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FOREWORD 

It is the policy of AASHTO to produce publications using dual units. The International System of 
Units (SI) shall be used, followed by the soft U.S. Customary Units equivalent italicized or in 
parentheses. 
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IEEE Standards documents are developed within the IFEE Societies and the Standards Coordinating ConnmaeU; of the 
IEEE Standards Associaiion (IEEESA) Siandards Board. The IEEE develops its standards through a COILS- 

developnientprocecs. approved by the American NatianaI Standards Institute, which brings together volunteers representing 
varicd Mewpoints and interests to achieve the fmal product. Volunteas are not neassady members of the Institote and 
serve without compensation. While the IEEG: administers the process and establishes d e s  to promote fairness in the 
consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the 
information contained in its standards. 

Use of an IEEE Standard is wholly voluntary. The IEEE discíaîms liability for any personal injury, pmperíy or other 
dmage.of any nature whatsoever, whether special, indirect. consequential, or compensatory. directly or indirectly resulting 
from the publication, use of, or reliance upon this, or any other IEEE Standard document. 

The IEEE does not warrant or represent the accuracy or mntent of the materid contained herein, and expressly disclaims 
any express or implied warranty, including any implied warranty of merchantabdity ar fitness far a specicc purpose. 01 that 
the use of the mat& contained herein is free from patent infringement. IEEE Stsndards documents are supplied "AS IS." 

The &sience of an JEEE Standard does not imply that there are no other ways to produce, tcst, measure, purchasqmarket. 
or provide other goods and senices related to the smpe of the IEEE Standard. Furthennore, the viewpoint wrprcssed at the 
time a standard is appmved and issued is subject to change brought about through developments in the state of the aTt and 
comments received fmrn users of the standard. Every IEEE Standard is subjected to review at least every five years for 
revision or reaffirmation. When 3 document is more than tive pars old and har not been reaffirmed, it is rcasonabíe to 
conclude that its contents. although siil1 of some value, do not wholly reûect the present state of the art. Users are cautioned 
to check to determine that they have the latest edition of any IEEE Standard. 

ln publishing and mriking this document avaiiahk, the TI!! is not suggesting or raidering professional or other cervices 
for. or on behaif of, any pen;on or entity. Nor is the EEiE undertaking to perform any duty owed by my other persan or 
entity to another. Any person utilizing this, and any other IEEE Standards document. should rely upon the advice of a 
cornpetait professional in determinihg the exercise of reasonable care in any given circumstances. 

ïnttrpretations: Occasionally questions may mise regarding the meaning of portions of standards a they relate io specific 
applioitions.When theneedforinkrpretationsis brought totheatlentionufIEEE,theInstitnte, willinitiateactiontoprep 
appropriate responses. Since IEEE Standards represent a umsenssus of amxned interests, it is important to ensure that any 
interpretation has also receiwd the mncurrence of a balance of interests. For this reason, JEFE and the members of its 
societies and Standanis Coordinating C d t t e e s  are not able to provide an instant response to interpretation requests 
w x p t  in those cases whar. the matter has previously recuved formai considention. 

Comments for revision of E E E  Standards are welcome from any interested party, regardless of membership aftiliation with 
TEEE. Suggestions fur changes in documents shouId be in the fmn of a proposed change of text, together with appropriate 
supporting commenîs. comments on standads and requests for interpretations should be addressed to: 

SccreW,IEEESA Standards Board 
445 Hoes Lane 
P.O.BOX 1331 
Piscataway. NJ 08855-1331 
USA 

Note: Attention is d i e d  to the possibiIity that implaentation of this standard may require use of subject 
matler covered by patent rights. By publication of this siandard, no position is îaken with respect to the 
existence or validity uf any patent rights in connection therewith. n i e  IEEE shali not be responsible for 
identiijhg patents for which a license may be required by an IEEE standard or for conducting inquiries into the 
legal validity or scope. of those patents that are bmught to its attention. 

Authorization to phototocopy portions of any individual standard for intemal or personal use is granted by the Institute of 
Electrical and Elecmmics Engineers, Inc., provided that the appropriate fee is psid to Copyright Clearance Center. To 
arrange for payment of licensing fee, please contact Copyright Clearance Centm. Customer Service, 222 Rosewood Drive., 
Danxrs, MA 01913 USA; +1Y8 750 MOO. Permission to photocopy portions of any individual standard for e - 4  
classroom use can also be obtained through the Copyright Clearance Center. 
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AST35 Intenialional is a global forum for the development of consensus standards. Por over a century, 
industries around the world have turned to ASTM International for the development of voluntary consensus 
standards. Known for their high technical quality and market relevance, these standards are an important part 
of the infomtion infrastructure that guides design, manufacturing, and trade in the global economy. 

Organized in 1898, AS"¡ International is one of the largest voluntary standards developmg organizations 
in the world. ASTM provides the forum for the development and publication of voluntary consensus 
stantiards for materials, products, systems, and services. ASTM's members, representing producers, users, 
consumers, government, and academia from ova 100 couniries, develop technical documents that are the 
basis for manufacturing, management, procurement, codes, and regulations. 

