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Electrical wiring is an electrical installation of cabling and associated devices such as switches,
distribution boards, sockets, and light fittings in a structure. Wiring is subject to safety
standards for design and installation. Allowable wire and cable types and sizes are specified
according to the circuit operating voltage and electric current capability, with further
restrictions on the environmental conditions, such as ambient temperature range, moisture
levels, and exposure to sunlight and chemicals. Associated circuit protection, control and
distribution devices within a building's wiring system are subject to voltage, current and
functional specification. Wiring safety codes vary by locality, country or region. The
International Electrotechnical Commission IEC is attempting to harmonise wiring standards
amongst member countries, but significant variations in design and installation requirements
still exist. Wiring installation codes and regulations are intended to protect people and property
from electrical shock and fire hazards. They are usually based on a model code with or without
local amendments produced by a national or international standards organisation, such as the
IEC. The standard is mandatory in both New Zealand and Australia; therefore, all electrical work
covered by the standard must comply. Hence national standards follow an identical system of
sections and chapters. However, this standard is not written in such language that it can readily
be adopted as a national wiring code. Neither is it designed for field use by electrical tradesmen
and inspectors for testing compliance with national wiring standards. The first electrical codes
in the United States originated in New York in to regulate installations of electric lighting.
States, counties or cities often include the NEC in their local building codes by reference along
with local differences. The NEC is modified every three years. It is a consensus code
considering suggestions from interested parties. The proposals are studied by committees of
engineers , tradesmen , manufacturer representatives, fire fighters and other invitees. The CSA
also produces the Canadian Electrical Code , the edition of which references IEC Electrical
Installations for Buildings and states that the code addresses the fundamental principles of
electrical protection in Section The Canadian code reprints Chapter 13 of IEC , but there are no
numerical criteria listed in that chapter to assess the adequacy of any electrical installation.
Although the US and Canadian national standards deal with the same physical phenomena and
broadly similar objectives, they differ occasionally in technical detail. The 17th edition issued in
January included new sections for microgeneration and solar photovoltaic systems. The first
edition was published in In , the 18th edition of the wiring regulations BS was released and
came into force in January and BS Amendment 1 was issued February BS is the standard to
which the UK electrical industry adheres, and compliance with BS is now required by law
through the Electricity, Safety, Quality and Continuity Regulations In a typical electrical code ,
some colour-coding of wires is mandatory. Many local rules and exceptions exist per country,
state or region. The NEC also requires the high-leg conductor of a high-leg delta system to have
orange insulation, or to be identified by other suitable means such as tagging. Prior to the
adoption of orange as the suggested colour for the high-leg in the NEC, it was common practice
in some areas to use red for this purpose. The introduction of the NEC clearly states that it is
not intended to be a design manual, and therefore creating a colour code for ungrounded or
"hot" conductors falls outside the scope and purpose of the NEC. However, it is a common
misconception that "hot" conductor colour-coding is required by the Code. In buildings with
multiple voltage systems, the grounded conductors neutrals of both systems are required to be
separately identified and made distinguishable to avoid cross-system connections. In the UK,
phases could be identified as being live by using coloured indicator lights: red, yellow and blue.
The new cable colours of brown, black and grey do not lend themselves to coloured indicators.
For this reason, three-phase control panels will often use indicator lights of the old colours.
Blue can be used for phases inside flexible cables when no neutral is present. Wiring systems
in a single family home or duplex, for example, are simple, with relatively low power
requirements, infrequent changes to the building structure and layout, usually with dry,
moderate temperature and non-corrosive environmental conditions. In a light commercial
environment, more frequent wiring changes can be expected, large apparatus may be installed
and special conditions of heat or moisture may apply. Heavy industries have more demanding
wiring requirements, such as very large currents and higher voltages, frequent changes of
equipment layout, corrosive, or wet or explosive atmospheres. In facilities that handle
flammable gases or liquids, special rules may govern the installation and wiring of electrical
equipment in hazardous areas. Wires and cables are rated by the circuit voltage, temperature
rating and environmental conditions moisture, sunlight, oil, chemicals in which they can be
used. A wire or cable has a voltage to neutral rating and a maximum conductor surface
temperature rating. The amount of current a cable or wire can safely carry depends on the
installation conditions. The international standard wire sizes are given in the IEC standard of the
International Electrotechnical Commission. Modern non-metallic sheathed cables, such as US



and Canadian Types NMB and NMC, consist of two to four wires covered with thermoplastic
insulation, plus a bare wire for grounding bonding , surrounded by a flexible plastic jacket.
Some versions wrap the individual conductors in paper before the plastic jacket is applied.
