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: S oL v
This report was prepared.in regponse to a request made of the Center for Building Technology
in the National Bureau of Standards. This request grew out of .the initial fieeting of the
Construction Codes and Standards Sector of the American National Metric Council] *The Sector

‘chairman, Mr. Delmont Thurber, asked for ah identification of the problems attending ° -
g metrication that will probably comfront many building codes- and stZndards institutions in’ - ’
the United States. " ) . . .
] @ R . .
‘It was reasdned- that a discussion of Rhese problems §h6u1d begin with a brief description’gf -

the new metric units of measurement involved, called SI for Systéme International. s
Consequently, Part I of this report deals, with the SI base units, some of the units derivgd

from them for use in the building industry and, as examples,. some of the usage conventions R
adopted by the British who are changing from the inch-pound s¥stem to SI. Since final‘2.§. .

decisions in ‘thése matters have not vet been Rade, the SI units and use conventions

presénted in Part I are offered only as illustrations of the kings’bf selection problems ¢
to be faced, not as recommendations. s ™ ! -

r

:( In the building industry it .is hard to say more than a few words about metrication &ithoutg '
mentioning modular or dimensional coordination. Dimensional coordination has fascinated
members of the industry for years, both here and abroad. Proponents say metrjcation.offers
an-excellent opportunity for the adoption of a national commitment to dimepsional . A
coordination as a way for the building industry to "get something out of going metric." ,

This Bubject is discussed in'Part II. ; e -

. . N . ~ " .
e  Part III attempfs to—tsplay some of the many difficulf problems requiring cooperative
planning and coordination in the codes ‘and standards seetor, during the metrication/ O \<\

dimentional c36rdination transition. .
~ . . v
' . . -~ ' .

- . < £l
. Almost everyone involved in' the U{Sf.buildingvzzﬁes and standards area has, at one time or
. another, envisioned ways of effecting desgfable'imprbahments iIn codes and standards e
. agtiyities. In many instance? these: ideas were never carn?ed'out hecause they. often
ol required major or-radical departures éom traditional practices, involving a national, .
) volimtary and cooperative ,,commitment from a highly competitive, fragmented industry, ce -
metricatipn will set the stape for just that kind of nationwide radical change, the co
"problems" diseussed in this report suggest‘opgg%tunity after opportunity fer the,building ,, .
- community to cooperatively select and implement many of the nost desdrable of these improved \
practices. . \ . . - . : . .
. e . oy . s S . \ . .
- At one time, of course a very léng time ago, mankind had but one lanéuage. Perhaps the
worldwide adoption.of SI units signals,gfsignificant and velcdme reversal in the long °

“ history of the proliferatiof of languages. ™ ¢ . g
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Metrication Problems in the Construction Codes . “
o, , . ~and Standards Sector - ' )
) ‘ X 'J..' . ’.Q’: . . - " e
> ' ’
. \ . Charles'T. Mahaffey
M ) ] . ¢ ’.
“ . . S . . .
[ . N . .,
< “ . ’ . .
\ ' ','{4/ . R
" . \This report is a response to a request for a‘n‘out.ll'ipe of tNe problems tq be faced by the,, .
building standards devélopment and building regulatory ‘secfors of the American w
building industry.’ It includes a discussion of the SI metfic units themselves, giving - = | '

* examples of the conventions regarding their use adopted in other countries to illustrate .
the nature of the decisions that must ke made by the U.S. building industry. It discusses M
the relationship of dimensional coordination to the metric conversion effort, its impact
on the ¥.S. building régulatory system and illustrates some of the decisions these sectors
need to make. It also discusSes somé of the organizational problems required to involve

all segments of the industry in this decision-making process, and for implementing these
N decisions in a coordinated way on a national scale. r . i’
. » \
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Key words: Building regulations; dimensional coordination; metric conversion;
planning ard scheduling.
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. METRIC UNITS TO BE USED . B .
N g . . ‘ Y .
The system of measurement units that the U.S. will be adopting whem it "goes metric" is
known ag the. Interpational System of Units - officially abbreviited SI. SI is the system

et g g . ~
currently being. adopted by the English—speaking nations (Britain, Canada, Australia,

New Zealand and South Africa) and differs from the metric system long used in Europe and
other parts of the world. One of these différences is the appearance of the pew SI unit of
foycg - the newton( In countries on the.older metric system the kilogram was used to* . )
indicate force and mass in a manner similar to the way we now use the pound. While this new -
coherent separation of mass and force wi]l pipdtice little actual difference in the resulting

building ‘design values involved, the concept/is quite different. For the {.S., the change to .
ST metric will include this clarity &f concdpt plus all of the advantages of the decimal

measurement base inherent in the metric system. Countries’who have been og the metric system

have long enioved the decimal base advantages but.are finding it difficult to appreciate the ' My
slight (for the Duilalng community) improvement in c]arity attached to tle newton. ) .
However, commitments to change to SI have been made by these countries and this change

s, process.is underway

* = .

