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ABSTRACT

Reports of electrical failures in homes wired with aluminum have
become a concern nationwide. According to rough estimates by the ‘
Aluminum Assoclation, the total number of homes wired with aluminum in i
15 and 20 amp clrcuits reached Z million by 1972. The U.5. Consumer :
Product Safety Commission has collected almost 500 reports of aluminum
wire incidents involving electrical malfunctions in single family
dwellings, mobile homes, and multifamily dwellings between 1967 and
1975. 1In these reports, damage ranged from failure of an electrical
component to fires with extensive structural damage. Twelve deaths were
reported. Summaries of 198 incidents are included in the Appendix.




I. INTRODUCTION

For decades copper was the primcipal metal used as an electrical
conductor, but today almost half of all the electrical cable used in the
United States is made of aluminum. The demand for aluminum increased
as the cost of copper rose during periods of short supply; in time
copper lost its economic advantage.®’ Prior to 1960, most aluminum had
been used industrially for high tension utility wires and for heavy
conductors in large buildings. Since the midsixties, aluminum has been
used in significant amounts for branch circuit wiring in single family
homes. By 1972, aluminum was utilized in almost 100 percent of the
transmission conductors leaving the gererating plants, 80 percent of the
service entrance cable, and 15 percent of the branch circuit wire in
single family dwellings (Table 1).

A survey of members of the Aluminum Association4 provided yearly
production figures on aluminum cable by weight. The Association con-
verted these weights to feet of cable, as shown in Table Z.. The wecuut
produced in 1971 was three times that produced in 1967, but prodoe fden
has been decreasing since 1971.

Both the National Bureau of Standards (NBS) and the Aluminum
Assoclation made rough estimates of the national total of homes wired
with aluminum in 15 and 20 ampere branch circuits by using this data
plus some broad assumptions.5 Their estimates for 1972 ranged between
1.5 and 2 million homes. Since these referred to houses completely
wired with aluminum, the estimates would have been higher if homes
partially wired with aluminum had been included.

Building codes for electrical wiring vary according to local regu-
lations throughout the United States. Many local jurisdictions follow
the National Electric Code, a voluntary model code that is kept current
by a panel of electrical experts who update it on a three-year cycle.
Some jurisdictions have additional requirements and some may have no
codes at all. Many areas require Underwriters' Laboratories, Inc.

(UL) approval of electrical components. For that reason, it is
interesting to note the changes in the UL positions between 1966 and
1974 with regard’ to the branch circuit terminal devices, the aluminum
conductor, and methods of connecting the two.

Between 1966 and 1974, at least 5 different recommencations were
made regarding terminal devices. At first, general use wiring devices
{except those using screw%ess push-in terminals) were acceptable for
use with aluminum wiring.® Then UL listed devices acceptable for
aluminum were labeled "AL-CU" hut later approval of the devices was
withdrawn. 1In 1972, UL listed a wiring device labeled"CO/ALR."




1?
TABLE 1
{ . PROPORTION OF ALUMINUM CABLE USED IN 1972
TYPES OF CABLE PERCENT
i
u; Transmission conductors Almost 100%
) Distribution conductors 95%
- Service entrance cable 80%
4 Feeder cable - 207%
1‘ Branch circuits 15%
i- Source: Aluminum Association, Aluminum Wiring Hearings, CPSC,
3 March 27, 1974, pg. 201,
A
:?_.
¥
o ‘ TABLE 2
ESTIMATE OF PRODUCTION OF ALUMINUM WIRE 1960 - 1973
YEAR MILLIONS OF FEEL* }
3 1960-1965 84
b 1966 136
K. 1967 175 |
F 1968 227 '
1969 . 390
1970 430
1971 586
1972 . 357
L 1973 327
* Yearly production quantities by weight converted to length by a
E . single conversion factor for an assortment of wire sizes
e (# 10 and # 12 AWG).

Sourge: Aluminum Association, Aluminum Wiring Hearings, CPSC,
March 27, 1974, pg. 206.
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Effective January 1974, devices not marked "CO/ALR" were required to
indicate they were not suitable for aluminum wiring. A summary of these
recommendations is given in Appendix E.

During this period devices with plated steel screws (usually zinc
plated) instead of brass screws were produced; these were later determined
to be incompatible with aluminum wire (see Appendix F). Additional
bulletins on wiring devices were sent out by Leviton, a major manu-
facturer of devices and by the National Electrical Manufacturing
Association,

" By 1968, UL had received field reports of problems associated with
aluminum electrical wiring. They attempted to make a survey of the
problem in 1969. The response rate was poor for a statistical evalu-
ation of risk, but they did receive reports of difficulties that they
proceeded to attempt to solve in their laboratories.?

From 1970 to 1974, cognizance of the existence of a problem is
evidenced by the actions of both testing laboratories and manufacturers
with regard to aluminum wire. UL revised its specifications for alumi-
num wiring repeatedly (Appendix G). Manufacturers developed new
aluminum alloys as well as nickel plated and copper-clad aluminum wire.

An Ad Hoc Committee on the Use of Aluminum Conductors with Wiring
Devices in Electrical Wiring Systems was organized by UL in August 1372,
"in order to allow for the exchange of information about actions tha’
have been or should be taken to_ensure proper and safe use of aluminum
conductors and wiring devices."? Members of the committee came from all
areas of technical interest in aluminum conductors and wiring devices.
In March 1;73, final recommendations of the Ad Hoc Committee were
released (Appendix I).

In spite of all these efforts there are still problems with
aluminum wiring. With each revision of specifications, some homes
were left with potentially unsafe wiring.

Basically, the nature of the concern referred to as "the aluminum
wiring problem” has been reported as heat generation at the connection
of aluminum conductors to terminal devices. Devices such as wall recepta-
cles, wall switches, twist—on wire connectors, outlet boxes, juncticn
boxes, panel boxes (fuse or circuit breaker boxes), etc., may become
overheated and result in fire if combustible materials are close by.
Overheating of the termlnal connection has been related to a number of
factors including




. Oxidation Aluminum reacts with oxygen in air
to form aluminum oxide, a poor
conductor of electricity. A buildup
of aluminum oxide on the wire at the
comnection interface creates a high
resistance between it and the con-
necting metal, This high resistance
to current flow can result in heat
buildup at the interface. Sufficient
torque on a binding screw connection
is necessary to break the oxide film
and obtain . od metal to metal contact
at a conner’ -,

. Creep When subjzcted to compressive stress,
some types of aluminum wire tend to
cold flow or creep away from a stressed
ar~3 more than wires made of copper
or of certain aluminum alloys. This
tendency increases with temperature.

. Higher coefficient of thermal expansion
Aluminum expands nere than copper,
brass, and steel when heated. This
could adversely affect the integrity
of connections invelving dissimilar
metals if sufficient heating and
cooling take place. Under ihese
conditions, loose terminations may
result,

. Susceptibility to corrosion
Electrolytic action may cause serious
corrosion problems when dissimilar
metals such as aluminum and copper are
in the presence of an electrolyte such
as moist air. It can result in erosion
of a connection.