Special versions of non-metallic sheathed cables, such as US Type UF, are designed for direct
underground burial often with separate mechanical protection or exterior use where exposure
to ultraviolet radiation UV is a possibility. These cables differ in having a moisture-resistant
construction, lacking paper or other absorbent fillers, and being formulated for UV resistance.
Rubber-like synthetic polymer insulation is used in industrial cables and power cables installed
underground because of its superior moisture resistance. Insulated cables are rated by their
allowable operating voltage and their maximum operating temperature at the conductor surface.
A cable may carry multiple usage ratings for applications, for example, one rating for dry
installations and another when exposed to moisture or oil. Generally, single conductor building
wire in small sizes is solid wire, since the wiring is not required to be very flexible. Cables for
industrial, commercial and apartment buildings may contain many insulated conductors in an
overall jacket, with helical tape steel or aluminium armour, or steel wire armour, and perhaps as
well an overall PVC or lead jacket for protection from moisture and physical damage. Cables
intended for very flexible service or in marine applications may be protected by woven bronze
wires. Power or communications cables e. For some industrial uses in steel mills and similar
hot environments, no organic material gives satisfactory service. Cables insulated with
compressed mica flakes are sometimes used. Another form of high-temperature cable is a
mineral insulated cable , with individual conductors placed within a copper tube and the space
filled with magnesium oxide powder. The whole assembly is drawn down to smaller sizes,
thereby compressing the powder. Such cables have a certified fire resistance rating and are
more costly than non-fire rated cable. They have little flexibility and behave more like rigid
conduit rather than flexible cables. The environment of the installed wires determine how much
current a cable is permitted to carry. Because multiple conductors bundled in a cable cannot
dissipate heat as easily as single insulated conductors, those circuits are always rated at a
lower " ampacity ". Tables in electrical safety codes give the maximum allowable current based
on size of conductor, voltage potential, insulation type and thickness, and the temperature
rating of the cable itself. The allowable current will also be different for wet or dry locations, for
hot attic or cool underground locations. In a run of cable through several areas, the part with
the lowest rating becomes the rating of the overall run. Cables usually are secured with special
fittings where they enter electrical apparatus; this may be a simple screw clamp for jacketed
cables in a dry location, or a polymer-gasketed cable connector that mechanically engages the
armour of an armoured cable and provides a water-resistant connection. Special cable fittings
may be applied to prevent explosive gases from flowing in the interior of jacketed cables, where
the cable passes through areas where flammable gases are present. To prevent loosening of the
connections of individual conductors of a cable, cables must be supported near their entrance
to devices and at regular intervals along their runs. In tall buildings, special designs are
required to support the conductors of vertical runs of cable. Generally, only one cable per fitting
is permitted, unless the fitting is rated or listed for multiple cables. Special cable constructions
and termination techniques are required for cables installed in ships. Such assemblies are
subjected to environmental and mechanical extremes. Therefore, in addition to electrical and
fire safety concerns, such cables may also be required to be pressure-resistant where they
penetrate a vessel's bulkheads. They must also resist corrosion caused by salt water or salt
spray , which is accomplished through the use of thicker, specially constructed jackets, and by
tinning the individual wire stands. In North American practice, an overhead cable from a
transformer on a power pole to a residential electrical service usually consists of three twisted
triplexed conductors, with one being a bare neutral conductor, with the other two being the
insulated conductors for both of the two degree out of phase V line voltages normally supplied.
Electrical devices often use copper conductors because of their properties, including their high
electrical conductivity , tensile strength , ductility , creep resistance, corrosion resistance ,
thermal conductivity , coefficient of thermal expansion , solderability , resistance to electrical
overloads , compatibility with electrical insulators and ease of installation. Copper is used in
many types of electrical wiring. Aluminium wire was common in North American residential
wiring from the late s to mids due to the rising cost of copper. Because of its greater resistivity ,
aluminium wiring requires larger conductors than copper. For instance, instead of 14 AWG
American wire gauge copper wire, aluminium wiring would need to be 12 AWG on a typical 15
ampere lighting circuit, though local building codes vary. Solid aluminium conductors were
originally made in the s from a utility grade aluminium alloy that had undesirable properties for
a building wire, and were used with wiring devices intended for copper conductors. In the early
s new aluminium wire made from one of several special alloys was introduced, and all devices



â€” breakers, switches, receptacles, splice connectors , wire nuts , etc. These newer aluminium
wires and special designs address problems with junctions between dissimilar metals,
oxidation on metal surfaces and mechanical effects that occur as different metals expand at
different rates with increases in temperature. Unlike copper, aluminium has a tendency to creep
or cold-flow under pressure, so older plain steel screw clamped connections could become
loose over time. Newer electrical devices designed for aluminium conductors have features
intended to compensate for this effect. Unlike copper, aluminium forms an insulating oxide
layer on the surface. This is sometimes addressed by coating aluminium conductors with an
antioxidant paste containing zinc dust in a low-residue polybutene base [14] at joints, or by
applying a mechanical termination designed to break through the oxide layer during installation.