- v

N\ . ) )
The foundation of the new system lies in the seven base (an? two.supplemental) SIFunits:
- - .. W . ; o .
e ¢ SI BASE UNITS * b &
. gthNfén UNIT SYMBOL ’
lengtn\\ meter m ) .
time second s E
LI mass kidogram kg s
electric current® ampere A
- temperature kelvin K e @
' luminous intensity- candela cd . Sk
‘ *amount of substance mole mol ~‘“\
SUPPLEMENTAL UNITS
- . . ’ . R ,
- plane angle radian ¥  rad °
P ' solid-angle steradian sr ' -
N . . . . . s -
*The mole (a measurenfent of elementary entities such as atoms, ions, etc.) which has
recently been added to SI, probably will have no application in the construction industry.
. One of the yirtues claimed for ‘ST is itsWfiternal coherence. This simply means that the
yuotient of product of uny two unit quantities in the system leads to the unit of, the -
7 resultant quantity. As an example, when the ynif length (m) ds divided by the unit time (s),
the result is unit velocitz (m/s) and when unit length (m).is multiplied by unit length (m), .
the result is unit area (m¢). If the current U.S. system were coherent and the foot were a i
toe unit of length, the square foot would be a coherent unit of area but an acre would not. “. -
3 e L '
4
The Coherence of sI f% illustrated by Figures 1 through 6 (courtesy of Britain s Ministry » )
+.of Public Works). , ‘¢ .
. ‘ . ¥ - ’
. ) . . v .
. ‘)\ ’ ‘ “ ' -~
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Figure 1 - Three base units - second s, Figure 2 - The expressfon for FORCE kg-m/s

kilogram kg, meter m combrine tQ produce given the special name newtom N
an ‘expression for« FORCE kg-m/s e !

.

HEAT (WORK _
ENERGY) .

;_‘ ~
> . h

. P

B - . . ~ ‘e
Figure 3 - newton N combines with base un®t m to produce the expression for HEAT (WORK,ENERGY)
‘. N-n which is given the special name joule J ' ) o
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HEAT (WORK
" ENERGY)

~

Figure 4- jouie J combimes with base unit § to ?roduce. the e:fpression for POW@R J/s whici} is

given the special name watt W . '

. - .. N

» . . .\

HEAT (WORK
ENERGY)

. - . JOULE .
Figure 5- watt-# combines with base unit A to produce the expl;g.ssion £8r ELECTRICAL POTENTIP:L

W/A which'is given the special name volt V
N .

JOULE
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) * Figure 6 - Derivation and coherence--how "Derived Units"
derived from the:base dnd supplementary units

As. these figurea
referred to as

v,

.

erived units.

¢

" HEAT WORK
ENERGY)

. % denotes a DERIVED UNITLW

J +

s

Y

’

< ~
es show; the base SI units are combined to make new ﬁeasuréme&?‘knits,

ITH A SPEEIAL NAME

with gpecial'names are, sequéntiélly

<

These in turn are of two kindg - those expressed in terms.of
units from which they are derived,’and those given special names.
of each kind of derived unit:’ -

DERIVED UNITS - NAMED AFTER BASE UNIT

UANTITY .
area
volume
density
velocity
acceleration
luminance

. UNIT .
‘ square meter . . .
cubic meter :
te kilogram per cubic meter

meter per sétond

meter. per second squared

gandela per squarg meter
v M 4

-

o

v

The following are examples

[

1} 2
. . A
- ’ ’ . ‘{
1 N
a: .
Lu'x - 0 N .h‘a
+ denotes a BASE unit . e ]
@ denotes a SUPPLEMENTARY unit e

-




.- . * 7 DERIVED UNITS - SPECTAL NAMES - .

