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FOREWORD

1SO (the Interna
of national sta

ional Organization for Standardization) is a worldwide federation
ards institutes (ISO member bodies). The work of developing

n
International St{ndards is carried out through ISO technical committees. Every

member body in
up has the right
governmental ang

Draft Internatior
to the member
Standards by the

International St

erested in a subject for which a technical committee has been set
o be represented on that committee. International organizations,
non-governmental, in liaison with 1SO, also take part in the work.

al Standards adopted by the technical committees are circulated
bodies for approval before their acceptance as International
1SO Council.

andard 1SO 31/111 was developed by Technical Committee

ISO/TC 12, Quaptities, units, symbols, conversion factors and conversion tables,

and was circulate
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H to the member bodies in October 1975.
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Finland Pakistan Yugos!avia
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The member bd
document on tec

dies of the_fallowing countries expressed disapproval of the

hnical grounds :

Japan®
Switzerland

(LSS R

*

This
R 31/111-1960, of

International

Disagreement concerning the decimal marker only.

Standard cancels and replaces [ISO Recommendation

which it constitutes a technical revision.
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INTERNATIONAL STANDARD

ISO 31/111-1978 (E)

Quantities and units of mechanics

INTRODUCTION

This documeent, containing a table of quantities and units of
mechanics, |s part |11 of 1SO 31, which deals with quantities
and units ih the various fields of science and technology.
The compldte list of parts of ISO 31 is as follows :

Part O : | General introduction — General principles
concerning quantities, units and symbols.

Part | : Quantities and units of space and time.

Part |l : | Quantities and units of periodic and related

Where the numbering of the items has-been
revision of a part of 1SO 31, the number in
edition is shown in parentheses onithe left-h
the new number for the quantity a dash is Used to indicate
that the item in question did not appear in
edition.

Tables of quantities

The most important quantities within th
document afe ‘given together with their symbols and, in

changed in the
the preceding
nd page under

the preceding

field of this

phenoména.

Part (Il | Quantities and units of mechanics.

Part IV | Quantities and units of heat.

Part V :|Quantities and units of electricity and magnet-
ism.

Part V1 | Quantities and units of light and. related

electromagnetic radiations.
Part Vil|: Quantities and units of acoustics:

Part VIi} : Quantities and units of_physical chemistry
and molgcular physics.

most casesy definitions. These definitions are given merely

for ideftification; they are not intended to b

The wectorial character of some quantities
especially when this is needed for the defi

attempt is made to be complete or consistent,

b complete.

s pointed out,
hitions, but no

In most cases only one symbol for the quarftity is given!);

where two or more symbols are given for

and no special distinction is made, they a
footing.

Tables of units

Units for the corresponding quantities are

with the international symbols and the dpfinitions.

further information, see also part O.

The units are arranged in the following way :

one quantity
e on an equal

given together
For

Part iX | Quantities and units-of atomic and nuclear
physics.
Part X :|Quantities and)units of nuclear reactions and

ionizinglradiations.

Part X1 | Mathematical signs and symbols for use in the
physical|sciences-and technology.

Part X1l|:"Dimensionless parameters.

1) The names of the S| units are given
(larger than text size). The Sl units and their decimal
multiples and sub-multiples formed by means of the Si
prefixes are particularly recommended] The decimal
multiples and sub-multiples are not explicity mentioned.

in large print

Part X111 : Quantities and units of solid state physics.

Arrangement of the tables

The tables of quantities and units in ISO 31 are arranged so
that the quantities are presented on left-hand pages and the
units on corresponding right-hand pages.

All units between two full fines belong to the quantities
between the corresponding full lines on the left-hand pages.

2] The names of non-of anits may be used
together with Sl units because of their practical import-
ance or because of their use in specialized fields are given
in normal print (text size).

3) The names of non-S| units which may be used
temporarily together with S| units are given in small
print (smalier than text size).

The units in classes 2 and 3 are separated by a broken
line from the Sl units for the quantities concerned.

1) When two types of sloping letters exist (for example as with 9, 8; ¢, ¢; and g, g) only one of these is given. This does not mean that the

other is not equally acceptable.
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4) Non-Sl units which should not be used together

with S! units

are given in annexes in some parts of

ISO 31. The annexes are not integral parts of the stan-

dards. They are

arranged in three groups :

a) Units of the CGS-system with special names

It is generally preferable not to use CGS-units with
special names and symbols together with Sl units.

b) Units based on the foot, pound and second and

special names radian and steradian instead of the number 1
in many practical cases.

If plane angle and solid angle were treated as base quantities,
the units radian and steradian would be base units and
could not be considered as special names for the number 1.
Such a treatment would require extensive changes in
1SO 31.