Some terminations on wiring devices designed only for copper wire would overheat under
heavy current load and cause fires when used with aluminium conductors. While larger sizes
are still used to feed power to electrical panels and large devices, aluminium wiring for
residential use has acquired a poor reputation and has fallen out of favour. Aluminium
conductors are still heavily used for bulk power transmission , power distribution , and large
feeder circuits with heavy current loads, due to the various advantages they offer over copper
wiring. Aluminium conductors both cost and weigh less than copper conductors, so a much
larger cross sectional area can be used for the same weight and price. This can compensate for
the higher resistance and lower mechanical strength of aluminium, meaning the larger cross
sectional area is needed to achieve comparable current capacity and other features. Aluminium
conductors must be installed with compatible connectors and special care must be taken to
ensure the contact surface does not oxidise. Insulated wires may be run in one of several forms
between electrical devices. This may be a specialised bendable pipe, called a conduit , or one of
several varieties of metal rigid steel or aluminium or non-metallic PVC or HDPE tubing. Wires
run underground may be run in plastic tubing encased in concrete, but metal elbows may be
used in severe pulls. Wiring in exposed areas, for example factory floors, may be run in cable
trays or rectangular raceways having lids. Where wiring, or raceways that hold the wiring, must
traverse fire-resistance rated walls and floors, the openings are required by local building codes
to be firestopped. In cases where safety-critical wiring must be kept operational during an
accidental fire, fireproofing must be applied to maintain circuit integrity in a manner to comply
with a product's certification listing. The nature and thickness of any passive fire protection
materials used in conjunction with wiring and raceways has a quantifiable impact upon the
ampacity derating, because the thermal insulation properties needed for fire resistance also
inhibit air cooling of power conductors. Cable trays are used in industrial areas where many
insulated cables are run together. Individual cables can exit the tray at any point, simplifying the
wiring installation and reducing the labour cost for installing new cables. Power cables may
have fittings in the tray to maintain clearance between the conductors, but small control wiring
is often installed without any intentional spacing between cables. Local electrical regulations
may restrict or place special requirements on mixing of voltage levels within one cable tray.
Good design practices may segregate, for example, low level measurement or signal cables
from trays carrying high power branch circuits, to prevent induction of noise into sensitive
circuits. Since wires run in conduits or underground cannot dissipate heat as easily as in open
air, and since adjacent circuits contribute induced currents, wiring regulations give rules to
establish the current capacity ampacity. For very high currents in electrical apparatus, and for
high currents distributed through a building, bus bars can be used. The term "bus" is a
contraction of the Latin omnibus â€” meaning "for all". Each live conductor of such a system is
a rigid piece of copper or aluminium, usually in flat bars but sometimes as tubing or other
shapes. Open bus bars are never used in publicly accessible areas, although they are used in
manufacturing plants and power company switch yards to gain the benefit of air cooling. A
variation is to use heavy cables, especially where it is desirable to transpose or "roll" phases. In
industrial applications, conductor bars are often pre-assembled with insulators in grounded
enclosures. This assembly, known as bus duct or busway, can be used for connections to large
switchgear or for bringing the main power feed into a building. A form of bus duct known as
"plug-in bus" is used to distribute power down the length of a building; it is constructed to
allow tap-off switches or motor controllers to be installed at designated places along the bus.
The big advantage of this scheme is the ability to remove or add a branch circuit without
removing voltage from the whole duct. Bus ducts may have all phase conductors in the same
enclosure non-isolated bus , or may have each conductor separated by a grounded barrier from
the adjacent phases segregated bus. For conducting large currents between devices, a cable
bus is used. For very large currents in generating stations or substations, where it is difficult to
provide circuit protection, an isolated-phase bus is used. Each phase of the circuit is run in a
separate grounded metal enclosure. The only fault possible is a phase-to-ground fault, since the



enclosures are separated. This type of bus can be rated up to 50, amperes and up to hundreds
of kilovolts during normal service, not just for faults , but is not used for building wiring in the
conventional sense. Electrical panels are easily accessible junction boxes used to reroute and
switch electrical services. The term is often used to refer to circuit breaker panels or fuseboxes.
Local codes can specify physical clearance around the panels. Rasberry crazy ants have been
known to consume the insides of electrical wiring installations, preferring DC over AC currents.