AS'Ihl members belong to one or more committees, each of which covers a subject area such as steel, 
petroleum, medical devices, property management, consumer products, and many more. It is these 
committees that develop the more than 11 O00 ASTM standards that can be found on ASTM's website: 
wwwastm.orp and in the 77-volume Annual Book of ASTM Standards (avaailable in print and on CD Rom). 

For more information on this standard and other ASTM publications, contact 

ASTM International 
100 Barr Harbor Drive 
P.O. Box C700 
West Conshohocken, PA 19428-2959 
GSA 
Phone: + I 610 832-9500 

e-muil: service@asun.org 
web: wwwastm.org 

Fax: + 1 610 832-9555 
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Introduction 

[This introduction is not a normative pan of IEEE/ASThf SI 1@20M,Amencan National Standaid for Use of the Inter- 
~ t i o ~ l  System of Units (SI): The Modem Metnc Sysímn. It is provided for informatiun oniy.] 

This document, which supersedes EPJ3’ASTM SI 10-1997, is the primary American National Standard for 
use of the Intemational System of Units (SI). The first version of this standard was published by IEFX and 
ASTM in 1976. The sponsoring societies welcome commenrs and suggestions from interested individuals 
and organizations. 

In 1988 the Metric Conversion Act was amended to designate ‘‘the metric system of measurement as the 
preferred system of weights and measures for United States trade and commerce.” With the increasing 
importance of the global marketplace, it has become imperative for US. industry to extend its use of SI and 
for US. citizens to gain a working knowledge of this modem metric system. This standard is intended to 
give authoritative information on SI and appropriate guidance concerning its application. 

SI is defined in the document Le Sysième Intermtional d‘Unités, published in French, with an English 
translation, by îlie hiternational Bureau of Wcights and Measures (STPM). The BEM was set up by the 
Convention du Metre, signed in  1875 (see Annex D). LÆ Sysstènze Internurwnul d’unités, known informally 
as the “RIPM SI brochure,” b revised from time to time in accordance with the &cisions of the General 
Canfexence on Weights and Measures (CGPM) and other inteknatioiial organizations. A US.  version is 
published by NIST [B26). 

EEWASTM SI 10-2002 is consistent with the SI brochure in ali matters that concern the SI itself, except 
that it presents the degree Celsius as  simply another name for the kelvin that is used to express Celsius 
temperature, while the BIPM SI Brochure lists the degree Celsius as an SI derived unit. Of more practical 
importance is the difference in approach to non-SI units. IEEYASTM SI 10 and its predecessors have 
traditionally been more restrictive in their recommendations concerning the use of non-SI units. The SI 
Brocliure, for example, lists the angström as a unit that is “currently accepted for use with the International 
System,” and lists the cgs units and many others as units whose use “is not encouraged.” IIiEWASTM SI 10, 
intended for the United States and developed under the consensus standardization process, makes the 
significantly stronger recommendation that these units are “not to be used.” 

This standard was developed by the IEEE/ASTM Committee for Maintaining IEEEIASTM SI 10. a joint 
committee established by the sponsoring organizations. The proposed standard generated by this joint 
committee was then formally adopted by IEEE md ASTM before transmission to the American Nationai 
Standards Institute for approval as an American National Standard. At the time of the approval of this 
revision the joint committee had the following membership. Nan-voting members at the time of publication 
are marked with an asterisk (*): 

Robert H. Bushel1 
Anthony l? French 
James Frysinger* 
Uri Gat 

Oliver K. Lewis, Chair 

Rruce B. R a r m ,  Secretmy 

John T. Scott, Editor 

Stan Jakctba* 
Joseph G. Langenstein 
Robert Parsons 

Ralph M. Showers 
Barry N. Taylor* 
Nancy Trat& 
Theodore M. Wildi 
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American National Standard for 
Use of the International System of Units 
(SI): The Modern Metric System 

1. Overview 

The International System of Units is the form of the metric system that is generally in use around the world. 
This document gives guidance for the use of this system. It is the primary American National Standard for 
conformity to the Intemational System of Units (or the SI, as it is abbreviated from its name in French, Le 
S3stème International d’Uniíés). 

Any measurable quantity can be represented m this system with the aid of just seven “base” units, used 
directly for the quantities length, mais, t im,  electric current, temperature, amount of substance, and 
luminous intensiv, or by combinations (called “derived” UNS) of these seven. For example, the unit of 
speed can be expressed by the unit of length divided by the unit of cime. The SI is a complete and coherent 
system. 

This standard shows first the two classes of units (base and derived) that make up the SI, togcthex with the 
symbols by which they are known. Prefixes that allow the formation of decimal multiples and submultiples 
are explained. Then come notes on the proper use of the SI units and symbols in many applications. 

