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Abstract

This metric practice guide is based on the International System of Units (SI) as defined in the U.S. Federal Register notice
of July 28, 1998, “Metric System of Measurement: Interpretation of the International System of Units for the United
States.” It includes the base units, derived units, and rules for their use. Also covered are conversion factors and rules for
their use in converting U.S. customary units to SI units.

Recommendations are presented for style and usage in such areas as prefixes, punctuation, number grouping, etc. There
are also suggestions to industry for managing the transition.
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other governmen-
tal bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards
must be approved by the governmental body having statutory jurisdiction before they can become a part of those laws
and regulations. In all cases, these standards carry the full legal authority of the contract or other document that invokes
the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements of an AWS
standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While AWS administers the proc-
ess and establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information pub-
lished herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions is entrusted to appropriately qualified and competent personnel.

This standard may be superseded by new editions. This standard may also be corrected through publication of amend-
ments or errata, or supplemented by publication of addenda. Information on the latest editions of AWS standards includ-
ing amendments, errata, and addenda is posted on the AWS web page (www.aws.org). Users should ensure that they have
the latest edition, amendments, errata, and addenda.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex J). With
regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered. These
opinions are offered solely as a convenience to users of this standard, and they do not constitute professional advice. Such
opinions represent only the personal opinions of the particular individuals giving them. These individuals do not speak
on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of AWS. In addi-
tion, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS A1 Committee on Metric Practice. It must be reviewed every
five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations, additions, or dele-
tions) and any pertinent data that may be of use in improving this standard are requested and should be addressed to AWS
Headquarters. Such comments will receive careful consideration by the AWS A1 Committee on Metric Practice and the
author of the comments will be informed of the Committee’s response to the comments. Guests are invited to attend all
meetings of the AWS A1 Committee on Metric Practice to express their comments verbally. Procedures for appeal of an
adverse decision concerning all such comments are provided in the Rules of Operation of the Technical Activities
Committee. A copy of these Rules can be obtained from the American Welding Society, 8669 NW 36 St, # 130, Miami,
FL 33166.
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Foreword

This foreword is not part of this standard but is included for informational purposes only.

The AWS Metrication Policy states, in part, “The AWS supports a timely transition to the use of SI units.” At the present
time, the U.S. stands alone as the only industrial country that still predominantly uses the inch-pound units of measure-
ment. Since the signing of the Metric Act of 1975 and an initial flurry of transition, the voluntary feature of the Act
allowed the impetus to stagnate. The U.S. industrial and commercial productivity, mathematics and science education,
and the competitiveness of our products and services in world markets would be enhanced by the adoption of the metric
system. Americans have, so far, only made ineffective attempts at public education and awareness of the metric system.

It is of historical interest that in the late 1700s Benjamin Franklin and Thomas Jefferson strongly supported decimal
measurement and decimal currency. They were successful in having the US use a decimal currency but not the decimal
measurement system they also promoted. In fact, in 1790 George Washington in his first annual message to Congress
reminded the legislators “Uniformity in the currency, weights, and measures of the United States is an object of great
importance, and will, I am persuaded, be duly attended to.” The metric system of measurement was part of the reforms
Napoleon enacted and it was spread to all the lands under his control. This coherent method of measurement served to
fuel the scientific progress of the coming decades. The USA, in fact, had a major influence on the measurement leaders
in France, who were developing the decimal metric system to become the legal French measuring system. It should be
noted that, by acts of Congress, the metric system has been legal for use in all commercial and legal dealings in the US
since 1866 and it was declared to be the “preferred system of measurement” in 1988.

Simple conversation is not the answer. The use of two different unit systems was the cause of the loss of the Mars Climate
Orbiter. NASA specified metric units for its design and construction but one subcontractor provided thruster performance
data in pound force seconds instead of newton seconds. The spacecraft was intended to orbit Mars at 150 kilometers
altitude, but incorrect data caused it to descend instead to about 57 kilometers burning the orbiter up in the Martian atmos-
phere. In addition to being a source of errors, simple mathematical conversion creates inconsistencies in allowable toler-
ances. It also causes extra cost when rounding causes tighter tolerances than specified in the original design.

