
be tested for insulation resistance in accordance with section E 195.20,
History: Cr, Register, January, 1968, No, 145, eff. 2-1-G8.

C. CONSTRUCTION SPECIFICATIONS

E 330.11 General. Type MI cable for 600 volis shall conform to the
following:

(1) ConpucTors. The conductors are solid copper and have cross
gectional areas corresponding to the standard American Wire Gauge
gizes.

(2) InsuLATION, The insulation ig a highly compressed refractory
mineral which provides proper spacing for the conductors.

(2) Outer sHEATH. The outer sheath shall be of a continuous
copper construction to provide mechanical protection and a moisture
seal, and an adequate path for grounding purposes.

History: (r., Register, January, 1968, No, 14B, eff. 2-1-68.
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Chapter It 331

ALUMINUM SHEATHED CABLE

Type ALS
E 331,01 Definition and construc- E 331.06 Through studs, joists and
tion rafters
B 331.05 Uss I 331.06 Wet locations
I 331,08 Other chapters H 331.07 Bends
E 231.04 Supports B 331.08 Fittlngs
I} 331.0% General
A. GENERAL

E 331.01 Definition and construction. Aluminum sheathed type ALS
cable is factory assembled cable consisting of one or more insulated
conductors enclosed in an impervious, continuous, closely fitting tube
of aluminum, It shall be used with approved fittings for terminating
and connecting to boxes, outlets and other egquipment.

History: Cr. Register, January, 1868, No, 145, eff., 2-1-68.

E 331.02 Use, (1) Aluminum sheathed cable may be used in both
exposed and concealed work, in dry or wet locations. The sheath of
aluminum sheathed cable exposed to destructive corrosive conditions
such as environments containing strong chlorides or caustie alkalis,
or where vapors of chlorine or hydrochloric acid are present or where
the cable is installed underground, shall be protected by materials
suitable for those conditions. See section E 300.05,

(2) Aluminum sheathed cable and fittings shall not be embedded
or buried directly in concrete or used in areas subject to severe
corrosive influences unless suitable supplemental corrosion protection
ig provided,

Note: See section B 310.08.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 331.03 Other chapters, In addition to the provisions of this chap-
ter, the installation of aluminum sheathed cable shall comply with
the other applicable provisions of this code. See especially chapter
E 300.

Hiatory: Cr. Register, January, 1968, No, 145, eff. 2-1-48.

B. INSTALLATIONS

E 331.04 Supports. Aluminum sheathed cable shall be securely sup-
ported by staples, straps, hangers, or gimilar fittings so designed and
installed as not to injure the cable. Cable shall be secured at intervals
not exceeding 6 feet except where the cable is fished,

History: Cr. Reglster, January, 1968, No, 145, eff., 2-1-§8,

E 331.05 Through studs, joists and rafters. See section E 300.08.
History: Cr, Register, January, 1968, No, 145, eff. 2-1-68,
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E 331.06 Wet locations. See section E 300.05,
History: Cr, Register, January, 1968, No, 145, eff, 2-.1-68,

E 331.07 Bends, All bends shall be so made that the cable will not
be damaged and the radiug of the curve on the inner edge of any bend
shall be not less than: .

(1) Ten times the external diameter of the sheath for cable not
more than % inch in external diameter,

(2) Twelve times the external diameter of the sheath for cable
more than % inch but not more than 1% inches in external diameter;
and .

(8) Fifteen times the external diameter of the sheath for ecable
more than 1% inches in external diameter.

History: Cr. BRegister, January, 1968, No, 145, eff, 2-1-68.

E 331,08 TNittings. When aluminum sheathed cable is connected to
boxes or equipment, the fittings shall be approved for the conditions
of service. When single conductor aluminum sheathed eables enter
metal boxes through separate openings refer to section E 300.20.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

C. CONSTRUCTION

E 331.09 General. Type ALS cable shall conform to the following:

(1) Conpucrors. The conductors shall be copper or electrical con-
ductor (EC) grade aluminum, solid or stranded.

(2) INsuLaTION, The insulation shall be a type listed in table
E 310.02(2).

(8) INSULATION COVERING. The covering over the ingulation shall
be the same as permitted for lead sheathed cable or multiple con-
ductor eable.

(4) Outer sHEATH, The oufer sheath shall be of a continuous
closely fitting tube of aluminum to provide mechanical protection, a
moisture seal and an adequate path for equipment grounding pur-
poses and shall conform with provisions of section E 331.02. The
sheath shall not be used as a current-carrying conductor.

History: Cr, Register, January, 1968, No. 14b, eff, 2—1-68.
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Chapter E 334

METAL-CLAD CABLE
Type MC and AC Series

B 334,01 Deflnition I 234.08 Supports

B 334.02 Voltage IS 334.00 Bends

o 334.03 Marking E 384,10 Boxes and fittings

H 334,04 Construction I 384,11 Through studs, Jolsts and
E 334.05 Conductors raftery

I 38406 TUse E 334,12 Exposed work

E 334.07 Other chapters B 334.13 In accessible attics

E 334.01 Definition. A metal-clad cable is a fabricated assembly of
insulated conductors and one or more adeguate grounding conductors
in a flexible metallic enclosure. See section E 334.04.

History: Cr., Regigter, January, 1968, No, 145, eff. 2-1-68.

F 334.02 Voltage., See Wis. Adm. Code section E 300.02. For sys-
tems in excess of 600 volts see chapter E 710,
History: Cr. Register, January, 1968, No, 145, eff. 2—1-68.

E 334,03 Marking. The provisions of section E 310.02 shall apply,
except that AC cable shall have ready identification of the maker by
distinctive external markers in the cable sheath throughout its entire
length.

History: Cr. Register, January, 1368, No, 145, eff, 2~-1-68.

E 834.04 Construction. Metal-clad ecable shall be an approved cable
of type MC or AC series, with acceptable metal covering. The insu-
lated conductors shall conform with section E 884.05,

(1) Tyee MC. Type MC cables are power cables limited in size,
for the voltages of this chapter, to conductors of No, 4 AWG and
larger for copper and No. 2 AWG and larger for aluminum. The
metal enclosures shall be either a covering of interloeking metal tape,
or an impervious, close fitting, eorrugated tube. Supplemental protec-
tion of an outer covering of corrosion-resistant material shall be re-
quired where such protection is needed. See section & 300,05, One or
more grounding conductors shall be incorporated under the metallic
covering, The total cross-section of the grounding conductor shall be
approximately equal to one-half the cross-seetion of one phase
conductor,

(2) Tyre AC. Type AC cables are branch circuit and feeder eables
with armor of flexible metal tape. Cables of the AC type, except ACL,
shall have an internal bonding strip of copper or aluminum, in inti-
mate contaet with the armor for its entire length.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-G8.

E 334.05 Conductors, Conductors for metal-clad cable shall conform
with the following: )
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(1) Tyee MC. For cables of type MC, insulated conductors shall
be of a type listed in table E 310.02(2) for rubber, thermoplastic,
varnished cloth, asbestos-varnished cloth, or of a type especially ap-
proved for the purpose.

(2) Tyee AC. For cables of type AC, insulated conductors shall be
of a type listed in table E 810.02(2). In addition, the conductors shall
have an overall moisture-resistant and five-retardant fibrous covering;
for type AGT, a moisture-vesistant fibrous covering is required only
on the individual conductors,

History: Cr. Register, January, 1963, No, 145, eoff. 2-1-68.

E 334.06 Use. Except where otherwise specified elsewhere in this
code, and where not subjeet to physieal damage, metal-clad cable may
be installed for branch civenits and feeders in hoth exposed and con-
cealed work as follows:

(1) Tvyem MC. This type of power cable may be used in partially
protected areas, such as in continuous rigid cable supports and the
like, in dry locations and when any of the following conditions are
met it may be used in wet locations: '

(a) The metallic covering is impervious to moisture,

(b) A lead sheath or moisture impervious jacket iz provided under
the metal covering.

(e¢) The insulated conductors under the metallic covering are ap-
proved for use in wet locations,
Note: See section In 300.05.

(2) Tyre AC. Metal-clad cable of the AC type may be used in dry
locations; for underplaster extensions as provided in chapter B 344;
and embedded in plaster finish on brick or other masonry, except in
damp or wet locations, This cable may be run or fished in the air
voids of masonry block or tile walls; where such walls arve exposed or
subject to excessive moisture or dampness or are below grade line,
type ACL cable shall be used, This cable shall contain lead-covered
conductors (type ACL), if used where exposed to the weather or fo
continuous moisture, for underground runs and embedded in masonyy,
concrete or fill in buildings in course of construction, or where ex-
posed to oil, or other conditions having a deteviorating effect on the
insulation. Type AC metal-clad cable shall not be used where pro-
hibited elsewhere in this code, including (a) in theatres, except as
provided in section E 520.04; (b) in motion-picture studios; (¢) in
any hazardous locations; (d) where exposed fo corrosive fumes or
vapors; (e) on cranes or hoists, except as provided in seetion E 610.11
Exception No. 3; (f) in storage battery rooms; or (g) commercial
garages where prohibited in chapter E 51l.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

F 334.07 Other chapters. In addition to the provisions of this chap-
ter, metal-clad cable shall conform to other applieable provisions of
this code. See especially chapter E 800,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 334.08 Supports. Metal-clad cable ghall be secured by approved
staples, straps, hangers or gimilar fittings so designed and installed as
not to injure the cable.
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(1) Type MC -eable shall be secured at intervals not exceeding 6
feet, and within 2 feet from every box or fitting, except where cable
is fished, Cable may be installed on metal racks, trays, troughs, or
continuous rigid cable supports, grounded as required by chapter
E 2b0. The cables shall be separated from each other by a distance
of not less than % of a cable diameter. There shall be no more than
one layer of cables on a rack or other support member; each cable so
ingtalled shall be supported at intervals not exceeding 6 feet and
within 2 feet from every box or fitting, and each cable shall be at-
tached to the support at intervals of not more than 10 feet horizon-
tally and 2 feet vertically.

(2) Type AC cable shall be secured at intervals of not exceeding
4% feet and within 12 inches from every outlet hox or fitting, except
where cable is fished and except lengths of not over 24 inches at termi-
nals where flexibility is necessary.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-88.

E 334.09 Bends. All bends shall be so made that the cable will not
be injured, and the radius of the curve of the inner edge of any bend
shall not be less than 7 times the diameter of type MC cable nor &
times the diameter of type AG cable.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 334.10 Boxes and fittings. (1) At all points where type MC metal-
clad eable terminates, suitable fittings designed for use with the par-
ticular wiring cable and the conditions of service, shall be used.

(2) At all points where the armor of AC cable terminates, a fit-
ting shall be provided to protect wires from abrasion, unless the
‘design of the outlet boxes or fittings is such as to afford equivalent
protection, and in addition, an approved insulating bushing or its
equivalent approved protection shall be provided between the con-
ductors and the armor. The connector or clamp by which the armored
cable is fastened to boxes or cabinets shall be of such design that the
insulating bushing or its equivalent will be visible for ingpection,
This bushing is not required with lead-covered cables which will be
go installed that the lead sheath will be vigible for inspection. Where
change is made from metal-clad cable to another cable or raceway
wiring methods, a box shall be installed at junction point as required
in section E 300.15,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-(8.

E 334.11 Through studs, joists and rafters., See gsection It 300.08.
History: Cr, Register, January, 1968, No. 146, eff, 2-1-68.

E 334.12 Exposed work, Exposed runs of cable shall closely follow
the surface of the building finish or of running boards, execept:

(1) Lengths of not more than 24 inches at terminals where fexi-
bility is necessary.

(2) Where suitably supported in accordance with section
I 334,08(1).

(8) On the underside of floor joists in basements where supported
at each joist and so loeated as not to be subject to physical damage.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.
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E 334.13 In accessible attics. Type AC cables in accessible atties or
roof spaces shall be installed as follows:

(1) Where run across the top of floor joists, or within 7 feet of
floor or floor joists across the face of rafters or studding, in attics
and roof gpaces which are accessible, the cable shall be protected by
substantial guard strips which are at least as high as the cable. Where
this space is not accessible by permanent stairs or ladders, protection
will only be required within 6 feet of the neavest edge of seuttle hole
or attie entrance.

(2) Where cable is carried along the sides of rvafters, studs or floor
joists, neither guard strips nor running boards shall be required.
History: Cr. Register, January, 1368, No, 145, eff. 2-1-68.
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Chapter E 336

NON-METALLIC SHEATHED CABLE
Types NM and NMC

B 336,01 Deflnition E 336,08 In unfnighed basements
B 336.02 Construction E 336.09 TIn accessible attics

H 336,03 se B 336.10 Bendas

H 336.0¢ Other chapters H 336,11 Devices of insulating
E 336,06 Supports material .

E 336.06 Txposed work; general E 336.12 Boxes of insulating ma-
B 336,07 "Through studs, jolats terial

and rafters

E 336.01 Definition. A non-metallic sheathed cable is an assembly
of 2 or more insulated conductors having an outer sheath of moisture~
resistant, flame-retardant, non-metallie material.

Histery: Cr. Register, January, 1868, No. 145, eff, 2-1-68.

E 336.02 Constrnction. Nonmetallic sheathed cable shall be an
approved type NM or NMC in sizes No. 14 through 2 AWG with
copper conductors and in sizes No. 12 through 2 with alominum
conductors. In addition to the insulated conductors, the eable may
have an approved size of uninsulated or bare conductor for ground-
ing purposes only.

(1) TyrE NM. The conductors shall comply with the requirements
for the type of conductor used. Overall fibrous coverings shall have a
flame-retardant and moisture-resistant finish.

(2) TyrE NMC, The cable shall be of a type approved for the pur-
pose. The over-all covering shall be flame-retardant, moisture-resigt-
ant, fungus-resistant and corrosion-resistant.

(8) Mamrking. In addition to the provisions of Wis. Adm, Code
chapter E 310, the cable shall earry distinctive marker on exterior
for its entire length, specifying cable type, and the name of the
manufacturing eompany,

Histery: Cr, Register, January, 1968, No, 145, eff, 2~1-63,

E 336.03 Use. Non-metallic sheathed cable may be installed for
both exposed and concealed work ag follows:

(1) Tyem NM. This type of non-metallic sheathed cable may be in-
stalled for both exposed and concealed work in normally dry locations.
It may be installed or fished in air veids in masonry block or tile walls
where such walls are not exposed or subject to excessive moisture or
dampness, Type NM cable shall not be installed where exposed to
corrogive fumes or vapors; nor shall it be emhedded in masonry, con-
crete, fill or plaster; nor run in shallow chase in magsonry or concrete
and covered with plaster or similar finish.

(2) MOISTURE AND CORROSION-RESISTANT TYPE NMC. This type of
non-metallic sheathed cable may be installed for both exposed and
concealed work in dry, meist, damp or corrosive locations, and in
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outside and inside walls of masonry block or tile. Where embedded in
plaster or Tun in a shallow chase in masonry walls and covered with
plaster within 2 inches of the finished surface, it shall be protected
against damage from nails by a cover of corrosion-resistant coated
steal at least 1/16 inch. in thickness and % inch wide in the chase or
under the final surface finish.

(3) Usgs NOT PERMISSIBLE FOR EITHER TYP# NM or NMC NON-
METALLIC SHEATHED CABLE. These types shall not be used as:
(a) Service-entrance cable, (b) in commercial garages, (c) in thea-
ters exeept as provided in section E 6520.04, (d) in motion picture
studios, (e) in storage battery rooms, (f) in hoistways, (g) in any
hazardous location, (h) embedded in poured cement, concrete or
aggregate.