In the first Annex are lis% of many units from nonSI systems with the appropriate ST units that should be 
substituted and numerical conversion fiicíors. Other annexes include rules for conversion and rounding, u 
discussion of the advantages of SI units with definitions where appropriate, a history of the development of 
the system, and a bibliography of source documents. 

2. SI units and symbols 

2.1 Classes of units 

2.1.1 Base units 

SI is built upon the seven well-defincd base quantities of Table 1, which by convention are regarded as 
independent, and upon the seven base units for these quantities. The definitions of the base units are given in 
C 3. Note that in Table 1 and throughout this document the word “quantity” means a measurable attribute of 
a phenomenon or of matter. 
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IEEWASTM 
CI 10-2002 

mass i kilogram 

time second 

American National Standard for U s e  of the 

kg 

S 

Table 1 -SI base units 

amount of substance i mole 

luxninous intensity j candela 

mol 

cd 

I I thermodynamictemperature keivin I K I 

wave number 

denshy, mass density 

reciprocal meter m-' 

kilogram per cubic meter kg/m3 

2.1.2 Derived units 

Derived units are formed by combining base units according to the algebraic relations linking the 
corresponding quantities. The symbols for derived units are obtained by imans of the inaîiiematical signs for 
multiplication, division, and use of exponents. Table 2 gives examples of derived units and shows how they 
are formed from base units. 

Table 2-Examples of SI derived units expressed in terms of base units 

SI derived unit 
Derived quantitg 

Synbol 

square meter 

mlume cubic meter 

1 speed, veiocity I meter per second I mk 

I acceieration I meterper secondsquared I m/s2 

specific votume 1 cubicmeterperkilogram I m3kg 

cutrent density I amperepersquaremeter I A / ~ Z  

magnetic field strcngth I ampere per meter I h  
I concentration (of amount of substance) 1 mole per cubic meter I m01/m3 

For convenience, certain derived units have been given special names and syrnbols. Those that are approved 
by the Generai Conference on Weights and Measures (abbreviated CGPM from its name in French; see 
Annex D), and are therefore formally part of ihe SI, are listed in Table 3. Definitions are provided in C.4. 
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International System of Units (SI):The Modern Metric System IEEVASTM 
SI 10-2002 

Table 3-51 derived units with special names and symbols 

SI derived unit 

Expressed 
in terms of 
other SI 

units 

Derived quantity 
Expreïsed in terms of SI 

base units Symbol 

I 

angle, plane I radian rad 

angle: solid I steradian 
I frequency (of a periodic phenomenon) i hem Hz s -1 

form j newton N m . kr! . s-' 
pressure, stress I pascal Pa 

energy, work, quantity of heat j jouie 

power, radiant flux j watt 

electric charge, quantity of electricity 1 coulomb 

electromotive force 1 

electric potential difference, 1 volt 

J 

W 

C 

WiA v 

capacitance 1 farad F CN 

electric mistance [ ohm 

r- weber 
electric conductance I siemens 

magnetic flux 
~ ............ * 

magetic flux density 1 tesla 

ViA 

AN S 

wb v.s 

Whim'; 
N/(A . m) 

T 

inmictance I hens> H WbiA 
l 

lumuious flux i lumen Im mz.m-2. cd= cd cd . sr 

laim' illuminance i lux Ix 
s-l 

m2. s-2 

activity (referred to a radionuclide) , becquerel 

imparted, kerma 
absorbed dose, specific energy gray GY 

dose equivalent, ' sieve* 
ambient dose equivalent, directional j 
dose equivalmt, personal dose 
equivaíent, organ quivalent ciose ~ 

sv Jh ,2 . s-2 

~ 

catalytic activiry j katal kat mot. s-' 

It is sometimes convenient to express derived units in terms of other derived units with special names. Some 
examples appear in Table 3, and additional examples are given in Table 4. Note that while the expression of 
a derived unit in terms of the SI base units is unique, there are frequently alternative ways to express a 
derived unit using other derived units. 
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IEEVASTM 
CI 10-2002 

absorbed dase rate 

angular acceleration 

angular velocity 

American National Standard for Use of the 

3 

gray per second G y / s  I 3. s-3 
radian per second squared 

radian per second radis i m .  m-1. s-' = s-1 

rad/s2 I m .  m-' . s -2- - s  -2 

Table 4-Examples of Si derived units whose names include 
SI derived units with special names 

exposure 
(x and gamma rays) 

heat cdpacity 

SI derived imit 

i 

coulomb per kifogmm CYkg kg-'.s.A 

joule per kelvin JK m' . kg. s - ~ .  K-' 