On September 1, 1971, UL withdrew listing of all receptacle and
owiteh outlet devices then available for use with aluminum wire. This
amounted to a prohibition of aluminum wiring in some areas since building
codes in manv jurisdictions require that all electrical components used
be listed by UL. At that time some communities took actien to ban
aluminum wiring in new construction.5 Appendix H gives the type of
restriction and effective date for various areas throughout the United
States. Although UL later listed devices labeled CO/ALR, many
jurisdictions did not withdraw their restrictions,




IT. METHODOLOGY

Hazard analyses by the U.S. Consumer Product Safety Commission (CPSC)
are generally based on injury data from the National Electronic Injury
Surveillance System (NEISS), operated by CPSC's Bureau of Epidemiology.
Designed to develop valid, nationally representative product-related
injury data, the NEISS is a computer-based network of 119 statistically
selected hospital emergency rooms located throughout the country.

Since most reported aluminum wire electrical failures resulted in

damage to the electrical component or the structure rather than injury,
this system did not provide data for the analysis of the possible risk
associated with aluminum wire. NEISS reported injuries involving elec-
tric wire or electrical components were usvally precipitated by children
putting metal objects in wall receptacles.

Although NEISS was not productive in collecting incideats involving
the electrical malfunction of aluminum wire, the Commission actively
pursued other sources to locate fire incidents involving aluminum wire
failures. Follow up of these leads supplied the Commission with numerous
in-depth investigations by field personnel of the Bureau of Epidemiology.
These reports provided detailed descriptions of the electrical systems
on the homes involved, as well as photographs and brand names of aluminum
conductors and terminating devices.

Reports of electrical failures involving aluminum wiring have corc
to the attention of the Commission from various concerned individuals
and groups: individual consumers who have become aware of this hazard
in their own homes; associations of homeowners or tenants who have become
aware of this hazard in their community; fire marshals and chief elec-
trical inspectors who have become aware of this hazard from repeated i
incidents in their jurisdictions; and the National Fire Protection ‘
Association which has become aware of this hazard because of the
number of incidents occurring nationwide. Summaries of 198 cases are
included in Appendices 4 - D.

Table 3 shows the source of the reports which have been used to
evaluate the conditions associated with the failure of electrical
systems using aluminum wire as the conductor. Following is a summary
of background information about each source of data:
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TABLE 3
SOURCES FOR REPORTS OF ELECTRICAL FAILURES INVOLVING ALUMINUM WIRE
- TYPE OF DWELLING
SINGLE MOBILE MULTI~-
(ID)** | TOTAL FAMILY HOME FAMILY
1. Statements Submitted for Public Hearings
Held by CPSC on Aluminum Wire
Washington, D. C.
Prince George's, Maryland* {PGM) 18 14 4
(Chief Electrical Inspector) (CF) 5 4 1
7/71-8/73
Other Testimony at Wash, Hearings {AHW) 1 1
Los Angeles, California
Fountain Valley, California* (FVC) 21 21
(Fire Marshals) {FRC) 10 8 2
11/70 - 12/73
Huntington Beach, California#* (HBC) 25 21 3 1
{Fire Marshal)
11/70 - 12/73
Other Testimony at Calif, Hear:-ags {AHC) 4 3 1
2. National Fire Protection Association | (NFP) 30 2 24 4
(Fire Reportas) ;
9/72 - 10/73 i
I
|
3. CPSC - In-Depth Investigations '
Hampton Bays, Long Island, New York {CC) 1 1
Suffolk County, New York (cc) 6 6
Others Fedede 26 18 6 2
4. Consumer Complaint Letters (cc)
. Associations of Tenants or Homeowners
Tammy Brook Tenant Association _ (cC) i2 12
Weymouth, Massachusetts
i
Twelve Pines Civic Association* - (cc) 5 5
Medford, Long Island, New York
Montgomery Village Civic Assoclatien*| (CC) 3 3
Concerned Individuals (ccy 19 10 7 2
(P) 1 1
{CF) 11 11
— TOTAL : 198 128 44 26
*TestifTed 4t Aluminum WiFring Heatrings, CPsC

**These abbreviations identify the source in the summaries of electrical incidents

(Appendix A-~D)
**%In-Depth Investipgations are identified by a 6 to 13 digit cede.
U.S. CONSUMER PRODUCT SAFETY COMMISSION/Bureau of Epidemiology




PUBLIC HEARINGS HELD BY CPSC

Congressional interest in fire hazards associated with electrical
wiring systems using aluminum conductors prompted the Commission to
plan public hearings on the subject. A notice was published in the
Federal Register on February 28, 1974, of two public hearings, one
in Washington, D. C. (March 27 and 28, 1974), and a second in Los
Angeles, California (April 17 and 18, 1974).

Representatives from the General Council's Office, the Bureau
of Engineering, the Office of Standards Coordination and Appraisal,
and the Commissioners of the Counsumer Product Safety Commission heard
testimony from individual consumers, representatives of industry,
testing laboratories, the scientific community, etc. Persons who were
unable to attend the hearings but wished to present written commerts
for the Commission's consideration were invited to de so.

PRINCE GEORGE'S COUNTY, MARYLAND

The chief electrical inspector of Prince George's County testified
at the public hearings held by CPSC on March 27, 1974; he had become
aware of the problem in 1971 and maintained a special file documenting
18 incidents involving aluminum wiring in single family dwellings between
July 1971 and August 1973. Additional reports from the County have been
obtained. Aluminum branch-circuit house wiring was banned in Prince
George's County by March 1972.

FOUNTAIN VALLEY, ORANGE COUNTY, CALIFORNTIA

Two fire marshals- from Orange County testified about incidents
brought to their attention since July 1967 at the public hearings
held by CPSC on aluminum wiring in Los Angeles. They submitted a summary
of 26 cases of electrical incidents.

The Commission arranged for investigators in their Los Angeles Field
Office to trace the original records of these incidents in order to
validate the information. The investigators were unable to find records
of all the incidents; in addition, five of the original case records had
no mention of aluminum wire and had to be eliminated from the analysis.
At the Same time, the investigators were able to find records of 10
additional aluminum wiring problems in the Orange County area. A total
of 31 cases are included in the summaries. Orange County banned
aluminum branch-circuit wiring in January 1971.

HUNTINGTON BEACH, CALTFORNIA

The data from Huntington Beach, California, was submitted by the

Captain of the Huntington Beach Fire Department serving as a Deputy Fire
Marshal. He testified at the public hearings held by CPST in California,




v? April 17, 1974, that he had noted a marked increase in electrical

.?x faulting conditions in residential wiring systems since June 1970. He
;f’ submitted a list of 25 such incidents that occurred between May 1970 and
S June 1971, There was a bare minimum of information for each case

- mentioned. Commission staff contacted the Huntington Beach Fire Depart-
k- ment to obtain additional documentation, but included these cases in

k- this analysis because of the awareness and concern of the officials in
8 that jurisdiction. Huntington Beach banned alum in September 1970.

e NATIONAL FIRE PROTECTION ASSOCIATION

Except for fires occurring in mobile homes or recreational
vehicles, reports of most fires attributed to electric wiring or equip-
ment did not indicate whether the wire involved was aluminum or copper.
-3 For this reason, summaries of fire incidents taken from the files of the
- NFPA Fire Record Department related almost entirely to mobile homes. The
8 reports often were not sufficiently specific in technical details;
. qualified electrical experts were not usually consulted in fire investi-
g gations even when the cause of fire was reported to be electrical in
- nature. Structural damage was reported in many of the incidents since
ke this was the type of data the NFPA collected.