Number of digits in numerical statements?)

the” cofversion

some other §its
All numbers in the column “Definition’’ are exact.
c) Other unlits
. . . . In the column “Conversion factors”,
These are gjven for information, especially regarding factors on which the calculation of otRers are based are
th-e con_versuon factor. The use of those units marked normally given to seven significant digits. Whdn they
with 1 is degrecated. are exact and contain seven or fewer digits and

Remark on supplementary units

The Conférence
General Conferend
the Sl units, radian
deliberately leavin
base units or deri
of whether angle
base quantities or

In 1SO 31, plane §

énérale des poids et mesures (CGPM :

e for Weights and Measures) has classified

and steradian, as “‘supplementary units”’,

g open the question of whether they are

ed units, and consequently the question
and solid angle are to be considered as

Herived quantities.

ngle and solid angle are treated as derived

quantities (see alsp part 0). They are defined in ISO 31 as

ratios of two len
consequently the
Although in this
quantities is the

gths and of two areas respectively, and

are treated as dimensionless quantities.
treatment the coherent unit for both
number 1, it is convenient to use the

vhere it
is not obvious from the context, the word ‘‘dxactly”
is added, but when they can.be terminated aft¢r more
than seven digits, they may be given in full. When the
conversion factors are, derived from experiment, they
are given with the fiumber of significant digits |ustified
by the accuracy “of the experiments. Generally, this
means that in such cases the last digit only is in doubt.
When, however; experiment justifies more thaf seven
digits, the factor is usually rounded off to seven significant
digits.

Theather conversion factors are given to not more [than six
significant digits; when they are exactly known and|contain
six or fewer digits and where it is not obvious ffom the
context, the word ““exactly’’ is added.

Numbers in the column “Remarks’’ are given to a precision
appropriate to the particular case.

1) The decimal sign is a comma on the line. In documents in the English language, a comma or a dot on the line may be used.
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3. Mechanics

Quantities
31.1...38.1
';':"' Quantity Symbol Definition Remarks
3-1.1 | mass 19
3-2.1 | density 0 Mass divided by volume
(mass dgnsity)
3-3.1 | relative dlensity d Ratio of the density of a sub-| This quantity is dimensionless
stance to the density of a refer-
ence substance under conditions
that should be specified for both
substances
3-4.1 | specific polume v Volume divided by mass
3-6.1 | linear d4nsity 0; Mass divided by length
3-6.1 | surface density e4. log) Mass divided by area
3-7.1 | momentum D Product of mass and velocity
(3-5.1)
3-8.1 | moment of L The moment of momentum of a
(3-6.1) | momentum, particle about a point is equal to

angular momentum

the vector product of the radius
vector from this point to the
particle and the momentum of
the particle
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3. Mechanics

ISO 31/111-1978 (E)

Units
3-1.a...38.a
e International
N m Name of unit symbol Definition Conversion factors Remarks
o for unit
3-1.a | kilogram kg The kilogram is the unit 1st CGPM (1889) and
of mass; it is equal to 3rd CGPM| (1901)
the mass of the inter- NOTE ~ Names of decimal
national prototype of multiples arld sub-multiples
the kilogram of the unft of mass are
formed by| attaching pre-
fixes to thp word “‘gram”
{CIPM (196})).
19g=1077 kg
31b |tonne |t " [1t=1000kg - Also calléd in English
metric ton
3-2.a | kilogram per |}kg/m3
tubic metre
[ 325 | fonne per t/m3 1 t/m3 = 1 000 kg/m3 Also calléd in English
¢ubic metre =1 g/cm3 metric tgn per cubic
‘ metre
3-2.¢c |kilogram per kg/t 1 kg/! = 1 000 kg/m3
llitre =1 g/cm3
34.a | pubic metre {m37kg
per kilogram
3-5.a | kilogram kg/m The unfitl ex is used for
er'metre textile filaments; 1 tex =
P 10-6 kg/m = 1 g/km
- 1
3-6.a | kilogram kg/m2
per square
metre
3-7.a | kilogram kg-m/s
metre per
second
3-8.a | kilogram kg-m2/s
metre squared
per second
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3. Mechanics {continued)