Derived quantity S.mbo, 1 Expressedintemsof 
SI bese units Name 

heat flux density, 
irradiance 

molar energy 

molar eniropy, 
molar heat ~a~ric ih i '  

watt per square meter W/m2 i kg-s-? 
Í 

joute per mote Jhol I m'. kg . s - ~  . mol-' 

joule per mote kelvin J;(mol. K) m2. kg . s-2. K-' . mol-' 

elecüic flux density I coulomb per square meter I Cm' i m-' I s .  A 

permeability (magnetic) 

permiítivity 

power density 

radianct: 

radiant intensity 

specific heat capacity 

specific energy 

specific entropy 

surface tension 

surface tension 

themial conductivity 

viscosity, dynamic 

viscosity, kinematic 

energy density 1 joule per cubic meter 

henry per maer Him m. kg. s-'. A-' 

farad per meter F/m I m-3 . kg-1 . sc . A-2 

Watt per square meter Win? i kg. s - ~  

wait per square meter st~radiari W/(mz ~ sr) 1 kg. 

watt per steradian W/sr 1 m2. kg.  s-3 

joute per kilogram kelvin J/(l;g. K) I m2. s-2. K-1 

joule per kilogram  kg . m2. s-2 

joule per kilogram kelvin J/(kp. K) , m2. s-2 . K-' 
newton per meter N/m I  kg.^-^ 

joule per square meter J/m' 1  kg*^-^ 

watt pcr meter kelvin 

~ + ~ 

Wl(m.K)  i r n . k g . ~ - ~ ~ K " '  

pascal second Pa .  s i m-l. k g .  s-' 

square meter per second m2/S i m2. s-1 

moment of force I newtonmeter 1 N . m  ! m'.kg..s" 
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International System of Units (SI):The Modern Metric System IEEEIASTM 
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2.1.3 Coherence 

The SI base units and SI derived units form a coherent set, the set of coherent SI units. where "coherent" is 
used m the specialist sense of a system whose units are mutually related by mies of multiplication and 
division with no numerical factor other than 1. 

2.2 SI prefixes 

The prefi?ccs listed in Table 5 are used to form decimal multiples and submultiples of the Si base and derived 
units. The term SI units includes the SI base units, the SI derived units, and aii units fomed from them using 
the SI prefixes. 

2.2.1 Unit of mass 

Among the base and derived units of SI, the unit of mass (kilogram) is the only one whose MIXE, for 
historical reasons, contains a prefix. Kames or symbols of decimal multiples and submultiples of the unit of 
mass are formed by actaching prefixes to the word gram or prefix symbols to the symbol g. 

Table 5-Si prefixes 
~ 

Multiplication factor Name Symbol 

10% yotm Y 

* i  2 
i 

102' 

10'8 exa I E 

106 

kilo k 

hecto b 
! io3 = to00 

-....._.-.._...__I__ ~ _ _ I  t io* = 100 

10-1 =0.1 

10-2 = o O1 C 

femto 

i 
10-18 atto ! a 

zepto 2 

lo-= yocto : Y 
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American Nationai Standard for Use of lhe 

3. Use of the Si 

3.1 General 

SI is the form of the metric system that shall be used for all applications. It is important that this modem 
form of the metric system be thoroughly understood and properly applicd. ïhe remainder of this standard 
gives guidance concemiitg the. use of the syskm, includmg the limited numher of cases in which units 
outside SI are appropriately used, and makes recommendations concerning usage and style. 

3.2 Application of SI prefixes 

3.2.1 General 

ín gcneral, use the SI prefixes (see 2.2) to indicate orders of magnitude. Tlius, one can eliminate 
nonsignificant digits (for example, 12 300 m becomes 12.3 km) and leading zeros in decimai dractions (for 
example, 0Xx)l 23 pm becomes 1.23 nm). SI prefixes provide a convenient alternative to the powers-of-ten 
notation (for example, 1 2 3  X lo3 m becomes 12.3 km). Never use a prefix alone. 

3.2.2 Selection 

When expressing a quantity by a numerical value and a unit, give preference to a prefix that yields a 
numerical value between 0.1 and 1Mx). For simplicity, give preference to prefixes representing loo0 raised 
to a positive or negative integral power. However, the following fadors may justify deviation from these 
prefixes: 

a) 

b) 

c) 

h expmsing area and volume, the prefixes hecto, deka, deci, and centi may be required; for 
example, cubic decimeter, square hectometer, cubic centimeter. 
in tables of values of the same quantity, or in a discussion of such values within a given context, it is 
preferable to use the same unit multiple or submultiple throughout. 
For certain qu'antities in p'Uticular applications, one particular multiple or submultiple is often used. 
For example, the millieter is used for linear dimensions in engineering drawings even when the 
values lie far outside the range of 0.1 mm to loo0 mm; the centimeter is usually used for body 
measurements and clothing sizes. 