CITIZENS' GROUPS

Jammy Brook Apartments
Weymouth, Massachusetts

Headed by a tenant who had experienced a series of electrical
difficulties since 1968, this tenant group is suing the owners of
the development based on the alleged unsafe nature of the apartments.
Twelve apartments have evidenced problems with the electrical system.
One electrical contractor noted that "the original installation of
receptacles was backwired with aluminum.'" According to UL standards,
backwiring was not considered an acceptable method of connection at

:g‘ anytime. Therefore, these cases were considered separately in the
analysis.

Twelve Pines Civic Association
Medford, Long Island, New York

The president of the Twelve Pines Civic Association wrote to
the Commission about an electrical incldent at his home and
testified at the Aluminum Wire Hearings, CPSC, about the other
cases. Upon hearing of the Hampton Bays fire, he was instrumental
in bringing it to the attention of the Commission (see page 9.)




Montgomery Village Civic Association
Gaithersburg, Maryland

A representative of the civic association testified at the
Aluminum Hearings, CPSC, in Washington, D. C., about a survey in
Montgomery Village, a housing development in Maryland. Fires with
damage limited to the electrical components were reported. e
related an incident in his own home and mentioned others he had
heard about.

Fire reports were obtained by the Commission to verify the
information about three incidents in Montgomery Village.

CONCERNED INDIVIDUALS

" Most homeowners do not have the expertise to document the incidents
but often can provide a great deal of information relating to their
personal experiences. Some sent in the damaed electrical components.

A few of the complainants at the public hearings were electrical engi-
neers and were able to give details about the condition of the wire, the
terminal device and the termination as well as associated conditions.

CE5C - IN-DEPTH INVESTIGATION

An active program to locate fire incidents involving aluminum wira
was initiated in June 1974. Directors of the 14 CPSC Area Offices
wzre requested to contact local fire departments, county electrical
inspectors and other appropriate outside organizations for assistance
in identifying current fire incidents involving aluminum wire for
possible follow-up investigation.

In certain cases, such as the Hampton Bays fire, a team of
experts visited the scene of the incident to obtain pertinent inform---

tion on the circumstances.

Hampton Bays, Long Island, New York

This fire involving aluminum wire was brought to the attention
of the Commission socon after the Aluminum Wire Hearings of the CPSC.
About a week later, a team of experts including representatives
from the Commission and the local fire and police deparcments, and
a local electrician visited the scene of the fire in which two
fatalities occurred. They were able to obtain photographs and
samples of electric devices from the house before the evidence I.:d
been disturbed.




THOLST e CATLS

4 The Cousumer "Hot-iiue" reports are one source of information

2 collecend by the Tnjury Surveillance Desk, Division of Injury Sur-

b velllance, Bureau of Epidemiology, CPSC. Toll-free phone calls from
- any area nationwide are received in one central office in the Consumer
Education Division of tue Bureau of Information and Education.
Infeimation collected by the Injury Surveillance Desk is unverified.

geteeen August 6 and October 30, 1974, the "Hot-Line" received
telarhone calls regarding aluminum wiring from 659 homeowners (Table 4).
\ The majerity of telephone calls came from the New York area where a
e local paper, Newsday, had been publicizing the hazard; only 35 telephone
calls came from other areas of the country; however, 16 states were
reprasented. While half the homeowners in the New York area reported
problems with aluminum wiring, only 4 of the 35 homeowners from other
areas had complaints. Other callers were interested in further
information.

The first article ir Newsday, dated August 29, described the dangers

;ﬂ of alumizum wiring in detail and suggested that concerned homeowmers call
L. the "l »t-Line" of the CPSC. The article gave the toll-free "Hot-Line"
3 number and stated: "If the Commission ever decides to order some member

3 of the industry to pay for corrective action, your report will have let
T the Commission know about your house." This may have motivated many home-
vowners in the New York area to phone. (According to Newsday. over 100,000

. ' homas and apartments in Long Island were wired with aluminum between

=N 1966 and 1972.) During the following three weeks, the "Hot-Line" received
f; 404 talephene calls from the New York area relating to aluminum wire; over
2 ra2lf the calls were made during the first two days after the article

A appeared.

A follow-ur article was published in Newsday on October 2; the
reancwed publicity generated another 220 telephone calls by October 30.

. TABLE 4

B "HOT-LINE" CALLS RE ALUMINUM WIRING

ks - August - October 1974

- ' T AREA OF COUNIRY

g NEW YORK OTHER

- MONTH [ TOTAL COMPLAINTS TOTAL | COMPLAINTS
3 August | 282 114 17 1

3 soplember 122 65 4 1

- October 220 118 14 2

; , TOTAL 624 297 35 4

SOURCE: U.S. CONSUMER PRODUCT SAFETY COMMISSION/Bureau of Epidemiology
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ITI. RESULTS

The information in 186" cases submitted to the Commission was used
to determine the hazard patterns in the aluminum wire faitures. While
the cases are not a statistical sample, even for the area represented,
they do give evidence of the existence of a possible hazard. The extent
of this possible hazard cannot be evaluated from these data, but certain
elements common to the incidents can be identified. Tt is notaworthy
that the electrical failures have occurred from coast to coast with more
than 20 states and 60 cities or townships represented.

HAZARD PATTERNS
The 186 reports include 128 in single family dwellings, 44 in mobile

homes, and 14 in multifamily dwellings. Table 5 presents the hazard
patterns in the 186 electrical incidents by type of dwelling.

TABLE 5

HAZARD PATTERNS BY TYPE OF DWELLING
IN 186 ELECTRICAL INCIDENTS

b

TYPE OF DWELLING
SINGLE MULTI
HAZARD PATTERN TOTAL FAMILY MOBILE | FAMILY
Failure o 38 5 1
Overheating 16 | 11 3 z
Evidence of Burning 27 23 3 1
Smoke 12 7 4 1
Arcing 25 21 4
Fire | 62(39)4 28(11) | 25(21) | 9(7) |
TOTAL 186 128 44 _ﬁ”_lﬁ_ﬁ____wkl

* () Fires with structural damage.
+ 12 incidents at Tammy Brook Apartments are excluded.
SOURCE: U.S. CONSUMER PRODUCT SAFETY COMMISSION/Burean of cpidemiology
11
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The hazard patterns, usually the conditions that brought attention
to the problems, were defined as follows:

Failure Electrical component was inoperative.

Overheating Electrical component was described as
warm, hot, etec.

Evidence of burning Smell of burning was mentioned or
electrical component was described as
charred, melted, or burned.

Smoke . Smoke was mentioned in report.
. Arcing A Arcing at terminal device was seen.
. Fire Fire or structural damage was mentioned

in report.

The 128 incidents in single family dwellings represented all types
of hazard patterns. The 44 mobile home incidents and 14 multifamily
dwellings had a large proportion of fires with structural damage: 21 of
the 25 mobile home fires had structural damage as did 7 of the 9 fires in
multifamily dwellings. This reflected the way the reports were obtained—-
through fire marshals and the NFPA (see Methedology, p. 5). While the events
indicated electrical failures can lead to fire, they did not give a quantci-
tative estimate of the risk involved.

