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SUBPART S: ELECTRICAL

PURPOSE
The purpose of this lesson is to acquaint the participant with the basic concepts of electrical safety,

and the application of 29 CFR 1910 (Subpart S).

OBJECTIVES

L

Describe the differing types of protection afforded by fuses, circuit breakers, and grounding
devices.

Given a workplace situation involving the use of electrical equipment, identify

applicable standards from 29 CFR 1910 Subpart S. Determine if the situation is in
compliance, and describe appropriate corrective measures.

List four conditions which may enhance the potential for electrical shock.

List four of the most commonly violated electrical standards. Describe the hazard posed by each
violation, and discuss how adherence to the standard would reduce that hazard.

REFERENCES

A WD =

Control of Hazardous Energy Source (Lockout/Tagout); Final Rule. 55 FR 36644.
29 CFR 1910 General Safety and Health Standards, Department of Labor.
Electrical Safety-Related Work Practices; Final Rule. 54 FR 31984.

Accident Prevention Manual for Industrial Operations: 9th ed. Vol |

Engineering and Technology, National Safety Council

. Accident Prevention Manual for Industrial Operations: 9th ed. Vol Il

Administration and Programs, National Safety council.
29 CFR 1926 Safety and Health Regulations for Construction, Department of Labor.
Supervisors' Safety Manual, 7th ed., National Safety Council

"American National Standard for Personnel Protection Lockout/Tagout of Energy
Sources-Minimum Safety Requirements". American National Standards Institute
(ANSI), 1430 Broadway, New York, NY 10018 '

"Electrical Safety Requirements for Employee Workplaces, (NFPA 70E)". National
Fire Protection Association (NFPA), Batterymarch Park, Quincy, MA 02269

DURATION
One hour

INSTRUCTOR MATERIALS

Course manual with instructors notes.
Video: "Electrical Safety". Tele-Train Inc.
Overhead projector/viewer assembly

VCR/TV




1910 Subpart S
Electrical Safety

Objectives

Describe the differing types of
protection afforded by fuses, circuit
breakers, and grounding devices.

Given a workplace situation involving
the use of electrical equipment,
identify applicable standards from 29
CFR 1910 Subpart S. Determine if the
situation is in compliance, and
describe appropriate corrective
measures.

Objectives

List four conditions which may
enhance the potential for electrical
shock.

List four of the most commonly
violated electrical standards.
Describe the hazard posed by each
violation, and discuss how adherence
to the standard would reduce that
hazard.




1910.301—Introduction

B Four divisions of safety requirements:

* design safety standards for electrical
systems

- safety related work practices
- safety related maintenance

- safety requirements for special
equipment

Basic Rules of Electricity

W Electricity isn't “live” until
current flows

B Electrical current won't flow
until there is a complete loop

R Electric current always returns
to its source

B When current flows, work
(watt) Is accomplished

Factors Which Enhance Electrical
Shock Severity
B Wetdamp conditions

B Contact with ground or grounded
objects

Path of current through the body
Area and pressure of body contact
Duration of contact

Age and conditioning of person
Personal protective equipment

Metal objects—watches, rings,
necklaces




1910.303 General Requirements

B (c) Conductors shall be spliced
with splicing devices of
mechanically secured, soldered
and covered

B (e) Electrical equipment shall be
marked with manufacturer's name
or trade mark

B (f) Disconnecting means shall be
marked to indicate Its purpose

Working Space About Electrical
Equipment

W 1910.303(g)(1)(i) Table S-1 shall be
used to determine working
clearances around live parts 600

volts or less

B At least one entrance to electrical
working space shall be maintained

B The working space in front of
normally exposed live parts may
not be iess than 3 feet

1910.304 Wiring Design and
Protection

B (304)(a)

+ Grounded conductors or
conductors used for equipment
grounding shall be identifiable
and distinguishable from all other
conductors




Outside Conductors < 600 Volts

R 1910.304(c)

* Clearances for specific operations
related to:

» Conductors on power poles

+ Clearance from the earth

« Clearance from door openings
« Clearance over roofs

* Location of outdoor lamps

Overcurrent Protection

W 1910.304(e)(1)(iil) All cartridge
fuses which are accessible and all
fuses and thermal cutouts on
circuits over 150 volts shall be
provided with disconnecting
means

W 1910.304(e)(1)(vi) With circuit
breaker handle In up position, the
breaker is closed.

"

1910.304(f) Grounding

B 1910.304(f)(5)(v) Equipment to be
grounded:

»appliances and tools in wet
locations

*motorized hand tools
B 1910.304(f)(5)(vi) Non-electrical
equipment to be grounded:
*frames and tracks of electric cranes

* metal enclosures around

equipment of over 750 volts 2




1910.305 Wiring Methods,
Components and Equipment for
General Use

W (a)(1)(il) No wiring shall be installed
In ducts transporting dusts or
flammable vapors

B (a)(2)(iil)(F) Buibs shall be
protected from breakage by 7 foot
elevation from work surface or with
a guard

B (a)(2)(ili)(G) Flexible cords shall be
protected from damage
13

1910.306 Specific Purpose
Equipment and Installations

(a) Electric signs
(b) Cranes and hoists
(c) Elevators, escalators, etc.