3.2.3 Compound prefixes 

Do not use prefixes formed by the jWrtapositioii of two or mo= SI prefixes. For example, use 

1.3 nm, not 1.3 mpm 

2.4 pF, not 2 A M.@ 

3.2.4 Powers of units 

An exponent attached to a unit symbol containing a prefix indicates that the multiple or submultiple of the 
unit {the unit with its prefix) is raised to the power expressed by the exponent. 
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International System of Units (SI):The Modem Metric System 

a1mUttity 

time 

IEEEIASTM 
SI 10-2002 

unit Symbol Value in SI units 

JXliUUtr, min mui=60s 

hour h h = 60 min = 3600 s 

Euunples: 

i em3 = (10-2 m13 = lod m3 

2.5 ns-' = 2310-9 S) = 2.5 x io9 s-' 

7 mn2/s = tn)2/s = 7 x iod k2/s 

3.2.5 Prefwes defined as powers of two 

In the computer field the SI prefixes kilo, mega, iga, etc. have sometimes beeti defined as powers of two. 
%at is,kiìo has been used to mean 1024 (i.e., 2 ), mega has been used to mean 1 048 576 (i.e., '29, etc. 
The SI prefixes shall not be used as prefixes for binary multiples.' 

1% 

3.3 Other units 

3.3.1 Units from other systems 

To preserve the advantages of SI, minimize the use of non-SI units. Such use should be limited to units listed 
in Table 6 and Table 7. 

Table &Units in use with SI 

1" = (1160)' = (X i648 O001 rad seconda 

revolution, turn 

ha = I tin? = 10' in' 

volume iiterb L 1 dm3 = 10-3 In3 

mass mettic ion t = 1 Mg = 1O'kg 
~ ~~ 

'Decimal degrees should be used for division of deysees, except for fields such as astronomy and 

'See. 3 3.2 4. 
cartography. 

'Thelotematiooal Elechotechnical Commission (IEC) has adopted prefixes fox binatymukiples in international Standad IEC 60027-2, 
Second edition, 2000-1 I,  Znt?er symbols to be wed in etenrical technob Pan 2: Teleconununicariont and ekmonics .  niC cames 

1%; a d  cnbi,Ei.Thw.forexamplc, onekibibytc woddbewitten 
1 KLB = 2"B = 1024 B. 
Aithongh these prefixes are not part of 'h SI, they should De used in t%e field of information techlogy when d e d  tn avoid the 

aF.aryiibolsfortheprefcrescorresponding to210,2w, 230,2jo,2so,aud 2 @- a r e , r e ~ ~ l y : k i b i . K i , m e b i . M i ;  gibí, Gi; tebi,Ti;pebi, 

incorrect wage of SI prehxes. 
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Table 7-Units whose values are obtained experimentally 

Qiiautity Unit Symbol I Vaiue in SI units’ 

e l ~ s o l t b  eV eV = 1 602 176 4 x 6 3 )  X lO-”J 

mass 

3.3.2 Units in use with SI 

I 

unifid atomic mass wit” u u = 1.660 538 73(13) x lo-” kg 

Compliance rvith this standard includes the use, as needed and convenient, of certain non-SI units listed in 
Table 6 andTable 7, as well as all the SI units, including the multiples and submultiples. 

3.3.2.1 Time 

The SI unit of time is the second (s), which should be used in technical calculations. However, where time 
relates to life customs or calendar cycles, the minute, hour, day, and other calendar units may be used. For 
example, vehicle speed is often expressed in the unit Mometer per hour (kmh). 

3.3.2.2 Plane angle 

The SI unit of piane angle is the number 1 ,  which is also called by its special name radian (rad). Use of the 
degree and its decimal submultiples is permissible when the radian k not a convenient unit. Do not use the 
minute and second except for special fields such as astronomy and cartography. 

3.3.2.3 Area 

The SI unit of area is the square meter (m2). The hectare (ha) is a special name for the square hectometer 
(3.m’). Large land or water areas are generally expressed in hectares or in square kilometers (km*). Because 
hmtare, for historical reasons, already involves 311 SI p ~ f i x ,  additional SI prefix= may not be used with this 
unit. 

3.3.2.4 Volume 

The SI unit of volume is the cubic meter {m3). Use this unit, or a multiple or submultiple of it, such as cubic 
kilometer (km‘), cubic centimeter (cm’), etc. The liter is a special name for the cubic decimeter (h3>. SI 
prefixes are often used with liter for convenience. 

In 1979, the CGPM approsed the letters 1 and L as alternative symbols for the liter. Because the ictter symbol 
i can easily be confused with the numeral 1, the symbol L is recommended for use in the U.S. The script 
“eil“ (0 shall not be used as a syinhol for liter. See C.2 for information conceming the history of this unit. 

3.32.5 Mass 

The SI unit of mass is the kilogram (kg). This unit, or a multiple or submultiple forined by attaching an SI 
prefix w gram (g), is preferred in all applications. 
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The name ‘iton” has been given to several large mass units that are widely used in commerce and 
technology: the long ton of 2240 lb, the short ton of 2000 Ib, and the metric ton of 1000 kg or 1 Mg, which is 
almost 2’205 Ib. “Tonne” is a name for metric ton that is used in many countries. Only the megagram is SI. 