Many reports gave the alerting condition or type of failure without
reporting the underlying cause of the condition. Other respondents have
examined the terminal, the conductor, the connection, and even the
circuit carefully and supplied facts pertinent to the problem. The
amount of information in each report was anywhere between these two
extremes,

One point in particular must be kept in mind when analyzing the
data. While the defective conditions mentioned can be counted, non-
mention of a condition does not mean. it did not exist. Even with these
limited data, certain common elements were present. Table 6 indicates
the condition of components of the electrical systems and other informa-
tion about the circuitry for incidents resulting in failure, overheating,
cvidence of burning or smoke, areing, and fire.

Failures

Most cases designated as failure involved a wall receptacle that
did not work. In one case, a dishwasher failed to complete the cycle;
junction box wires and wire nut were charred; oxidation was visible
on the wire; the circuit breaker did not trip. The few cases that gave
additional information reported loose screws or improper wiring.

12 /
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Overheating

A loose screw was mentioned in one report along with blistered wire
irsulation. Burned or melted wire and terminal devices were reported.
Appliances such as a refrigerator or vacuum were cn the circuit involved
in five incidents; in two of them, the receptacle involved was not in use
at the time of the incident,

Smoke or Evidence of Burning

Loose screws, a steel screw, hard wire, oxidized wire or terminal
devices were mentioned. Melted and burned wire, insulation, recepta-
cles, switches or junction boxes were found. Lights on the circuit
operated intermittently. Appliances on the circuit included a dryer,
oven, dishwasher, and refrigerator. The receptacle involved was not
being used in one instance.

Arcing

Loose screws, melted or burned wire, insulation and receptacle
were noted. Appliances on the circuit included a television, refriger-
ator, oven, water heater, and heat pump. The receptacle involved was
not being used in two instances.

Fire

Fires with structural damage totaling a quarter of a million dollars
were reported in 39 dwellings: 11 single family dwellings, 21 mobile
homes and 7 multifamily dwellings. Many of these reports did not give
details necessary to trace the origin of the fire. Reports mentioned
loose screws, steel screws, hard wire, melted or burned conductors
and terminal devices. Appliances on the circuit involved included an
air conditioner, boiler pump, exhaust fan, range, furnace, humidifier,
disposal, dishwasher, and basetoard heacer.

The electrical components involved in the fires in single family
houses were often receptacles or panel boxes; in mcbile homes they were
receptacles, junction boxes, or the wiring; in multifamily dwellings,
wiring, panel boxes, and service equipment were mentioned.

Circuit conditions mentioned repeatedly for all the hazard patterns
included:

. The receptacle involved was not in use but was on a circuit
in which another receptacle was in use.

. An appliance was being used on the circuit affected. Most
of the appliances mentioned used current intermittently, so
that there would be alternate periods of heating and cooling
of the aluminum wire and wiring devices.

. The circuit breaker had not tripped (or fuse had not blown).

14




WIRE SIZES

Aluminum branch circuitry in homes jnvolves #10 and #12 AWG wire
for 20 and 15 amp circuits, respectively. Circuits connected to
furnaces, ovens, clothes dryers, and water heaters usually require
heavier gauge #6 or #38 AWG wire. The 186 electrical malfunctions were
categorized by wire gize in Table 7. Failures in circuits using #8
or heavier gauge wire occurred in 36 of the 186 incidents. Problems
with fixed equipment usually occurred at the junction box and often
involved twist-on insulated wire connectors (wire nuts).

TABLE 7

ELECTRICAL MALFUNCTIONS INVOLVIXNG ALUMINUM WIRE

BY WIRE SIZE AND TYPE OF DWELLING

WIRE ELECTRICAL TYPE OF DWELLING
SIZE APPLIANCE OR SINGLE MOBILE ' MULTI-
AWG COMPONENT TOTAL FAMILY HOME FAMILY
#10 or Receptacle/ 132( 90 37 5
#12 Switch
#8 or 36 25 5 [}
larger Oven/range 3 2 2
Furnace 10 2
Water Heater 1
Dryer 2
Panel box/
Service Equip. 8 1 4
Heéter 1
Unknown 18 13 2 3
Panel Box 7
Humidifier 1
Alr Conditioner 1
Heater 1
Miscellaneous 3 2 3
TOTAL 186 | 128 4% i

SOURCE: U.S. CONSUMER PRODUCT SAFETY COMMISSION/Bureau of Epidemiology

15




TMEOPER WIRING

In a number of reports, "possible code violations" or "improper
wiring" were mentioned by respondents including consumers, electricians,
. and fire inspectors. These terms were used to designate a variety of-
SN conditions ranging from poor workmanship to obvious code viclations in
4 the home, but not necessarily in the electrical component involved in

the incident.

Poor workmanship might reflect poor judgment in the amount of force
g required to tighten a screw connection, or minor faults such as over-
- lapping wire at the screw terminal or wire wrapped around the screw
‘ in the wrong direction. In some cases, the misapplication of terminal
devices was observed in the use of "pressure lock connectors" or
"packwiring."

3 Code vioclations refer to an infraction of the electrical code of

- the local jurisdiction reporting, for example, a branch circuit in which
the wire size used was inadequate for the load. As a result of repeated
changes in UL recommendations for the installation of aluminum wire
since 1965, standards considered acceptable at the time a home was

o built could have been unacceptable at the time these incidents occurred
.- (1970-1975).

Identifying an improper wiring or code violation requires an
expertise which the homeowner could not be expected to have., As shown
in Table 8, the proportion identified by consumers was as low as 5 percent
while field investigators of the Commission or electrical inspectors

'EL uncovered such conditions in approximately 30 percent of the single famiiy
o homes with electrical mzlfunction.
TABLE 8

IMPROPER WIRING IN SINGLE FAMILY DWELLINGS

3 HOMES HOMES

‘; : WITH ELECTRICAL WITH IMPROPER
ff SOURCE OF REPORT MALFUNCTTIONS WIRING
NUMBER - | NUMBER | PERCENT
; In-Depth Iavestigations 25 8 32%
;; ltllectrical lnspectors 18 | 3 ‘ 17%
i Fire Marshals 52 3 6%
? Concerned Individuals 33 2 6%

; TOTAL 128 16 12%

SOURCE: U.S. COHSUILIR PRODUCT SAFETY CCMMISSION/Durcau of Epidemiology
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An illustration of confusion surrounding proper wiring procedures
is found in the case reports of a temant group from Massachusetts.

Tammy Brook Apartments

Tenants in twelve apartments in this development complained of
problems with wall receptacles, switches, and light fixtures. Over-
heating and arcing were described, as well as a few electrical fires
which had been contained within receptacles.

Reports from an electrical contractor who had checked the wiring
in four apartments (September 1973 and February 1974) indicated he
had found "receptacles backwired with aluminum conductors." This wiring
method has never met UL standards for aluminum wire (Appendix E}.
The conditions found  in the development might have been due to improper
wiring.

In direct contradiction to- these findings was a statement, dated
December 1973, by the wiring inspector of the town of Weymouth, Massa-
chusetts. In his opinion, the original installation was done in
accordance with what then prevailed as good design and installation
practices with respect to aluminum wiring.

The confusion with respect to specifications for wiring with
aluminum in Massachusetts may be representative of similar conditions
throughout the United States.