QUANTITY UNIT SYMBOL DERIVATION . ‘
. . v N
- force . _ newton N kg-m/s? . -
work, energy - *jpule J Nem ’ .
/ power, «  .yatg, W SR . -
. ] _eleetric potential . volt v, W/A 2t .
. ve+, .illumination lux 1x ’ 1m/m”. .o u
- L .
<" In addition to thése SI units, there are certain non-SI units (few in number) which probably
will continue fo be used after the introduction of SI; they are so’firmly established in
. worldwide practice that their élignin_ation would be virtually impossible. Examples of these . "
« are: ' . . ’ . . -
LR - : Cos . ) e . . -t
for time - the day, hour-and hinyte T o o
? . the mass ,undt - metric ton, which equals 1 000 kg (or®approximately 24200 pounds) |
J the area unit --hectare, whith equals 10 000 square meters (or apptoximately 4.
NI Lo~ 2 .1/2 acres) SN ) ST
. - for volume - the liter, which equals one-thousahdth of a cubic ‘meter (om
'approximately one quaEt) T "'/ TN s

The supﬁlementary units, radian and steradiamrobably'willi not be widely used in, the’ T
constructdion industry. The radian is defined as the angle betdeen ‘two ‘radii of a circle
which cut off on the circumference an arc equal.in.length to the radius. InStead of the
adisn, the construction industry 'prob’ably.yi"ll continue to use the familiar degree: (), ‘and
, ~decimals of degrees. We probably will not make use of the ,'grad" or "grade which*is *
one-hundredth of a right angle, so there will continue to be 90 degreeg in a right angle.
The solid angle, steradian, also will not become a familiar term in the onstruction industry.
Its definition 'is as follows: "The solid angle which, having ite vertex at the ecenter of a-
" sphere, cuts off an area of the surface of the sphere’equal ‘to that of a square hawving sides
of length equal to the radius of a sohere." . . : ’

An explanatory note about mass and temperature ‘may help the reader. , .

s . 4 .

- MASS 1In commerce, the term "weight" has been used, ,and prabably will centinue to be .
used to mean.mass. In physits and sometimes in efigineering, the term “weight'. has been used
to mean a fbrce (acting on mass) related to gravityw yany feel that this.latter use of the
term i'weight"‘ should be avoided because it is contrary to the meaning of the term as usedy

! extensively throughout this cougtry, e§pecially, for example, by wc:,ights and measures
. of ficials. ; ‘ Tt Ca ®

A 3

. Designers are accustomed to expressing allowable floor load densities in terms of "pounds
per square foot." When they use SI, one method that might be, adopted would*be to express
such Toad densities in kilograms per square meter. Whep engineers use. these load ratings®®
in computations that involve stress determinations, they will be obliged to change from
kilograms per square meter to newtons per square‘meter. This . latter term is -given the
convenient short name - pascal. In determining a building load, one would add all of..the
appropriate masses in the building.in ;cilograms , and multiply this total by the applicable
value of the.acceleration of gravity* (g) to get newtons. While the international 2 -0
st'andardized valug of g is 9.80665 m/s”, g actually Varies between 9.77 and 9.83 m/s” on s
the ~surface of the earth. - . o " DR

I

”

~ B - R s . [

- * « ~ ’

TEMPERATURE It say_have been Js;urpr;ising to note in the fgrst table’of base wnits that

,, the unit for temperature is given.as "kelvin." For practical purposes, 4t is unlikely
that the construction industry will-uge~'"kelvin.”* The.non-SI unit "degree Celsiusg"
W symbol igs °C will be used instead. The term "Celsius" was ddopted instead of the more
amiliar "centigrade" because in France the word centigrade has customrily been applied,to
arigles. There is actually no difference between the temperature-interval$ on-Celsius or
kelvin scales. 1If two such scales were £ligned with th'g Celsiug zero (the freeZzing point of:
water) opposite 293.15 on the kelvin gcale, then 100° (the boiling point of water) on the
Celsius scale would be directly opposite 373.15 (273.15 + 100) on the kelvin scale., Degree
Celsius is the unit of temper?turg tl}a’t“f‘probably will be adopted by the U.S. construction

.industrys. 6 , )%' ,
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The main feature, of SI (or the pre-SI metric system) is its decimal base. <All multiples

. ~and submultiples of SI units are based on powers of 10. These are quite simply exXpressed ~
by "applying prefixes to the units. By adding thei .prefixes to SI the range of unit

magnitude may be extended from the subatomic (10™*°) to the astronomic (1018).

.~ If the U;§/?construction industry follows the pattern adopted in other English speaking
countries in the selection of preferred multiples and submultigles, Preference will be given

to’the use of decimal multiples ‘and submultip1e§ which are related to the base unit by .