Even the countries that were using metric measurement had to make compromises and changes to have a truly uniform
system, which we now refer to as SI (International Standard.) A recent example was the value of a teaspoon, which was
different in several countries. When dispensing medicine an accurate value is critical. There is now a unified SI value for
this measure. The AWS Metric Practice Committee has tried to remain congruent with these unification changes, as have
other Societies such as IEEE and ASME.

The American Welding Society has made significant progress in including SI units in our standards documents and in our
published Welding Journal. This has helped make them accepted World Wide. This 6™ edition reflects the current “state
of the art” in SI practice for the U.S. welding industry and will assist the welding industry in converting to SI units and
promote their voluntary use.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary, AWS
Committee on Metric Practice, American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
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Metric Practice Guide for the Welding Industry

1. Scope

1.1 This metric practice guide is based on the International System of Units (SI) as defined in the U.S. Federal Register
notice of July 28, 1998, “Metric System of Measurement: Interpretation of the International System of Units for the
United States”. (Other source documents and style guides are referenced in Annex D.) This guide contains specifications
of the SI base units, derived units, prefixes, and rules for their use in AWS documents and by the welding industry. It also
contains factors and rules for converting from U.S. customary units to SI units and recommendations to industry for
managing the transition.

1.2 Safety

1.2.1 Safety and health issues and concerns are beyond the scope of this standard and therefore are not addressed
herein.

1.2.2 Safety and health information is available from the following sources:
American Welding Society:

1. ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes'

2. AWS Safety and Health Fact Sheets

3. Other safety and health information on the AWS website
Material or Equipment Manufacturers:

1. Safety Data Sheets supplied by materials manufacturers

2. Operating Manuals supplied by equipment manufacturers
Applicable Regulatory Agencies

1.2.3 Work performed in accordance with this standard may involve the use of materials that have been deemed
hazardous, and may involve operations or equipment that may cause injury or death. This standard does not purport to
address all safety and health risks that may be encountered. The user of this standard should establish an appropriate
safety program to address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be
considered when developing the safety program.

2. The International System of Units (SI)
A system of units is any collection of related units. SI is the only system that has the properties outlined in 2.1 through 2.3.

2.1 Completeness. Completeness requires that a unit of measurement be defined for every quantity of interest in the
physical sciences and technologies.

! Published by the American Welding Society, 8669 NW 36 Street, Miami, FL 33166; Telephone 800-443-9353; (website: www.aws.org).
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2.2 Coherence. Coherence requires that all derived units in the system be obtained from the base units by the rules of
multiplication and division with no numerical factor other than the number one (1) ever occurring in the expressions for
derived units in terms of the base units. The system of units must also be coherent with its corresponding system of
quantities and equations. A system of units is coherent with respect to a system of quantities and equations if the system
of units is chosen in such a way that the equations between numerical values have exactly the same form (including
numerical factors) as the corresponding equations between quantities.

Quantity Derived Unit Unit Equation
Force (mass times acceleration) newton IN=1kg"  m/s
F=m-a
Energy (force times distance) joule 1J=1N"-m
E=F-1
Power (rate of energy transfer) watt 1W=11J/s
P=E/t
Pressure (force divided by area) pascal 1Pa=1N/m?
p=F/4

2.3 Uniqueness. Uniqueness requires that there be one, and only one, unit defined for each quantity. For example, the SI
units for force (newton), energy (joule), and power (watt) are the same, respectively, whether the process is mechanical,
electrical, or thermal.