HOT-LINE CALLS - NEW YORK

Between August 29 and October 30, 1974, the Consumer Product
Safety Commission "Hot-Line" réceived telephone calls from 624 resi-
dents of the Long Island, New York, area in response to two articles
published in Newsday concerning the hazards of aluminum wire. Follow-
ing the first article, dated August 29, the "Hot-Line' received 404
telephone calls: 179 calls from homeowners who had observed danger
signals or had experienced electrical malfunctions involving aluminum
wire (Table 9). Using the following objective criteria, the analyst
classified about half of the incidents as hazardous, almost 20 percent
as potential hazards and approximately 30 percent as possible hazards:

HAZARDS: Ninety-six homeowners (54%) reported burned
. wires or receptacles, fires in receptacles
or wall switches, odor of burning wires or

smoldering in walls, arcing, etc.

POTENTIAL Thirty homeowners (17%) spoke of potential

HAZARDS: hazards such as overheated receptacles or
wall switches, scorched walls, melted
receptacles or wiring.
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POSSIBLE Fifty-three homeowners (297%) mentioned possible
HAZARDS: hazards such as flickering lights or failure

of receptacles or switches.

A follow-up article in Newsday, dated October 2, precipitated phone
calls to the "Hot-Line" [rom another 220 New York pesidents, THE report ing

breakdowns in electrical systems wired with aluminum. As shown In Table 9,

the distribution of 118 reports by hazard risk was similar to that of the
179 incidents reported after the initial article was published. tost

of the 42 fires reported were confined to outlet boxes of receptacles

or wall switches, but in a few cases the caller indicated wiring in

the walls burned, One caller stated a quilt was ignited from an outlet
near a bed. There was only one report of a fire with extensive damage

to structure or contents. Although a relative of the man killed in the
Fampton Bays fire called the "Hot-Line," this incident had already been
investigated by the Commission and was not counted as a "Heot-Line" call.
This incident is discussed in detail in the next sectiom.

FIRE - HAMPTON BAYS, LONG I3SLAND, NEW YORK

Shortly after the Aluminum Hearings of the Commission in March and
April of 1974, a tragic fire occurred in Hampton Bays in 1 single family
home wired with aluminum cable.

The owner of the home and his wife were asleep in their
bedroom, with their daughter asleep in an adjoining room. At
about 3:15 a.m., the fire aroused the owner who proceeded from
his room to a guest room directly across the hall. Both doors
had been closed. When he opened the guest room door he was
met by a wall of heat or flame and fell down.

His wife apparently phoned the police department (in errox)
and forgot to give her address. A neighbor called the fire
department at 3:30 a.m., A 10-12 minute delay in responding to
the call was the result.

A fireman who lives in the neighborhood arrived at the scene
first, but was unable to enter due to the heat and heavy smoke,
When the fire department arrived, the firemen found the owner in
the hall, and his wife in the bedrcom with the phone still off
the hook. The daughter was found lying near a window itn her
bedroom.

The father and daughter could not be revived aml were pro-
aounced dead on the scene. The mother respended te resuscitacion
and was hospitalized. After removal of the sccupants, the fire
was put out by 3:45 a.m.
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An immediate investigation was made by the town fire department and
the county arson squad. Arson was eliminated as a cause of the fire. The
cause was determined tc be an aluminum wiring connection which may have
arced and ignited the wall,

The Commission was notified of the fire by two concerned individuals
who had testified at the Aluminum Hearings, CPSC, in Washington, D. C.
Within two weeks, a team of experts from the Commissien and the Natiomal
Bureau of Standards visited the scene of the fire to determine its cause.
This group was joined by two surviving sons who were not in the house
on the night of the fire and Fire Inspectors and State Police from the
area,

The origin of the fire was determined to be a receptacle outlet
blocked by a bookcase in the guest room. The burned receptacle, wnile
not being used, transmitted electricity along the circuit to another
receptacle from which a humidifier was receiving current. The outlet
box for the receptacle had burned but was assumed to be plastic, since

" other outlet boxes in the house were made of plastic.

Pictures were taken of the house. A number of the receptacles (with
wiring still attached) were removed from other rooms in the home to be
tested by NBS. These receptacles were found to have burned insulation
on the wire, charring and discoloration of the receptacle. The deterio-
ration of these receptacles provides evidence that any defzct in the
receptacle outlet responsible for the fire was not an isolated defective
condition.
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Iv. DISCUSSION

Why do some connections result in failure of a wiring device while
others result in heatlng-—or burning or arcing--or fice?  Are these
conditions a factor of time——of temperagure——of use? The answers to
these questions are being sought by NBS” whose preliminary research in
the mechanism of failure has already determined that fires can be started
in household type circuits if:

1. loose connections are present so that arcing can be
induced, '

2. the loose wire is vibrated, and
3. combustible material is placed near the connection.

1t was noted that this can occur with copper as well as aluminum
wire. NBS is currently engaged in further experiments to duplicate
environmental conditions in the home.

There is an awareness among research laboratories, manufacturers,
and electricians that these problems exist. More than a dozen changes
have been made in the specifications for aluminum conductors and
terminal devices in the last 9 years. In the wake of each change,
thousands of homes were left wired with potentially unsafz aluminum
branch circuits. The latest recommendations (March 1973) of the Ad
Hoc Committee of manufacturers, aluminum producers and researchers
(Appendix I) may be superseded by yet another set of safety standards.

According to the latest recommendations of UL, only wiring devices
labeled CO/ALR are recommended for use with aluminum wire. Testimony
at the CPSC Aluminum Wire Public Hearings in Washington, D. C., by a
concerned individual from New York, indicated that these devices are
not readily obtainable in this area for the replacement of defective
receptacles. A consumer in the Montgomery County area checked and found
the device was stocked by one electrical supply center but not by
neighborhood hardware stores, even the large chains. Jurisdictions that
have restricted aluminum would be even less likely to stock this type
of device even though installations prior to the restriction way need
replacements. '

The 198 incidents summarized by the Commission (Appendix A-D)
present multiple examples of the conditions that are known to be asso-
ciated with z2luminum wiring: loose screws...loose connections...burned
and melted wires, insulation, and receptacles., Receptacles that are not
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being used burn up when electricity passes through them to other out-
lets that are being used. Receptacles overheat, burn, and are without
the circuit breaker tripping.

Among the parameters to be considered in aluminum wire branch
circuits is the integrity of the installation. Reliable workmanship
and adherence to the electrical code depend on the judgment of the
workman. As shown in Table 8, examples of poor workmanship and code
violations were found among the incidents reported. The frequency
with which there was mention of installation procedures that violated
good practice was highly correlated with the expertise of the respondent
in recognizing the problem. However, even those most aware of the
recommended procedures identified improper wiring in less than 30 percent
of the reports; this figure referred to violations in the premises, not
necessarily in the electrical component involved. While these conditions
admittedly compounded the potential hazards surrounding the aluminum wire
branch circuitry, it is notable that the majority of reports did not
implicate improper wiring, poor workmanship, or code vielations as a
factor in the incident.