(d)(f) Electric welders, data processing
systems and x-ray equipment

(g)i) Induction and dielectric heating
equipment, electrolytic cells and
electrically driven irrigation machines

(J) Swimming pools and fountains “

1910.307 Hazardous Locations

B Class|

B Classll
Class il

+ Division 1
*Division 2




Hazardous Locations

B 1910.307(b) All electrical installations
in hazardous locations shall be
intrinsically safe and approved

Safety Related Work
Practices—1910.331-.335

B 1910.331 Covers work for:

(a) Qualified workers who had
specific training

(b) Unqualified workers who have not
had such training
| 1910.331
(c) Expressly excludes certain tasks

covered by other standards and
regulations

Safety Related Work Practices

m 1910.332 Tralning

(a) Provides requirements for
employees who face risk not
reduced to safe levels under
1910.303-.308

(b) Classroom or on-the-job

«level of training determined
by the risk to the individual
in specific operations and/or
tasks 8




Safety Related Work Practices

B 1910.333 Selection and Use of Work
Practices

(a) “Safety-related work practices
shall be employed to prevent
electric shock or other
injuries...when work is performed
near or on equipment or circuits
which are or may be energized.”

Safety Related Work Practices

B 1910.333 ,
* Working on deenergized parts
* lockout/tagout
* Working on energized parts
- confined spaces

- Behaviors associated with getting
conditions into one state or the

other

Safety Related Work Practices

W 1910.334 Use of Equipment
* Selection
+ Maintenance
» Use/intent
W 1910.335 Safeguards for personnel
* Definitive protective equipment
* signs/signails
* barricades
« attendants ”




Common Violations of Subpart S

1910.303(g)(1) and (g)(2)
1910.303(b)(1)
1910.304(f)(4) and (f)(5)
1910.303(c)

1910.303(e)
1910.305(g)(1) and (g)(2)




SUBPART 8

ELECTRICAL
1910.301 INTRODUCTION
1910.302 ELECTRIC OTILIZATION SYSTEMS

Scope and application.

1910.303 GENERAL REQUIREMENTS

(a) = All conductors and equipment must be
approved.

(b) - Electrical equipment shall be free from

recognized hazards that are likely to cause
death or serious physical harm.

(e) - Conductors shall be spliced with splicing
devices or soldered splices shall be
mechanically secure, and then soldered and
properly covered,

(d) - All arcing and sparking parts shall be
enclosed or separated from combustible
. material.
(e) : - Electrical equipment shall be properly and

durably marked with manufacturer's name or
trade marck.

(£) - Disconnecting means shall be legibly
marked, or located sO its purpose is
evident, ‘

(g) (1) - Sufficient working space required for 600
volts or less.

(g) (1) (4) - Por working clearances use table S-1, also

minimum 30 inches in front of electrical
equipment. Concrete, brick, and tile walls
are considered grounded.

S-1



1910.302

(g) (1) (ii)
(g) (1) (1ii)
(g) (L) (iv)

(g) (1) (v)

(g) (1) (vi)

(9) (2) (i) (a) thru (d)

(g) (2) (i1)

(9) (2) (iid)
(h) (1)

(h) (2)

(h) (2) (id)

(h) (3) (4), (44), (idid)=-

GENERAL REQUIREMENTS (CONTINUED) ‘I',

- Working space may riot be used for
storage and exposed line parts in
pPassageway or open space shall be
guarded.

= At least one entrance to electrical
working space shall be maintained.

= Where live parts are normally exposed
on front of switchboards, minimum
workspace of 3 feet is required.,

- Have enough illumination in work
spaces,

= Minimum headroom in work space is 6
foot 3 inches.

- Live parts of 50 volts or more shall be
guarded.

- Guards shall be strong enough to
prevent damage to electrical equipment. .

- Entrances to rooms containing live
parts shall be marked with warning
signs.

= Listed here are requirements for
cond*..ocs and equipment over 600
volts. '

- Electrical equipment under lock and key
is considered properly isolated; a wall
screen, or fence less than 8 feet high
is not isolated. Entrances to
buildings containing exposed live parts
over 600 volts shall be kept locked.

- Requirements for installations
accessible to unqualified persons.

Working space, illumination, elevation of

live parts requirements. .

S-2



1910.304
(a) (1)
(a)(2)
(a) (3)
(b) (1)
(b) (1) (1)

(b) (1) (ii) (a) thru (g)

(e) (1) thru (S)

(d) (1) (1)

(e) (1) (** thru (vi)
(&) (1) (v 70

(£) (1) thru (4)

(£) (5) (1)
(£) (5) (1i4)

WIRING DESIGN AND PROTECTION

= A grounded conductor shall be
identified and distinguishable from all
other conductors.

- No grounded conductor may be attached
to any terminal to cause reverse
polarity.

- A grounding terminal may not be used
for any other purpose.