3.3.2.6 Units whose values are obtained experimentally 

Table 7 lists two non-SI units that are also accepted for use with SI, whose values expressed in SI units must 
be obtained by experiment and an: therefore not known exactly. These units are in common use in certain 
specialized fields. 

3.3.3 Units and names that are not to be used 

Table 8 lists units and names rhat ace not to be used and gives S3 equivalents that should be used in their 
place. These are examples of seveml metric and related units other than those of SI that have been defined 
over the years. Some are used only in special fields, others have found broad application outside the U S .  Do 
not use units that are not part of SI (or non-SI names for multiples or submultiples of SI units, such as 
micron for micrometer). Some units that are not to be used are discussed m more detail in 3.3.3.1 and 
3.3.3.2. Note that these subsections and Table 8 are not complete but only indicate prominent examples. 

3.3.3.1 Pressure and stress 

The SI unit of pressure and stre.ss is the pascal {newton per square meter), and with appropriate SI prefixes it 
should be used in all applications (see also 3.4.7). Do not use old metnc units for pressure and stress such as 
kilogram-force per square centimeter (lcgf/cm2}, or other non-SI units, such a torr, millimeter of mercury, or 
meter of water for pressure. One bar equals 100 kPa; the millibar (100 Pa) should be called by ifs SI name, 
the hectopascal (ma). 

3.3.3.2 Centimeter-gram-second (cgs) units 

Prior to the introduction of the SI, many units were defined in measurement systems based upon the 
centimeter, gram, and second (“cgs units”) and given special n‘ames. Do not use any of these units. 

A few examples of cgs units with special names that are not to be used are: 

- 
- 

In mechanics and fluid mechanics: erg, dyne, gal, poise, stokes 
In photometry: stilb, phot, lambert 

In electricity and magnetism thr: so-called electrostatic units (esu) and electromagnetic units (enlu) rire 
further examples of cgs units. Do not use any of the units in these systems, inchiding those with special 
names such as gauss, maxwell, oersted, gilbert, biot. and fmklin. This prohibition extends also to those 
units with names formed with the prefixes “ab” and “stat,” such as the abampere and the statvolt. 

ïhese and other examples of units not to be used can be found in Table 8. 
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atmosphere, standard 

atmosphere, technical 

American National Standard f o r  Use of the 

~ 7- ~ - 
atm atm = 101.325 kPa 

at at = 98.0665 kPa 

Table 8-Examples of unit names and symbols that are not to be used 

Do not use 
Value in ST unitr: 

Symbol 

angström A = 0.1 nm = io-'' rn 

a = &'L = 100 rn'L 

calorie (physics)' 

Calorie (nutrition)" 

candle 

C a l  cal = 4.184 J 

Cal Cal=4.184M 
_.__ 

cd 

metric c m t  

metric horsepower 

I canáiepower 

carat = 200 mg = 2 x IO-' kg 

135.5 W 

I gamma I Y  I ~ = n T = 1 0 - ~ T  I 

kilocaloriea kcal kcal=4.184 Id 

kilogram- force knf I kgf = 9.806 65 N 

millimeter, centimeter, or mmHzO, 9.806 65 Pa, etc I meter of wateab I etc. I 
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Name 

IEEOASTM 
SI 10-2002 

Symbol 

Y (-) --- 
h (vohlmc) 

I 

1 Y= ug = kg 

h h = mm3 = 10-9 In3 

I stokes I st I St = cm2/s = ~ O - C  mz/s I 

I xunit I I 1.0021 x 10-13 m I 

3.4 Some comments concerning quantities and units 

3.4.1 Mass, force, and weight 

For a discussion of the treatment of these and related quantities in SI, see C.6. 

3.42 Temperature 

nie  SI unit of thernioctpamic temperature is the kelvin (K). Use this unit to express thermodynamic 
temperature and temperatme intervals. Wide use k also made of the degree Celsius (OC), which is equal to 
the unit kelvin. Degree Celsius is a special name for expressing Celsius temperature and temperature 
intervals. Celsius temperature t (which replaced centigrade temperature) is reíared to thermodynamic 
tempmature T by the equatioii 

t = T - To. where To = 273.15 K by definition 

In practice, the Intemational Temperature Scale of 1990 (ITS-90) [I329l2 serves as the basis for high- 
accuracy temperature measurements in science and technology. 

3.4.3 Nominal dimensions 

Many dimensions used to identify comercial products are nominal values- values like ''2 x 4" lumber and 
oneiiich pipe that exist in name only and are us& for the purposes of convenient designation. Others, like 
the inch-based trade sizes of nuts and bolts, designate precisely one of the critical dimensions of the product. 
Although individuals should not convert such designations into SI units, trade associations and other 
organizations that are responsible for standardizing such products may adopt, without changing the product, 

%e numbers in bracken reter to the Dibliogaphy in Annex E. 
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nominal metric designations as deemed appropriate. (Note that the term ”dimension’’ as used in this 
paragraph is defined in B.1.4 and differs from its use in 3.4.8.) 