Histery: Cr, Register, January, 1968, No, 145, eff, 2—1-88,

I; 336.04 Other chapters. In addition to the provisions of this chap-
ter, installations of non-metallic sheathed cable ghall eonform to the
other applicable provisions of this code. See especially chapter B 300.

History: Cr. Register, January, 1968, No, 146, aff, 2-1-68,

E 336.05 Supports, Non-metallic sheathed cable shall be secured by
approved staples, straps, or similar fittings, so designed and installed
as not to injure the cable, Cable shall be secured in place at intervals
not exceeding 4% feet and within 12 inches from every cabinet, box
or fitting, except that in concealed work in finished buildings or fin-
ished panels for prefabricated buildings where such supporting is im-
practicable, the cable may be fished between points of access.

History: Cr, Reglster, January, 1968, No, 145, eff. 2-1-68.

E 836.06 Exposed work; general. In exposed work, except as pro-
vided in sections B 336.08 and E 336.09, the cable shall be installed
as follows:

(1) The cable shall closely foilow the surface of the building finish
or of running hoards.

(2) Tt shall be protected from physical damage where necessary, by
conduit, pipe, guard strips or other means. Where passing through a
foor the cable shall he enclosed in rigid metal conduit or metal pipe
extending at least 6 inches above the floor.

History: Or. Register, January, 1988, No, 145, eff. 2164,

B 336.07 Through studs, joists and rafters. See gection E 300.08,
History: Cr. Reglster, January, 1968, No, 145, aff, 3-1-68.

E 336.08 In unfinished basements, Where the cable is run at angles
with joists in unfinished basements, assemblies not smaller than two
No. 6 or three No. 8 conductors may be secured directly to the lower
edges of the joists; smaller assemblies shall either he run through
bored holes in the joists or on running boards. Where run parailel to
joists, cable of any size shall be secured to the gides or face of the
joists.

History: Or. Register, January, 1968, No, 145, eff, 2-1-68.

T 326.09 In accessible attics. Cable in accessible attica or roof spaces
shall also conform with section E 334.13.
History: Cr. Register, January, 1988, No, 145, eff. 2-1-68,
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E 336.10 Bends. Bends in cable shall be so made, and other handling
shall be such, that the protective coverings of the cable will not be
injured, and no bend shail have a radiug less than b times the diameter
of the cable.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 336.11 Devices of insulating material. (1} Switeh, outlet, and tap
devices of insulating material may be used without boxes in expoged
cable wiring, and for concealed work for rewiring in existing build-
ings where the cable is concealed and fished, Openings in such devices
shall form a close fit around the outer covering of the cable and the
device shall fully encloge that part of the cable from which any part
of the covering has been removed.

(2) Where connections to conductors are by binding screw termi-
nals, there shall be available as many terminals as conductors, unless
cables are clamped within the structure and terminals are of a type
approved for multiple conduetors.

History: Cr. Regiater, Janusary, 1968 No, 145, eff. 2-1-68.

E 336.12 Boxes of insulating material. Non-metallic outlet hoxes
approved for the purpose may be used as provided in section E 870.03.
History: Cr. Register, January, 196§, No, 145, eff. 2-1-68.
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Chapfer I 338

SERVICE-ENTRANCE CABLE
Types SE and USE

E 338.01 Definition B 338.03 Use ag branch cireuit or
E 338.02 Use B3 service-entrance feeders
conductors I 338.04 Instasllation methods
E 338,06 Marking

E 338,01 Definition. Service-entrance cable is a conductor assembly
provided with a suitable gverall covering, primarily used for services
and of the following types. When consisting of two or more condue-
tors, one may be without individual insulation,

(3) Type ASE, having inherent protection against mechanical
abuge and a Aame-retardant, moisture-resistant covering.,

(2) Type SE, having a flame-retardant, moisture-resistant cover-
ing, but not required to have inherent protection against mechanical
abuse.

(3) Type USE, recognized for underground use, having a moisture-
registant covering, but not required to have a flame-retardant covering
or inherent protection against mechanical abuse.

History: Cr, Register, January, 1948, No, 145, off. 2-1-83.

E 338.02 Use as service-entranee conductors, Service entrance cable
used as service-entrance conductors shall be installed zs required by
chapter K 230,

(1) Type USE service-enirance cable used as service conductors
in divect earth burial shall be buried not less than 24 inches below
the surface, when supplementary protection from physical injury,
such as 2 eovering board, conecrete pad, raceway, etc. is not provided.

History: Cr. Reglster, January, 1988, No, 145, eff, 2-1-68,

E 338,03 Use as branch circuit or feeders. (1) Service-entrance
cables may be used in interfor wiring systems where ]l of the cireunit
conductors of the cahle are of the rubber-covered or thermoplastic
type.

(2) Service entrance cables without individual insulation on the
grounded cireuit conductor shall not be used as a branch eircuit or as
a feeder within a building, except a cable which has a final non-
metallic outer covering and when supplied by alternating current at
not exceeding 150 volts to ground, may be used: (a) As a branch
circuit to supply only a range, wall-mounted oven, counter-mounted
cooking unit, or clothes dryer, or (b) as a feeder to supply only other
buildings on the same premises. It shall not be used as a feeder ter.
minating within the same building in which it originates.

Noie: The above provisions de not intend to deny the use of service
entrance cable for interlor use when the fully insulated conductors are uged
for circuit wirlng and the uninsulafed conductor Iz used .for equipment
grounding purposes.

Blectrical Gode, Volume 2
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{8) Service-entrance cable used to supply appliances shali not be
subject to eonductor temperatures in excesa of the temperature speci-
fied for the type of insulation inveolved.

(4) Type USE service-entrance cable used ag branch civeuif or
feeder condnctors in direct earth burial shall be buried not less than
18 inches below the surface, when supplementary protection from
physical injury, such as a covering board, conerete pad, raceway, ete,
is not provided,

History: CI. Register, January, 1968, No, 145, eff. 2-I1-68.

E 338.04 Installation methods. (1) In addition to the provisions of
this chapter, service-entrance eable used for interior wiring shall com-
ply with the applicable provisions of chapter E 300.

(2) Unarmored cable shall be installed in accordance with the ap-
plicable provisions of chapter T 338.

(3) Cables through studs, joists and rafters shall be installed as
required in section E 300.08,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 338.05 Marking, Service-enirance eable shall conform with the
marking required in section E 810.02. Cable with the neutral condue-
tor smaller than the ungrounded conductors shall be so marked.

History: COr. Register, January, 1968, No. 145, eoff, 2-1-68.
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Chapter E 339

UNDERGROUND FEEDER AND BRANCH
CIRCUIT CABLE

Type UF
B 319.01 Description and marking B 338.04 Overcurrent protection
bF]J 3333‘33; gther chapters E 339.06 Rated ampacity .
. de

E 339,01 Description and marking. (1) DescripTion, Underground
feeder and branch circuit cable shall be an approved type UF cable
in sizes No. 14 to No. 4/0 AWG, inclusive. The conductors shall be
types TW, RHW, or other conductors approved for the purpose. In
addition to the ingulated conductors, the cable may have an approved
size of uninsulated or bare conductor for grounding purposes only.
The overall covering shall be flame-retardant, moisture-resistant,
fungus-resistant and corrosive-resistant, and suitable for dirvect burial
in the eaxrth.

{2) MARKiNG. In addition to the provisions of section E 310.02 the
cable shall have a distinetive marking on the exterior for its entire
length gpecifying eable type.

History: Cr. Regilster, January, 1968, No, 145, eff, 2—-1—68.

E 339.02 Other chapters. In addition to the provisions of this chap-
ter, installations of underground feeder and branch cirveuit cable (type
UF} shall comply with other applicable provisions of this code. See
especially chapter E 300 and subsection E 810.02 (2).

Histery: Cr. Register, January, 1968, No. 145, eif. 2-1-68.

I 339,03 Use. (1) Underground feeder and branch civeuit cable may
be used underground, including direct burial in the earth, as feeder
or branch ecireuit cable when provided with overcurrent protection of
the rated current-carrying capacity as required in section F 33%.04.

{2) Where single conductor cables are installed, all cables of the
feeder circuit, sub-feeder ecireuit, or branch cireuit, including the
neutral conductor, if any, shall be run together in the same trench or
raceway.

(3) A minimum depth of 18 inches shall he maintained for con-
ductors and cables buried directly in the earth, when supplementary
protection from physical injury such as a covering board, concrete
pad, raceway, etc., is not provided.

{4) Type UF cable may be used for interior wiring in wet, dry, or
corrosive locations under the recognized wiring methods of this code,
and when installed as non-metallic sheathed cable it shall conform
with the installation provisions of chapter E 536 and shall be of the
multiple conduetor type, except where recognized under the provigions
of section E 422,44,

Eléctrioal Code, Volume 2
Register, January, 1368, No, 145




202 WISCONSIN ADMINISTRATIVE CODE

(5) This type of cable shall not be used: (a)} as service-entranee
cables; (b) in commercial garages; (c) in theaters except as pro-
vided in Wis. Adm. Code section E 520.04; (d) in motion picture
studios; (e) in storage battery vooms; (£) in hoistways; (g) in any
hazardous location; (h) embedded in poured cement, concrete or
aggregate, except where recognized in chapter E 422; (1) when
exposed to direct rays of the sum, unless approved for the purpose.

Historyt Cr, Register, January, 1968, No. 145, eff. 2-1.-68,

F 339.04 Overcurrent protection. Overcurvent protection shall be
provided in accordance with provisions of section E 240.05.
Histery: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 339.05 Rated ampacity. The ampacities of conductors in type
UF cable shall be according to tables E 310.12 and E 310,14,
History: Cr, Reglster, January, 1968, No, 145, eff, 2-1-68,

Blectrical Code, Volume 2
Register, January, 1968, No, 145




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 203

Chapter E 342
NON-METALLIC EXTENSIONS

K 342,01 Description H 34206 Spliceg and taps
I 342,02 Other chapterg B 342.08 Fittings

E 342083 Use permltted B 342,07 Installation

H 342.04 Use prohibited

E 342.01 Description. Non-metallic extensions are an asgembly of
2 ingulated conductors within & non-metallic jacket or an extruded
thermoplastie covering. The classification covers surface extensions
for mounting directly on the surface of walls or ceilings,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 342,02 Other chapters, In addition to the provisions of this chap-
ter, non-metallic exfensions shall conform to other applicable provi-
sions of this code.

History: Cr. Reglater, January, 1848, No, 145, eff. 2-1-§3.

E 34203 Use permitted, Non-metallic extensions may be used only
where all of the following conditions are met:

(1) The extension is from an existing outlet on a 15 or 20 ampere
branch cireuit in conformity with the requirements of chapter E 210.

{2) The extension ig run exposed and in a dry location,

(3) For non-metallic surface extensions, the building or space is
occupied for residential or office purposes.

History: Cr, Reglgter, January, 1968, No. 145, eff, 2—1-68.

E 342.04 Use prohibited. Non-metallic extensions shall not be
installed :

(1) In unfinished basements, atties, or roof spaces.

{2) Where voltage between conductors exceeds 150 volts.

(3) Where subject to corrosive vapors.

(4) Where run through a floor or partition, or cutside the room in
which it originates. :

History: Cr, Register, January, 1968, No. 145, eff. 2—1—68,

E 342,05 Splices and taps, Extensions shall consist of a continuous
unbroken length of the assembly, without splices, and without exposed
conductors hetween fittings, Taps may be made where approved fit-
tings completely covering the tap connections are used. Receptacle
type tap connectors shall be of the locking type.

Histoery: Cr. Register, January, 1968, No. 145, eff., 2-1-68,

E 342.06 Fittings. Each run shall terminate in a fitting which covers
the end of the assembly. All fittings and devices shall be of a type
approved for the purpose,

History: Cr, Register, January, 1968, No. 145, eff, 2—1-68,

Hlectrical Code, Volume 3
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E 342.07 Installation. Non-metallic extensions shall be installed in
conformity with the following requirements:

(1) One or more extensions may be run in any direction from an
existing outlet, but not on the floor or within 2 inches from the floor.

(2) Non-metallic surface extensions shall be secured in place by
approved means at intervals not exceeding 8 inches, except that where
conmection to the supplying outlet is made by means of an attachment
plug the first fastening may he placed 12 inches or less from the
plug. There shall be at least one fastening between each 2 adjacent
outlets supplied. An extension shall be attached only to woodwork or
plaster finish, and shall not be in contact with any metal work or
other conductive material except with metal plates on receptacles.

(3) A bend which reduces the normal spacing between the condue-
tors shall be covered with a ecap to protect the assembly from physieal
damage.

- History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

HElectricgl Code, Volume 2
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Chapter E 344
UNDERPLASTER EXTENSIONS

K 344,01 Use E 344.04 Instaliation
B 344,02 Materials H 344,05 Hxtension to another
I 344.082 Box and fijtings floor

E 344,01 Use, An underplaster extension installed as permitted by
this chapter, may be used only for extending an existing branch eireuit
in a building of fire-resistive construction.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-8%.

E 344.02 Malerials, Such extensions shall be run in rigid or flexible
conduit, type AC metal-clad cable, electrical metallic tubing, type MI
cable or metal raceways approved for the purpose, Standard sizes of
conduit, eable, tubing and raceways shall he used except that for a
single conductor only conduit or tubing having not less than % inch
inside diameter, single-conductor type AC metal-clad cable or single
conductor type MI eable may be used,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 344.03 Box and fittings. See chapter E 370.
History: Cr. Reglater, January, 1968, No. 145, eff. 2-1-68.

E 344.04 Installation, An underplaster extension shall be laid on the
face of masonry or other material and buried in the plaster finish of
ceilings or walls, The methods of installation of the raceway or cable
for such extension shall be ag specified elsewhere in this code for the
particular type of material used,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 344.05 Extension to another floor. No such extension shall extend
beyond the floor on which it originates unless installed in a standard
size of rigid metal conduit, electrical metallic tubing, type AC metal-
clad cable, or MI cable.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.
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Chapter E 346

RIGID METAL CONDUIT

T 346,01 TUse H 346.08 Bushlnga
B 346.02 Other chapters H 346.03 Couplings
E 346.03 Cinder 1l E 346,10 DBends; how made
B 346,04 Wet locations T 346,11 Bends; number in ohe
B 348.06 Minimum size Tun
B 346.06 Number of conductors in B 346.12 Supports
conduit H 346.13 Boxes and fittings
1 346.07 Reaming E 346,14 (eneral

Note: Where condult 1g threaded in the fleld, it 1s asgumed that a standard
conduit cutting die providing 3 inch taper per foot will be employed.

E 346,01 Use, (1) Rigid metal conduit may be used under all atmos-
pherie conditions and ocecupancies, except that ferrous raceways and
fittings protected from corrosion solely by enamel may be used only
indoors and in occupancies not subject to severe corrosive influences,
Where practicable dissimilar metals in contact anywhere in the sys-
tem ghaill be avoided to eliminate the possibility of galvanie action.

(2) Unless made of a material judged suitable for the condition,
or unless corrosion proiection approved for the condition is provided,
ferrous or non-ferrous metallic conduit, elbows, couplings, and fittings
shall not be installed in concrete or in direct contact with the earth,
or in areas subject to severe corrosive influences,

Note: See section W 800,05 for limitation in the use of ferrous raceways
and fittings protecteil from corrosion solely by enamel.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 346,02 Other chapters. Installations of rigid metal conduit shall
comply with the provisions of the applicable rules of chapter E 300.
Hiatorvy: Cr, Regilster, January, 1968, No. 144, eff, 2-1-68.