This behaviour is not well understood by scientists. Squirrels , rats, and other rodents may
gnaw on unprotected wiring, causing fire and shock hazards. Several techniques have been
developed to deter these pests, including insulation loaded with pepper dust. The first interior
power wiring systems used conductors that were bare or covered with cloth, which were
secured by staples to the framing of the building or on running boards. Where conductors went
through walls, they were protected with cloth tape. Splices were done similarly to telegraph
connections, and soldered for security. Underground conductors were insulated with wrappings
of cloth tape soaked in pitch, and laid in wooden troughs which were then buried. Such wiring
systems were unsatisfactory because of the danger of electrocution and fire, plus the high
labour cost for such installations. The first Electrical codes arose in the s with the commercial
introduction of electrical power; however, many conflicting standards existed for the selection
of wire sizes and other design rules for electrical installations, and a need was seen to
introduce uniformity on the grounds of safety. Since air was free to circulate over the wires,
smaller conductors could be used than required in cables. By arranging wires on opposite sides
of building structural members, some protection was afforded against short-circuits that can be
caused by driving a nail into both conductors simultaneously. By the s, the labor cost of
installing two conductors rather than one cable resulted in a decline in new knob-and-tube
installations. In the United Kingdom, an early form of insulated cable, [18] introduced in ,
consisted of two impregnated-paper-insulated conductors in an overall lead sheath. Joints were
soldered, and special fittings were used for lamp holders and switches. These cables were
similar to underground telegraph and telephone cables of the time. Paper-insulated cables
proved unsuitable for interior wiring installations because very careful workmanship was
required on the lead sheaths to ensure moisture did not affect the insulation. A system later
invented in the UK in employed vulcanised-rubber insulated wire enclosed in a strip metal
sheath. The metal sheath was bonded to each metal wiring device to ensure earthing continuity.
A system developed in Germany called "Kuhlo wire" used one, two, or three rubber-insulated
wires in a brass or lead-coated iron sheet tube, with a crimped seam. The enclosure could also
be used as a return conductor. Kuhlo wire could be run exposed on surfaces and painted, or
embedded in plaster. Special outlet and junction boxes were made for lamps and switches,
made either of porcelain or sheet steel. The crimped seam was not considered as watertight as
the Stannos wire used in England, which had a soldered sheath. A somewhat similar system
called "concentric wiring" was introduced in the United States around In this system, an
insulated electrical wire was wrapped with copper tape which was then soldered, forming the
grounded return conductor of the wiring system. The bare metal sheath, at earth potential, was
considered safe to touch. While companies such as General Electric manufactured fittings for
the system and a few buildings were wired with it, it was never adopted into the US National
Electrical Code. Drawbacks of the system were that special fittings were required, and that any
defect in the connection of the sheath would result in the sheath becoming energised. Armored
cables with two rubber-insulated conductors in a flexible metal sheath were used as early as ,
and were considered at the time a better method than open knob-and-tube wiring, although
much more expensive. These were two or more solid copper electrical wires with rubber
insulation, plus woven cotton cloth over each conductor for protection of the insulation, with an
overall woven jacket, usually impregnated with tar as a protection from moisture. Waxed paper
was used as a filler and separator. Over time, rubber-insulated cables become brittle because of
exposure to atmospheric oxygen, so they must be handled with care and are usually replaced
during renovations. When switches, socket outlets or light fixtures are replaced, the mere act of
tightening connections may cause hardened insulation to flake off the conductors. Rubber
insulation further inside the cable often is in better condition than the insulation exposed at
connections, due to reduced exposure to oxygen. The sulfur in vulcanized rubber insulation
attacked bare copper wire so the conductors were tinned to prevent this. The conductors
reverted to being bare when rubber ceased to be used. About , PVC insulation and jackets were
introduced, especially for residential wiring. About the same time, single conductors with a
thinner PVC insulation and a thin nylon jacket e. The simplest form of cable has two insulated
conductors twisted together to form a unit. Such non-jacketed cables with two or more
conductors are used only for extra-low voltage signal and control applications such as doorbell
wiring. Metal moulding systems, with a flattened oval section consisting of a base strip and a



snap-on cap channel, were more costly than open wiring or wooden moulding, but could be
easily run on wall surfaces. Similar surface mounted raceway wiring systems are still available
today. From Wikipedia, the free encyclopedia. Electrical installation of cabling. For the software
development platform, see Wiring development platform. This article is about building wiring.
