
Electrical
M O D U L E

S TUDY SESSION 3
1. You should have finished Study Session 1 and 2 and Quick Quiz 1 and 2

before starting this Session.

2. This Study Session discusses knob-and-tube wiring, aluminum wiring
and outdoor wiring.

3. At the end of this Study Session, you should understand – 

• how to identify knob-and-tube wire
• how knob-and-tube wiring differs from modern wiring
• the issues surrounding knob-and-tube wire
• how to identify aluminum wiring
• the issues surrounding aluminum wiring
• when aluminum was used
• common outdoor wiring problems

4. This is a relatively short Session. You will probably finish it in 
30 to 45 minutes.

5. Quick Quiz 3 is included at the end. Answers can be written in your book.
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Knob-and-tube wire

There is a good discussion of knob-and-tube wiring in Section 4.4 in the
Electrical Chapter of The Home Reference Book. We won’t repeat that discussion
here, but will talk about some inspection strategies.

Most of the problems we have been talking about with respect to panels and wiring
also apply to knob-and-tube systems. Some issues are more common with knob-
and-tube wiring.

Identifying Knob-and-tube wiring is easy to identify. There are two separate cables running to
Knob-and each electrical point. There is a black cable and a white cable. Sometimes
Tube the sheathing is black on one and is white on the other, although this isn’t always

the case. The ceramic knobs and tubes used to support the wire also clearly identify
this kind of wiring. Knob-and-tube wiring was common until 1950 and used into
the 1960s in some areas. Knob-and-tube wire was made in several gauges. Branch
circuit wiring was often 12 gauge.

Remember that there will be no original equipment ground wires anywhere in the
distribution system with knob-and-tube wiring. Original connections are often not
in junction boxes. Connections are made by splicing, soldering and taping the
wires. Knob-and-tube wiring was no longer used by the time multi-wire branch
circuits were introduced.
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3.3 KNOB-AND-TUBE CONDITIONS

Problems specific to knob-and-tube wiring include the following:

1. Connections not in boxes
2. Brittle wire, insulation or sheathing
3. Wire buried in insulation
4. Fused neutrals

3.3.1 CONNECTIONS NOT IN BOXES

The original spliced connections did not have to be in junction boxes. This is accept-
able as long as the connections are original, since we have some confidence that the
splices are appropriately made by twisting the wires together, then properly solder-
ing, and finally taping with the old, dull black, cloth tape.

Strategy Modern plastic electrical tape (the black shiny stuff) on a knob-and-tube connec-
tion, or taped connections with knob-and-tube wiring joining modern two-
conductor cable, are not acceptable to most authorities. The only knob-and-tube
connections that don’t have to be in junction boxes are original ones. Knob-and-
tube wire should join modern 2-conductor cable in a junction box.
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3.3.2 BRITTLE WIRE, INSULATION OR SHEATHING

Older Wire Another issue with knob-and-tube wiring is the age of the wire. While the copper
does not fail under normal work loads, a house wiring system that’s been around
for a long time may well have been overfused at some time in the past, and the
wire may have been overworked. The older it is, the more likely it is to have been
abused at some point.

Strategy The rubber insulation or the cloth sheathing may deteriorate over time, become
brittle and start to fall off. This is a function of age and high temperatures.

Insulation And The high temperatures may be high ambient temperatures, or due to overfusing.
Sheathing In either case, watch for insulation problems on knob-and-tube wiring. Resist the

temptation to flex the wire to see if it’s still supple. You may get a shock or damage
the wire.

Problems with the sheathing and insulation are the most common failings of knob-
and-tube wiring, other than amateurish modifications and extensions of 
the circuits.

3.3.3 WIRE BURIED IN INSULATION

Hard To This leads us to the discussion of knob-and-tube wiring buried in attic insulation or 
Dissipate Heat in wall insulation. This is a controversial issue and different authorities have taken

different positions. Some maintain that knob-and-tube wiring shouldn’t be buried
in insulation because that inhibits its ability to dissipate heat. It’s true that all wire
can work more comfortably if it’s able to dissipate the heat generated as electricity
flows through it. But there is a counterpoint.