- The employer shall use either G.F.C.I.
protection or an assured equipment
grounding conductor program.

- G.F.C.I. requirements.

= Assured equipment grounding
requirements.

= Qutside conductors clearances from
ground, poles, buildings, roofs, and
location of outdoor lamps.

- A disconnect for all conductors shall
be located in service-entrance and
plainly marked to indicate cpen or
closed position.

- Over current protection requirements.

- With circuit breaker handle in up
position, the breaker is closed.

- Systems and conductors to be grounded,
grounding connections and grounding
path.

- Supports and enclosures for conductors.

- Blectric ranges, ovens, cooking units,
clothes dryers, metal outlets, and
junction boxes shall be grounded.



1910.304

(£) (5) (iv)

(£) (S)(v) (a) and (b)

(£) (5) (v) () (1) thru (8)

(£)(S) (vi)
(£)(6) (1)
(£)(6) (il)
(£) (7)

(£) (7) (id)

WIRING DESIGN AND PROTECTION .

(CONTINU!DI

= Fixed equipment shall be grounded {f:
8 foot vertical or 5 foot horizontal
from grounded Object, wet loacation, -
contact with metal, i:r hazardous
location, metal racevay, over 150
volts to ground.

=~ Equipment connected by cord and plug
to be grounded if in hazardous
location, or over 150 volts to
ground,

= Equipment to be grounded:
Refrigerators, freezers, air
conditioners, washers, driers,
dishwashers, sSunp pumps, motorized
hand tools, lawn equipment, wet
Scrubbers, appliances and tools in .
wet locations, portable lamps and
others.

~ Non-electrical equipment to be
grounded: frames and tracks of
electric cranes; t....s of non-
electrically driven“s’ - atnrs and
Others.

= Non-current-carrying metal parts of
fixed equipment shall be run in same
enclosure as circuit conductors.

= Electric equipment is grounded if
Secured to metal structure, properly
sSupported and grounded according to
(£)(6) ().

= Grounding of systems over 1000 volts,

- Grounding of systems supplying .
portable or mobile equipment.

S-4




1910.308 WIRING METHODS, COMPONENTS, AND EQUIPMENT POR

GENERAL USE
(a) - Wiring methods.
(a) (1) (i) - Metal enclosures shall be metallically and

continuously joined together to all boxes
and fittings to provide electrical

continuity.

(a) (1) (ii) = No wiring installed in ducts transporting
dusts or flammable vapors,

(a) (2) -~ Temporary wiring methods may be less than
for permanent wiring - See Examples.

(a) (2) (L1ii) (p) - Open conductors shall be fastened at

ceiling height every 10 feet and no branch
circuit conductors may be laid on the

floeor.

(a) (2) (iii) (d) = No bare conductors or earth returns may be
used in temporary circuits,

(a) (2) (iii) (£) - Bulbs shall be protected from breakage by 7
foot elevation from work surface or with a
guard.

(a) (2) (iii) (g) - Cords protected from damage. No sharp

corners, If cords pass through doorways,
. th~y shall be protected.
(a) (4) (1) . « Op. , ‘rinn on insulators requirements.
(a) (4) (iv) = Tubes or bushings shall be used when open
conductors pass through walls, flocors,
cross members or partitions,

(a) (4) (v) | = Conductors within 7 feet of floor are
considered exposed to physical standard.
(b) (1) = Conductors entering boxes shall be

protected from abrasion. Unused openings
in boxes shall be closed,

5=-5



1910.305
(d) (2)

(€) (1)

(€) (2)

(d)

(e) (1)

(£)

(9) (1)

(9) (1) (idd) -
(g) (1) (iv)
(9) (2) (1)

NIRING METHODS, COMPONENTS, AND PQUTPMENT POR
GENBRAL USP (CONTINUED) ‘

= All boxes and fittings shall have approved
covers. Holes in covers through whieh
conductors pass shall be smooth and
rounded,

= Single and double - throw knife switches
must not close by gravity, or if inverted,
must have a locking device.

= Faceplates for flush mounted sSnap switches
in ungrounded metal boxes must be made of
non-conducting material. R

= Switchborads mounted in approved enclosure
and have dead front or if live front,
dccessible only to qualified persons,

= Cabinets, boxes and fiteings in wet
locations shall be weatherproof.

= Conductors for general wiring shall be ‘
insulated unless Otherwise permitted in
this subpart.

= Plexible cords and Cables shall be used
only for pendants, fixture wiring, portable
lanmps, appliances, etc.

= Plexible cords and cables may not be used
for: Substitute for fixed wiring, run
through holes in walls, ceiling, floors,
doorways, wvindows, or attached to building
surfaces, or concealed behind walls,
ceilings, or floors.

= Plexible cords used in show windows must be
heavy duty type and so marked.