For power distribution, see Electric power transmission and Electric power distribution. Main
article: Electrical code. Main article: Electrical wiring in North America. Main article: Electrical
wiring in the United Kingdom. Sleeved at the ends. While any other color is permitted, for single
phase installations the "Line" color is usually Red and the "Switched Line" color is usually
White [c] , recommended for single phase usually used for "Switched Line" , , recommended for
multiphase. Care must be taken when determining the system used in any existing wiring. Main
article: Power cable. Main article: Copper wire and cable. See also: Electrical conduit. Main
articles: Busbar and Bus duct. Main article: Knob-and-tube wiring. National Electrical
Manufacturers Association. Retrieved 4 January Energy Market Authority. Sargen All About
Circuits. Retrieved 23 June Canadian Standards Association. Rules , c. Retrieved 21 February
Wire Journal International : 58â€” Squirrels in the Attic. Retrieved 19 April Living with Wildlife in
Illinois. University of Illinois Board of Trustees. Retrieved 12 March Categories : Electrical wiring
Building codes Electrical engineering Power cables. Hidden categories: Wikipedia articles
needing clarification from March Webarchive template wayback links Articles with short
description Short description is different from Wikidata Use British English from June Use dmy
dates from November All articles with unsourced statements Articles with unsourced
statements from March Articles with unsourced statements from January Wikipedia articles
needing clarification from June Articles with unsourced statements from March Commons
category link is on Wikidata. Namespaces Article Talk. Views Read Edit View history. Help Learn
to edit Community portal Recent changes Upload file. Download as PDF Printable version.
Wikimedia Commons. North American practice United Kingdom practice. AC power plugs and
sockets Cable tray Electrical conduit Mineral-insulated copper-clad cable Multiway switching
Steel wire armoured cable Ring main unit Ring circuit Thermoplastic-sheathed cable. United
States, Canada split-phase V [7]. United States [e]. Canada [8] [e]. Boxes e. Wikimedia
Commons has media related to Electrical wiring. Shiny, reddish copper was the first metal
manipulated by humans, and it remains an important metal in industry today. About
three-quarters of that copper goes to make electrical wires, telecommunication cables and
electronics. Aside from gold, copper is the only metal on the periodic table whose coloring isn't
naturally silver or gray. Most copper occurs in ores and must be smelted, or extracted from its
ore, for purity before it can be used. Humans have been making things from copper for at least
8, years and figured out how to smelt the metal by about B. The next technological leap was
creating copper alloys by adding tin to copper, which created a harder metal than its individual
parts: bronze. The technological development ushered in the Bronze Age, a period covering
approximately to B. C, and isdistinguished by the use of bronze tools and weapons, according
to History. Copper artifacts are sprinkled throughout the historical record. Archaeologists
discovered a tiny awl, or pointed tool, dating to B. The awl represents the oldest metal object
ever found in the Middle East. The copper probably came from the Caucasus region, located in
the mountainous region covering southeastern Russia, Armenia, Azerbaijan, and Georgia more
than miles 1, kilometers away, according to article published in PLOS ONE. About two-thirds of
the copper on Earth is found in igneous volcanic rocks, and about one-quarter occurs in
sedimentary rocks, according to the USGS. The metal is ductile and malleable, and conducts
heat and electricity well â€” reasons why copper is widely used in electronics and wiring. The
resulting copper oxide is a dull green. This oxidation reaction is the reason the copper-plated
Statue of Liberty is green rather than orange-red. Multiple hospitals have experimented with
covering frequently touched surfaces, such as bed rails and call buttons, with copper or copper
alloys in an attempt to slow the spread of hospital-acquired infections. Copper kills microbes by
interfering with the electrical charge of the organisms' cell membranes, said Cassandra
Salgado, a professor of infectious diseases and a hospital epidemiologist at the Medical
University of South Carolina. In , a team of researchers led by Salgado tested surfaces in
intensive-care units ICUs in three hospitals, comparing rooms modified with copper surfaces
attached to six common objects that are subjected to many hands to rooms not modified with
copper. The scientists found that, in the traditional hospital rooms those without copper
surfaces , By comparison, in the copper-modified rooms, only 7. Our study was the first to
demonstrate that there could be a clinical benefit to this. The researchers changed nothing else
about the ICU conditions beyond the copper; doctors and nurses still washed their hands, and
cleaning went on as usual. Salgado and her team have also tested copper lining on
stethoscopes, according to a article published in the American Journal of Infection Control ,
where the researchers found that there were significantly fewer bacteria on copper-coated



stethoscopes and 66 percent of the stethoscopes were entirely free of bacteria. Further
research is continuing to test the idea of copper plating in other medical wards, particularly in
areas where patients are more mobile than in the ICU. There also needs to be a cost-benefit
analysis weighing the expense of copper installation against the savings gained by preventing
costly infections, she said. In fact, copper may help produce futuristic electronic paper,
wearable biosensors and other "soft" electronics, said Wenlong Cheng, a professor of chemical
engineering at Monash University in Australia. Cheng and his colleagues have used copper
nanowires to create an "aerogel monolith," a material that is highly porous, very light and
strong enough to stand up on its own, similar to a dry kitchen sponge. In the past, these aerogel
monoliths have been made from gold or silver, but copper is a more economical option. By
mixing copper nanowires with small amounts of polyvinyl alcohol, the researchers created
aerogel monoliths that could turn into a sort of sliceable, shapable rubber that conducts
electricity. The ultimate result could be a soft-bodied robot, or a medical sensor that melds
perfectly to curved skin, Cheng told Live Science. This is the first cryostat, or device for keeping
things at low temperatures, that is capable of keeping substances so close to absolute zero.