2.4 Advantages of the SI. The International System of Units (SI) is the metric system of units in its latest form. SI is the
only system of units which fully satisfies all the above three requirements for completeness, coherence, and uniqueness.
Within SI, a set of base-ten prefixes is defined to form decimal multiples and submultiples of SI units. ST Units and their
base-ten multiples and submultiples are in harmony with our decimal system of arithmetic, facilitating easy numerical
calculations. Awkward manipulations of common fractions such as 1/16, 1/32, and 1/64 are completely unnecessary. All
industrial nations, including the United States by the Omnibus Trade and Competitiveness Act of 1988 (Public Law 100-
418), have chosen the SI as the preferred system of units for all applications in science, engineering, technology,
commerce, and trade.

3. SI Units and Symbols

SI consists of seven base units, derived units, and a set of prefixes for the formation of multiples of the various units.

3.1 SI Base Units. Names of SI base quantities, names of corresponding SI base units, their symbols, and definitions are
given in Table 1.

3.2 SI Derived Units. SI derived units are formed as described in 2.2. Some of them have been given special names and
symbols. Examples are listed in Table 2.

3.3 Prefixes. SI prefixes may be used to indicate multiples of SI units, thus simplifying numeric terms and providing
a convenient substitute for writing powers of ten as generally preferred in computation. For example, 16 800 meters
or 16.8 x 10° meters becomes 16.8 kilometers. See Table 3 for the list of prefixes and 6.1 for examples of their use.
The kilogram is the only SI base or derived unit whose name, for historical reasons, contains a prefix. In this case, the
appropriate prefix is attached to gram.

4. Other Units Used with SI

There are certain units, although not part of SI, which are in widespread use and are acceptable for use with SI. See Table
4 for examples.
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Table 1
Sl Base Units

Base Quantity Unit Name  Unit Symbol Definition

length meter m The meter is the length of the path traveled by light in a vacuum during a time
interval of 1/299 792 458 of a second.

mass kilogram kg The mass equal to the mass of the international prototype of the kilogram.

time second s The duration equal to 9 192 631 770 periods of the radiation corresponding to
the transition between the two hyperfine levels of the ground state of the
cesium-133 atom.

electrical current ampere A That constant current which, if maintained in two straight parallel conductors
of infinite length, of negligible circular cross section, and placed one meter
apart in a vacuum, would produce between these conductors a force equal to
2 x 1077 newton per meter of length.

thermodynamic kelvin K The thermodynamic temperature that is the fraction 1/273.16 of the thermody-

temperature namic temperature of the triple point of water.

luminous intensity candela cd The candela is the luminous intensity, in a given direction, of a source that
emits monochromatic radiation of frequency 540 x 10'? hertz and that has a
radiant intensity in that direction of 1/683 watt per steradian.

amount of substance mole mol The amount of substance of a system that contains as many elementary entities

as there are atoms in 0.012 kilograms of carbon-12. Note: when the mole is
used, the elementary entities must be specified and may be atoms, molecules,
ions, electrons, other particles, or specified groups of such particles.

Table 2

Examples of S| Derived Units

Derived Quantity Unit Name Unit Symbol Expression in Expression in terms of
terms of other SI base units
SI units
acceleration meter per second squared m s>
amount-of-substance mole per cubic meter mol m™
concentration (concentration)
angular acceleration radian per second squared rad/s? mm! s?=g7?
angular velocity radian per second rad/s mm's!=¢"
area square meter m?
capacitance farad F (AY kg ' m?2s*A?
Celsius temperature degree Celsius °C K
current density ampere per square meter Am?
dynamic viscosity pascal second Pa‘s kgm s
electric charge density coulomb per cubic meter C/m? Asm3
electric charge, quantity of coulomb C As
electricity
electric conductance siemens S ANV kg'm2s3A?
electric field strength volt per meter V/m kgms3 A
electric flux density coulomb per square meter C/m? Asm?
electric potential difference, volt \Y% W/A kg m?s>A~!
electromotive force
electric resistance ohm Q V/A kg m? s A2
energy density joule per cubic meter J/m?3 kg m s
energy, work, quantity of heat joule J N'm kg m? s
exposure (x and v rays) coulomb per kilogram Clkg Askg!
force newton N kg m s?
frequency hertz Hz s
(Continued)
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Table 2 (Continued)