A. INSTALLATION

E 346.03 Cinder fill. Conduit, unless of corvosion-resistant material
suitable for the purpose shall not be used in or under cinder fill where
subject to permanent moisture unless protected on all sides by a layer
of non-cinder concrete at least 2 inches thick or unless the conduit is
at least 18 inches under the fill,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 346.04 Wet locations. All supports, bolts, straps, screws, etc.,
shall be of corrosion-resistant materials or protected against corro-
sion by approved corrosion-resistant materials,

Note: See gection | 200.05.

History: Cr. Reglster, January, 1968, No, 145, eff, 2-1-68,
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E 346.05 Minimum size, No conduit smaller than % inch, electrical
trade size, shall be used, except as provided for underplaster exten-
siong in chapter E 844, and for enclosing the leads of motors as per-
mitted in section E 430.145 (2).

History: Cr, Register, January, 1968, No, 146, eff. 2-1-68.

E 346.06 Number of conductors in conduit. The number of condue-
tors permitted in a single conduit shall be as follows:

(1) New work. (a) Where conductors are all of the same size, use
tables 1 and 2 of Wis, Adm. Code chapter E 900,

{b) Where conductors are of various sizes to hbe used in combina-
tion, use tables 83 and 4 of chapter E 900 and the dimensions of
column 3 of table 5 of chapter E 900, Where bare conductors are
permitted by other sections of this code, the dimensions for bare
conductors in table 8 of chapter B 900 may be used.

(2) REWIRING EXISTING CONDUITS. (a) For rewiring existing con-
duits where conductors are all of the same size uge tables 1, 1A and
1B of chapter E 000,

(b) Where conductors are of various sizes to be used In combina-

tion use tables 8 and 4 of chapter E 900 and the dimengions of col-
umn 3, 5, or 7 of table 5, chapter E 900.

(8) Bare conNDUCTORS, Where bare c¢onductors are permitted by
other sections of this code, the dimensions for bare conductors in
table 8 of chapter E 900 may be used.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

B 346.07 Reaming, All cut ends of conduits shall be reamed to re-

nove rough edges.
History: Cr. Register, Yanuatry, 1908, No. 145, eff, 2-1-G8.

E 346,08 Bushings. Where a conduit enters a box or other fitting, a
bushing shall be provided to protect the wire from abrasion unless
the design of the box or fitting is such as to afford equivalent protee-
tion. See section B 873.06 (2) for the protection of conductors at
bushings.

History: Cr. Register, January, 1868, No, 148, eff, 2-1-63.

E 348.09 Couplings. (1) Threadless eouplings and connectors used
with conduit shall be made tight. Where installed in wet places or
where buried in masonry, concrete or fill shall be of a type to prevent
water from entering the conduit,

(2) Runmning threads shall not be used on conduit for connection at
couplings.

History: Cr, Register, January, 1968, Neo. 145, eff, 2-1-68.

E 346,10 Bends; how made. Bends of rigid eenduit shail be so made
that the conduit will not be injured, and that the internal diameter

Electrical Code, Volume 2
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of the eonduit will not be effectively reduced. The radius of the curve
of the inner edge of any field bend shall not be less than shown in
table E 346.10.

TABLH It 344.10
RADIUS OF CONDUIT BENDS

Conductors Conduetors
Size of Conduit Without i

Lead SBheath Lead Sheath

4 in. § in.

5 in. 8 in.

6 in. 11 in.

8 in. 14 in.

10 in. 16 in.

12 in. 21 in.

15 in. 25 in,

18 in. 31 in.

21 in, 36 in.

24 in. 49 in.

30 in. 50 in.

36 in. 61 in.

History: Cr. Register, January, 1968, No. 145, eff, 2-I-68,

E 346,11 Bends; number in one run. A run of conduit between out-
let and outlet, between fitting and fitting, or between cutlet and fitting
shall not contain meve than the equivalent of 4 quarter bends (360 de-
grees, total), including those bends located immediately at the outlet or
fitting.

Historyt Cr, Reglster, January, 1968 No. 145, eff, 2-1-63.

E 346,12 Supports. See section K 300.11,
History: Cr, Register, January, 1968, No. 145, eff. 2—-1-68.

E 346.13 Boxes and fittings. See chapter II 370.
Historys: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

B. CONSTRUCTION SPECIFICATIONS

E 346.14 General. Rigid metal conduit shall conform to the follow-
ing:

(1) Rigid conduit as shipped shall be in standard lengths of 10 feet
including coupling, one coupling to be furnished with each length.
Each length shall be reamed and threaded on each end. For gpecific
applications or uses, lengths shorter or longer than 10 feet, with or
without couplings, may be shipped.

(2) Steel conduit shall have an interior coating of a character
and appearance so as to readily distinguish it from oxrdinary pipe
commonly used for other than electrical purposes.

(3) Nonferrous eonduit of corrosion-resistant material shall have
suitable markings.

(4) Fach length shall be clearly and durably identified in every 10
feet with the manufacturer’s name or trademark and type of material,

Higtory: Cr, Register, January, 1968, No. 145, eff, 2-1-§8.
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Chapter E 347
RIGID NON-METALLIC CONDUIT

347.01 Description
34702 Tlse permitted
347.03 Use prohibited
347,94  Other chapters
847.06 Trimming

347.00 Jointa

347.08 Supports

347,09 FExpansion jointa

347,10 Mintmum size

347.11 Nuwmber of conductors
347.12 Bushings

. Bends, how made

347.14 Bends, number in one run
347,15 Boxes and fttings

347.16 {(eneral
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i 347.01 Deseription. The provisions of this chapter shall apply to
a type of conduit and fittings of suitable non-metallic material which
is resistant to moisture and chemical atmospheres. For use above
ground, it shall also be flame retardant, resistant to impact and erush-
ing, shall vesist disfortion due o heat under conditions likely to be
encountered in service and shall be resistant to low temperature and
sunlight effects, For use underground, the material shall be acceptably
resistant to moisture and corrosive agents and shall be of sufficient
strength to withstand abuse, such as by impact and crushing, in han-
dling and during installation. Where intended for direet burial, with-
out encasement in conerete, the material shall also be capable of with-
standing continued loading which is likely to be encountered after
installation.

Note: Materials which have been recognlzed as having suitable physical
characteristics when properly formed and treated include fiber, asbestos
cement, soapstone, rigid polyvinyl chlorlde, and high density polyethylene
for unc'{ergruund use and rigid polyvinyl chioride for use ahove ground.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 34702 Use permitted. Rigid nonmetallic conduit and fittings
approved for the purpose may be used under the following condi-
tions and where the potential is 600 volts or less except as noted in
Wis., Adm, Code section E 347.03,

(1) Underground if encased in not less than 2 inches of concrete.

(2) Direct earth burial if of a type approved for the purpose and
if buried not less than 18 inches below the surface. .

(3) In concrete walls, floors and ceilings,

(4) In locations subject to severe corvosive influences as set forth
in section E 300.05 and where subject to chemicals for which the
materials are specifically approved,

(b) Cinder fill.

(6) Wet Locations, In portions of dairies, laundries, canmeries or
other wet locations and in locations where walls are frequently
washed, the entire conduit system ineluding boxes znd fittings used
therewith shall be so installed and equipped as to prevent water
from entering the conduit. All supports, bolts, straps, screws, ete,
shall be of corrosion-resistant materials or protected against corro-
sion by approved corrosion-resistant materials,

(7} In dry and damp locations not prohibited by section B 347.03.

Historyt Cr. Register, January, 1968, No. 145, eff, 2-1-68.
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Ed 347.03 Use prohibited. Rigid nonmetallic conduit shall not be
used:

(1} Less than 8 feet above ground outdoors unless protected
against physical damage.

(2) In hazardous locations except as covered in section E 514.08.

(3) In the concealed spaces of combustible construction,

(4) For the support of fixtures or other equipment,

(B) Where subject to physical damage.

(6) Where subject to ambient temperatures exceeding those for
which the conduit had been tested.

(7) For conductors whose insulation temperature limitations would
exceed those for which the conduit had been tested.

(8) For potentials exceeding 600 volts unless encased in not less
than 2 inches of concrete,

(9) In the sunlight unless approved for the purpose,

History: Cr, Register, January, 1968, No. 146, eff, 2-1-68.

E 347.04 Other chapters. Installation of rigid non-metallic conduit
shall comply with provisions of the applicable sections of chapter
E 300,

History: Cr, Register, January, 1968, No. 1485, eff, 2-1-68.

A, INSTALLATIONS

E 347.05 Trimming. All cut ends shall be trimmed inside and out-
side to remove rough edges,
History: Cr. Register, January, 1368, No. 145, eff, 2-1-68.

T 347.06 Joints. All joints between lengths of conduit and between
conduit and couplings, fittings and boxes shall be made by & method
specifically approved for the purpose.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-63.

E 347.08 Supports. See section E 300.11,
History: Cr, Register, January, 1968, No. 145, eff, 2—1-68.

£ 347.09 Expansion joints, Txpansion joints for rigid non-metallic
conduit shall be provided where required to compensate for thermal
expansion and contraction,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

T 347.10 Minimum size. No conduit smaller than 1% inch electrical
trade size shall be used,
History: Cr. Register, Januairy, 1968, No. 145, eff, 2--1-638.

T 347.11 Number of conductors. The number of conductors per-
mitted in a single conduit shall be as follows:

(1) NEw WoRK: (a) Where conductors are all of the same size,
tables 1 and 2 of chapter E 900.

(b) Where conductors are of various sizes to he used in combina-
tion, use tables 3 and 4 of Wis. Adm. Code chapter E 500 and the
dimensions of conductors in columm 3 of table 5 of chapter It 900.
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Where bare conductors are permitted by other sections of this code,
the dimensions for bare conductors in table 8 of chapter E 900 may
be used.

{c) When equipment grounding is required by chapter E 250, a
separate grounding conduector shall be installed in the conduit.

(2) RoWIRING EXISTING CONDUITS: For rewiring existing conduits,
the allowable fill may be determined from tables 3 and 4 of chapter
I 900 using the dimensions from table 5 of chapter E 900,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 347.12 Bushings. Where a conduit enters a box or other fitting, a
bushing or adapier shall be provided to protect the wire from abrasion
unless the desigh of the box or fitting is such as to provide equivalent
protection. See section I 373.08 (2) for the protection of conductors
at bushings,

History: Cr, Register, January, 1968, No, 145, eff, 2—-1-68.

E 247.13 Bends, how made. Bends of rigid non-metallic conduit shall
be so made that the conduit will not be injured and that the internal
diameter of the conduit will not be effectively reduced. Field bends
shall be made only with bending equipment specifically approved for
the purpose, and the radius of the curve of the inner edge of such
bends shall be not less than shown in table E 346.10.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-58.

E 347.14 Bends, number in one run, A run of conduit between outlet
and outlet, between fitting and fitting or between outlet and fitting
shall not contain more than the equivalent of 4 quarter bends (860°)
total including those bends located immediately at the outlet or fitting.

History: Cr. Register, January, 1968, No. 146, eff, 2-1-68.

E 347.15 Boxes and fittings. See chapter E 870,
History: Or, Register, January, 1968, No, 145, eoff, 2-1-68.

B. CONSTRUCTION SPECIFICATIONS

E 347.16 General. Rigid nonmetallic conduit shall econform to the
following:

(1) Rigid nonmetallie polyvinyl chloride conduit as shipped shall
be in standard lengths of 10 feet inecluding couplings, one coupling
to be furnished with each length. For specific applications or usges,
lengths shorter or lomger than 10 feet with or without couplings
may be shipped.

(2) High density polyethylene conduit as shipped shall be in stand-
ard lengthg of 10 feet, One threaded coupling shall be furnished
with each threaded length of high density polyethylene conduit. For
specific applications or uses, lengths shorter or longer than 10 feet
with or wiithout couplings may he shipped.

(3) Each length of nonmetallic econduit shall be clearly and durably
marked at least every fen feet with the manufacturer’s name, trade
name, or trademark, nominal trade size, and type of material,

Hleectrical Code, Volume 2
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(4) For conduit recognized for use above ground these markings
ghall be permanent, For conduit limited to underground use only,
these markings shail be sufficiently durable to remain legible until
the material is installed,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

Electrical Code, Volume 2
Regiater, January, 1368, No, 146




DEPT. OF INDUSTRY, LAROR & HUMAN RELATIONS 215

Chapter E 348
ELECTRICAL METALLIC TUBING

H 348.01 TUse B 348.08 Couplings and connec-
E 348.02 Other chapters tors
I 348.04 Waet locationy E 348,09 Bendy; how made
E 348,05 I\f.}inlmum and maximum E 348,10 RBends; number in one
aizes run
E 348.06 Number of conductors in E 34811 Reaming
tubing E 348.12 Supports
L 348.07Y Threads B 248.13 Boxes and fittings
I 348.14 (leneral

B 348.01 Use, (1) Electrical metallic tubing may be used for both
exposed and concealed work. Electrical metallie tubing protected from
corrosion solely by enamel shall not be used, TElectrical metallie
tubing shall not be used {2) where during installation or afterwards,
it will be subject to severe physical damage; (b) in cinder concrete
or fill where subject to permanent moisture unless protected on-all
sides by a layer of non-cinder concrete at least 2 inches thick or
unless the tubing is at least 18 inches under the fill, Where prac-
ticable, the use of dissimilar metals throughout the system shall
be avoided to eliminate the possibility of galvanic action.

(2) Unless made of material judged suitable for the condition, or
unless corrosion protection approved for the condition is provided,
ferrous or nonferrus electrical metallic tubing, elbows, couplings and
fittings shall not be installed in concrete or in divect contact with
the earth, or in areas subject to severe corrosive influences,

Note: See section W 300.05 for limitation In the use of ferrous raceways
and fittings protected from corrosion solely by enamel,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

T 348.02 Other chapters. Installations of electrical metallic tubing
shall eomply with the provisions of the applicable rules of chapter
E 300.

Histery: Cr. Register, January, 1968, No. 145, off, 2-1-68,

A, INSTALLATION

E 348.04 Wet locations. All supports, bolts, straps, serews, ote. shall
be of corrosion-resistant materials or protected against corrosion by
approved corrosion-resistant materials,

Note: See section E 300.06,

History: Cr, Register, January, 1968, No. 145, eff, 2~1-63.

E 348.05 Minimum and maximum sizes, No -tubing smaller than
% inch, electrical trade size, shall be used except as provided for
underplaster extensions in chapter B 344 and for enclosing the leads
of motors as permitted in section E 480.145 (2). The maximum gize
of tubing shall be the 4-inch electrical trade size.

History: Cr. Register, January, 1968, No. 145, eoff, 2-1-68.
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E 348,06 Number of conductors in tubing. One tubing shall not con-
tain more conductors than ag provided in section E 346.06.
History: Cr. Register, January, 1968, No, 145, eff, 3-1-G8.

B 348.07 Threads. Tubing ghall not be coupled together nor con-
nected to boxes, fittings, or cabinets by means of threads in the wall
of the tubing, except by fittings approved for the purpose. Threads
shall not be of the standard pipe thread dimensions.

" History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 348.08 Couplings and connectors. Threadless couplings and con-
nectors used with tubing shall be made up tight. Where buried in
magonry or concrete, they shall be concrete-tight type, or where in-
gtalled in wet locations, shall be of the rain-tight type.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 348.09 Bends; how made. Bends in the tubing shall be o made
that the tubing will not be injured and that the internal diamefer
of the tubing will not be effectively reduced. The radius of the curve
of the inner edge of any field bend shall not be less than shown in
table I 346.10.