Building the extreme temperature cryostat is just the first step in a new experiment in which the
cryostat will act as a particle detector. Agriculture : Researchers at Cornell University have been
studying the effects of copper deficiencies in crops, especially wheat. Wheat is one of the most
important food staples in the world, and copper deficiencies can lead to both a lower crop yield
and lower crop fertility. The researchers have been studying how plants absorb and process the
copper. Department of Agriculture. Early tests have shown that when copper and other
nutrients are enriched in the soiland then absorbed by the wheat, crop yields increase by as
much as seven times. While the knowledge of copper and other minerals are known to be
beneficial for the health and fertility of crops, the how and why of the fact is not well
understood. Live Science. Please deactivate your ad blocker in order to see our subscription
offer. The new app makes it easier and quicker for plumbers, HVAC technicians and contractors
to obtain information about copper tube, piping and fitting as well as different joining methods
and applications. Since primitive man first discovered copper, the red metal has constantly
served the advancement of civilization. Archeologists probing ancient ruins have discovered
that this enduring metal was a great boon to many peoples. Tools for handicraft and agriculture,
weapons for hunting, and articles for decorative and household uses were wrought from copper
by early civilizations. The craftsmen who built the great pyramid for the Egyptian Pharaoh
Cheops fashioned copper pipe to convey water to the royal bath. A remnant of this pipe was
unearthed some years ago still in usable condition, a testimonial to copper's durability and
resistance to corrosion. Modern technology, recognizing that no material is superior to copper
for conveying water, has reconfirmed it as the prime material for such purposes. Years of
trouble-free service in installations here and abroad have built a new reputation for copper
piping in its modern formâ€”light, strong, corrosion resistant tube. It serves all kinds of
buildings: single-family homes, high-rise apartments and industrial, commercial and office
buildings. Today, copper tube for the plumbing, heating and air-conditioning industries is
available in drawn and annealed tempers referred to in the trades as "hard" and "soft" and in a
wide range of diameters and wall thicknesses. Readily available fittings serve every design
application. Joints are simple, reliable and economical to makeâ€”additional reasons for
selecting copper tube. Today, nearly 5, years after Cheops, copper developments continue as
the industry pioneers broader uses for copper tube in engineered plumbing systems for new
and retrofitted residential, industrial and commercial installations. Access the complete Copper
Tube Handbook: 1. Standard Tubes This section of the Copper Tube Handbook describes the
different types of copper tube, their properties and how to identify them. Selecting the Right
Tube for the Job This section highlights the advantages of copper tube and offers
recommendations for various applications. Design and Installation Data This section provides
design and installation data for a variety of copper tube applications and uses in systems such
as pressure systems, drainage, solar energy, agriculture, etc. Bending Because of its
exceptional formability, copper can be formed as desired at the job site. Copper tube, properly
bent, will not collapse on the outside of the bend and will not buckle on the inside of the bend.
Tests demonstrate that the bursting strength of a bent copper tube can actually be greater than
it was before bending. Fittings, Solders, Fluxes Soldered joints, with capillary fittings, are used
in plumbing for water lines and for sanitary drainage. Brazing is preferred, and often required,
for joints in refrigeration piping. Browse Close Fittings Solders Fluxes 7. Brazing filler metals
are sometimes referred to as "hard solders" or "silver solders. Flared Joints While copper tube
is usually joined by soldering or brazing, there are times when a mechanical joint may be
required or preferred. Flared fittings are an alternative when the use of an open flame is either
not desired or impractical. Roll Groove Joints Grooved-end piping has been familiar to pipe



fitters and sprinkler system contractors for many years. Since , this method of joining pipe has
been used reliably on steel and iron pipe in HVAC, fire protection, process piping and related
applications. Press-connect Joints Press-connect joining of copper and copper alloy tube is
fast, economical, and, most importantly, it requires no heat or open flame unlike soldering or
brazing. Push-connect Joints Like the press-connect joining method, the push-connect joining
of copper and copper alloy tube is fast, economical and, also, requires no heat or open flame.