SS EE CC TT II OO NN   TT HH RR EE EE ::   TT HH EE   DD II SS TT RR II BB UU TT II OO NN   SS YY SS TT EE MM

42

S 3



Separate Since the black wires and white wires are usually separated by several inches in
Wires May different cables, knob-and-tube might be better able to dissipate heat than modern 
Be An cable. Modern two-conductor cable has the black wire and white wire less than one-
Advantage quarter of an inch apart inside a plastic sheathing. It is harder for modern cable to

dissipate heat than for knob-and-tube. This is probably only an issue where several
cables are bundled together and there is heavy continuous loading on each cable.

Strategy Nonetheless, you should find out what is accepted practice in your area. In some
jurisdictions, knob-and-tube wiring is only permitted in insulation if the insula-
tion is non-combustible. Find out what your authority thinks is non-combustible.
Some consider fiberglass insulation combustible (it really is at certain tempera-
tures). Insulations made of cellulose, wood shavings, shaved leather, most plastics,
etc., are combustible. Insulations made from vermiculite, gypsum slag and asbestos
are not combustible.

3.3.4 FUSED NEUTRALS

Because knob-and-tube installations are old, they may connect to old panels. Some
of these old panels have fused neutrals, which can be dangerous.

Strategy When you see knob-and-tube wiring and an old ceramic panel, look for fused neutrals.
We discussed these when we talked about problems in panels earlier. If the neutral
wire and hot wire are both fused, only one is likely to blow, shutting off the circuit.
If the neutral fuse blows, the circuit is live through its intire length. This dangerous
for anyone working on the circuit. Recommend replacement of panels with fused
neutrals.
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3.4 ALUMINUM WIRE CONDITIONS

The common problems specific to aluminum wire are –  

1. Connectors not compatible with aluminum
2. No anti-oxidant grease on stranded wires
3. Overheating

There’s a good discussion of aluminum wire in Section 4.5 and 4.5.1 in The Home
Reference Book, Electrical chapter. However, since this seems to be a confusing
issue, we will review the material here.

How To Aluminum wire can be identified by its silver-color, visible where the insulation
Identify has been stripped. Check for this in the service box, panel and any subpanels.
Aluminum Be careful not to get fooled by solder-dipped copper wire, which looks similar at
Wiring first glance, but is usually quite a bit older than aluminum wiring. The bare

equipment grounding conductors will be the same material as the other conductors.
This is a good way to identify aluminum wire.

Read the Another place to determine the wiring type is where you can read the words on the
Sheathing sheathing. Aluminum wiring was typically designated with the word ALUMINUM or

ALUM or AL on the sheathing.

Be careful not to describe wiring as aluminum just because the name on the sheath-
ing is an aluminum company. Some of the aluminum companies used their wire
mills to make copper wire, after aluminum fell out of favor.

Can Be In Aluminum wiring was used from the mid-1960s to the late 1970s. You probably
Old Houses won’t find aluminum on branch circuit wiring in houses built after 1980. However,

you will often find it in old houses. Electrical work performed in old houses from
1965 to 1978 commonly used aluminum wire.

The appropriate fuse or breaker sizes for common aluminum wire sizes are 
outlined below.

ALUMINUM WIRE SIZES AND FUSE SIZES

WIRE SIZE BREAKER OR FUSE SIZE

12 gauge 15 amps

10 gauge 25 amps

8 gauge 30 amps

6 gauge 40 amps

4 gauge 55 amps

You can also refer to the table 2B in Section 1.6 of the Electrical chapter of The Home Reference Book.
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3.4.1 CONNECTORS NOT COMPATIBLE WITH ALUMINUM

Aluminum When aluminum wiring was introduced in the 1960s as a less expensive alternative
Problems to copper, people had already recognized that it didn’t conduct electricity as well as

copper. That problem could be handled by using slightly larger wire to carry the
same amount of electricity. This was a good decision. 