History: Cr. Regigter, January, 1968, No. 145, eff, 2-1-638.

E 348.10 Bends: number in one run. A run of electrical metallic
tubing between outlet and outlet, bebween fitting and fitting, or be-
tween outlet and fitting, shall not contain more than the eguivalent
of 4 quarter bends (360 degrees, total), including those bends located
jmmediately at the outlet or fitting.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-63.

H 348.11 Reaming. All cut ends of electrical metallic tubing shall
he reamed to remove rough edges.
Histoxry: Or. Register, January, 1968, No. 145, eff, 2-1-68,

B 348.12 Supports, See section E 300,11,
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

I 348.13 Boxes and fittings, Sce chapter B 370.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

B. CONSTRUCTION SPECIFICATIONS

E 348.14 General, Electrical metallic tubing shall conform to the
following:

(1) Cross smcrioN. The tubing, and elbows and bends for use with
the tubing, shall have a cireular cross-section.

{2) Frnisn, Tubing shall have such a finish or treatment of outer
surfaces ag will provide an approved durable means of readily dis-
tinguishing it, after installation, from rigid conduif.

(8) CoNNEcTors, Where the tubing is coupled together by threads,
the connector shall be so designed ag to prevent hending of the tubing
at any part of the thread.

History: Cr. Register, January, 1468, No. 145, eff, 2-1-68.
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Chapter E 350
FLEXIBLE METAL CONDUIT

H 360.01 Other chapters E 350.03 Minimum gize
B 360.02 TUse o 350.04 Sec&ui'ting flexible metal
condu

E 350.01 Other chapters. Installations of flexible metal conduit shall
comply with the appropriate (or applicable) provisions of Wis. Adm.
Code chapters E 300, E 334, and E 346.

Histery: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 350.02 Use. Flexible metal conduit shall not be used (1) in wet
locations, unless conductors are of the lead-covered type or of other
type specially approved for the conditions; (2) in storage-battery
rooms; (3) in any hazardous location except as permitted in subsee-
tion E 501.04(2) and sections B 502,04 and E 503.03; nor (4) where
rubber-covered conductors are exposed to oil, gasoline, or other mate-
rials having a deteriorating effect on xubber.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68,

E 350.03 Minimum size. No flexible metal conduit less than %4 inch
electrical trade size shall be used except (1) as permitted for under-
plaster extensiona by Wis. Adm. Code section E 334.02; (2) as per-
mitted for motors by section E 480.145 {2); (3) for connections not
over 48 inches in length, or longer on approved assemblies, to
equipment where the use of 3% inch or larger size flexible metal
conduit is not practicable, in which case flexible metal conduit of
3% inch electrical trade size may be used; and (4) in existing build-
ing where permitted by the authority enforeing the code,

TABLE E 33003

Meximum Number of Conductors in 34"
TFlexible Metal Conduit

Types RF-32, Types TF, T, TW,
R, RH Type RW-RHW | KU, RUF, RUW

Size AWG

(o]
OO N oo

Histery: Cr, Register, January, 1968, No. 145, eff, 2-1-68,

E 350.04 Securing flexible metal conduit, When flexible metal con-
duit is installed it shall be secured by approved means at intervals
not exceeding 4% feet and within 12 inches on each side of every
outlet box or fitting, except where flexible conduit is fished or where
flexibility is necessary.

History: Cr, Reglster, January, 1968, No, 145, eff, 2-1-68.
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Chapter E 351
LIQUID-TIGHT FLEXIBLE METAL CONDUIT

3 Maximum size
.04 Conductor size

E 351.01 Purposs o
B 36102 Use

B 351,01 Purpose, Liquid-tight flexible metal conduit is not in-
tended as a general purpose raceway material. The provisions of this
chapter shall apply to a type of flexible conduit having an outer
liguid-tight jacket and employed with suitable terminal fittings ap-
proved for the purpose.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 351.02 Use. The use of this wiring material shall be restricted ag
follows:

(1) For the connection of mwotors or portable equipment where
flexibility of connection is required,

(2) Liquid-tight flexible metal conduit shall not be used under the
following conditions: (a) where subject to physical damage; (b)
where in eontact with rapidly moving parts; (c) under conditions such
that its temperature, with or without enclosed conductors carrying
current, is above 60°C. (140°F.); (d) in any hazardous location, except
as deseribed in section E 501.04 (2), sections E 502.04 and E 503.03,
unless it is specially approved for such use.

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68.

T 351.03 Maximum size. The maximum size of liquid-tight flexible
metal conduit shall not exceed 8 inch electrical trade size.
History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-§8,

E 351.04 Conductor size. The maximum size of conductor installed

in liquid-tight flexible metal conduit shall not exceed the following
values:

Trade Size of Conduit Size of Conductor

16 Awg
12 Awg
8 Awg

350 MCM

Liquid-tight flexible metallic conduit in sizes 134 inch and larger
shall be bonded in accordance with section E 250.079 unless specifically
approved for use without a separate bond.

History: Cr. Register, January, 1968, No, 145, eff, 2-1-68,
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Chapter E 352
SURFACE METAL RACEWAYS

E 352,01 Use ¥ 352,08 Textension through walls
I 362,02 Other chapters and floors
H 352,03 Size of conductors 2 352.06 Combination raceways
E 352.0¢ Number of conductors in B 352.0" General

raceways

B 352.01 Use. Surface metal raceway may be installed in dry loca-
tions. It shall not be used (1) where concealed, except that metal
raceways approved for the purpose may be used for underplaster
extensions; (2) where subject to severe physical damage unless ap-
proved for the purpose; (3) where the voltage is 300 volts or more
between conductors unless the metal has a thickness of not less than
040 inches; (4) where subject to corrosive vapors; (5) in hoistways;
nor (6) in any hazardous location.

Histery: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

E 352.02 Other chapters. Installations of surface metal raceways
shall comply with the applicable provigions of chapter E 300.
History: Cr, Reglster, January, 1968, No. 145, eff, 2-1-6%.

A, INSTALLATION

E 352,03 Size of conductors. No conductor larger than that for
which the raceway is designed shall be installed in surface metal
raceway.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68.

E 352.04 Number of conductors in raceways. The number of condue-
tors installed in any raceway shall be no greater than the number
for which the raceway is designed.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 352,06 Extension through walls and floors, Except in multi-outlet
assemblies, raceways may be extended through dry walls, dry parti-
tions and dry floors, if in unbroken lengths wheve passing through.

History: Cr. Register, January, 1988, No, 145, eff. 2—1-68.

E 35296 Combination raceways, Where combination metal raceways
are used both for signal and for lighting and power cireuits, the differ-
ent systems shall be run in geparate compartments, identified by
gharply contrasting colors of the interior finish, and the same relative
position of compartments shall be maintained throughout the premises.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-08.

B. CONSTRUCTION SPECIFICATIONS

E 352.07 Geﬁeral. Surface metal raceways shall be of such construe-
tion as will distinguish them from other raceways. Surface metal
raceways and their elbows, couplings, and stmilar fittings shall he so
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designed that the sections can be electrically and mechanically coupled

together, while protecting the wiveg from abrasion, Holeg for screws

or bolts inside the raceway shall be so designed that when serews or

bolts are in place their heads will be flush with the metal surface.
History: Cr, Register, January, 1868, No. 145, off, 2—1-88.
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Chapter E 353
MULTI-OUTLET ASSEMBLY

K 353.01 Other articles - 5 353.03 Metal multi-outiet assem-
B 353.02 Use bly through dry partitions

E 353,01 Other articles. Installations of multi-outlet assembly shall
comply with applicable provisions of Wis. Adm. Code chapter E 200.
See definition in chapter E 100,

History: Cr. Register, January, 1968, No. 145, off. 2-1-88,

B 353.02 Use. Multi-outlet assembly may be installed in dry loca-
tions, It shall not be installed (1) where concealed, except that the
back and sides of metal multi-outlet assembly may be surrounded by
the building finish; (2) where subject to severe physical damage unless
approved for the purpose; (8) where the voltage is 300 volts or more
between conductors unless assembly is of metal having a thickness
of not less than .040 inches; (4) where subject to corrosive vapors;
(5) in hoistways nor (6) in any hazardous locations,

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68%.

E 353.03 Metal multi-outlet assembly through dvy partitions, Metal
multi-outlet assembly may be extended through (not run within) dry
partitions, providing arrangemests are made for removing the cap or
cover on all exposed portions and no outlet is located within the
partitions,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-6%.
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Chapter E 354
UNDERFLOOR RACEWAYS

3564.09 Markers at ends
354.10 Dead ends

354,11 Low points

. Fittings at angles
354.13 Junction boxes

3564.01 Other chapters
Use

364.03 Covering
. Size of conductors
354.06 Number of conductors in
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raceway 354,14 Ingserts
354.06 Splices and taps 364,15 Connections to cabinets
354,07 Digcontinued outlets and wall outlets

354.08 Lald in stralght lines

I# 354.01 Other chapters, Installations of underfloor raceways shall
comply with the applicable provigions of chapter E 200,
History: Cr, Regigter, January, 1968, No, 145, eff., 2-1—-68.

E 354.02 Use, Underfloor raceways may be installed beneath the
surface of concrete or other flooring material, or in office occupancies
where laid flush with the concrete floor and covered with linoleum or
equivalent floor ecovering, Underfloor raceways shall not be installed
(1) where subject to corrosive vapors mor (2) in any hazardous
Iocation. Unless made of a material judged suitable for the condition,
or unless corrosion protection approved for the condition is provided,
ferrous or nonferrous metallic underfloor raceways, junction boxes,
and fittings shall not be installed in concrete or in direet contact
with the earth, or in areas subject to severe corrosive influences.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 354.03 Covering, Raceway coverings shall conform to the
following:

(1} RACEWAYS NOT OVER 4 INCHES WIDE. Half-round raceways not
over 4 inches in width, and, except ag permitted in (3} of this rule,
flat-top raceways not over 4 inches in width, shall have not less than
% inches of concrete or wood above the raceway.

(2) Raczways 4 INCHES WIDE BUT NOT OVER 8§ INCHES WIDE. Flat
top raceways 4 inches wide with a minimum of 1 inch spacing between
raceways shall be covered with counerete to a depth of not less than
1 inch. Raceways spaced less than 1 ineh apart shall be covered with
concrete to a depth of 1% inches.

(8) RACEWAYS FLUSH WITHE CONCRETE. Approved flush raceways
with removable covers may be laid flush with the floor surface, Such
approved raceways shall be so designed that the cover plates will
provide adequate mechanical protection and rigidity equivalent to
junetion box covers,

History: Cr. Register, January, 1968, No. 145, eff. 2—1-68.

B 354.04 Size of conductors. No conductor larger than that for
which the raceway is approved shall be installed in underfloor race-
ways and the largest size conductor allowed shall be 500,000 em.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68.
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B 354.05 Number of conductors in raceway. The combined cross-
sectional area of all conductors shall not exceed 40% of the interior
area of the raceway; except that where the raceway containg only
armored cable or non-metallie sheathed cable, these requirements shall
not apply.

History: Cr. Regisier, January, 1948, No. 14§, eff, 2-1-68,

E 354.06 Splices and taps. Splices or taps shall be made only in
junetion boxes. For the purposes of this section, so-called loop wiring
(continuous unbroken conductor connecting the individual outlets) is
not considered to be a splice or tap,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 354.07 Discontinued cutlets. When an outlet is abandoned, dis-
continued, or removed, the sections of eircuit conductors supplying
the outlet shall be remoeved from the raceway. No splices or reinsu-
Iated conductors such as would be the case with abandoned outlets
on loop wiring, shall be allowed in raceways,

History: Cr, Register, January, 1968, No. 145, eff, 2—1-68.

E 354.08 Laid in straight lines, Underfloor raceways shall be laid
80 that a straight line from the center of one junction box to the
center of the next junetion box will coincide with the centey line of the
raceway system., Raceways shall be firmly held in place to prevent
disturbing this alipnment during construction.

History: Cr, Register, January, 1968, No, 145, eff, 2-1-68,

E 354.09 Markers at ends. At every end of line of raceway, and at
other locations where the location of the raceway is not apparent, a
suitable number of markers shall be installed extending through the
floor for future location of inserts for system identification.

HMistory: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 354.10 Dead ends. Dead ends of raceways shall be closed.
History: Cr, Register, January, 1968, No. 146, eff. 2-1-63.

E 354,11 Low points, Where practicable, raceways and their fittings
ghall be so arranged as to avoid low points that may form traps for
water.

History: Cr. Reglster, January, 1968, No. 145, eff, 2-1-68,

E 354.12 Fittings at angles. Where raceways are run at other than
right angles, special fittings sheall be provided.
History: Cr. Register, January, 3968, No. 145, eff. 2-1-68,

E 354,13 Junction boxes, Junetion boxes shall be leveled to the floor
grade and sealed against the entrance of water. Junetion boxes used
with metal raceways shall be metal and shall be electrically continuous
with the raceways,

History: Cr. Register, January, 1068, No. 145, eff. 2-1-68.

E 354,14 Imserts, Inserts shall be leveled to the floor grade and
sealed against the entrance of water. Inserts used with metal raceways
shall be metal and shall be electrically continuous with the raceways.
Inserts set in or on fiber raceways before the floox is laid shall be
mechanically secured to the raceway, Inserts set in fiber raceways
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after the floor is laid shall he serewed into the raceway, In cutting
through the raceway wall and setting inserts, chips and other dirt
shall not be allowed to fall into the raceway, and tools shall be used
which are so designed as to prevent the tool from entering the raceway
and injuring conductors that may be in place.

Hisfory: Cr, Register, January, 19868, No, 145, eff, 2-1-§8.

E 354.15 Connections to cabinets and wall outlets, Connections be-
tween raceways and distribution centers and wall outlets shall be made
by means of rigid or flexible metal conduit or by means of fittings
specially approved for the purpose.

History: Cr. Register, January, 1968, No, 145, eff., 2-1-68,
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Chapter E 356
CELLULAR METAL FLOOR RACEWAYS

E 356.01 Deflnitions H 3566.08 Markers

B 358.02 Use E 356.09 Junction boxes

E 356.083 Other chapters  356.10 Inserts

H 3566.04 B8ize of conductors B 356.11 Connection to cabinets

H 356,05 Number of conductors in and extensfons from
raceway cells

H 356.06 Splices and taps E 356.12 General

B 356.07 Discontinued outlets

E 356.01 Definitions. For the purposes of this chapter, a “cellular
metal floor raceway” shall be defined as the hollow spaces of cellular
metal floors, together with suitable fittings, which may be approved as
enclosures for electrical conductors; a “cell” shall be defined az a
single, enclosed tubular space in a cellular metal floor member, the
axis of the cell heing parallel to the axis of the metal floor member;
& “header” ghall be defined as a transverse raceway for electrical
conduetors, providing access to predetermined cells of a cellular metal
floor, thereby permitting the installation of electrical conductors from
a distribution center to the cells,

History: Cr, Register, January, 1968, No. 145, eff, 2-1-68.

E 356.02 Use. Conductors shall not be installed in cellular metal
floor raceways (1) where subject to corrosive vapor; (2) in any
hazardous loeation; nor (3) in commercial garages, except for supply-
ing ceiling outlets or extensions to the area below the floor but not
above. No electric conductors shall be installed in any cell or header
which contains a pipe for steam, water, air, gas, drainage, or other
service than electrical.