Examples of S| Derived Units

Derived Quantity Unit Name Unit Symbol Expression in Expression in terms of
terms of other SI base units
ST units
heat capacity, entropy joule per kelvin J/K kgm?s 2 K!
heat flux density, irradiance watt per square meter W/m? kg s
illuminance lux Ix Im/m? cd srm>
inductance henry H Wb/A kg m’s2A2
luminance candela per square meter cd m?
luminous flux lumen Im cd-sr cd sr
magnetic field strength ampere per meter Am’!
magnetic flux weber Wb Vs kgm?s? A
magnetic flux density tesla T Wb/m? kgs? Al
mass density (density) kilogram per cubic meter kg m3
mass fraction kilogram per kilogram, which kgkg!=
may be represented by the
number 1
molar energy joule per mole J/mol kg m? s mol™
molar entropy, molar heat joule per mole kelvin J/(mol-K) kg m? s2 mol! K-!
capacity
moment of force newton meter N'm kg m?s2
permeability henry per meter H/m kgm s?A=
permittivity farad per meter F/m kg ' m3 s* A?
plane angle radian rad m/m
power, radiant flux watt W /s kg m?s
pressure, stress pascal Pa N/m? kg ms?
solid angle steradian sr m?/ m?
specific energy joule per kilogram J/kg m? s
specific heat capacity, specific joule per kilogram kelvin J/(kg-K) m?s2 K1
entropy
specific volume cubic meter per kilogram m’kg!
speed, velocity meter per second ms™!
surface tension newton per meter N/m kg s
thermal conductivity watt per meter kelvin W/(m-K) kg m s K™!
volume cubic meter m?3
wave number reciprocal meter m!
Table 3
Sl Prefixes

Factor Name Symbol Factor Name Symbol

1024 yotta Y 107! deci d

10%! zetta V4 102 centi c

108 exa E 1073 milli m

10" peta P 10 micro w

102 tera T 107 nano n

10° giga G 10712 pico P

100 mega M 10715 femto f

103 kilo k 10713 atto a

10? hecto h 102! zepto z

10! deka da 107 yocto y
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Table 4
Other Units Which May be Used
with S| Units
Units Symbol Value
minute min 1 min=60s
hour h 1 h =60 min = 3600 s
day d 1 d=24 h=1440 min = 86 400 s
degree (angular) ° 1°=(n/180) rad = 0.0175 rad
liter L 1L=0.001 m*=1dm}
metric ton t 1t=1000 kg

S. Units Pertaining to Welding

Table 5 lists the recommended ST multiples to be used in welding nomenclature. The selection of these terms was based
on use of (1) ST units where practicable, (2) numbers of reasonable size, and (3) accepted units currently in use.

Filler metal and fillet sizes are tabulated in Tables 6 and 7. SI values are approximate equivalents for conversion on draw-
ings, specifications, and so forth. These values are for conversion only and are not intended for new designs where a more
rational series for sizing, such as shown in the Rational Series column of Table 7, may be used.

6. Style and Usage
6.1 Application and Usage of Prefixes

6.1.1 Prefixes may be used with SI units to indicate multiples. Prefixes provide convenient substitutes for using
powers of ten and they eliminate nonsignificant digits.

Preferred Acceptable
12.3 km 12300 m, 12.3 x 10° m

6.1.2 Prefixes in steps of 1000 are recommended. It is generally desirable to avoid the prefixes hecto, deka, deci, and
centi in technical writing for the welding industry, with the exception of the widely used centimeter (cm).

Preferred Nonpreferred
mm, m, km hm, dam, dm

6.1.3 It is generally desirable that the prefix chosen place the numerical value between 0.1 and 1000. For special
situations, such as tabular presentations, however, this recommendation may be inappropriate.

6.1.4 Multiple and hyphenated prefixes shall not be used.

Correct Incorrect
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pF, Gg, GW

puF, Mkg, kMW, G-W
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