One of the insidious aspects of many aluminum wire comnection failures
is that the circuit breaker is not tripped. Circuit breakers are acti-
vated when too much current is going through the circuit.1 Similarly,
in a fuse box, the fuse will blow to prevent high currents from doing
damage. With the aluminum wire, resistance zt a connection causes a
heat buildup but does not result in excessive current flowing through
the c¢ircuit,

The same conditions found in incidente in which a failure occurred
have been found when an overheated receptacle or a smoking or arcing
receptacle alerted the consumer. They have also been found when a fire
occurred with no warning to the consumer. Twelve deaths were reported in
the fires; property damage has reached a quarter of a million dollars.

Many jurisdictions have placed restrictions on aluminum wiring since
1971. This may solve future problems but not correct existing ones. The
conclusions of an electrical contractor with almost 10 years of experience
in the Maryland area were summarized in the following statement: "No
one knows yet the average longevity of connections where proper torque and
wire wrap were used and instructions followed...but where workmanship was
careless, failures begin in a few months."0 The problem is further
complicated by lhomes wired with different types of aluminum wire and
different types of terminal devices. There appears to be a need for more
research--more safeguards—before a new material is widely distributed
on the market--not after potentially unsafe conditions become widespread.

In the fall of 1974, following the publication of two articles
describing the hazards of aluminum wiring, 624 residents of the Long
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Island, New York, area telephoned the "Hot-Line' of the CPSC, Electrical
malfunctions were reported by 297 homeowners; 155 of the incidents were
categorized by the Commission staff as hazardous; i.e., resulting in

fire or evidence of burned wire or other electrical components. Few

of the 42 fires reported spread beyond the confines of the electrical
outlet box to ignite wiring in the walls or the contents of the room,

but one fire caused extensive damage. The immediate and overwhelming
response to these articles is indicative of the concern of the consumer
regarding the solution 'to the problems of aluminum wiring.

The extent and severity of the aluminum wire problem is not yet knowm.
Valid statistics on the number of fires, deaths, and casualties caused
by aluminum wiring are not available. Attempts have been made by
Underwriters' Laboratories, Inc. to survey users of electrical equipment
and electrical inspectors in 1969, 1972, and 1974. In each of these
surveys, the low response rate, ambiguity of the questions and inaccuracy :
of the numerical values supplied by the respondents have made any analytic g
interpretation of the data unreliable.? The surveys have succeeded in s
focusing the attention of manufacturers, electrical inspectors, and
research organizations on the potential hazards.

In countless homes nationwide, there are warnings of danger, bu:
they are silent warnings. A receptacle overheats--a light flickers
intermittently. Unless the homeowner is aware of the significance of
these signals, he may do nothing. Alerting the consumer to the signals
of failure is of primary importance. Providing interim information cn
correcting electrical problems as they occur is an immediate concern;
determining the long-term solution for homes with aluminum wiring is
one of the major efforts being undertaken by the Consumer Product
Safety Commission.
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Appendix A

Summarization of 128 In-Depth Investigatiocns

of Electrical Failures Involving Aluminum Wire in Single Family Dwellings

April 1975

U.S. CONSUMER PRODUCT SAFETY COMMISSION

Bureau of Epidemiology
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Appendix B

Summarization of 44 In-Depth Investigations

of Electrical Failures Involving Aluminum Wire in Mobile

April 1975

U.S. CONSUMER PRODUCT SAFETY COMMISSION

Bureau of Epidemiology

Homes
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Appendix C

Summarization of 14 In-Depth Investigations

Of Electrical Failures Involving Aluminum Wire in Multifamily Dwellings

April 1975

¥.S. CONSUMER PRODUCT SAFETY COMMISSION

Bureau of Epidemiology
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Appendix D

Summarization of 12 In-Depth Investigations

of Electrical Failures Ianvolving Aluminum Wire in Tammy Brook Apartments

April 1975

U.5. CONSUMER PRODUCT SAFETY COMMISSION

Bureau of Epidemiology
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APPENDIX E
1 RECOMMENDATIONS ON WIRING DEVICES

Prior to 1966. I considered all general use receptacle and

switch wiring devices (except those using screwless push—in
cerminals) as acceptable for either aluminum or copper conductors.
1966, UL stated that wiring devices cbuld be used with

aluminum conductors only when "1) the terminal is of the

wire binding screw type where the conductor is to be looped
around the screw, or 2) on other types of terminals only when
marked 'AL-CU'."

Effective September 1, 1971, UL required that all new devices

eliminate the "AL' marking unless they had been listed under a
new test program., {(This action was anncunced in a Julf 1671

UL Bulle;in.)

June 1972. UL listed the first "CO/ALR" wiring device. The
CO/ALR designation was given to wiring devices listed for use with
aluminum conductors under a‘new test program.

April 1973. UL proposed that wiring devices not listed for use

with aluminum wire be provided with a precautionary notice,

effective November 15, 1973.

Effective January 15, 1974. UL required wiring devices not marked

CU/ALR be marked either "Notice--Use only copper or copper—clad
wire with this device," or "Notice—-Connect only copper or copper-

clad wire to this device," or "Notice--Use only devices marked

CO/ALR with aluminum wire."




i

APPENDIX F

RECOMMENDATIONS ON WIRING DEVICES FROM OTHER GROUPS
Mid-1960's. Price increases resulted in changing metals used
in screws of termination devices from brass to plated steel
(usually zinc-plated).
Laboratory tests made by Battelle Memorial Institute12
at a later date determined that the use of zinc-plated steel with
aluminim wire was not to be recommended since there are basic
metallurgical incompatibilities between the plated screws and the
aluminum wire in this applieation.

March 10, 1972. Leviton, a major manufacturer of devices, sent a

bulletin to all of its distributors saying that all Levitcn devices
available at that time would be marked with a notice that they should

be used only with copper or copper-clad wire.13

March 21, 1972. The General Engineering Committee of NEMA concluded
that wiring devices then being sold were suitable for use orly with
copper wire or wire having copper or tin-plated surfaces, and that
those devices should not be used with other materials until their

suitability had been established by extensive testing.14

6Y




APPENDIX G

REVISIONS OF SPECIFICATIONS ON ALUMINUM WIRING
1970 - 1973

September 1970, UL revised its test specifications for the

labeling of aluminum wire and emphasized the need for care in
making connections with aluminum wire.

May 1971. UL required that aluminum wire manufacturers include
precautionary installation instructions on packages of aluminum
wire in sizes 8, 10, and 12,

June 1971. UL again began revising its test specifications for
the labeling of aluminum wire.

June 1972. An Ad Hoc Committee on Aluminum Terminations met with
membership from industry and UL. Its purpose was to study and
recommend procedures for improving the connectability of No. 12
and larger aluminum conductors.

September 1972. UL issued its revised test specifications for che

listing of aluminum wire and approved the first wire to meet these
specifications.

March 1973. Final recommendation of the Ad Hoc Committee on the
Use of Aluminum Conductors was released by UL to the technical
press and to various groups associated with the installation of

receptacles and snap switches in residential occupancies.
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This

Arizona:

*kCalif:

sk

Diatrict

Florida:

Georgila:

5

APPENDIX H

RESTRICTIONS ON BRANCH CIRCUIT AND
SERVICE ENTRY WIRING OF ALUMINUM

list must be regarded as incomplete and tenative, as explained in the text.

Place

Tucson

Hurtington Beach
Los Angeles

Oraage Co.
(9 jurisdictiens)

Sacramento

of Columbia

Macclenny
Tanpa

DeKalb Co.

**Tdaho (state)

Kentucky: Lexingtom &
Fayette Cos.