= Plexible cord or cable used as a ground
Bust be distinguishable from Others and

PIoperly marked. ‘
S5=6




1910.305
(g) (2) (ii)
(9) (2) (ii{)
(h)

(1)

(3) (1) (1)
(3) (1) (i4)
(3) (1) (iii)
(3) (1) (iv)
(3)(2) (1)
(3)(2) (id)
(3)(3) (1)

(3)(3) (ii) and (iii)

(3)(4) (1)

WIRING METHODS, COMPONENTS, AND EQUIPMENT

FOR_GENERAL USE (CONTINUED)

Use flexible cords only without splice or
tap. Hard service flexible cord No. 12
or larger may be Spliced if insulation is
retained.

Flexible cords skall have strain relief
to prevent pull on joints or terminal
screws, :

Portable cables over 600 volts.

Fixture wire uses.

Fixtures, lamps, rosettes and recepticals
-no live parts exposed unless § feet or
more above the floor.

Portable hand lamps must have a molded
handle and a guard attached to the
handle.

Screw - shell type lampholders shall be
used as lampholders only, and if in wet
locations, shall be weatherproof.
Fixtures installed in wet locitions shall
be weatherproof.

Teceptacles may sccept plugs only of the
scve voltage pote=~ial, except a 20 amp
T-slot may accipt a 15 amp plug.
Receptacles in wet locations shall be
weatherproof.

Appliances, other than certain types,
shall have no live parts exposed.
Appliances must have disconnect means and
be marked with voltage rating.

If specified that a piece of equipment
must be in sight from another piece of
equipment, maximum distance is 50 feet.

S=19




1910.308%

(3) (4) (1d) (a)

(3) (4) (i1) (B) thru (g)

(3) (4) (1i4)

(3) (4) (iw)
(3)(S) (1)
(3)(6) (1)
(3)(7)
1910.306

(a) (1) and (2)
(b)

(b) (3)

(€) (1)

= Disconnect switch in sight of the

controller., A single switch may
control a group of motors if switeh
located near motors,

If disconnect switeh is out of sight of
controller, controller must be marked
to give location of disconnect.

Motor overloead, short-circuit, and
ground fault protection.

Exposed live parts of motors with 50
volts or more between terminals shall
be guarded.

Requirements for wet type ard dry type
transformers.

Capacitor fequirements.

Ventilation of battery storage areas.

= Requirements for electric signs:

disconnecting Reans, locking means,
doors and covers and tools required to
open then.

Requirements for cranes and hoists:
such as disconnecting means and limit
switches,

Working space requirements when working
near live parts shall be 2 feet 6
inches.

Disconnecting means for elevators,
dumbwaiters, etc.

S-8



1910.306

(e) (2)
(d), (e), (£)

(9), (h), (1)

(3)

1910,307

(b)

1910.308

1910.399

SPECIPIC PURPOSE EQUIPMENT AND
INSTALLATIONS (CONTINUED)

= Warning sign requirements.

~ Disconnecting means for electric
welders, data processing systems, and
X-ray equipment,

= Induction and dielectric heating
equipment. Electrolytic cells and
electrically driven irrigation
machines.

= Swimming pools, fountains, and similar
installations.

HAZARDOUS (CLASSIPIED) LOCATIONS

See 1910.399(a) for definitions of

“Classes and Divisions".

= All electrical installations in
hazardous locations shall be
intrinsically safe and approved.

SPECIAL SYSTEMS

DEPINITIONS APPLICABLE TO TFiS . T

Definitions applicable to .302 through
.330



OSHA ELECTRICAL HAZARD FACT SHEET
(Reprinted April, 1988)

OSHA records show that the electrical standards have been most frequently
violated of all the standards, and that 16 specific requirernents are always high
on the list of these violations. Therefore, we have produced these Fact Sheets to
highlight and to clarify those requirements,

Most of the electrical standards are contained in the Code of Federal

Regulations (CFR), Subpart S (1910.301 to .309), etfective April 16, 1981. This
subpart extracted from the National Electrical Code (NEC) only those
requirements which were considered to apply most directly to employee safety and
least likely to change with each new edition of the NEC.

It is the intent of the new Subpart S to provide standards which are performance
oriented, therefore they contain few direct references to the NEC. However,
the NEC contains specific information as to how the required performance can
be obtained. Therefore, in these Fact Sheets, we have provided 1987 NEC
references which expand on the basic standards in the CFR.

Each of the Fact Sheets is complete in itself, so that it can be used individually
for first-time checking, periodic follow up, and as a training aid.

William S. Watkins, P. E.
McArthur, Ohio

TABLE OF CONTENTS

Fact Sheet NEC
No. Subject Reference

Guarding of Live Parts‘,........il..i..OCO'...QO.Q...Q0.0'l.l!.l.lil......'.'. 110‘17
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16 Working Clearances about Electrical Equipment.... . 110-16

(This sequence was influenced by the desire to produce first the Fact Sheets

‘ which seemed to be most needed.)



Fact Sheet No. |
CODE 11017 GUARDING OF LIVE PARTS .