3.4.4 Quantities and units used in rotational mechanics 

3.4.4.1 Angle, angular velocity, and angular acceleration 

The coherent SI unit of plane angle is dit: number one; thus the coherent SI units of the quantities angle, 
angular velocity, and angular accelaation are, respectively, 1, Us, and lis’. However, it is o f b  convenient 
to use the special name “radian” (rad), instead of the number 1 when expressing the values of these 
quantities. ‘ïhus, for clarity, the units rad, radís, and raus’ are usually used, as shown in Table 4. Similar 
comments apply to solid angle; its coherent SI unit is also the number 1, which has the special name 
“steradian” (sr). 

3.4.4.2 Moment of force (bending moment) 

Because moment of force (bending moment), or torque, is equal to a force times a length (moment arm or 
lever arm), its SI unit is N . m.The jouie (I). which is a spcial name for the SI unit of energy and work, shall 
not be used as a name for the unit of moment of force or of torque. (See also 3.45.) 

3.4.4.3 Moment of inertia 

Moment of inertia (fi is a property of the mass disznbution of a body about an axis (1 = fi2); its SI unit is 
kg. m2. 

3.4.4.4 Angular momentum 

Angular momentum (moment of momentum) is linear momentum (SI unit kg. d s )  times moment arm; its 
SI unit is kg I m2/s. The total angular momentum of a body of moment of inertia f (SI unit kg. m’) rotating 
with angular velocity 63 (SI unit lis) is io, (SI unit kg. m2is). 

3.4.4.5 Rotational kinetic energy 

The kinetic energy of a body of moment of inertia f (SI unit kg. m2) rotating with angular velocity w (SI unit 
í/s) is rm2/3 its SI unit is I. 

3.4.4.6 Rotational work 

The work done by a moment of force or by a torque (SI unit N . m) in a rotation through an angle (SI unit 1) 
is moment of force or torque times angle of rotation; its SI unit is J. 

Note that if the unit of rotational work is written as N. m rather than as J, possible confusion may occur 
because in this form it appears identical to the unit of moment of force or torque. In vector algebraic 
expressions or vector diagrams, the distinction between work and moment of force or torque is obvious 
because work is the scalar product of force and displacement while moment of force or torque involves the 
vector product of moment arm and force, but no such distinction is possible in Uie associated units. 

3.4.5 Energy and power 

3.4.5.1 Energy 

The coherent SI unit of energy, the jouie, togelher with its multiples and submultiples, is preferred for all 
applications. The kilowatthour is widely used as a measure of electrical energy, but this unit shall not be 
introduced into any new fields. 
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3.4.5.2 Power 

Use the coherent SI unit of power, the watt, together with its multiples and submultiples, for all applications 
involving the rate of transfer of energy. Do not use the megajoule per hour. 

3.4.6 Impact energy absorption 

This quantity, often incorrectly called ‘.impact resistance” or “impact strength,” is measured in terms of work 
required to break a standard spKimen; the SI unit is the joule. 

3.4.7 Pressure and vacuum 

Gage pressure is absolute pressure minus ambient pressure (usually atmospheric pressure). Both gage 
pressure and absolute pressure are expressed in pascals, using SI pdixes as appropriate. Gage prassure is 
positive if above ambient pressure and negative if below. Pressure below ambient is often called vacuum: if 
the term “vacuum” is applied to a numerical measure it should be made clear whether absolute pressure or 
negative gage ptessure is meant. See 3.5.5 for methods of designating gage pressure and absolute pressure. 

3.4.8 Quantities expressed as pure numbers 

Certain so-called dimensionless quantities, as for exampie refractive index, relative permeability, relative 
mass density, or the frinaion factor. are defined as the ratio of two comparable quantities. Such quantities 
have a dimensional product-or dimension-equal to 1 and are therefore expressed by pure numbers. The 
coherent SI unit is then the ratio of two identical SI units and may be expressed by the number one (for 
example, m’m = i). More generally, a quantity of dimension one may be expressed by the ratio of units (for 
example, d m  = IO”). The number one is genera- not written out explicitly when a quantity of 
dimension one is expressed numerically. 

The percent symbol (9) may be used for the number 0.01. Avoid, however, the abbreviations ppm for parts 
per miilion and ppb for parts per billion. Because the meanings of the words billion, frillion, etc. are not 
uniform worldwide, do not use terms such as parts per billion and parts per trillion. (See 3.5.4.3.) 

When expressing the values of quantities of dimension one, the meaning has to be clear. Expressions like 
“The mass fraction of Pb in the sample is 90% (or 0.9):’ or “the amount-of-substance fraction of Pb m die 
sample is 2.7 x l@,” are permissible; but tiley would not be permissible if the words “niass” and “amount 
of substatice,”respectively, were not in the two expressions. ‘Ihese two fractions can also be expressed as 0.9 
kglkg and 2.7 mmolhol, respectively, which are more understandable and, therefore, preferred. 