‘powers of 1000. In the construction industry qge range {rom 1076 o 102 probably will
. " suffice, ) ¢ . ‘

. . - . . . ‘ 13 o
s ) ' - 'PREFERRED MULTIPLES ,AND éUBMULT{PLES . ' ,
4 -~ *
" « PREFIX , SYMBOL .FACTOR " MAGNITUDE ' .
. mega M 10§ .~ 1000 000 v
o L © kilo ky 107, * 000
. milli m ‘10‘6 0.001 B(

i micro.. R 107 ~0.000 001

' . . . . -%":"?s . . . -
Note "that this chart éuggests therexclusion of the centfmeter. Many people in the U.S.
bqilding industry are not hgﬁpy with this &xclusion, feeling that the centimeter represents
-3 useful and comprehensible sizing unit. Those promoting exclusion, on-the other hand,®

point to the following reasons ddvanced in other courntries: . .. . .
-an“ ( ( s " . > i - . . .~
. S "§1)”U§g of the Eentimeter is *inconsist&nt with the approach to adopt preferred " P - .

prefixes which are ternaty powers of 10. -

_"

(2) The order of magnifudg between Jtntimg;ers and millimeters is only 10, which
.+ increases the.likelihood of errokr. ¢ < e >
T . ’

.r »

.,nt

~a 5 . SN

€)) In drawings, the differences between mm:‘m,’éndakm“?fe SO great as to make
it Jhnébessgxy to add the unit symbol after each-diménsion (not possible if
centimgters were an accepted submultip}eé\provided that: . :
. . ~
¢ +  (a) decimals of metet are always taken to tlree places, such as 3.600

. ’ s 3

. (b),millimeters ire always expressed inf whole numbers, such ‘as 3600. '
. : ) . v .
The ST units briefly described here will tend .to reduce the ,number of measurement terms
used in the buil ing‘industgy. The joule (J) repl%ces'very many traditional units with one

coherent unit. Some of these familiar units are the Btu, therm, calorie, and potentially
° the kilowatt hour (which equals 3,6 MJ). - * .- . T e :

-

<

v
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-
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Anoth&t example of technical terms becoming more rational and fewer in number is the -

emergence of the watt as the basic unit of*power. Already, recognized universally as thé A

P ° basic unfr fér electric poWer, the watt will also be used as a general power term replacing
horsepowey, foot pound force per second¥-heat flow rate (expressed in customary units as ' { .

Btu/h), refrigeration (usually expressedVin tons), eteé. A 300-horsepower car will be said .
to be‘a 225-kilowats car. i . - o ;

. .

a .

-~

There hardly-will be any change in the electrical units. " Whereas the term hertz (Hz) is
-~ often used for-cyclgs per second,.in SI hertz is the recognized unit for frequency.

- - ., “ R .
Indications are that in lineal measurements the meter and millimeterf will replace the
T lineal foot, inches and frgclions,of inché®. The square meter will replace square foot, '
squaré yard and "sqyare” (100 ft2). The cubic meter an liter will replace cubic foot, cubic
yard, gallon, quart.and pint. 5 -
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These are some of the essential SI units applicablé to gonstruction. Other derived . l

% units, like those used in terms as section modulus, ape under study by the Construction
Industried Coordinating Committee of the American National Metric Council ( MC). Recently-a
special working group of a Technical Committee (TC 98) in the International “Organization for
Standardization (1S0) whose title is "Bases for the Design of Structures,’ Produced a final
draft of a whole series of construction engineering terms that reflect the rationality and
coherence of SI units. Agreements among the members of the U.S. building community regarding
the identification of the SI uwnits to be used in construction must be reached at an early
date if the full benefits of the simplicity and.internal consistency of the ST metric system
*are to be realized: To deiay the development of this needed national agreement is to create