History: Cr. Register, January, 1968, No. 145, eff. 3-1-68.

T 356.08 Other chapters, Installations of conductors in the raceways
of cellular metal floor shall comply with the applieable provisions of
Wis, Adm,. Codé chapter E 300.

History: Cr. Register, January, 1968, No. 145 eff, 2-1-6%.

A, INSTALLATION

E 356.04 Size of conductors. No conductor larger than No. 0 shall be
installed, except by special permigsion.
History: Cr, Register, January, 1968, No, 145, eff. 2-1-68.

E 356.05 Number of conductors in raceway. The total cross-sectional
area of all conductors in a header or in an individual eell shall not
exceed 40% of the cross-sectional area of the header or eell in which
they are located; exeept that where the raceway contains only type
AG mefal-clad cable or nonmetallic sheathed cable, these require-
ments shall not apply.

History: Cr. Register, January, 1963, No. 145, eoff. 2-1—68.
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E 356.06 Splices and taps. Splices and taps shall be made only in
header access unitg or junction boxes.
History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 356.07 Discontinued outlets, When an outlet is discontinued, the
conductors supplying the outlet shall be removed from the raceway.
History: Cr, Register, January, 1968, No. 145, eff. 2~1--68.

E 356.08 Markers. A suitable number of markers shall be installed
extending through the fioor for the future locating of cells and for
gystem identification.

History: Cr. Register, January, 1968, No. 146, eff. 2--1-68.

E 356.09 Junction boxes, Junction boxes shall be levelled to the floor
grade and sealed against the entrance of water, Junction boxes used
with these raceways shall be of metal and shall be electrically continu-
ous with the raceway.

History: Cr. Regiater, January, 1968 No, 145 eff, 2-1-68.

E 356.10 Inserts. Inserts shali be levelled to the floor grade and
sealed against the entrance of water. Inserts shall be of metal and
shall be electrically continuous with the raceway. In cutting through
the cell wall and setting inserts, chips and other dirt shall not be
allowed to fall into the raceway, and tools shall be used which are
designed to prevent the tool from entering the cell and injuring the
conductors.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68,

E 356.11 Connection to cabinets and extensions from cells. Connec-
tions to eabinets and extensions from cells to outlets shall be made by
means of rigid or flexible conduit or by means of fittings approved
for the purpose.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

B. CONSTRUCTION SPECIFICATIONS

E 356.12 General, Celtular metal floor raceways shall be so con-
structed that adequate electrical and mechanieal continuity of the com-
plete system will be secured. They shall provide a complete enclosure
for the conduetors. The interior surfaces shall be free from burrs and
sharp edges, and surfaces over which conductors are drawn shall be
smooth. Suitable bushings or fittings having smooth rounded edges
shall be provided where conductors pass.

History: Cr. Register, JTanuary, 1968, No. 146, eff, 2-1-§8.
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Chapter E 357
STRUCTURAL RACEWAYS

357.01 Definitions

35702 Tse

457.08 Other articles

357.04 Openings in vertical mem-

357.09  Accessibility

35710 Pittings

Extensions from vertical
structural members

HEwE
EE =HEE
)
o
-3
-
N

bers 367.12 Dead ends
H 357.06 Horizontal headers 357.13 Installation of electrical
E 35706 Number of conductors In devices
raceway m 35714 Grounding
H 357.07 Splices and taps E 367.16 Marking
B 357.08 BSize of conductors & 357.16 Generad

E 357.01 Definitions. Structural raceways are formed steel mem-
bers approved for the installation of electrical wires or cables within
them,

(1) Vertical members used for studs or columns shall be tubes
or channels.

(2) Horizontal headers used as beams or top plates shall be pro-
vided with suitable covers, end closers, and fittings,

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68,

E 357.02 Use. Structural raceways used to encloge electrical con-
ductors shail be used only in single-family dwellings,
Iistory: Cr. Regiater, January, 1968, No. 14k eff, 2-1-68,

E 357.03 Other articles, Tnstallation of conductors in structural
raceways shall comply with the applieable provisions of Wis. Adm.
Code chapter T 300.

History: Cr. Register, January, 1968, No, 145, eff. 2—-1-68,

A, INSTALLATION

E 357.04 Openings in vertical members, Vertical members may
have openings provided in them for the purpose of installing wiring
devices, Vertical members may be concealed. Openings in vertical
members shall provide access to wiring. The size of sueh openings
shall comply with the provisions of section B 300.14 and chapter
E 370. Wiring devices may be installed in openings in vertical mem-
bers without the use of individual boxes, provided that the back and
sides of each device are surrounded by terminal barriers.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 357.05 Horizonial headers. Horizontal headers shall be securely
fastened to vertical members,
History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 357.06 Number of conductors in raceway. Structural raceways
shall not contain more than 20 current-carrying conductors at any
crosg-section, and the total cross-sectional areas of all contained
conductors shall not exceed 20% of the interior cross-section.

History: Cr, Register, January, 1968, No. 146, eff. 2-1-68.
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E 357.07 Splices and taps, Splices and taps shall be made only in
horizontal headers, or junction boxes. The conductors including splices
and taps shall not fill the structural raceway to more than 76% of
its area at that point. All splices and taps shall be made and insu-
lated by approved methods. _

History: Cr. Register, Januaty, 1568, No. 145. eff. 2-1-68.

E 357.08 Size of conductors. No conductor larger than number 6
AWG shall be installed in vertical or horizontal members.
History: Cr. Register, January, 19638, No. 145 eff. 2-1-68.

I 357.09 Accessibility, The covers of the horizontal members shall
he accessible after installation and shall not be obstructed by the
wall finish,

History: Cr. Register, January, 1968, No. 145, eff, 2-1-83.

E 357.10 Fiitings, Fitlings shall be designed and installed to pre-
vent physical damage to electrical conductors, Fittings shall be
free from burrs and sharp edges,

History: Cr. Regigter, January, 1968, No. 145 eff. 2-1-(8,

E 357.11 Extensions from verfical structural memhbers. Extensions
from vertical structural members shall be made with rigid or flexible
metal conduit, electrical metallic tubing, surface metal raceway or
metal-clad cable,

History: Or, Register, January, 1068, No, 146, eff. 2-1-68.

E 357.12 Dead ends, Dead ends of struetural raceways shall be
closed.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 357.13 Installation of elecirical devices, The installation of
switches, receptacles and outlets shall be in acecordance with the
requirements of Wis. Adm. Code chapiers E 380 and E 310, except
as otherwise permitted in this chapter.

Higtory: Cr. Register, January, 1968, No. 1456, eff. 2-1-68,

E 857.14 Grounding. All elements of structural raceway systems
shall be bonded and effectively grounded.
History: Cr, Register, Janusary, 1968, No. 145, eff. 2-1-68.

B. CONSTRUCTION SPECIFICATIONS

E 857.15 Marking. Structural raceways and fittings shall be marked
with the manufacturer’s name, trademark, or identification symbol.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 357.16 General. All metal components shall be properly coated
to prevent corrosion. The interior shall be free from sharp edges and
burrs. The structural raceway systems shall be constructed to pro-
vide electrical and mechanical continuity of the complete system.
They shall provide a complete enclosure for the eonductors. Enclosures
shall be approved for the purpose.

History: Cr. Register, January, 1963, No. 146, eff. 2-1-68.

Blectrical Code, Volume 2
Reglster, January, 1968, No. 140




DEPT. OF INDUSTRY, LABOR & HUMAN RELATIONS 233

Chapter E 358
CELLULAR CONCRETE FLOOR RACEWAYS

I 358.01 Scope E 358.07 Inserts
E 358.02 Use E 358.08 Bize of conductors
I 3568.03 Header duct E 358,09 Number of conductors in
E 35804 Connection to cabinets raceway
and other enclosures E 35810 Splices and taps
I 358.08 Junction boxes 0 368,11 Discontinued outlets
X 358.06 Markers

E 358.01 Scope, Approved precast cellular concrete floor Taceways
shall comply with the applicable requirements of chapter E 800, and
shall also comply with the provisions of sections I 858.02 to E 358.11
inclusive. ¥or the purpose of this chapter, “precast cellular econcrete
floor raecways” shall be defined as the hollow spaces in floors con-
structed of precast cellular concrete slabs, together with suitable metal
fittings designed to provide access to the floor cells in an approved
manner. A “cell” shall be defined as a single, encloged tubular space
in a floor made of precast cellular eoncrete slabs, the direction of the
cell being parallel to the direction of the floor member. “Header ducts”
shall be defined as transverse metal raceways for electrical conductors,
furnighing access to predetermined cells of a precast cellular conerete
floor, thus providing for the installation of electrical conductors from a
distribution center to the floor cells.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-£8.

E 358,02 Use. Conductors shall not be installed in precast cellular
concrete floor raceways (1} where subject to corrosive vaper; (2)
in hazardous locations; nor (3) in commercial garages, except for
supplying ceiling ouflets or extensions to the area below the floor but
not above. Ne electrical conductor shall be installed in any cell or
header which containg a pipe for steam, water, air, gas, drainage, or
any service other than electrical.

History: Cr. Register, January, 1988, No. 146, eff. 2~1-63.

E 358.03 Header duct, The header duct shall be installed in a
straight line, at right angles to the cells. The header duct shall be
mechanically secured to the top of the precast cellular conerete floor.
The end joints shall be closed by metallic closure fittings and sealed
against the penetration of water. The header duct shalil be electrically
continuous throughout its entire length and shall be electrically bonded
to the enclosure of the distribution center.

History: Cr., Register, January, 1968, No. 146, eff. 2—1-58,

E 358.04 Connection to cabinets and other enclosures, Connection
from header duct to cabinets and other enclosurves shall be made by
means of metallic duet and fittings approved for the purpose.

History: Cr. Register, January, 1968, No, 145, eff. 2~1-68.

E 358.05 Junction boxes. Junction boxes shall be levelled to the
floor grade and sealed against the entrance of water. Junction boxes
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shall be of metal and shall be mechanically and electrically continuous
with the header ducts.
History: Cr. Register, Jahuary, 1968, No. 145, eff. 2—-1-65.

E 358.06 Markers. Each hidden access point between a header and
a cell intended for future use shall be provided with a marker extend-
ing through the fleor covering, A suitable number of markers shall
be installed, extending through the floor covering, to locate the cells
and to provide system identification,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-§8.

E 358.07 Inserts. Inserts shall be levelled to the floor grade and
sealed against the entrance of water. Inserts shall be of metal and
shall be fitted with receptacles of the grounded type. A ground con-
ductor shall connect the insert receptacles to a positive ground con-
nection provided on the header duct., In cutting through the cell wall
for setting inserts or other purposes (such as providing access open-
ings between header duct and cells) chips and other dirt shall not be
allowed to fall into the raceway, and the tool used shall be so designed
as to prevent the tool from entering the cell and injuring the
conductors.

History; Cr. Register, January, 1968, No. 145, efi. 2-1-68,

E 358.08 Size of conductors. No conductor larger than No. 0 shall
be installed, except by special permission.
History: Cr. Register, January, 1968, No, 146, eff. 2-1-68.

E 358.09 Number of conductors in raceway. The total croas-sectional
area of all conductors in a header or in an individual cell shall not
exceed 40% of the cross-sectional area of the header or cell in which
they are located; except that where the raceway contains only type AC
metal-clad cable or nonmetallic sheathed cable, these requirements
shall not apply.

History: Cr. Register, January, 1568, No. 145, eff. 2-1-68.

E 3568.10 Splices and taps, Splices and taps shall be made only in
header duct access units or junction boxes.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 358.11 Discontinued outlets. When an outlet iz discontinued, the
eonductors supplying the outlet shall be removed from the header and
cell,

History: Or. Register, January, 1968, No. 145, eff. 2-1-68.
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Chapter E 362

WIREWAYS
B 362.01 Definition H 362.07 BSupports
E 362.02 TUae L 36208 Extension through walls
H 363.08 Other chapters E 362.09 Dead-ends
B 362.04 Size of conductors Tl 362.10 Extensions from wire-
E 362,06 Number of conductors ways
I 362.06 BSplices and taps E 362,11 Marking

E 362,61 Definition. Wireways are sheet-metal troughs with hinged
or removable covers for housing and protecting electrical wires and
cable and in which conductors are laid in place after the wireway has
been installed as a complete gystem. )

History: Cr. Register, January, 1968, No. 145, eff. 2-1—-68.

E 362.02 Use. Wireways may be installed only for exposed work.
Wireways may be installed above false ceilings with panels which
are designed to be removed and which provide openings of at least
2 feet by 4 feet. Wireways intended for outdoor use shall be of
approved raintight construction. Wireways shall not be installed: (1)
where subject to severe physical damage or corrosive vapor; nor
(2) in any hazardous location,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

T 362.03 Other chapters. Installations of wireways shall comply
with the applicable provisions of Wis, Adm, Code chapter E 800,
History: Cr. Register, Fanuary, 1968, No. 145, eff, 2-1-88%.

E 362.04 Size of conductors. No conductor larger than 500,000 c.m.
shall be installed in any wireway.
History: Cr, Register, January, 1968, No, 145, eff. 2—1-88,

E 362,05 Number of conductors. (1) Wireways shall not contain
more than 30 cenductors at any cross-section, unless the additicnal
conductors are for signal or control circuits. The sum of the ecross-
sectional areas of all contained conductors at any cross-section of a
wireway shall not exceed 20% of the interior cross-sectional area of
the wireway.

(2) The correction factors specified in Note 8 to tables E 810.12
through E 310.15 are not applicable to the foregoing.

History: Cr, Register, January, 1368, No, 145, eff. 2-1-68.

E 362.06 Splices and taps, Splices or taps, made and insulated by
approved methods, may be located within the wirveway provided they
are accessible. The conductors, including splices and taps, shall not fill
the wireway to more than 756% of its area at that point.

History: Cr. Reglster, January, 1968, No. 145, eff. 2—1-68.

E 362.07 Supports. Wireways shall be securely supported at inter-
vals not exceeding b feet, unless specially approved for supporis at
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greater intervals, but in no ease shall the distance between supports
exceed 10 feet.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-68.

E 362.08 Extension through walls. Wireways may extend trans-
versely through walls if in unbroken lengths where passing through.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-G8.

E 362.09 Dead-ends, Dead-ends of wireways shall be closed.
History: Cr. Register, January, 1968, No. 145, eff. 2-1-B8,

E 362,10 Extensions from wireways. Extensions from wireways
shall be made with rigid or flexible metal conduit, electrical metallic
tubing, surface metal raceway or metal-clad cable.

Histoxy: Cr, Register, January, 1968, No, 145 eff. 2-1-68,

E 362.11 Marking, Wireways shall be marked so that their manu-
facturer's name or trademark will be visible after installation.
History: Cr. Register, January, 1968, No. 145, eff, 2-1-G8.
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Chapter E 364

BUSWAYS
H 364.01 Other chapters T 364.10 EReduction in size of buas-
E 364.02 Use way .
I 364.03 Support H 364.11 Branch circuits
E 364.04 Extenslon through walls B 264,12 Rating of overcurrent
F 364,06 Dead-ends protection; branch eir-
E 364.07 Branches from busways cuita
E 36408 Ovwvercurrent protection E 364,13 Length of busways used
E 364,09 Rating of overcurrent as branch clreuita

protection; feeders and B 364,14 Marking
sub-feeders

E 364.01 Other chaptevs, Installations of busways shall comply with
the applicable provisions of Wis. Adm. Cede chapter E 300,
History: Cr. Regiater, January, 1968, No, 145, eff. 2-1-68.