Quantities
39.1...311.1
Item . L
No. Quantity Symbol Definition Remarks
3-9.1 | moment-of inertia [ L The (dynamic} moment of inertia| To be distinguished from 3-18.1
(3-7.1) | (dynanjic moment of a body about an axis is the | and 3-18.2
of inertlia) sum (integral) of the products of
its mass-elements and the squares
of their distances from the axis
3-10.1 | force F The resultant force acting on a
(38.1) body is equal to the rate of
change of the momentum of the -
body
3-10.2 | weight G, (P W) The weight of a body \in a| When the reference systenp is the
(3-8.2) specified reference system-is that | earth, the quantity here defined
force which, when applied to the | has commonly been callpd the
body, would give*it an acceler- local force of gravity ¢n the
ation equal to -the local acceler- ?OdY' I'f, is noteworthy that the
ation of free f4ll in that reference | Weight” arises not only from
system the resulta_nt_of the gravithtional
forces existing at the| place
where the body is, but alsp from
the focal centrifugal 1‘orce[J
The effect of atmospheric
buoyancy is excluded| and
consequently the weight defined
is the weight in vacuo. (Spe also
Comptes Rendus, 3e¢me [Confé-
rence Générale des Poids et
Mesures, 1901, p. 70)
In common parlance, th¢ word
'weight’’ is often used t¢ mean
mass
3-11.1| gravitatlional constant | G, (f) The gravitational force between |G = (6,6720 % 0,004 1) 1¢4-"!
- two particles is N-m2 kg2
p— gz
r2

where r is the distance between
the particles, and m, and m, are
their masses

¢ CODATA Bulletin 11 (1973).

6
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3. Mechanics (continued)

ISO 31/111-1978 (E)

Units
39.a...311a

International

It
“;:“ Name of unit symbol Definition Conversion factors Remarks
) for unit
39.a ilogram kg:m?
metresquared
3-10.a | pewton N 1 N is that force which,
when applied to a body
having a mass of 1 kg, .
gives it an acceleration
of 1 m/s2
3-11.a | hewton N-m2/kg?
bquare,metre
ber kilogram
squared
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3. Mechanics {continued)

Quantities
3-12.1...3-133
Item . L
No. Quantity Symbol Definition Remarks
3-12.1 | moment.of force The moment of a force about a| In sticity, M is used for
(3-10.1) point is equal to the vector| bending moment and ] for
product of the radius vector, | twisting or torsional miomept
from this point to any point on
the line of action of the force,
and the force
3-12.2 | torque,
(3-10.3){ moment of a couple
3-13.1 | pressurd Force divided-byjarea The symbol p. is recommiended
{3-11.1) for gauge pressure, defirled as
P~ Pamb. Where pamy, s the
ambient pressure. The nu:}:erical
3-13.2 | normal gtress value of a gauge pressure is
(3-11.2) positive or negative accprding
as p is larger or smallern than
Pamb  respectively
3-13.3 | shear stress
(3-11.3)
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3. Mechanics {continued)

ISO 31/111-1978 (E)

Units
3-12.a...313.c

Item
No.

Name of unit

International
symbol
for unit

Definition

Conversion factors

Remarks

3-12.a

newton

N-m

The symbol for this

metre

be written
way that it
be confused
symbol for
n

Unit snol
in suehta
could\not
with  the
millinewtd

3-13.a

3-13.b

3-13.¢c

tandard
htmosphere

arm

1Pa=1N/m2

1 bar =.10% Pa

1 atm = 101 325 Pa

1 bar = 105 Pa (exactly)

1 atm = 101 325 Pa
{exactly)

1 bar = 100 kPa
= 0,1 MPa

The use| of the bar
should bg restricted to
the field [of fluid pres-
sure.

Definition
the 10tH
générale

mesures (

adopted by
Conférence
des poids et
954)
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3. Mechanics (continued)

Quantities
3-14.1...3-17.1
I;:)m Quantity Symbol Definition Remarks
Al
3-14.1 | linear stfain e, e £ =— These quantities are~ ¢limen-
(3-12.1) | (relative|elongation) lo sionless
where /g is length in a reference
state to be specified, and Al is
increase in length
. Ax
3-14.2 | shear strpin ¥ y=—
(3-12.2) d
where Ax is the parallel dispiace-
ment of the upper surface with -
respect to the lower surface of@
layer of thickness d
3-14.3 | volume ktrain 3 &= ﬂ/
{3-12.3}| (bulk stfain) Vo
where Vg is volume in"a reference
state to be spegified, and AV is
increase in volume
3-15.1 | Poisson ratio, M,y Lateral contraction divided by | This quantity is dimensionless
(3-13.1) | Poisson pumber elongation The quantity defined by Hoisson
was the reciprocal :
1
m=—
M
3-16.1 | modulud of elasticity {.E E=o0o/e E and G are also called Young
(3-14.1) modulus and Coulomb mdulus
respectively
3-16.2 | shear modulds, G G=r1ly
(3-14.2) | modulud ofrigidity
Fhe—strains—; 14 a9 these
3-16.3 | bulk modulus, K K=-p/d definitions are those correspond-
(3-14.3) | modulus of ing to the excess stresses 0 and
compression 7, and the excess pressure, p
_— 1 dV See also part |V, item 4-5.1
3-17.1 | compressibitity, K K=———
(3-16.1)| bulk compressibility Vdp