3.5 Style and usage 

3.5.1 Rules for writing unit symbols 

ïn SI, symbols represent units, such as m for meter. Unit symbols are writíen according to rules thit have 
been standardized internationally. 

a) Print unit symbols in roman (upright) type regardless of the type style used in the surrounding text. 
Most unit symbols are written in lower case (for example, m for meter). However, if thename of the 
unit is derived from a propex name. thc first letter of the symbol is a capital (for example, W for watt, 
Pa for pascal). When the name of a unit is spelled out, it is always written in lowercase, except when 
the name is the first word of a sentence or is the name “degree Celsius.” &fix symbols use either 
lowercase or uppercase l e m s  as shown in Table 5 .  Unit symbols retain their prescribed form (roman 
type, upper and lower casu) regardless of the surromLting typography. 
Do not alter unit symbols in the plural. b) 
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c) 
d) 

Do not follow unit symbols by a period except when used at the end of a sentence. 
If the value of a quantity is expressed as a numerical value and a unit symbol, a space shall be left 
between them. For example, write 35 inm, nor 35mn, 2.37 im (for 2.37 lumens), not 2 3 7 h ,  and 
20 Y!, not 20O”C. 

EXCEPTION-Xo space is left between the number and the symbols for degree, minute, and 
second of plane angie. 

e) 
f) 

Do not leave any space between the prefix and unit symbols. 
Use symbols, not informal abbreviations, for units. For example, use ”A:’ and not “amp;’ for 
ampere. 

3.59 Rules for writing unit names 

The handling of unit names varies internationally because of language differences. (See C5 regarding 
spelling.) The following rules should be followed in the US.: 

a) 

b) 

Spelled-out unit names are trcated as  common nouns in English. ‘i’hus, the first letter of a unit name 
is not capitalized except at the beginning of a sentence or in capitalized material such as a title. 
Use plurals as required by the rules of English grammar, for example, henries for the plural of henry. 
The following plurals are irregular: 

c) 
d) 

Use the plural when values exceed unity; otherwise use the singular (e&, 1.1 meters, 0.9 meter). 
Do not leave a space or place a hyphen between the prefix and unit name. 

In three cases, the final vowel in the prefix is omitted: “megohm,” “kilohm,” and “hectare.” In all other cases 
where the unit name begins wich a vowel, both vowels are retained and both are pronounced. 

3.53 Units formed by multiplication and division 

3.5.3.1 Unit names 

a) ProduCr. Use a space (preferred) or a hyphen: 

neiIron meter or newton-meter 

In the case of the watt hour the space may be omitted, thus: 

watthour 

b) Quorieru. Use the word “per“ and not a solidus: 

meter per second, not meter/second 
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c) Powers. Use the modifier "squared" or "cubed placed after the unit name: 

meter per second squared 

In the case of area or volume, a modifier may be placed before the unit name: 

square millimeter, cubic meter, watt per square meter 

d) 

e) 

Symbols. To avoid ambiguity in complicated expressions, unit symbols are preferred over unit 
names. 
PlurolF. To form the plural of a unit that is formed by multiplication of other units, use the plural 
form of the last unit in the producs for example, newton meters, pascal seconds. If a quotient is 
involved, the last unit in the numerator is made plural; for example, meterrs per second squared; 
kelvins pm watt; kelvin meters per wait. 

3.5.3.2 Unit symbols 

ï h e  symbol for a compound unit that is the product of two or more units is indicated by either a raised dot, 
which is p r e f e d ,  or by a space; thus, for newton meter 

N . m or N m 

For limited character sets where the raised dot is not possible, use a space or a dot on the line. In the case of 
kilowatthour (a nonSI unit), the symbol k w h  is permitted. 

The synibol for a compound unit that is a quorienr of two or more units is indicated in one of the followmg 
ways: 

m/s  or m ' s - '  or 
S 

no not usc a solidus followed by a multiplication sign or by a division sign on the same line unless 
ambiguity is avoided by parentheses. In complicated cases, use negative exponents or parentheses to avoid 
ambiguity. For exrunpie, write 

Jl(mo1. K) or J .  mol-' . K-' or (Wmol)iK, but not JlmoüK 

3.5.3.3 Mixtures 

Do not mix symbob and unir names in îhe .same e x p s i o n .  For example, write 

joules per kilogram or JBSg 

Do not write 

joules/kilogram or joulesCng or joules . kg 

3.5.4 Numbers 

3.5.4.1 Decimal marker 

In the US.:  the decimal marker is a dot on the line. When writing numbers between one and minus one, 
write a zero before the decimal marker. 

TS-5C R 1-21 AASHTO 

Copyright 2004 AASHTO. All rights reserved. 
Duplication is a violation of applicable law. 

Full document details: AASHTO R 1-04 scan

http://www.avadocuments.com/doc/aashto-r-1-04-scan
http://www.avadocuments.com/doc/aashto-r-1-04-scan