There are some problems specific to aluminum which weren’t recognized for
a few years: 

Aluminum wire – 

1. tends to creep out from under terminal screws
2. forms a rust (oxide) that is an electrical insulator
3. is softer than copper and easier to damage when working with the wire
4. was, in some of the early wire, a low quality material, prone to 

weakness and breaking

Because of these issues, some house fires were attributed to aluminum wiring. By
about 1970, the industry had redesigned many connectors specifically for aluminum.

CUAL These were designated CUAL. They worked well, except on 120-volt branch-circuit
receptacles (outlets). Some of the CUAL receptacles did not solve the overheating 

CO/ALR problems with aluminum wire. A subsequent version known as CO/ALR was
introduced in the early 1970s, and used tin-plated terminals. This version has
worked well.

Switches In some jurisdictions, CUAL is acceptable for switches. Other jurisdictions prefer a
CO/ALR designation on switches. There are also jurisdictions which don’t require
any special connectors for switches because of the infrequency of problems.
Again, learn what’s accepted in your area.
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Cover Plate In some areas, special heat-sensitive screws were marketed for use with aluminum 
Screws receptacles and switches. These would change color to bright red if the temperature

rose. These are not common, but you may see them.

Panel And Check for aluminum-compatible equipment elsewhere. At the panels, you should
Breakers verify the panels and their components are rated for use with aluminum. CUAL

Should Be is an appropriate designation for service equipment, panels, circuit breakers,
CUAL dryer receptacles, stove receptacles, etc.

Aluminum There are special wire nuts (also called solderless connectors or twist-on connec-
Compatible tors) designed for use with aluminum. It may be hard to identify them during a 
Wire Nuts home inspection. If you see aluminum wiring in a home, you won’t be able to 

check every connection anyway and you should be recommending an electrician
check all connections. This would include the wire nuts. The #63 and the #65
Marrette (Marr) wire nuts are designed for aluminum wire. They are dark brown in
color. Others are also designed for use with aluminum - for example, the purple
Ideal 65 wire nuts. There is considerable controversy as to whether these 
aluminum-compatible wire nuts are safe. Check with your local authorities to find
out what’s accepted in your area.

Pigtailing The best approach to aluminum wiring is to use equipment that is compatible with
aluminum. A second choice, allowed in some areas, but discouraged in most, is
pigtailing. The process involves using a piece of copper wire between the alu-
minum wire and the receptacle, for example. Pigtailing has the disadvantage of
making boxes more crowded and adding more connections. 

Copalum The aluminum-to-copper wire connection may be made with a proprietary system
known as Copalum. These are not used at all in some areas. In other areas, they
are quite common. Many consider this the best way to work with aluminum wire.

Split-Bolt Split bolt connectors can be used to join copper and aluminum wires, although 
Connectors these are more common in industrial applications.

Bad In any case, by the time the industry developed these changes to solve the problems 
Reputation with aluminum wiring, aluminum had received such a bad name that most manu-

facturers stopped making it.

3.4.2 NO ANTI-OXIDANT GREASE ON STRANDED WIRES

Still Use Large In many jurisdictions, aluminum wiring can still be used, although as a practical 
Aluminum matter it is not, except for larger appliance wires and service entrance conductors. 
Wires In some jurisdictions, you can only use aluminum wire if it’s stranded. The smaller

12- and 10 gauge solid conductors are no longer allowed.

Anti-Oxidant On the larger stranded wires, it is common practice to use an anti-oxidant grease to
prevent aluminum oxides forming where the aluminum is exposed to the air. You
can often see this during the inspection, and many inspectors will report its absence
as a defect.
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3.4.3 OVERHEATING

The resulting problem with aluminum wiring is overheating. It’s usually the result
of loose connections, slightly corroded connections and/or damaged wires. These
problems occur at the ends of the wires where they are connected to fuse or breaker
terminals, appliances, wire nuts, or equipment such as receptacles or switches.

Receptacles Receptacles are the most common problem area. Receptacles with heat-generating 
Common appliances plugged into them on a regular basis are the most troublesome. This 
Problem Areas includes outlets above kitchen counters, outlets in bathrooms (hair dryers and curl-

ing irons), outlets used for electric heaters and outlets above workbenches or hobby
areas. Many inspectors take the covers off receptacles in these areas and look  for
overheating, although this is beyond the Standards.