Louislana: Baton Rouge

Maryland: Baltimore Co.

Montgomery Co.
Prince George's Cc,

Effective date

Latest date known
to be in effect

iype of
restrictions

}2/21/71*

9/3/70
11/1/71

12/70 &
1/71

12/1/711

1/7/72

8/14/73
5/15/72

8/10/71

4/1/71

4/1/72

1/1/72

5/26/72
3/1/72

11/9/73

Present

,’2/1/72

Present

11/9/73
11/9/73

Present

11/9/73
Ban lifted

in 1973

Present
Present

Bans Al nonmetallic-
sheathed wire for
branch circuits

Bans Al wire
Requires UL approval
of devices

Bans Al ##% and
amaller

Requires UL approval
of devices

Bans the old wire
alloys

Bans AL-CY devices
unless body of
connector is aluminum

Bans Al wire
Bans Al ##8 and smaller

Bans Al smaller thar
{#8

Pigzails required
uriless UL-~-approved
devices are used

Requires UL approval
of devices

However, UL appruval
of devices 15 now
required

Requires pilitails or

U.. approval of devices
Bang Al #6 and smaller
Bans Al #6 znd smaller

* Asterisk indicates the earliest date known, from present information, te be in eftect.
*% Double asterisk marks restrictions kpown to antedate UL's July 1971 announceneut,

T
L.

*




Latest date known © Type of

:
;
ki

Place Effective date to be in effect restrictions
Michigan: Dearborn 11/9/73 Bans Al #10 and 12
;i Mississippi: Jackson area 9/6/73 11/9/73 Bans Al in FHA-insured
¥ and HUD-financed
; housing
g Nevada (state) 11/9/73 Bans Al in mobile
= homes, except grounds
. ' and lead-ins
ij New York (state) : {a) 2/1/72 11/9/73 {a) Requires pigtail
. on #10
g (b) 7/1/72 (b) Requires pigtail
3 on #12
k- Village of Suffern, 1975 Present Bans Al wire
ad Rockland County
;i’ **%}crv.. Dakota (state) 1968 1970 Banned Al wire
F Ohio: Cincinnati 5/1/73 11/9/73 Requires pigtails
Q **Rhode Island: Providence Approx. 1965 Present - Bans Al smaller than #6
;} South Carolina: Myrtle Beach  2/29/72 Bans Al wire
3
- Tenn.: Murfreesboro, Lebanon, Jan. 72% Bans Al smaller than #6

Franklin, Woodbury

H Texas: St. Bldg. Comm'n 1/12/72 Ban lifted Banned Al wire

3 317172

k. Arlington 411772 Requires UL approval

0 ‘ of devices

" Houston Ban lifted However, UL approval

- in 1973 of devices is now
required

X Richardson 2/14/72 Requires UL approval

2 . of devices

¥ ' Garland, Farmers Branch 9/1/73 11/9/73 Ban Al branch circuic

k" Plano, Lewisville, wire in dwellinzs

Carroleton, Mesquite
Virginia: Arlington Co. 2/7/72 Bans Al wire

Washington (state) 9/1/71 10/4/73 Requires pigtails

*Asterisk indicates the earliest date known, from present information, to be in effect,
**Double asterisk marks restrictions known to antedate UL's July 1971 announcement.

72




APPENDIX I

THE USE OF

ALUMINUM
CONDUCTORS

WITH WIRING DEVICES
IN ELECTRICAL WIRING SYSTEMS

A statement prepared under the auspices
of an Ad Hoc Committee sponsored by
Underwriters’ Laboratories, Inc.




' THE USE OF ALUMINUM CONDUCTORS WITH WIRING
DEVICES IN ELECTRICAL WIRING SYSTEMS

A number of articles in trade magazines and other technical publica-
' tions nave pointed out the sensitivity of binding screw terminations for
; aluminum conductors to techniques used and the quality of workmanship
A employed, and to other factors which might cause unsatisfactory termina-
, tion performance such as dangerous overheating. Such performance is
influenced by:

3 A. Incompatibility between aluminum conductor and device ter-
- minals.

Workmanship and installation techniques.

High incidence of vibration or mechanical disturbarnce in use.
Wide temperature changes and high humidity environments.
Variation in the mechanical characteristics of aluminum con-
ductor material.

mgon®m

Recent revisions in Underwriters’ Laboratories, Inc. requirements’
for Listing solid aluminum conductor in sizes No. 12 and 10 AWG and for
Listing snap switches and receptacles for use on 15 and 20 ampere branch
circuits incorporate stringent tests which take the above factors into ac-
count.

: _ Instructions describing proper installation techniques and emphasizing
3 the need for following these techniques and for practicing good work-
5 ' manship are required to be included with each coil of No. 12 and 10 AWG
; insulated aluminu . wire or cable.

. New product and material designs which provide for increased levels of
safety of aluminum wire terminations have recently been developed by
the electrical industry,

To assist all concerned parties in the proper and safe use of solid alumi-
num wire in making connections to wiring devices used on 15 and 20 am-
g pere branch circuits, the following information is presented. Understand-
ing and utilizing this information is essential to proper application of ma-
terials and devices nrow available.

FOR NEW INSTALLATIONS
k. Comply with Section 110-14(a) of the 1971 Nationdl Electrical Code
s (NEC) when aluminum wire is used in new installations.

NEW MATERIALS AND DEVICES

a. For direct connection use only 15-amp and 20-amp receptacles and
' switches marked “CO /ALR"” and connected as described under “In-
stallation Method.”

'Available from UL upon request

2




The *"CO /ALR” marking is on the device mounting strap. The “CO/
ALR” marking means the devices have been tested to stringent heat cycl-
ing requirements to determine their suitability for use with UL labeled
aluminum, copper, or copper-clad aluminum wire.

Note:

Pigtailing, either field or factory-wired, as illustrated in Figure 1is recog-
nized by the NEC.

1 Siep weras 3787

2. Pretwiiting unnecesisry S oin stripped wire- (cgethsar ~.th enda evzn
{Lasd strandad wires shghtly |

3. Screw an connactar -push wiras Lirmly T3 connec1or when sta-t ng

COPPER TO COPFER
ALJMINUM TO AL UMINUM

{ COPPER TO ALUMINUM (dry locations only}
Temparsturs Ratirg.  150°C. [302'F ) Max,

Listed a8 4 PRESSURE-TYPE wire connector on tha tollgwing sahid
v/ or stranded wire combunationsy.