10
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3. Mechanics (continued)

Units
3-16.a...3-17.a
Item International
No Name of unit symbol Definition Conversion factors Remarks
’ for unit
3-16.a | [pascal Pa 1Pa=1N/m2
3-17.a | reciprocal Pa! 1Pa™' =1m?/N
pascal,
pascal to
the power
minus one

1"
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3. Mechanics (continued)

Quantities
3-18.1...3-221
Item . L
No. Quantity Symbol Definition Remarks
3-18.1 | second maoment L., (/) The second axial moment of | These guantities should be
(3-16.1) | of area area of a plane area (section) | distinguished from 3-9.4. |They
{second gxial about an axis in its plane is the | have often been given”the [name
moment pf area) sum (integral) of the products of | “‘moment of inertia}
its elements c?f efrea and the The symbol I rhdy ‘be usedi for
squares of their distances from second momeft of area when no
the axis danger of-confusion exists |with
3-18.2 | second pplar moment |/, The second polar moment of [momengSidnertia (3:9.1)
(3-16.2) | of area area of a plane area (section)
about a point in its plane is the -
sum (integral) of the products of
its elements of area and the
squares of their distances from
the point
3-19.1 | section modulus Z, W The section modulus(oef a plane
(3-17.1) area (section) about an axis in its
plane is the second moment of
area divided-\by the distance
from the(Daxis to the most
remote point of the area
3-20.1 | coefficieht of friction,| u, (f) Ratio of frictional force to | This quantity is dimensionlgss
(3-18.1) | friction factor normal force, for a sliding body
dv,
3-21.1 | viscosity n,-(l) Tyz = n; This definition applies to laminar
(3-19.1) | (dynamit viscosity) flow for which v, =0
where 7., is the shear stress in a
fluid moving with a velocity
gradient dv,/dz perpendicular to
the plane of shear
3-22.1 | kinematic viscosity v v=n/0
(3-20.1}

where p is the density

12
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3. Mechanics (continued) Units
3-18.a...3-22.a
Item International
No Name of unit symbol Definition Conversion factors Remarks
) for unit
3-18.a | metre to the [ m4
ourth power
3-19.a | metre cubed | m3
3-21.a | pascal Pa-s 1 Pas is the viscosity 1 Pa:s = 1[N-s/m2
kecond of a fluid in which the _ 1 9
. = 1lkgm™" s
velocity under a shear
stress of 1Pa has a
gradient of 1m/s per
metre perpendicular to
the plane of shear
3-22.a | metre m2/s 1 m2/s is the kinematic
squared viscosity of a fluid with
per second dynamic viscosity 1 Pa-s
and density 1 kg/m3

13
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Quantities 3. Mechanics (concluded)
3-23.1...3-271

It

N:m Quantity Symbol Definition Remarks
3-23.1 | surface tension Y. O Force perpendicular to a line
(3-21.1) element in a surface divided by

the length of the line element

3-24.1 | work W, (4) Force multiplied by displacement| See also part'V
(3-22.1) in the direction of the force
3-24.2 | energy E, (W)
(3-22.2) -
3-24.3 | potentig! energy E,, V,®
(3-22.3)
3-24 4 | kinetic energy EK, T
(3-22.4)
3-25.1 | power P Rate of energy transfer
{3-23.1)
3-26.1 | mass flow rate Im Rate at which mass crosses a

_ surface
3-27.1 | volume flow rate qy Rate at which volume crosses a

surface

14
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3. Mechanics {concluded)

1SO 31/111-1978 (E)

Units
3-23.a...327a
ltem International
No Name of unit symbol Definition Conversion factors Remarks
) for unit
3-23.a | (rewtoRper N 1 N/m =1 J/m2
metre
3-24.a | |joule J 1J is the work done 1J=1Nm=1Ws
when the point of
application of a force
of 1N is displaced
through a distance of ]
1 m in the direction of
the force
3-24.b | watt hour W.h 1W-h is the energy | 1TW:hn=3,6x103J 1 kW-h =(3,6 MJ
delivered in 1h by an (exactly)
energy source of 1W = 3,6 kJ (exactly)
power
3-24.c | electronvolt eV 1eV is the kinetic en-| 1eV =1,602 19x 107"°J | 1ev=1(1/6021892+ .
ergy acquired) by an 0,000 0046) x10-1° J
electron «(in~ passing
through.\Ja potential
diffetence of 1V in
vacuo
3-26.a |[watt W 1TW=1J/s
3-26.a ||kilogram kg/s
[per'second
3-27.a | cubic metre | m3/s
per second

* CODATA Bulletin 11 {1973).

15
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