VIOLATIONS:
RECEPTACLE WITH

FUSED SWITCH PANELBOARD WORK LAMP

BLACK WIRE
TO SCF SHELL

r

sEE

REVERSED POLARITY
IN RECEPTICLE

NO ENCLOSURE

COVER
MISSING \ |
Ereguency of Violatjong: |

Near the top of the list of standards most frequently violated is the

requirement for guarding of live parts. Most of these violations are very

simple and inexpensive to correct. Many of them are very obvious, and .
many exist simply because of poor maintenance. Another reason for these

violations is that the voltage range covered s so common, particularly in

small to medium-sized workplaces. (50-600 volts)

What Standards are Violated?
OSHA Standard 1910.303 (g) (2) is rather specific. NEC 110-17 s similar,
and states that "except as elsewhere required or permitted by this Code,
live parts of electrical equipment operating at 30 volts or more sha'l be
guarded agumt accidental contact by approved enclosures, or by other
means." Additional requirements In this Section of the NEC are
summarized under "Some Do's & Don'ts", of this fact sheet.

General Conditions Under Which the Hazard Existy:

The Standard refers to electrical systems having voltages from 30 to 600
volts, and this is the voltage area in which most accidents occur. However,
higher voltages are even more hazardous, and the guarding of these live
parts is covered in Sec. 110-31 of the NEC. Voitages of less than J0 are not
likely to be a shock hazard, but can cause sever burns and fires if high
currents are involved.

Live parts have voltage between themnselves and adjacent conducting parts

or surfaces. Almost any electrical conductor becomes hazardous if the

metallic surface is exposed. This condition might exist due to equipment

installed without enclosures, to enclosures or covers being removed, or to .
insulation being damaged.



person who may be in the vincinity of electrical equipment against
accidental contact. These people are presumably not electricians working
on the equipment, and are not qualified or trained to be in close proximity

to live parts.

. It should be noted that the purpose of this requirement is to protect gny

If equipment is so arranged or located that it is accessible
persons, then the requirements of Sec. 110-16 of the NEC would apply.

Description of Hazards
Whenever live parts are not completely enclosed, there is some danger that
persons or objects may come in contact with such parts. Parts connected
to any conductor or electrical circuits should be considered as "live".
Current will tlow between live parts, or from live parts to ground, over all
possible paths. Persons who become part of such a path will be shocked.
Metallic objects which become part of this path are likely to produce
blinding sparks, to spatter moiten metal, or to cause fires.

l ries H ?

It is quite possible a serious hazard. Hundreds of people are electrocuted
each year, and in many cases this condition is the cause. Even in cases
where electrocution does not result, there frequently are indirect injuries.
Examples of cases involving indirect injuries of electrical shock are:

- Falls from ladders
- Dropping of objects on the shocked worker or others

. - Shert circuit through metallic object causes arching, spatter of molten
meztal, fires, etc.

Some "Deo's & Don'ts":

l. Be sure that all live parfs and conductors are in approved enclosures.
Standard modern equipment generally takes care of this requirement,
but continuous vigilance is necessary to make sure that covers, if
removed, are replaced.

2. If it is not practicable to have live parts completely enclosed, then
provide adequate protection against contact by other approved means.

3. Do use covers, screens or partitions which can only be removed by use
of tools, so that unqualified persons are less likely to violate them.

4. Do recognize that, although equipment elevated at least 8 feet is
considered to be guarded, this may not be adequate if material being
handled is likely to make contact with live parts.

3. Be constantly aware of violations in your workplace. New work or
changes may create a new hazard, or poor maintenance may allow
reappearance of old ones.




A Checklist May be Helptu] to You:

Yas

No

Are those responsible for additions and changes aware of
these requirements?

Are maintenance personnel instructed to close doors, replace
covers and to continuously watch for missing covers?

Are all superviscrs and employees aware that whenever they
see exposed live parts, due to damage or any other cause,
they should stay clear and report the situation?

Are any of the following situations to be found in your workplace?

_——

[ |

Open wiring with parts of conductor or connections exposed?
Live-front switchgear accessible to unqualified persons?

Motor controls protected from contact only by inadequate
barriers?

Motors having brushes, commutators or slip-rings with large
unscreened end bells?

Portable tools in such condition that live parts are exposed?

Lamphoiders connected in such a way that the screw shell is
supplied by the ungrounded (black) wire?

Unused conduit openings in boxes left without closures, so
that pencils, coat-hangers, metal chips, etc., can enter?




Fact Sheet No. 2

CODE 110.22 TIFICATI

ACCEPTABLE EXAMPLES: LEGEND IN
DOOR POCKET
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Frequency of Violations:

High on the list of violations of OSHA standards is the lack of proper
identification of electrical equipment. The standard requires identification
s0 that the purpose of switches and circuit breakers is obvious. Note that
the purpose of this requirement is to assist personne! in determining which
device controls power to each particular circuit. Persons responsible for
disconnecting a service, feeder, or branch circuit, are well aware of the
need for such identificatinn, but it is often neglected.

What Standards are Violated?

OSHA 1910.303 (f) states the specific requirements. NEC 110-22 js similar
and requires that each disconnecting means (switch or circuit breaker
generally) "shall be legibly marked to indicate its purpose, unjess located
and arranged so that the purpose is evide 1t."