a host of unnecessary problems. ' . . .~ .
. '?;:v
Almost the same set of problems exists in the dévelopment of national agreements regarding
the conventions applicable to the use of SI units. A few samples of these conventions which
have been adopted in other English-speaking countries may help to illustrate the problems
+ involved. - .
Q(l Thousand markers i ) . v
b . ) . . ,
>£~53=1s-Iiimensions and quan?i‘t'res or values. & ]
- the thousand marker should be provided by a space, not a comma
. (a comma has been used in Europe as a decimal point) . - s
"1.000 000 . ’ . . . ( !
I 00Q . - ~
4 . R 3
L@ Decimal points ) . ) -
' 4 . .
(a) In typewritten or other documents produced on machines the use of a /7 ’
' period (foﬂ'a decimal point) on the line is recommended.
0.1 N
9.9 s -
3.602 - . . .
€<
: (b) When expressing a value less than-unity, ghe decimal point should
. be preceded by, a zero. - . )
- - '\ <o v -
., 0.1 - >
0.01 ‘.
0.362 . -
A (c) .Whole numbers may be expressed without a deeimal mark. . )
'-u~ 1 -] -
+ . 100 .
‘\?'s:; ‘. 3 600 R -
E-t':i?“g_, . + -
(3), Sizes R R
N g ° | ( T
(a).If sizes are written in the sequence--length, width height--and the * \
- ‘ figures are separated by a multiplication sign, the symbol is only
given following the 14st figure. ,
325 x 170 mg < . ’ - ' 3
©1+325 x 700 x°150 mm ‘ o7 .
) (b) If sizes are written in‘any other sequence each size should be followed ‘
¢ by the symbol which should in turn be followed by the identifying word. ? *
2 o 4 i N ~ . -
. 3 4 125 mm high x 150 mm wide - . B . d
. ’ . Y "7 500 mf’1dng x 125 mm high x 75 mm wide ’ ) .
y . 4 ~ . ’ j
. : | s 14 -
O - > . . ’ ,
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< % (4 'Writing SI symbols . .

. o ~
‘(a) Alvays use upper .and lower case letters properly.
‘ |

-

.- . kg kW (not Kg kw) R P

. '.(b) Always use the same symbol to express singular or plural.
: 5 AN
. 107 m (not 107 ms) . . .
(c)‘Always leave a single space between numerical value and symbol. ]
. < M Ky
123 om (ndt 123mm) ———
. W L . s,

\ (d) Always write out metrit ton or liter. ' (The symbolg "t" or "1" should not
be used as "t" may be mistaken for the customary ton,/and the typewritten
letter "1" may be wmistaken for the number 1.)

) Sy . . i s

.(e) Alvays express the size of an item as so much by go much using the

symbols,thqt denote the same multiples or submultiples of the SI unit.

9
. 2100 x 710 mm
4r 2.100 x 0.710 m .

but never 2.100 m' x 710 mm . ) . .

o ;

- -

(f) 1t is recommended Eh&t where meters are expressed involving decimals, the- .,
. ,dimensions should be written to three places of decimals, yhich is
visually compatible with the expression of the same dimension in millimeters.
3.602 m = 3 602 mm o
0.190 m =¢190 mm ) .. %
. »
The adoption Of sTadits posé§ many difficult problems during the period of transition. :
Some of these pertain to the &ctual SI units themselves and, othérs pertain to the SI usage.
conventions or practices, as in the foregoing illustrations of practices adopted by other
English-speaking countries. ) e L :
[
. ? -
Those who promulgate and enforce buildingdregulagions and those responsible for the -
production of the standards used in building regulations .can ill afford a passive role in

either the.selection of SI upits to be used in constfuction or the conventions adopted -
regarding their use. . . . - /

it " ’ '
For example, consider the subject of the newton versus the kildgram force. There apg’ B

some members of the construgtion industry actively working against the adoption of, the SI
unit, the newton, feeling that the rather drastic change in thinking it entails is not

feasible ox useful for the construction area. Opponents of this view claim that the change _

to metric is going to be traumatic in any case, 'so why waste the effort on an 6utdated non-SI
system. ' Many people are tecommending that floor load density requirements or capacities be
expressed in teyms of kilograms per ‘square meter that the floor is designed to carry.

The pr2sdures exerted on the foundation are-to be expressed in newtons per square meter,

or pascals, as would bthef pressures acting on the building such as wind pressures. They
also advocate the technique for expressing the farrying capacities of trucks or crahes

in kilograms. . - . ° <

- ' [N . “e $

» * N * 7 Fy

' 3, . 7

* Y
In any case, the steadying dof&e of the codes-and standards sector needs to be heard.
- Obviously, the decisions made in emch matters are going to have a p¥dfound effect on the
usefulness of the SI system. A vehicle hust be-found for developing agreements among the
building codes and Standards promulgators and’for -advancing’ thesg agrsements among other >
important sectors of .the building community, If the promulgators of the model building
codes were to pursue separate courses in the adoption (or non-adoption) of SI units, or if

4

¥ unreconciled differences between the model codes and the stdndards promulgators develop.,

Q
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metrication. The codes and standards promulgators. should consider finding an operational
way of working together, not only to ensure a national coherence in the change to SI but to
take full advantage of this opportunity to reach an international accord in this vital
communication mechanism that SI offers. . '

These are but a few examples gf the kind of conventions that will necessitate the c.
development of a general agreement among all members of the building community., There are
many, many more that wt¥ surface as the national metric, program advances.