E 364.02 Use. Busways may be installed only for exposed work,
Busways may be installed above false ceilings with panels which
are designed to be removed and which provide openings of at least
2 feet by 4 feet. Busways shall not be installed (1) where subject to
severe physical damage or corrosive vapors; (2) in heistways; (3) in
any hazardous location; nor (4) outdoers or in wet or damp loca-
tions unless specially approved for the purpose.

Note 1. Busways may be used for service-entrahce conductors. See sec-
tion I 230,044,

Note 2. It is recommended that where secondary systems are operated
ungrounded, a combination ground detector and potentializer plug be used
as an auxiliary ftting for busway systems to establish a cdefinite potential
difference hetween the bug-bars and the grounded casing of the busways,
Thig will serve to drain off any static or other charge from the entire bus-
wasé sritstem including its connected apparatus, supply and branch elrcuit
conductors,

Histery: Cr. Register, January, 1868, No. 146, eff. 2-1-88.

E 364.03 Support, Busways shall be securely supported at intervals
not exceeding b feet, unless specially approved for supports at greater
intervals, but in no case shall the distance hetween supports exceed
10 feet. Where a busway is installed in a vertical position, the sup-
ports for the bus-bars shall be designed for vertical insztallation.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 364.04 Extension through walls. Busways may extend trans-
vergely through dry walls if in unbroken lengths where passing
through. Busways may extend vertically through dry floors when
totally enclosed (unventilated) where passing through and for a
minimum distance of 6 feet above the floor to provide adequate protec-
tion from physical damage.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

B 364.05 Dead-ends. A dead-end of a busway shall be closed.
History: Cr. Register, January, 1968, No. 145, eff. 2--1-68.
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B 364.07 Branches from busways. Branches from busways shall be
made with busways or with rigid or flexible metal conduit, electrical
metallic tubing, surface metal raceway, metal-clad cable or with
gnitable cord assemblies approved for hard usage for portable
equipment or for the connection of stationary equipment to facilitate
their interchange.

History: Cr. Register, January, 1968, No. 146, eff, 2-1-68.

F 364,08 Overcurrent protection. Overcurrent profection ghall be
provided in accordance with sections E 364,09 to E 364,13 inclusive.
History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

E 364.09 Rating of overcurrent protection; feeders and sub-feeders.
Where the allowable current rating of the busway does not correspond
to a standard rating of the overcurrent device, the next higher rating
may be used.

History: Cr. Register, January, 1968, No. 145 eff. 2-1-88,

E 264.10 Reduction in size of busway, Overcurrent protection may be
amitted at points where busways are veduced in size, provided that
the smaller busway does not extend more than 50 feet and hag a cur-
rent rating at least equal to one-third the rating or setting of the
overcurrent device next back on the line, and provided further that
such busway is free from contact with combustible material.

History: Cr. Register, January, 1963, No. 145, eff. 2-1-68.

E 36411 Branch circuits. Where a busway is used as a feeder, de-
vices or plug-in connections for tapping off branch-circuits from the
busway shall contain the overcurrent devices required for the protec-
tion of the branch cirecuits.

(1) ExcepTioN No. 1. For overcurrent protection of taps, see sec-
tion E 240,16.

{2) ExceprioNn No. 2. For fixed or semi-fixed lighting fixtures,
the branch cirveuit overcurrent device may be part of the fixture cord
rlug on cord-connected fixtures.

(3) ExceprioN No. 3, Where fixtures without cords are plugged
directly into the busway, the overcurrent device may be mounted on
the fixture,

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-68.

H 364.12 Rating of overcurrent protection; branch circuits. A bus-
way may be used as a branch circuit of any one of the types described
in chapter E 210, When so used, the rating or setting of the over-
current device protecting the busway shall determine the ampere
rating of the branch circuit, and the cirenit ghall in all respects con-
form with the requirements of chapter E 210 that apply to branch
cirenits of that rating.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 364.13 Length of busways used as branch eircuifs. Busways
which are used as branch cirenits and which are so designed that
loads can be connected at any point ghall be limited to such lengths
as will provide that in normal use the cireuits will not be overloaded,

Note: In general, the length of such run in feet should not exceed 3
times the ampere rating of the branch ecircuit.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,
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E 364.14 Marking. Busways shall be marked with the voltage and
current rating for which they are designed, and with the manufac-
turer’s name or trademark in such manner as to he visible after
installation.

History: Cr, Register, January, 1968, No. 145, eff, 2-1-§8,
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Chapter E 370

OUTLET, SWITCH AND JUNCTION BOXES,
AND FITTINGS

I 37001 Scope ® 370,14 Depth of outlet boxes

H 3870.02 Round boxes for concealed work

B 370.03 Non-metallic boxes B 370.15 Covers and canopies

E 370.04 Metallic boxes I 370.16 Fastened to gaa pipes

H 370.05 Damp or wet locations E 370,17 Boxes at lighting fixture

E 370.06 Number of conductors in outlets
a box ® 370,18 Pull and junction boxes

H 370.07 Conductors entering H 370,19 Junction, pull and outlet
boxes or fittings boxes be accessible

B 370.08 Unused openings B 370.20 Metallic outlet, switeh

B 370.09 Boxes enclosing fiush de- and junction boxes and
vices fittings

B 370.19 In wall or ceiling B 370.21 Covers

B 370.11 Repairing plaater ¥ 370,22 Bushingsa

I 370.12 Hxposed extensions W 370,23 Non-metaliic boxen

E 370.13 Supports

A, SCOPE AND GENERAL

E 370.01 Scope. The provisions of this chapter shall apply to the
installation of outlet, switch and junction boxes, and fittings as re-
quired by section E 300.15, Installations in hazardous locations shall
conform fo chapterg I 500 to E 517 inclusive.

History: Cr. Register, January, 1968, No. 145 eff. 2-1-G8.

E 370.02 Round boxes. Round boxes shall not be used where con-
duits or conmmectors requiring the use of locknuts or bushings are to
be connected to the side of the box.

History: Cr. Register, Januery, 1968, No, 145, eff. 2-1-68.

E 370,03 Non-metallic boxes. Non-metallic hoxes approved for the
purpose may be used only with open wiring on insulators, concealed
knob-and-tube work, non-metallic sheathed cable, and with approved
non-metallic conduit.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

E 370.04 Metallic hoxes, Where used with knob-and-tube work or
non-metallic sheathed cable, and mounted on metal or metal lath ceil-
ings or walls, such boxes shall be insulated from their supports and
from the metal or metal lath, or shall be grounded,

History: Cr. Register, January, 1968, No. 145 eff. 2-1-68.

B. INSTALLATION

E 370,05 Damp or wet locations, In damp or wet locations, boxes
and fittings shall be so placed or equipped as to prevent moisture or
water from entering and accumulating within the hox or fitting.
Boxes and fittings installed in wet locatmns shall be weatherproof.
For boxes in floors, see section E 410.58.

Note; It 1s recommended that approved boxes of non-conductive material
be used with non-metallic sheathed cable or approved non-metallic conduif
when such eable or conduit is used in locations where there is likely to he
ogcasional moisture present such as in dairy barns.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.
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E 370.06 Numbher of conductors in a box, Boxes shall be of sufficient
size to provide free space for all conductors enclosed in the box. The
limitationg in gubsections F 370,06 (1) and (2) shall not apply to
terminal housings supplied with motors, nor to typeg of boxes or
fittings without knockouts and having hubs or recessed parts for
terminal bushings and locknuts.

Note: Bections B 370.06 (1) and (2) deo not apply to conductors wused
for rewiring existing raceways ag referred to in table 3, chapter B 300,

(1) The maximum number of conductors, not countmg fixture wires,
permitied in outlet and junction boxes shall be as in tables E 370.06
(1} (a) and (b) with the exceptions noted.

TARLE H 37046 (1) (a)
DEEPI BOXES

i i Maximum Number of Conduetors
Box Dimensiong, Ynches

Trade Size No. 14 | No.12 | No. 10 | No. 38 No. 8
114 x 834 oetagonal ... 5 5
114 x 4 octagonal 8 T
113 x 4 square___ 11 9
114 x 4-11/16 squa 18 12
214 x 4-11 /18 square. 20 16
2x 1Y x 237 ____ 5 4
214 x 184 x 234 _.__ 8 [
3 x 13 x 28 o eeeeeaee 7 7

Note: Where there is not sufficient space for a deéper box, four No. 14
AWG conductors may enter a box provided with cable clamps and contaln-
ing one or more devices on a single mounting strap,

TARBLE H 37006 (1) (b)
SHALLOW BOXHS

Maximum Number of Conductors

Box Dimensiens, Inches
Trade Size No. 14 No. 12 No..10

B e mm————— 4 4 8
o S
134 x4 square. _ ., __

411/ _(_] ______________________________________ 8 § 6

Note: Any box less than 13 inch deep is considered to he a alallow box.

(a) Tables E 870,06 (1) {a) and (b) apply where no fittings or
devices, such as fixture studs, cable clamps, hickeys, switches or
receptacles are contained in the box. Where one or more fixture
study, cable clamps, or hickeys are contained in the box, the number
of conduectors shall be one less than shown in the tables, with a
further deduction of one conductor for one or several flush devices
mounted on the same strap. A conductor running through the box
is counted as one conductor and each conductor originating outside
the box and terminating inside the box ig counted as one conductor,
Conductors of which no part leaves the box arve not to be counted
in the above computation. If single flush boxes are ganged, and
each section is occupied by a flush device or combination of flush
devices on the same strap, the Hmitations will apply to each see-
tion individually.
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(2) For combinations not shown in the above tables the following
table shall apply.

TARLE E 870,06 (2)

Free Space Within Box
Size of Conductor for Bach Conductor

2. cubie inches
2.25 cubie inches
2,5 cabic inches
3. cubic inches
5. cubic inches

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

B 370.07 Conductors entering bhoxes or fittings, Conductors entering
boxes or fittings shall be protected from abrasion and shall conform
to the Tollowing:

(1) OPENINGS TO BE CLOSED, Openings through which conductors
enter shall be adequately closed.

(2) METAL BOXES AND FITTINGS, Where metal outlet boxes or
fittings are installed with open wiring or concealed Lknob-and-tube
work, conduetors shall enter through insulating bushings or, in dry
places, through flexible tubing extending from the last insulating sup-
port and firmly secured to the box or fitting, Where raceway or cable
is installed with metal outlet boxes or fittings, the raceway or cable
shall be gecured to such boxes and fittings.

{3) NON-METALLIC EOXES, Where non-metallic boxes are used with
open wiring or concealed knob-and-tube work, the conductors shall en-
ter through individual holes. Where flexible tubing is used to enease
the conductor, the tubing shall extend from the last insulating sup-
port and may be run into the box or terminate at the wall of the box,
If non-metallic sheathed cable is used, the cable assembly shall en-
ter the box through a knockout opening, Clamping of individual con-
ductors or cables to the box is not required where supported within 8
inches of the box, Where non-metallic conduit is installed with non-
metallic boxes or fittings, the conduit shall be secured to such hoxes
and fittings in an approved manner,

Histery: Cr. Register, January, 1968, No. 145, eff. 2~1-68.

E 370,08 Unused openings, Unused openings in boxes and fittings
shall be effectively closed to afford protection substantially equivalent
to that of the wall of the box or fitting. Metal plugs or plates used
with non-metallic boxes or fittings shall be recessed at least % inch
from the outer surface.

Histery: Cr. Register, January, 1968, No, 145, eff. 2-1—68.

E 370.09 Boxes enclosing flush devices. Boxes used to enclose flush
devicey shall be of guch design that the devices will be completely en-
closed on back and sides, and that substantial support for the devices
will be provided. Screws for supporting the box shall not be used in
attachment of the device contained therein.

Historyt Cr. Register, Fanuary, 1988, No. 145, eff. 2-1-68,
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E 370.10 In wall or ceiling. In walls or ceilings of concrete, tile or
ofther noncombustible material, boxes and fittings shall be so installed
that the front edge of the box or fitting will not set back of the finished
surface more than ¥ inch. In walls and ceilings constructed of wood
or other combustible material, outlet boxes and fittings ghall be flush
with the finighed surface or profect therefrom.

History: Cr. Register, January, 1968, No. 146, eff. 2-1-68.

E 370,11 Repairing plaster, Except on wallg or ceilings of concrete,
tile or other noncombustible material, a plaster surface which is
broken or incomplete shall be repaired so that there will be no gaps
or open spaces at the edge of the box or fitting.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

E 370.12 Exposed extensions, In making an exposed extension from
an existing outlet of concealed wiring, a bhox, extension ring or blank
cover shall be mounted over the original box and electrically and
mechanically secured to it. The extension ghall then be connected fo
thig box in the manner prescribed for the method of wiring employed
in making the extension.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

B 370.13 Supports. (1) GENERAL. Boxes, fittings and cabineis
shall be securely fastened in place. Boxes and fittings, not over 100
cubie inches in size, which are attached to firmly secured exposed race-
way by threading or other connection designed for the purpose, are
considered ag so fastened.

(2) CoNcEALED WORK. In concealed work, except as prescribed
in subsection (3), boxes and fittings, unless securely held in place
by concrete, masonry or other building material in which they
are embedded, shall be secured to a stud, joist or similar fixed gtrue-
tural unit, or to a metal or wooden support which is secured to such
5 gtructural unit. Wooden supports shall be not less than 7/8 inch in
thickness. Lath of wood, metal oy composition shall not be considered
s structural unit. See sections E 410.15 and E 410.16 for support of
fixtures.

(3) Exrosep WoRK. In exposed work, and in concealed work in ex-
isting huildings where conductors or cables ave fished and boxes cannot
be secured a8 provided in subsection (2) without disturbing the
building finish, the boxes may be mounted directly upon the plaster
surface when securely fastened in place.

History: Or. Register, January, 1968, No. 145, eff. 2—1-68.

B 370.14 Depth of outlet boxes for concealed work. Outlet boxes for
concealed work shall have an internal depth of at least 1% inches,
except that where the installation of such a box will resul} in injury
to the building structure or is impracticable, a box not less than %
inch internal depth may be installed.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68,

I 370.15 Covers and canopies, In completed installations each out-
let hox shall be provided with a cover unless a fixture ecanopy is used.
(1) Non-metallic covers and plates or metallic covers and plates
may be used with non-metallic outlet boxes. When metallic covery or
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Plates are used, they shall comply with the grounding requirements
of section B 250,042, See section B 410.95,

(2) Where a fixture canopy or pan is used, any combustible wall or
ceiling finish exposed between the edge of the canopy or pan ang the
outlet box shall be covered with non-combustible material,

(3) Covers of outlet boxes having holes through which flexible cord
pendants pass, shall be provided with bushings designed for the pur-
pose or shall have smooth, well-rounded surfaces on which the cords
may bear. So-called hard-rubber or composition bushings shall not
be used.

History: Cr. Register, January, 1968, No. 145, eff. 2~1-68.

E 370.16 Fastened to gas pipes. Outlet boxes used where gas out-
lets are present shall be so fastened to the gas pipes as to be me-
chanically secure,

History: Cr. Register, January, 1968, No. 145, eff. 2-1—68.

E 370.17 Boxes at lighting fixture outlets, Boxes used at outlets
for lighting fixtures shall be designed for the purpose. At every out-
let used exelusively for lighting, the box shall be so designed or in-
stalled that a lighting fixture may be attached. )

History: Cr. Register, January, 1968, No. 145, eff, 2-1-g8.