General Conditions Under Which the Hazard Exists:

l. The electrical system for any premises (work-place) originates at a
service entrance, from which feeders carry current to branch circuits,
which in turn carry current to the outlets (for lighting, appliances,
equipment). [t may be necessary at times to disconnect a branch circuit,
a feeder or an entire service, for some reason. lf the appropriate
disconnecting means is not obvious in each case, mistakes may be made
or vital time may be lost tracing circuits to their source.

2. If the circuit conductors, or the raceway containing them are visible
from the disconnecting means to the equipment involved, the purpose
may be evident. However, in most cases a sign, label, tag or nameplate
on the disconnect will be necessary to meet this requirement.




Description of Hazards

It must be expected that throughout the life of any electrical installation
ag_g will be occasions when portions of the system must be disconnected.
ch occasions may bet

a) Normal (scheduled or unscheduled) maintenance procedures.
b) Changes or additions to the system.

¢) Emergencies requiring quick action to disconnect power from a
particular piece of equipment or portion of the system.

d) Major emergencies such as fire or explosion requiring that all power in
the building be turned off quickly.

Is This a Serious Hazard?

The degree of hazard varies, because it depends on the plant procedures
and the carefulness of the personnel. A careful electrician will make sure
that the circuit to be worked on has been de-energized. And in
emergencies he may open several switches, or the main switch, to make
sure that current has been turned off to the area Involved. He will also
check for power on the circuit before assuming that it is safe. But such
proceedures take time, and in panic situations they are sametimes by-
passed. Anc opening more switches than necessary causes nuisance
outages, S0 there is pressure to assume that the first one opened is the
correcCt one,

In many work-places, there is one person who knows the electrical system
“like the back of his hand," therefore there seems to be no need for
identification. Unfortunately many casuaities have been caused in
situations where the key man w/a‘s not present during the emergency.

Therefore, it must be stated that inadequate identification can and
sometimas does lead to serious hazards. Harmful shocks and electrocutions

occur because the wrong switch was opened or closed. Fires occur because
a faulted circuit could not be disconnected quickly enough.

Some "Do's & Don'ts":

l. Do trace out all existing circuits, from service entrance to utilization
equipment, and clearly mark each disconnecting device to indicate what
circuit or what equipment it disconnects.

2. Do make sure that exceptions to the above are permitted only where the
circuit conductors or their raceway are clearly visible from the
disconnecting means to the load.

3. Do use permanently-legible labels or nameplates.

4. Do not depend entirely on anyone's memory to identify circuits for
proper labeling at this time, or for operations in the future.



Some Do's & Don'ts: (cont'd)

5. Do make use of identifying numbers or letters on circuits and equipment
rather than lengthy verbiage. But be sure that the system layout or key
diagram is posted or otherwise readily available at appropriate locations.

A Checklist May be Helpful to You:

Yes

No

Are your electrical people aware of these reguirements?

Has a survey been made recently to check proper
identification?

Recognizing that there may be more than one main switch at
the service entrance, is this situation clearly shown?

Would a fireman (not a plant electrician) be able to recognize
the main switch or switches?

Does each feeder have an identification indicating its
destination?

Is the purpose of each disconnecting means (throughout the
premises) indicated by a key number or by description?

I key numbers or letters are used for identification, is there
an electrical diagram appropriately displayed so that the key
can be interpreted and the circuit located?

Does each panelboard have a "legend” indicating the purpose
of each circuit breaker, fuse or switch in that panelboard?

(Example: #3 - lights, east side)
#4 - receptacies rorth wall

Are all identifications clear, permanent and legibie?
In any cases where the above methods are not used, is the

purpose of the disconnect obvious from its location or
arrangement?



Fact Sheet No. 3

CODE 400-7 USES PERMITTED FOR FLEXIBLE CORD .

PERMISSIBLE USES:

I =R

PENDANT, OR PORTABLE LIMPS, ' FIXED OR STATIONARY =
FIXTURE WIRING TOOLS OR APPLIANCES TO FACILITATE

MAINTENANCE & INTERCHANGE
Number of Violations:

The standard for safe use of flexible cords is one of those frequently
violated, particularly in smaller plants. There is a definite need and place
for cords, but there is also a temptation to mis-use them because they
seem to offer a quick and easy way to carry electricity to where it is
needed.

This fact sheet describes the uses which the standards permit, and another
fact sheet in this series will point out the prohibited uses. ‘

What Standards are Involved?

OSHA 1910.305 (g) (1) states the specific requirements. NEC 800-7 is
similar, and lists eight specific situations in which flexible cord may be
used. These are specified herein after under "Do's & Don'ts," and you will
note that they all involve situations where flexibility is necessary. For
additional help in recognizing violations please refer to the fact sheet on
Section 400-8, "Prohibited Uses”. Also note additional permitted uses as
branches from busways in Section 364-3, in Section 3054 for temporary
wiring, and for fixtures in Section 410.30(c).