2or3F¥e A0 with 101 Z 414

248 with 1 or 2 110 — P2 ¥ NG with 1,2, 3 058 #12
2X8 with 1, 2, or IN12 240 with 1.2, or 3414
1#8 wrth 1,2, 3 or 4 #10 1#1Qwith 1,23, 4. o S#12
T8 with 1.2, 7.8, 065 912 1#10with 1 2, 1. or d #14
IAG wth | 412 T2.3,4 5 wr kA2

2, 3,4 015,10 412 with 1 or 2014

S F10 with 1 #12 IFZvth § 2 0or IR
410 with 1 or 2 412 ~—P2Nt2win 1, 2 or3 800
4710 with F 214 TAIZwith 2, 3 or 4 #%d

I P10 with ¥ 2 or 3412

TYPICAL CONNECTOR CARTON MARKING
TO BRANCH-CIRCUIT

WIRING

SHORT INSULATED COPPER LEAD
{PIGTAIL). NO. 14-12 AWG
/CONNECTED TO WIRING DEVICE

U.L. LISTED CU/AL INSULATED
WIRE CONNECTOR PROVIOED
IN CARTON MARKED "FOR
ORY LOCATIONS ONLY” AND
FORTHE ALUMINUM-TO-
COPPER COMBINATIONS FOR
ALUMINUM WIRE. WHICH IT IS SUITABLE

NO. 12-10 AWG

NOTE DETAILED INSTALLATION INSTRUCTIONS PROVIDED
WITH PRESSURE WIRE CONNECTORS MUST BE FOLLOWED

FROM BRANCH-
CIRCUIT WIRING

PIGTAILING COPPER TO ALUMINUM CONDUCTOR
FIGURE 1




h. Use solid aluminum wire, No. 12 or 10 AWG marked with the Under-
writers’ Laboratories’ néw aluminum insulated wire label, as shown
. below. Follow the instailation instructions packaged with the wire.

crwlers Lboratori, Conductor bearing this UL label is

Yo L2 *Jne judged under the requirements for
£ INSULATED the chemistry, physical properties
i ALUMINUM WIRE and processing of the conductor
3 : ré%u:{nm (Serial No.) which became effective September
' ' y PRINTED IN U5 A, 20,1972.
k- INSTALLATION METHOD
. Figure 2 illustrates the correct method of termination at wire-binding

screw terr inals of receptacles and snap switches.

1. Wrap the freshly stripped end of the wire 2/3 to 3 /4 of the distance
around the wire-binding screw post as shown in Step A.

4
]

& STEP A: STRIP AND WRAP WIRE
SNUG CONTACT

| = |
- ~ CONTACT PLATE ON WIRING DEVICE MARKED "CO/ALR
3 STEP B: TIGHTEN SCREW TO FULL CONTACT

SCREW TIGHTENED AN ADDITIONAL HALF TURN.
ORTO 12 LB.-IN.

3 WIRE FIRMLY IN CONTALT
- STEP C: COMPLETE CONNECTION

"CORRECT METHOD OF TERMINATING ALUMINUM WIRE AT
N WIRE-BINDING SCREW TERMINALS OF RECEPTACLES
AND SNAP SWITCHES

FIGURE 2




The loop is made so that rotation of the screw in tightening will tend to
wrap the wire around the pést rather than unwrap it.

2. Tighten the screw until the wire is snugly in contact with the under-
side of the screw head, and with the contact plate on the wiring device as
shown in Step B.

3. Tighten the screw an additional 1/2 turn_thereby providing a firm
connection. Where torque screwdrivers are used, tighten to 12 pound-
inches. See Step C.

4, Position the wires behind the wiring device so as to decrease the
likelihood of the terminal screws loosening when the device is positioned
into the outlet box.

Figure 3 illustrates incorrect methods for connection and shouid not be

used,

STRAIGHT iM

QVERLA®

WRONG
DIRECTION

2=,

INCORRECT TIGHTENING TORQUE INCORRECT WIRE WRAP

ONE HALF

INCORRECT METHODS OF TERMINATING ALUMINUM WIRE AT
WIRE-BINDING SCREW TERMINALS OF RECEPTACLES AND SNAP
SWITCHES

FIGURE 3




EXISTING INVENTORY

When |1 labeled solid aluminum wire No. 12 and 10 AWG not bearing

the new :‘uminum wire label (see page 4) is used, it should be used with

p wiring devices marked “CQO /ALR” and connected as described in “Instal-

e lation Method.” This is the preferred and recommended method for
' using such wire,

Note:

- Pigtailing, either field or factory-wired, as illustrated in Figure 11is recog-
nized by the NEC.

In the following types of devices the terminals shali not be directly con-
nected to aluminum conductors but may be used with UL labeled copper
J or copper--lad conductors:

Receptacles and snap switches marked “AL-CU"
Recegtacies and snap switches having no conductor marking

Receotacles and snap switches having back-wired terminals or screwless
term-aa's of the push-in type

FOR EXISTING INSTALLATIONS

e tf examination discloses overi eating or lcose connections the recom-
. mencations described under Fo, New Installations - Existing Inventory
B shcuid be followed.

7r help the property owner or occupant in identifying potential prob-
lerse with materials that were avaiiable prior to the use of improved ma-

420

terials, the information in the accompanying “Safety Message” i+ being
y distributed through various print media or other forms of communica-
tion.

7

3

2
4




SAFETY MESSAGE

From various parts of the United States over the past few years have
come reports of excessive overheating and even fires originating in the
connections of wire to conventional wall receptacle outlets and snap
switches. Such incidents can occur irrespective of the type of wire used—
aluminum or copper—but field reports indicate tha the possibility of
such incidents is greater when certain combinations of aluminum wire,
devices, and workmanship have been used. The electrical industry has
recently developed improved products and re-emphasized the nced for
following good installation practices.

If your residence (house, apartment or mobile home). business or other
property was built prior to 1965 and has had no additional or replacement
wiring for receptacle outlets and snap switches since that date, there i<
little chance that aluminum wire was used.

If your property was built subsequent to 1965, or has had additional
wiring since then, you should consult the builder or electrical contractor
to determine if aluminum wire was used. DO NOT ATTEMPT TO MAKE
THIS DETERMINATION ON YOUR OWN,

If aluminum wire was used, you should have a qualified contractor or
electrician check connections on the most heavily-loaded or most con-
stantly-loaded circuits to determine if they have been properly made or
show evidence of possible problems.

Readily detectable signs of possible trouble are unusuaily warm race
plates on switches and receptacles, or a distinctive or strange odor in
the vicinity of the receptacle or switch. Persistent but intermittent flicker-
ing of lights not traceable to appliances or other external causes are also
indications of possible wiring problems.

IF SUCH SIGNS ARE PRESENT, OR IF THEY SUBSEQUENTLY DEVELOP,
YOU SHOULD CONSULT A QUALIFIED CONTRACTOR OR ELECTRI-
CIAN WITHOUT DELAY.

~4
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REPRESENTATIVES OF THE FOLLOWING ORGANIZATIONS
SERVED ON THE AD HOC COMMITTEE ON THE USE OF
ALUMINUM CONDUCTORS WITH WIRING DEVICES
IN ELECTRICAL WIRING SYSTEMS

o The Aluminum Association

¢ Battelle-Columbus Laboratories

e Edisun Electric Institute

e Fire Marshals Association of North America

.* International Association of Electrical Inspectors
e National Bureau of Standards

¢ National Electrical Contractors Association

¢ Natonal Electrical Manufacturers Association

» National Fire Protection Association

e National Joint Apprenticeship and Training Committee
{IBEW-NECA)

* Underwriters’ Laboratories, inc.

Permission is granted to quote or reproduce
this statement in whote or by major sections,
Please do not excerpt or paraphrase out of
context, as this could ‘convey a misleading
impression on an important safety subject.

Additional copies are available at ten cents
each from:
Public Information Office
Underwriters’ Laboratories, Inc.,
207 East Ohio Street
Chicago, 1. 60611

lssued March 1973

#U.5. GOVEANMENT PRINTING OFFICE:1975 620-238/2440 1.3