Another When you remove the cover plate, you can determine whether the receptacle is 
Reason To CO/ALR. This is indicated on the metal tab on the front of the receptacle, either 
Remove near the top or bottom. The letters are typically stamped into the metal.
Cover Plates

If the receptacle has no special designation, or is designated CUAL (the early ver-
sion that didn’t work), recommend that the receptacle be replaced. From your
sampling, you won’t know whether this applies to all the receptacles in the house.
Recommend that an electrician should check them all.

Light Fixtures One of the other places to check for overheating aluminum wire is the inexpensive,
plastic, overhead circular light fixture with a single bulb hanging down. These
often have a pull chain switch and are commonly found in garages and unfinished
basements. These fixtures can get quite warm as the heat from the burning light
bulb rises into the fixture. These are rarely CUAL fixtures. 
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Pigtailing an aluminum wire onto a short run of copper wire and connecting the
two with a wire nut is one way to improve the situation. This is not acceptable in all
jurisdictions.

3.4.4 GENERAL STRATEGY FOR INSPECTING 
ALUMINUM WIRE

Strategy Make sure you identify aluminum wiring if it is visible. Check for appropriate spe-
cial connectors, or at least pigtailing. Know what approaches are accepted by your
local electric company.

Watch for overheating, particularly at receptacles, but at all connections. Consider 
Remove removing covers from at least some of the kitchen, bathroom and workroom 
Covers receptacles. Look for anti-oxidant grease on stranded large wire connections 

(8 gauge and larger).

Recommend Recommend a detailed inspection by an electrician, unless you’ve evaluated every
Inspections aluminum wire connection. This may include checking the torque on the breakers.

Recommend annual inspections of the wiring to ensure connections do not
become loose.

Replace If there’s only a little aluminum wiring in the house, rather than go through a lot 
Small Amount of work to investigate, correct and maintain it, it is often simpler to replace it

with copper.

Rewiring a whole house with copper is usually not practical or necessary.

3.5 OUTDOOR WIRING CONDITIONS

There are some special problems to watch for on exterior wiring. We have talked
about many of these already, but we will group them here as a convenient reference.

1. Indoor-type wire used outdoors
Note: Garage wiring or wiring in porches does not have to be exterior-type

2. Garage door opener powered with extension cord
Note: Opener must be plugged directly into an outlet

3. Wires within 5 to 7 feet of grade level or garage floor level
Note: Wires should not be exposed to mechanical damage

4. Wires not well secured to walls
5. Wires run across roof surfaces
6. Wires run through gutters or downspouts
7. Overhead wires to outbuildings solid rather than stranded
8. Extension cords power permanent exterior outlets
9. Buried wire not suitable for use underground
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Electrical
M O D U L E

QUICK QUIZ  3
INSTRUCTIONS

• You should finish Study Session 3 before doing this Quiz.

• Write your answers in the spaces provided.

• Check your answers against ours at the end of this Section.

• If you have trouble with the Quiz, re-read the Study Session and try the
Quiz again.

• If you did well, it’s time for Study Session 4.

1. Describe how knob-and-tube wiring is visibly different from 
modern cable.

___________________________________________________________

___________________________________________________________

2. Does knob-and-tube wiring have a ground wire associated with it? 

___________________________________________________________

3. List four common problems with knob-and-tube wiring.

___________________________      ____________________________

___________________________      ____________________________

4. List three common problems found with aluminum wiring.

_________________   ___________________   ___________________
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5. How would you identify aluminum wiring?

___________________________________________________________

6. When was it used?

___________________________________________________________

7.What caused the problems? (list at least three things)

___________________________________________________________

___________________________________________________________

___________________________________________________________

8. What improvements are typically recommended?

___________________________________________________________

9. Where is the anti-oxidant grease typically used?

___________________________________________________________

10. Which aluminum wired receptacles are most likely to overheat?

___________________________________________________________

11. List nine outdoor wiring problems commonly associated with homes.

_________________   ___________________   ___________________

_________________   ___________________   ___________________

_________________   ___________________   ___________________

If you had no problems with this Quiz, you are ready for Study Session 4.
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