General Conditions Under Which the Hazard Exists:

The basic problem is that flexible cords in general are more vulnerable
than the fixed wiring of the building. Therefore, cords should not be used
if one of the recognized wiring methods could be used instead. The hazard
to employees increases with each use of cord, so it should be used only for
those purposes where experience has shown it is necessary and reasonably
safe. Whenever cord is used beyond the eight uses specifically permitted,
an additional and unnecessary hazard has probably been created.




Description of Hazard:

Standards require the fixed wiring of a premises to be installed in
accordance with one of the wiring methods described in Chapter 3 of the
Code. Whenever flexible cord is used, the protection of the recognized
wiring methods is lost, and damage to the cord may result in employee
hazards.

Terminations of the cord are likely to be troublesome, especially if not
properly made. The fact that the cord is exposed, flexible, and in some
cases not secured, makes such points more vulnerable. The conductors of
flexible cords are finely-stranded for continuous flexing, but this stranding
makes terminations a problem because of the possibility of strands
escaping from under terminal screws.

Flexible cords are designed to resist abrasion and other abuses typical of
the designated uses, but their characteristics may not be appropriate for
other uses not contemplated by the manufacturer.

Whenever any of these conditions results in deterioration to the extent that
the conductors are exposed, shock or burn may occur. Deteriorated
insulation can permit overheating in the cord or devices, which sometimes
causes fires.

Is This a Serious Hazard?

The misuse of flexible cords in most cases may not be a serious hazard, but
may be in some cases. The situations are unpredictable, therefore, we
ought not to permit an unnecessary increase in this possibility.

Some "Do's & Don'ts":

a. Use flexible cords only for the following situations:

1. pendants (a lampholder or cord-connector body suspended by a length
of cord properly secured and terminated directly above the suspended
device)

2. wiring of fixtures

3. connection of portable lamps or appliances

4. elevator cables

5. wiring of cranes or hoists (where flexibility is necessary)

6 connection of stationary equipment to facilitate their interchange,
(equipment which is not normally moved from place to place, but
might be on occasion.)

7. prevention of the transmission of noise or vibration. (In some cases
vibration might fatigue fixed wiring and result in a situation more
hazardous than fiexible cord.)



8. facilitating the removal or disconnection of fixed or stationary
appliances for maintenance or repairs. (For example, water coolers,
exhaust fans.)

Some "Deo's & Donts"™: (cont'd)

b. Do note that "where used as permitted in sub-sections (a) (3), (a) (6) and
(a) (8) above, each flexible cord shall be equipped with an attachment
plug and shall be energized from an approved receptacle outlet.”

¢. Don't use flexible cord for purposes other than those specified, except
for possible rare situations not specifically described but within the
intent of the Code. It is not the intent of OSHA to require fixed wiring
where it would be more hazardous thdn flexible cord.

d. If you use flexible cord for temporary supply or for temporary wiring,
don't forget to schedule it for removal or replacement within a
reasonable time.

A _Checklist May be Helpful to You:

Yes No

Are those responsible for additions and changes aware of
— c— these requirements?

Does your plant have access to qualified electrical personnel
so that there is no tendency to try to "get by" with flexible
cord where fixed wiring is more appropriate?

Are there any instances presently existing where cords are
used for purposes other than those listed above?

Are inspections made periodically to detect improper use of
e = cords which may occur from time to time?




Fact Sheet No. 4

. CODE 400-8 PROHIBITED USES OF FLEXIBLE CORD

VIOLATIONS: , |
NEW r"" ~
OUTLET WHERE CONCEALED
®)
- | WHERE ATTACHED
' TO BUILDING SURFACES
|| EXISTING '
OUTLET - [ -
AS A SUBSTITUTE THRU WALLS, CEILINGS,

FOR FIXED WIRING FLOORS, DOORS, OR WINDOWS

Frequency of Violations:

Of all of the violations of OSHA electrical standards, one of the most
frequently found is misuse of flexible cords. One explanation of the high
frequency of violations discovered is that misused cords are so obvious, and
another reason is that there actually are large numbers of violations, and in
many plants. This fact sheet points out the prohibited uses, and another
fact sheet in this series describes the uses of cord which are permitted.

What Standards are Involved?

’ OSHA 1910.305 (g) (1) (iii) states the specific requirements. NEC 4008 s
similar and lists five situations in which flexible cord shall not be used.
The first of these is most basic, and will answer almost all questions as to
whether or not the use is a violation. [t states that flexible cord "shall not
be used as a substitute for the fixed wiring of a structure". More detailed
prohibited uses are specified herein after under "Do's & Don'ts". For
additional information see the fact sheet on Section 400-7, "Use of Flexible
Cords". Also note that there is a special exception for Data Processing
Systems in Section 645-2 of the Code.