Mechanically Formed Extruded Outlets Another joining technology that has been used
effectively for many years involves a hand tool designed to quickly pull tee connections and
outlets from the run of the tube, thus reducing the number of tee fittings and soldered or brazed
joints. Technical Data Index of Tables and Figures that represent the supporting technical data.
It is not possible in a handbook of this type to cover all the variables a plumbing system
designer may have to consider. However, in addition to the foregoing discussion, the following
information may also prove helpful when preparing job specifications. Copper tube, like all
piping materials, expands and contracts with temperature changes. Therefore, in a copper tube
system subjected to excessive temperature changes, a long line tends to buckle or bend when it
expands unless compensation is built into the system. Severe stresses on the joints may also
occur. Such stresses, buckles or bends are prevented by the use of expansion joints or by
installing offsets, "U" bends, coil loops or similar arrangements in the tube assembly. These
specially shaped tube segments take up expansion and contraction without excessive stress.
The expansion of a length of copper tube may be calculated from the formula:. Calculation for
expansion and contraction should be based on the average coefficient of expansion of copper
which is 0. Figure The previous example is shown by the dotted line. Table Expansion offset
lengths may be estimated from Table Alternatively, the necessary length of tube in an
expansion loop or offset can be calculated using the formula: where:. Drawn temper tube,
because of its rigidity, is preferred for exposed piping. Unless otherwise stated in plumbing
codes, drawn temper tube requires support for horizontal lines at about 8-foot intervals for sizes
of 1-inch and smaller, and at about foot intervals for larger sizes. Vertical lines are usually
supported at every story or at about foot intervals, but for long lines where there are the usual
provisions for expansion and contraction, anchors may be several stories apart, provided there
are sleeves or similar devices at all intermediate floors to restrain lateral movement, see Figure
3. Annealed temper tube in coils permits long runs without intermediate joints. Vertical lines of
annealed temper tube should be supported at least every 10 feet. Horizontal lines should be
supported at least every 8 feet. Two-inch sizes, because of their greater wall thicknesses,
resisted even more weight before crushing. Plumbing codes and good piping practice require
that all excavations shall be completely backfilled as soon after inspection as practical.
Trenches should first be backfilled with 12 inches of tamped, clean earth which should not
contain stones, cinders or other materials which would damage the tube or cause corrosion.
Equipment such as bulldozers and graders may be used to complete backfilling. Suitable
precautions should be taken to ensure permanent stability for tube laid in fresh ground fill.
Water hammer is the term used to describe the destructive forces, pounding noises and
vibrations which develop in a water system when the flowing liquid is stopped abruptly by a
closing valve. When water hammer occurs, a high-pressure shock wave reverberates within the
piping system until the energy has been spent in frictional losses. The noise of such excessive
pressure surges may be prevented by adding a capped air chamber or surge arresting device to
the system. Arresting devices are available commercially to provide permanent protection
against shock from water hammer. They are designed so the water in the system will not
contact the air cushion in the arrester and, once installed, they require no further maintenance.
On single-fixture branch lines, the arrester should be placed immediately upstream from the
fixture valve. On multiple-fixture branch lines, the preferred location for the arrester is on the
branch line supplying the fixture group between the last two fixture supply pipes. The
constantly increasing use of copper and copper alloy tube in condensers, water heaters and
other heat transfer devices for water, gas and fluid lines, and many other engineering
applications where a pressure differential exists on opposite sides of the tube wall, makes
accurate data necessary regarding collapse pressures. See Figure Annealed temper tube can
withstand the expansion of freezing water several times before bursting. This is a vital safety
factor favoring soft tube for underground water services. However, it does not mean that copper
water tube lines should be subjected to freezing. Copper water tube is corrosion resistant. It is
very infrequent that waters or special conditions are encountered which can be corrosive to
copper tube. When they are encountered, they should be recognized and dealt with accordingly.