E 370.18 Pull and junetion boxes., Pull and junction boxes shall
conform to the following:

(1) MiNmum s1ZE. For raceways of 14 inch trade size or larger,
containing conduetors of No. 4 or larger, and for cable containing
conductors of No, 4 or larger, the minimum dimensions of a pul!
or junction box installed in a vaceway or cable run shall conform
to the following:

(a) Straight pulls, In straight pulls the length of the box shall be
not less than 8 times the trade diameter of the largest raceway.

(b) Angle or U pulls, Where angle or U pulls are made, the dis-
tance between each raceway entry inside the box and the opposite
wall of the box shall not be iess than 6 times the trade diameter of
the raceway. Thig distance shall be inereased for additional entries
by the amount of the sum of the diameters of all other raceway en-
tries on the same wall of the box. The distance between raceway
entries enclosing the same conductor shall not be less than 6 times the
trade diameter of the larger raceway.

Eaception, The limitations of subsections (1) (a) and (1) (b)
are not intended to apply to terminal housings supplied with
motors, nor to types of boxes or fittings without knockouts and having
hubs or recessed partg for terminal bushings and locknuts.

“Note: When transposing cable size into raceway size in subsections (1)
and (2), the minimum trade size raceway required for the number and size
of conductors in the cable shall be used,

(2} CoNDUCTORS IN PULL OR JUNCTION BOXES. In pull boxes or june-
tion boxes having any dimension over 6 feet, all conductors shall be
cabled or racked up in an approved manner.

Note: See section B 373.06 (2) for insulation of conductors at bushings,

(3) Covers. All pull boxes, junction boxes and fittings shall be pro-
vided with covers approved for the purpose. Where metallic covers
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are used, they shall comply with the grounding requirements of sec-
tion E 250.042,
History: Or. Register, January, 1968, No. 145, eff. 2-1-88.

B 370.19 Junection, pull and outlet boxes be aceessible, Junction,
pull and outlet boxes shall be so instalied that the wiring contained in
them may be rendered accessible without removing any part of the
building, sidewalks or paving. In finished rooms, wiring and splices
in a junction or outlet box having 2 blank cover, and nrot more than
6 inches back of the finished wall or ceiling surface, shall he con-
sidered accessible when one or more suitable markers extend through
the plaster, paint or other finish for future location and identifica-
tion of the box. Boxes may be installed above false ceilings with panels
which are designed to be removed,

History: Cr. Register, Fanuary, 1968, No. 145, eff, 2-1-68.

C. CONSTRUCTION SPECIFICATIONS

E 370.20 Metallic outlet, switeh and junction boxes and fittings.
Outlet, switch and junction boxes and fittings, when of metal, shall
conform to the following:

(1) CORROSION-RESISTANT. Metallic boxes and fitlings, unless of
corrosion-resistant metal, shall be well galvanized, enameled, or othexr-
wise properly coated, inside and out, to prevent corrosion,

Note 1, See section E 300.05 for limitation in the use of boxes and fit-
tings protected from corrosion solely by enamel,

Note 2, It iz recommended that the protective coating be of conductive
material, such 88 cadmium, tin or zinc, In order to secure betier elec-
trical contaet,

(2) THICKNESS OF METAL. (a) For sheet steel boxes and fitbings
not over 100 cubic incheg in size, the metal ghall not be less than
No. 14 MS gauge (0.067 inch in thickness). Cast metal boxes shall
have a wall thickness of not less than % inch, except that boxes of
malleable iron shall have a wall thickness of not less than % inch,

(b) An outlet box made of a sheet-aluminum alloy shall not be
less than 0.091 inch in thickness at any point except that a sharply
bent section having a radius of curvature of not more than %4 inch
may be less than 0.091 but not less ithan 0.087 inch in thickness; and
no minus tolerance is applicable to either of these dimensions. The
aluminum alloy shall have a tensile strength of not less than 17,000
pounds per square inch.

(3) Boxms over 100 CUBIC INCHES. Boxes of over 100 cubic inches
in size shall be composed of metal and shall conform to the require-
mentg for cabinets and cutout boxes, except that the covers may con-
sist of single flat sheets secured to the box proper by screws, or bolts
instead of hinges. Boxes having covers of this form are for use only
for enclosing joints in conductors or to facilitate the drawing in of
wires and cables. They are not intended to enclose switches, cut-
outs or other control devices.

History: Cr. Register, January, 1968, No. 145 efi. 2-1-68.

T 370.21 Covers. Metal covers shall be of a thickness not less than
that specified for the walls of the box or fitting of the same material
and with which they are designed to be used, or shall be lined with
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firmly attached insulating material not less than 1/32 inch in thick-
ness. Covers of porcelain or other approved insulating material may
be used when of such form and thickness as to afford the requisite
protection and strength.

History: Cr. Register, Janusry, 1968, No. 145 eff. 2—1-68,

E 370.22 Bushings. Covers of cutlet boxes and outlet fittings hav-
ing holes through which flexible cord pendants may pass, shall be
provided with approved bushings or shall have smooth, well-rounded
surfaces, upon which the cord may bear. Where conductors other than
flexible cord may pass through a metal cover, there shall be provided
a geparate hole for each wire, said hole heing equipped with a bush-
ing of suitable insulating material.

History: Cr. Register, January, 1368, No. 1456, eff. 2-1-68.

E 370.23 Non-metallic boxes. Provisions for supports, or other
mounting means, for non-metallic boxes, shall be outside of the box,
or the box shall be so constructed as to prevent contact between the
conductors in the box and the supporting serews,

History: Cr. Register, January, 1968, No. 145 eff. 2—1-68,
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Chapter E 373
CABINETS AND CUTOUT BOXES

B 373.01 Scope & 373.07 Bpace in enclosures

I 373.02 Damp or wet locations E 373.08 Single switch enclosures
W 373.08 Position in wall B 373.09 Bide or back wiring
I 373.04 TUnuged openings spaces or gutters

E 373.068 Conductors entering ecah- E 373.10 Material

B inets or cutout boxes E 373.11 Spacing

'3‘73.06 Deflection of conductors

E 373.01 Scepe, The provisions of this chapter shall apply to the
installation of cabinets and cutout boxes. Installations in hazardous
loecations shall conform to the provisions of Wis, Adm, Code chapters
E 500 to I& 517 inclusive,

History: Cr. Register, January, 1963, No. 145, eoff. 2-1-88.

A. INSTALLATION

E 373.02 Damp or wet locations. In damp or wet lecations, cab-
inets and cutout boxes of the surface i{ype shall bhe so placed or
equipped as to prevent moisture or water from entering and acecumu-
lating within the cabinet or entout box, and shail be mounted so there
is at least % inch air space between the enclosure and the wall or
other supporting surface. Cabinets or cutouf boxes installed in wet
locations shall be weatherproof,

Noter Tt is recommended that boxes of non-conductive material be used
with non-metallic sheathed cable when such cabie 1s used in locationsd
where there is likely to be moisture present.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68,

E 372,03 Position in wall, In walls of concrete, tile, or other non-
combustible material, cabinets shall be so installed that the front edge
of the cabinet will not set baek of the finished surface more than 34
inch. In walls constructed of wood or other combustible material, eab-
inets shall be flush with the finished surface or project therefrom,

History: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

T, 373.04 Unused Openings. Unused openings in cabinets or cutout
boxes shall be effectively closed to afford protection substantially
equivalent to that of the wall of the cabinet or eutout box, Where
metal plugs or plates are used with non-metallic cabinets or cutout
hoxes, they shall be recessed at least 34 inch from the outer surface.

History: Cr. Register, Janhuary, 1968, No. 145 eff. 2-1-68.

B 373.05 Conductors entering cabineis or cutout hoxes. Conductors
entering cabinets or cutout boxes shall be protected from abrasion
and shall conform to the following:

(1) OPENINGS T0 BE CLOSED. Openings through which conductors
enter shall be adequately closed.

Hilectrical Code, Volume
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{2} METAL CABINETS AND CUTOUT BOXES. Where metal cabinets or
ecutout boxes are installed with open wiring or concealed knob-and-
tube work, conductors shall enter through insulating bushings or, in
dry places, through flexible tubing extending from the last insulating
support and firmly secured to the cabinet or cutout box.

History: Cr. Register, January, 1968, No. 145 eft. 2-1-68.

E 373.06 Deflection of conductors. Conductors entering or leaving
cabinets or cutout boxes and the like shall econform to the following:

(1) WipTH oF GUTTERS. Conductors shall not be deflected within a
cabinet unless a gutter having a width in accordance with table
E 873.08 (1) is provided.

TABLE E 373.06 (1)
MINTMUM BENDING SPACH IN INCHDS

Wires per Terminal
AWG or Circular—Mil
Size of Wire 1 2 3 4 &

300360 MCM..
400-500 MCM.

750-900 MCM.._____ 7777700 - R AR (RN R
1,000-1,250 MCM.________... . 10 b ]ecaeimmma] e
1,600-2,000 MCM__ - ___°°C F - S S I I

(2) INSULATION AT BUSHINGS, Where ungrounded conductors of No.
4 or larger enter a raceway in a cabinet, pull box, junction box, or
auxiliary gutter, the conductors shall be protected by a substantial
bushing providing a smoothly rounded insulating surface, unless the
conductors are separated from the raceway fitting by substantial in-
sulating material securely fastened in place. Where conduit bushings
are constructed wholly of insulating material, a locknut shall be in-
stalled both inside and ocutside the enclosure to which the conduit is
attached,

Histery: Cr. Register, January, 1968, No. 145 eff. 2-1-68.

E 373.07 Space in enclosures., Cabinets and cutout boxes shall be
selected which have sufficient space to accommodate all conductors
installed in them without erowding,

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.

B 873.08 Single switch enclosures. Single switch enclosures shall
not be used asg junetion hoxes, troughs or raceways for conductors
feeding through or tapping off to other switches, unless designs suit-
able for the purpoge are employed to provide adequate space for this
purpose.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.
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E 373.09 Side or back wiring spaces or guiters. Cabinets and cutout
boxes shall be provided with back wiring spaces, gutters, or wiring
compartments as required by subsections B 37311 (8) and (4).

History: Cr. Register, January, 1968, No. 145, eff. 3~1-68,

B. CONSTRUCTION SPECIFICATIONS

E 373.10 Material, Cabinets and cubout hoxes shall conform to the
following:

(1) METAL CABINETS AND BOXES, Metal cabinets and cutout boxes
shall be well galvanized, plated with eadmium or other approved
metallic finish, enameled, or otherwise properly coated, inside and out,
to prevent corrosion.

Note: It is recommended that the protective coating be of conductive
material, such as cadmium, tin or zine, in order to secure better eslac-
trical contact,

{2) StrENeTH. The design and construction of cabinets and ecut-
out boxes shall be such as to secure ample strength and rigidity. If
constructed of sheet steel, the metal shall be of not less than No. 16
M8 (USS revised) gauge in thickness.

(8) CoMrosITION CABINETS, Composition cabinets shall be sub-
mitted for approval prior to installation.
Histery: Cr. Register, January, 1968, No. 145, eff. 2-1-68.

L 373.11 Spacing. The spacing within ecabinets and cutout boxes
shall conform to the following:

(1) GeNpraLn, The spacing within cabinets and cutout boxes shall be
sufficient to provide ample room for the distribution of wires and
cables placed in them, and for a separation between metal parts of
devices and apparatus mounted within them as follows:

(a) Bose. There shall be an air space of at least 1/16 inch, except
at points of support, between the base of the device and the wall
of any metal cabinet or cutout box in which the device iz mounted.

(b) Doors. There shall be an air space of at least 1 inch between
any live metal part (including live metal parts of enelosed fuses) and
the door, unless the door is lined with an approved insnlating material
or is of a thickness of metal not less than No, 12 MS (USS revised)
gauge in thickness, when the air space shall be not less than % inch.

(¢) Doors and walls; link fuses. There shall be a space of at least
2 inches between open link fuseg and metal-lined walls or metal,
metal-lined or glass-paneled doors.

(d} Live purts. Except as noted above, there shall be an air space
of at least % inch befween the walls, back, gutter partition, if of
metal, or door of any eabinet or cutout box and the nearest exposed
current-carrying part of devices mounted within the cabinet where
the polentials do not exceed 250 volts, This spacing shall be increased
to at least one inch where the potentials exceed 250 volts.

(2} SWITCH CLEARANCE. Cabinets and cutout boxes shall be deep
enough to allow the closing of the doors when 30-ampere branch-
circuit panelboard switches are in any position, or when combina-
tion cutout switches are in any position, or when other single-throw
switches ave opened as far ag their construetion will permit,
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(3) WIRING SPACE, Cabinets and eutout boxes which contain de-
vices or apparatus connected within the cabinet or box to more than
8 conductors, including those of branch eireuits, meter loops, sub-
feeder circuits, power cireuits and similar civenits, but not including
the supply circuit or a continuation thereof, shall have back wiring
spaces or one or more side wiring spaces, side gutters or wiring
compalrtments.

(4) WIRING SPACE; ENCLOSURE. Side wiring spaces, side gufters or
gide wiring compartments of cabinets and cutout boxes shall be rend-
ered tight enclosures by means of covers, barriers or partitions ex-
tending from the bases of the devices, contained in the cabinef, to the
door, frame, or sides of the cabinet; provided, however, that where
the enclosure contains only those conductors which are led from the
eabinet at points directly opposite their terminal connections to de-
vieces within the cabinet, such covers, barriers or partitions may be
omitted. Partially enclosed back wiring spaces shall be provided with
covers to complete enclosure. Wiring spaces that are required by sub-
section (3) and which ave exposed when doors are open, shall be
provided with covers to complete the enclosure,

History: Cr. Register, January, 1968, WNo. 145, eff. 2-1-68.
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Chapter EE 374
AUXILIARY GUTTERS

E 374.01 Purpose 12 374.06 Ampacity of conductors

B 374.02 Bxtension beyond equip- I 374.07 Clearance of bare live
ment paris

B 374.03 Supports I 374.08 Splices and taps

1 374.04 Covers B 374.09 Construction and instal-

E 374.06 Number of conductors lation

E 374.01 Purpose. Auxiliary gutters, used to supplement wiring
spaces at meter centers, distribution centers, switchboards and
similar points of wiring systems may enclose conductors or bus-bars,
but shall not be used to enclose switches, overeurrent devices, appli-
ances or gsimilar equipment., )

Histery: Cr. Register, January, 1968, No. 145 aff, 2-1-§8.

E 374.02 Extension beyond equipment. An auxiliary gutter shall
not extend a greater distance than 30 feet beyond the equipment which
it supplements except in elevator work. Any extension beyond this
distance shall comply with the provisions for wireways in chapter
E 862 or with the provisions for busways in chapter K 364.

History: Cr. Register, January, 1968, No. 145 eff. 2-1-88.

E 374.083 Supperts. Gutters shall be supported throughout their
entire length at intervals not exceeding b fest.
History: Cr. Reglster, January, 1948, No. 146, eff. 2-1-68.

& 374.04 Covers, Covers shall be securely fastened to the guiter.
History: Cr. Register, January, 1968, No. 145, eff. 2-1-g8.