General Conditions Under Which the Hazard Exists:

Section 400-7 of the Code lists eight specific uses for which flexible cord is
permitted, such as for the connection of portable lamps or appliances. In
these and similar uses the cord from outlet to appliance is permitted, to
provide the {lexibility and portability necessary to the function of the
equipment, But flexible cord rarely is as well protected from abuse as the
fixed wiring of a structures therefore, the cord cannot be used where
approved wiring methods described in Chapter 3 of the Code are more
appropriate. There is usually not much question about use of the short
length of cord which is furnished as part of an approved appliance or tool;
there is usually no question about an extension cord used temporarily to
permit use of the appliance or tool in its intended manner at some distance
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from a fixed outlet; but there are questions when the usage is not obviously
temporary, and when the cord is extended to some distant outlet in order
to avoid providing a fixed outlet where needed. For example, a 50-foot
extension cord used with an electric drill for maintenance purposes would
usually not be a violation, but a 20-foot cord to an electric typewriter or a
production machine usually would be a viclation. The use of the extension
cord in the latter case would increase the hazard unnecessarily, because
the cord could be eliminated if a fixed outlet were installed close to the

point of use.

Description of Hazard:

Flexible cord used in violation of this standard is likely to be damaged by
activities in the area; by door or window edges; by staples or fastenings; by
abrasion from adjacent materials; or simply by aging. If the conductors
become partially exposed over a period of time, there will be danger of
shocks, burns or {ire.

Is This a Serious Hazard?

Because the violations of this standard are so numerous the number of
accidents is large. Burns received directly from the conductors are likely
to be painful but minor. Shocks and fires can be serious.

Some '"Do's & Don'ts":
1. Do establish a policy of providing fixed wiring and receptacles .

throughout active areas so that electrical needs can be supplied without
excessive use of cord.

2. When new electrical neegds arise, allow time for proper installation of
fixed wiring.

3. Do not use cord (1) as a substitute for the fixed wiring of a structure; (2)
where run thru holes in walls, ceilings or floors; (3) where run thru
doorways, windows or similar openings; (4) where attached to building
surfaces; or (3) where concealed behind building walls, ceilings or floors.

4. Do not use extension cords for other than portable equipment and
temporary situations.

3. Do install approved surface-wiring methods if necessary, rather than
extension cords.

& In cases where cord is used as permitted, but where additional safety can
be provided by keeping the cord off the floor, use a suitable suspension
arrangement which will not abuse the cord materials.
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Are persons responsible for changes and additions aware of
these requirements?

When changes or additions are planned, do you allow for the
work necessary for a proper electrical installation?

Does the fixed wiring system of your premises have some
provisions for extension of circuits for new outlets?

Are there any situations where "temporary" wiring has been
allowed to remain for periods longer than can be justified?

Are there any places where cord is stapled, clamped or
otherwise attached to building surfaces?

Are cords draped thru or over building steel?

Is aq’y cord run through holes; or thru doorways, windows,
etc.”

Are ali cords visible for their entire length, so they can be
observed for damage or deterioration?




Fact Sheet No. 3

CODE 400-10 PULL AT JOINTS & TERMINALS MUST BE PREVEN TED .
VIOLATIONS:

CONNE
BODY
CAP
—
OBVIQUSLY THE CORD BENDING WIRE AROUND ; \
IS NOT GRIPPED PRONGS IS NOT SUFFICIENT SPLICES MUST BE INSIDE
OF ENCLOSURE, WITH

F Vie : CORD=-GRIP CORD CONNECTC

On almost any premises one is likely to find at least a few violations of this

requirement. The high frequency of violations is surprising in view of the

fact that the hazard is so well<known and the remedies are so simple. .

What Standards are Violated?

OSHA 1910.305 (g) (2) (ili) states the general requirements. More specific
information as to recognized methods of compliance are provided in the
NEC. Section 400-10 of the Code applies to all uses of tlexible cords, and
requires that "cords shall be so connected to devices and fittings that
tension will not be transmitted to joints and terminals...”

General Conditions Under Which the Hazard Exists:

Flexible cord is used in numerous instances where {lexibility is required,
and is reasonably safe if the installation, use, and maintenance are done
with care. One of the weak points of a cord assembly is the area in which
connections are made, such as at attachment plug caps and connector
bodies. Even when these terminations are carefully made they may in time
become a hazard, but if such connections are made without skill and care
they are especially troublesome.

ription of Hazard:

Terminations made by a manufacturer are generally quite rugged and
dependable, usually molded into the cord assembly. But field terminations
are subject to the following weaknesses. I

1. Cord conductors not gripped by knot, clamp, fitting or wrapping with
tape.
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Inadequate knot fails to prevent tension on the connection.

Fitting or clamp incorrect size for the cord diameter, cannot tighten
on cord jacket.

Flimsy devices of the push-in connection type are not adequate for
most work-place uses. Other devices which might be appropriate for
residential use may not be rugged enough for commercial or industrial
conditions.

Conductors wrapped counter=clockwise around terminal screws cannot
be properly tightened. Loose strands are likely to escape.

Even when connections are properly made, If devices are pulled apart
by users pulling on the cord rather than on the device, trouble will
probably develop over a period of time.

If cords are connected to fixtures or appliances without proper cord-
grip fittings the connection could be subject to tension.

OSHA standards permit certain cords to be spliced, but only if the
splice meets requirements such as preventing tension on the conductor