This translates into more than 7 million miles of copper tube. The rare problems of corrosion by
aggressive water, possibly aggravated by faulty design or workmanship, should be viewed in
the context of this total record of outstanding service performance. In general, widespread use



of copper plumbing tube in a locality can be taken as good evidence that the water there is not
agressive to copper. Aggressive pitting waters can be identified by chemical analysis and
treated to bring their composition within acceptable limits. Characteristically, they have high
total dissolved solids t. A qualified water treatment professional can specify a treatment for any
aggressive water to make it non-aggressive to plumbing materials. In general, this involves
raising the pH and combining or eliminating the CO 2 gas. Sometimes simple aeration of the
water e. Pitting can also be caused or intensified by faulty workmanship which leaves excessive
amounts of residual aggressive flux inside the tube after installation. If the joints have been
overheated during installation and the excess residual flux has polymerized, the pitting problem
can worsen. Soft acidic waters can cause the annoying problem of green staining of fixtures or
"green water. A typical treatment for an individual well water supply is to have the water flow
through a bed of marble or limestone chips. Excessive water velocity may contribute to
erosion-corrosion or impingement attack in plumbing systems. As explained in the discussion
of pressure system sizing , to avoid erosion-corrosion and noise problems, the water velocity in
a plumbing system should not exceed 5 to 8 feet per second-the lower limit applying to smaller
tube sizes. Velocity effects can be aggravated if the water is chemically aggressive due to pH or
gas content as outlined above, or if solids silt are entrained in the flow. The combination of a
velocity that is otherwise acceptable and a water chemistry that is somewhat aggressive can
sometimes cause trouble that would not result from either factor by itself. Erosion-corrosion
can also be aggravated by faulty workmanship. For example, burrs left at cut tube ends can
upset smooth water flow, cause localized turbulence and high flow velocities, resulting in
erosion-corrosion. Any metal pipe laid in cinders is subject to attack by the acid generated
when sulfur compounds in the cinders combine with water. Under such circumstances, the tube
should be isolated from the cinders with an inert moisture barrier, a wrapping of insulating tape,
a coating of an asphaltum paint, or with some other approved material. With rare exception,
natural soils do not attack copper. Copper drainage tube rarely corrodes, except when misused
or when errors have been made in designing or installing the drainage system. An improper
horizontal slope can create a situation where corrosive solutions could lie in the tube and attack
it. If hydrogen sulfide gas in large volume is allowed to vent back into the house drainage
system, it can attack the tube. Copper tube can withstand the effects of vibration when careful
consideration is given to the system design. Care should be taken when installing systems
subject to vibration to assure that they are free from residual stresses due to bending or
misalignment. Residual stresses coupled with vibration can cause fatigue at bends and
connections where such residual stresses have been built into the system. Under normal
conditions, a correctly designed and properly installed copper water tube assembly will easily
last the life of the building. Throughout its existence, the assembly should function as well as it
did when originally installed. The U. Typically, this is accomplished through the use of pH
adjustment pH 6. All have the limitations of being certified for use in non-corrosive aqueous
environments. Specifically, the pH must not be below 6. Otherwise, resultant copper
concentrations in tap water may exceed the action level established by the EPA. Drinking water
supplies that are less than pH 6. Certified copper tube and fittings must bear the certification
mark and the above use limitation statement. The length of the limitation statement makes it
difficult to place on the tube and fittings themselves. Additionally, current inking technology
results in smearing and low legibility. For these reasons, NSF certification policies allow copper
tube manufacturers to place the limitation statement on a tag attached to bundles of copper
tube or on the boxes of coiled copper tube. On January 4, , the Safe Drinking Water Act as
amended went into effect requiring drinking water products sold or installed for use in public
water systems and plumbing in facilities, to meet a weighted average of not more than 0.
Third-party certification of these products to the new lead-free requirements will be required in
many jurisdictions. Additionally, the states of California, Vermont, Maryland and Louisiana have
already instituted these requirements for products currently in the market. Copper tube and
fittings are certified to the new lead content standards and bear the appropriate certification
marks. This was not a difficult test for copper tube and fittings manufacturers because lead has
never been a component in their products. Expansion Loops Copper tube, like all piping
materials, expands and contracts with temperature changes. Water Hammer Water hammer is
the term used to describe the destructive forces, pounding noises and vibrations which develop
in a water system when the flowing liquid is stopped abruptly by a closing valve. Collapse
Pressure of Copper Tube The constantly increasing use of copper and copper alloy tube in
condensers, water heaters and other heat transfer devices for water, gas and fluid lines, and
many other engineering applications where a pressure differential exists on opposite sides of
the tube wall, makes accurate data necessary regarding collapse pressures. Freezing Annealed
temper tube can withstand the expansion of freezing water several times before bursting.



Corrosion Copper water tube is corrosion resistant. When corrosion problems do occur, they
usually stem from one of the following causes: aggressive, hard well waters that cause pitting;
soft, acidic waters that do not allow a protective film to form inside the copper tube; system
design or installation which results in excessive water flow velocity or turbulence in the tube;
unacceptable workmanship; excessive or aggressive flux; aggressive soil conditions. Vibration
Copper tube can withstand the effects of vibration when careful consideration is given to the
system design. Durability Under normal conditions, a correctly designed and properly installed
copper water tube assembly will easily last the life of the building. Lead Content Compliance On
January 4, , the Safe Drinking Water Act as amended went into effect requiring drinking water
products sold or installed for use in public water systems and plumbing in facilities, to meet a
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