E 374.05 Number of conductors. Auxiliary putters shall not eontain
more than 30 conduetors at any cross-section, unlegs the additional
conductors are for signal or eontrol circuits. The sum of the cross-
sectional areas of all contained conductors at any cross-section of an
avxiliary gutter shall not exceed 20% of the interior cross-sectional
area of the gutier,

History: Cr. Reglster, January, 1968, No. 145, eff. 2-1-§8,

E 374.06 Ampacity of conductors, The ampacities of insulated cop-
per and aluminum conductors are given in tables E 810.12 and
B 310.14 vespectively, The eorrection factors specified in note 8 of
these tables shall not apply to conductors in auxiliary gutters. The
current carried eontinuously in bare copper bars in auxiliary gutters
shall not exceed 1000 amperes per square inch of cross section of
the conductor, For aluminum bars the current carried continuously
shall not exceed T00 amperes per square inch of eross-section of
the conduector.

Histery: Cr. Register, January, 1968, No. 145, eff. 2-1-63.

E 374.07 Clearance of bare live parts. Bare conductors shall be
securely and rigidly supported so that the minimum clearance between
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bare current-carrying metal parts of opposite polarities mounted
on the same surface shall be not less than 2 inches, nor less than
1 inch for parts that are held free in the air. A clearance not less
than 1 inch shall be secured between bare current-carrying metal
parts and any metal surface. Adequate provisions shall be made
for the expansion and contraction of bus-bars.

Hisgtory: Cr. Register, January, 1968, No. 146, eff. 2-1-68.

E 374.08 Splices and taps, Splices and taps shall conform fo the
following:

(1) Splices or taps, made and insulated by approved methods, may
be located within gutters when they are accessible by means of re-
movable covers or doors. The conductors, including splices and taps,
shall not fill the gutter to more than 75% of its area.

(2) Taps from bare conductors shall leave the gutter opposite their -
terminal connections and conductors shall not be brought in contact
with uninsulated current-carrying parts of opposite polarity,

(3) All taps shall be suitably identified at the gutter as to the
cireuit or equipment which they supply.

(4) Tap connections from conduetors in auxiliary gutters shall be
provided with overcurrent protection in conformity with the provisions
of section E 240.15.

History: COr. Register, January, 1968, No. 145, eff. 2-1-68.

E 374.09 Construction and installation, Auxiliary gutters shall be
constructed in accordance with the following:

(1) Gutters shall be so constructed and installed that adequate elec-
trical and mechanical continuity of the complete system will be se-
cured.

(2} Gutters shall be of substantial construction and shall provide
a complete enclosure for the contained conductors. All surfaces, both
interior and exterior, shall be suitably protected from corresion. Cor-
ner joints shall be made tight and where the assembly is held to-
gether by rivets or bolts, these shall be spaced not more than 12
incheg apart.

(3) Suitable bushings, shields or fitlings having smooth rounded
edges shall be provided where conduetors pass between gutters,
through partitions, around bends, between gutters and cabinets or
junction boxes and at other locations where necessary to prevent
abrasion of the insulation of the conducters.

(4) Gutters shall be constructed of sheet metal of thicknessses not
less than in the following table:

TABLE B #7400 {(4)

MAXIMUM WIDTH OF THE WIDEST SURFACE OF GUTTERS
THICKESS (MANUFACTURERS STANDARD GAUGE)

Up to and including 6 inches. .. No. 16; 0.0598 jnch
Over 6 in. and not over 18N, e em No. 14; 0,0747 inch
Qver 18 in, and not over 30 in, —~ No, 12; 0,1045 inch
Over 30 inches. e el No. 10; 0.1845 inch

(5) Where insulated conductors ave deflected within the auxiliary
gutter, either at the ends or where conduits, fittings or other raceways
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enter or leave the putter, or where the direction of the gutter is de-
flected greater than 30 degrees, dimensions corresponding to section
I8 873.06 shall apply.

(6) Auxiliary gutters intended for outdoor use shall be of ap-
proved raintight construction.

History: Cr, Register, January, 1968, No. 145, eff. 2—1-68.
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Chapter E 380
SWITCHES

380,11 Circuit-breakers as
switches
380.12 Grounding of enclosures

380.04 Wet locations
380,05 Time switches, fiashers,
and similar devices

E 380,01 Grounded conductors 380.09 Covers of flush snap
T 380.02 Three-way and four-way switches

switches 380.10 Mounting of surface-type
}é} 380.03 Enclosures shap swilches
1]

EEEHEEE B B =

E 380.06 Position of knife 3§0.13 Inife switches

switches 380.14 Rating of snap switches
E 380.07 Connection of knife 380.15 Marking

switches 380,16 600-volt knife switches
E 380.08 Accesaibility and group- 380.17 Multiple fuses

ing

A. INSTALLATION

E 380.01 Grounded conductors, No switch or cireuit-breaker shal
disconnect the grounded conductor of a circuit unless the switeh or
circuit-breaker simultaneously disconnects the ungrounded conductor
or conductors, or unless the switch or cireuit-breaker is so arranged
that the grounded conductor cannot be disconmnected until the un-
grounded conductor or conductors have first been disconnected.

History: Cr. Regiater, January, 1968, No, 145, eff. 2-1-68,

E 380,02 Three-way and four-way switches, Three-way and four-
way switches shall be so wired that all switching is done only in the
ungrounded ecircuit conduetor, Wiring between switches and outlets
shall, where in metal enclosures, be run with both polarities in the
same enclosure.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-88,

E 380.03 Enclosures. Switches and circuit-hreakers shall be of the
externally-operable type enclosed in metal boxes or cabinets, except
pendent and surface type snap switches and knife switches mounted
on an open face switchboard or panelboard,

History: Or, Register, January, 1968, No, 145 eff., 2-1-88.

E 380.04 Wet locations, A switch or circuit-breaker in a wet loca-
tion or outside of a building shall be enclosed in s weatherproof en-
closure or cabinet installed to conform to section B 373.02.

History: Cr. Register, January, 1968, No. 145, eff. 2-1-63.

‘B 380.05 Time switches, flashers, and similar devices. Time
switches, flashers, and similar devices need not be of the externally-
operable type, They shall be enclogsed in metal boxeg or cabinets ex-
cept:

(1) ExcerrioN No. 1. Where mounted on switchboards or contrel
panels.

(2) ExcepTIoN No. 2. Where enclosed in approved individual hous-
ings.

History: Cr. Register, January, 1968, No, 145, eff. 2-I1-68.
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E 380.06 Position of knife switches. Single-throw knife switches
shall be so placed that gravity will not tend to close them. Double-
throw knife switches may be mounted so that the throw will be either
vertical or horizontal as preferred, but where the throw be vertical
a locking device shall be provided which will insure the blades remain-
ing in the open position when so set.,

History: Cr. Register, January, 1368, No. 145, eff. 2-1-68,

T 380.07 Connection of knife switches, Knife switches, unless of
the double-throw tyve, shall be so conneeted that the blades are dead
when the switch ig in the open position,

History: Cr, Register, January, 1968, No, 145 eff. 2-1-68.

B 380.08 Accessibility and grouping, (1) Switches and cireuit
breakers, so far as practicable, shall be readily accessible and shall
be grouped. See Wis, Adin. Code section E 195,23,

(2) Snap switches shall not be grouped or ganged in outlet boxes
unless they can be so arranged that the voltage between exposed live
metal parts of adjacent switches does not exceed 300 volts,

History: Cr. Register, January, 1963, No, 145 eff. 2-1-68.

E 380.0% Covers of flush snap switches, Flush gnap switches, that
are mounted in ungrounded metal boxes and loeated within reach of
conduciting floors or other conducting surfaces, shall be provided with
covers of non-conducting, non-combustible material, Metallic faceplates
ghall be of ferrous metal not less than 0.030 inch in thickness or of
non-ferrous metal not less than 0,040 inch in thickness, Faceplates of
insulating material shall be non-combustible and not less than 0.10
inch in thickness but may be less than 0.10 inch in thickness if formed
or reinforced to provide adequate mechanieal strength.

History: Cr. Register, January, 1968, No. 145, eff, 2-1-68.

B 380.10 Mounting of surface-type snap switches. Snap switches
used with open wiring on insulators shall be mounted on sub-bases
of insulating material which will separate the conductors at least %
inch from the surface wired over.

History: Cr. Reglster, January, 1968, No, 145, eff. 2--1-68.

E 880.11 Circuit-breakers as switches. A circuit-breaker operable
directly by applying the hand to a lever or handle may serve as a
switch provided it has the number of poles required for such switch.

History: Cr. Register, January, 1968, No, 145, eff. 2-1-88,

E 380.12 Grounding of enclosures. Enclosures for switches or cir-
cuit-breakers on circuits of over 150 volts to ground shall be grounded
in the manner specified in chapter B 250, except where accessible to
qualified operators only.

Historyy Or. Register, January, 1988, No, 145, eff, 2—1-§8,

F 380,13 Knife switches. (1) Knife switches rated for more than
1200 amperes at 250 volts or less, and for more than 600 amperes at
251 to 600 volts, shall be used only as isolating switches and shall
not be opened under load.

(2) To interrupt currents greater than 1200 amperes at 250 volts
or less, or 600 amperes at 251 to 600 volts, a circuit-breaker or &
switch of special design approved for such purpose shall be used.
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(3) Knife switches of lower rating may be used as general-use
switches and may be opened under load. .

(4) Motor-circnit switches (see definition) may be of the knife-
switeh type.

History: Cr. Register, January, 1968, No. 145, eff., 2-1-6§,

E 380,14 Rating of snap switches. Snap switches installed for the
following types of loads shall be rated as follows:

(1) NON-INDUCTIVE LoADS. For non-inductive loads other than
tungsten-filament lamps, switches shall have an ampere rating not
less than the ampere rating of the load.

(2) TUNGSTEN FILAMENT L0ADS, For tungsten filament lamp loads
and for combined tungsten filament and non-inductive loads, switches
shall be “T” vated or, where on alternating-current circuits, may be
2 general use alternating-current snap switch.

(a) Exception. A switch that is not “T” yated may be installed
fo control such loads provided all 8 of the following qualifications are
satisfled:

1. Where switches are used in branch cireuit witing sgystems in
private homes; in rooms in multiple-oecupancy dwellings used only as
living quarters by tenants; in private hospital or hotel rooms; or in
similar locations buf not in public rooms or places of assembly; and

2. Only where such a switch controls permanently connected fix-
tures or lighting outlets in cne room only, or in one eontinnoug hall-
way where the lighting fixtures may be located at different levels,
or on porches or in atties or basements not used for assembly pur-
poses; and

8, The switch is rated at not less than 104, 125V; 54, 250V; or
for the 4-way types, 5A, 125V; 24 250V,

(3) INDUCTIVE LoaDS. Switches controlling inductive loads shall have
an ampere rating twice the ampere rating of the load unless they are
of a type approved as part of an assembly or for the purpose em-
ployed. On alternating-current circuits, general use alternating-
current snap switches may be used to control inductive Ioads other
than motors not exceceding the ampere rating of the switch.

Note 1. For switches on slgna and outliine lighting, see section 1 600.02.

Note 2. For switches controlling motors, see sections R 430.083 and
B 430.110.

History; Cr. Register, January, 1968, No. 145 eff. 2-1—68.

B. CONSTRUCTION SPECIFICATIONS

E 380,15 Marking. Switches shall be marked with the current and
voltage and, if horsepower rated, the maximum rating for which they
are designed.

History: Cr. Register, Fanuary, 1968, No, 145, eff. 2-1.-G§.

E 380.16 600-Volt knife switches. Auxiliary contacts of a renew-
able or quick-break type or the equivalent, shall be provided on all
600-volt knife switeches designed for use in breaking eurrents over
200 amperes.

Note: It ia recommended that such auxiliary contacts be provided on
all direct-current switehes rated at over 250 volta,

Hlistory: Cr. Register, January, 1968, No. 145, eff, 2-1-88,
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E 380,17 Multiple fuses. Switches rated ahove 600 amperes may
be arranged for fuses in multiple provided as few fuses as possible
ave used and the fuses are of the gsame type and rating and are so
mounted as to eliminate a potential difference between the terminals
of the fuses.

History: Cr, Register, January, 1968, No. 145, eff. 2-1-68.
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Chapter E 384
SWITCHBOARDS AND PANELBOARDS

E 384.01 Scope I 38414 Lighting and appliance

E 384.02 Applieation of other branch circuit panel-
chapters hoard

H 384.03 Support and arrange- E 38416 Number of overcurrent
ment of bus-bars and devices on one panel-
conductory board

E 384,04 Location of switchboards T 384.18 Overcurrent protection

18 384.05 Wet locations E 38417 Panelboards in damp or

12 38406 Location relative to wet locations
easily ignitible material T 384.1%8 Hnclosure

I 384.07 Clearance from ceiling I 38419 Relative arrangement of

E 384,08 Clearance back of switches and fuses
switchboard B 384,20 Panels

£ 384.09 Conductor covering E 384,21 Bus-hars

I 88411 G@Grounding switchboard T 384.22 Protection of instrument

frames circuits

38412 Grounding of instru- 384.23 Component parts
ments, relays, meters and 384.24 Knife switches
Instrument transformers 384.256 Color-coding
on swltchboards 384.26 Spacings

384.13 General

!
HEES

=

E 384.01 Scope. (1) The regquirements of this chapter shall apply
to all switchboards, panelbeards, and distribution boards installed
Tor the contrel of light and power cireuits.

(a} Ewxception No. 1. Switchboards in utility company operated cen-
tral stations or substations, which directly control energy derived
from generators or transforming devices.

{b) Ewxeeption No. 2, Switchhoards or portions thereof used ex-
clusively {o control signal circuits operated by batteries.

(2) The requirements of this chapter shall apply to battery-charging
panels where current is taken from light or power cireuits,

History: Cr. Register, January, 1968, No. 145, eff. 2—-1-68.

E 384.02 Application of other chapters. Switches, cireunit-hreakers
and overeurrent devices used: on switechboards, panelboards and dis-
tribution boards, the boards and their enclosures, shall eonform to the
requirements of Wis. Adm, Code chapters E 240, & 250, © 870, E 880
and other chapters which apply. Switchboards and panelboards in
hazardous locations shall conform io the requirements of chapters
I 500 to E 517 inclusive, :

Hisfory: Cr. Register, January, 1968, No. 145, eff. 2-1-(8.

E 384,03 Support and arrangemeni of bus-bars and conductors, (1)
Conductors and bus-bars on a switchboard, panelboard or control
board shall be so located as to be free from physical damage and shall
be held firmly in place.

(2) The arrangement of bus-bars and conductors shall be such as
to avoid overheating due to inductive effects.

(3) Each gwitchheard, switchboard section or panelboard, if used
as service equipment, shalt be provided with an equipment grounding
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means placed within the service discomnect section for connecting the
neutral on its supply side to the switehboard or panelboard frame.
The equipment grounding means for switchboards or panelboards
rated more than 225 amperes shall have a cross sectional area of at
least 25% of the eross sectional arvea of the service entrance con-
ductors, but need not exceed the cross sectional avea of the ground-
ing conductors specified in table E 250.094 (1).

Note: Tt is recommended that the switchboard, if consisting of more than
one section, be provided with a copper ground bus, and equipment ground
strap be cohnected to the switchboard ground bus.

History: Or. Register, Fanuary, 1968, No. 145, eif. 2—-1-68.

A, SWITCHBOARDS

T 384.04 Location of switchboards, Switchboards which have any
exposed live parts shall be located in permanently dry locations and
then only where under competent supervision and accessible only to
qualified persons.

History: Cr. Register, January, 1968, No., 145 eff. 2—1-83.

E 384.05 Wet locations. Where a switchboard is in a wet location
or cutside of a building, it shall be enclosed in a weather-proof en-
closure or cabinet installed to eonform to seetion E 873.0