In the case of conventions, after agreements have been reached regarding the ones to -
be used (and code and standard promulgators will neéd to give serious consideration to .
maintaining a continuous involvement in this decision process), there is ngbetter way of

N putting them into practice othér than committing them to memory.

Similar problems exist relative to the use of the SI units theqielves. Most experienced”
construction people havey over the years, developed an ability o estimate dimensions or
quantities of building materials or components by visualizing .the spaces they, occupy.s With *
this tew system of measurement units, this learning process has to sfart all over again; all
of our key recognition factors will have been changed. . s

LY

¢« This problem area can be divided into three parts.

(1) Problemg associated with learning to estimate dimensions, quantities and
values common objects such as the size of the bathroom mirror, the speed
of a passWgg automobile or the afternoon air temperature..

AD Problems associated with learning the basic metric sizes of components or /
{ fixtures whose dimensions have a functional value such ast . “
~ 1 .
{ bathtubs )
.+ doors . -
! Jkitchen counter heights " - ’ K
w | stair treads and risers ) o '

. f Learning to convert the size of these units from customary into metric

| units and memorizing them wil} not be easy. However, this kind of N -
' exercise (carried through for ‘other base units also) will help establish

a / key recognition points useful in rebuilding g new storehouse of

’ reference values.

- . .

|

(3) The r 1 problem with adopting @etric will come when people try to cope

o o7l wien™ ipterrelationships between units which are combinations of a .
' “ nhmber of units such as those for force, heat U. galues, Ppwer, pressure,
eétc., even though the'%gétg_iof these combinations have been given simple

. names. Learning these n€w units does not particularly help in applying
5 them to basic design problems involving these units. While it is
possible'to figure out the derivation of the newton” (as illustrated in
Figures 1 — 4 in this section) this knowledge will not in itself indicatge
. the metric équivalent of 4000 1b. concrete [which is 27.6 MPa (megapascalh)].

5 If, for example, the structural engineer memorizes the facts that concrete
strengths of 20.7 MPa and 27.6 MPa are the equivalents of 3000 and-4008 psi
, respectively, he wé}l be able to recognize an error of ‘any significant

AT magnitude, throughout ‘a wide range by relativity., Rounding these metric
N numbers'ﬁi_E 20 MWa and 30 MPa concrete strengths (the equivalency of e
,' 2900 psi and 4850, psi, respectively). Similarly, the mechanical engineer
ot can use a boiler output of 30 kW, which is the approximate equivalent *

of 100 000 Btu/hr, as a key recognition factor for the whole range.

«
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g vDIMﬁNSIONAL COORDINATION [ Co

The basic idea behind dimensional or modulakrcoérdination——the establishment of a
" ditect dimensiomal relationship betiieen the dimensions selected in the design of a building
and the size of the components used in its construction--received its initial 1ndustria% !
thrust in the U,S. "Alfred Bemis generally is credited with proposing the idea of using a
universal basic ‘module - a 4-inch cube, ffr this design/manufacturing system. After ,.
World War II, the ideas generated by Bemls and others wére picked up and employed in the
.U.S.~funded reconstruction programs in Europe utilizing a 100-mm cube, the approximate metric
. equivalent of Bemis's 4" basic module. "It was during this period that the most sophisticated 4
, development of the‘princiﬂfés of dimensdonal®‘coordination and their actual applicationj;ook
\ place. - *

Designers often make use of graph paper having regularized grid patterns as a
skefching medium in the evolution of their working drawings. Bemis reasoned that if all
w designers would use the same size grids for their drawings ,and if component manufacturers '
" 7 were to use similarly sized grids for the sizing of their products, "a direct dimensional
* coordination of buildings and building products would evolve. This should simplify some
of the problems of building design and help manufacturers select the most useful size
ranges of building productst This combination should eliminate most &f the wasteful
cutting and fitting 4t the job site. © o : '/>/*
. -
This concept and its resulting elaborations proved to be intriguing to designers an# .
v manufacturers. However, thé cooperation it required between designers and manufacturers
never developed to a poan\in the U.S. where the many claimed advantages could, be
factually asses%gg The designers tended to enthusiastically endorse the concept,
\ saying thatejust soon as the manufacturers*begag producing modular parts they would
3 begin spec ng them. The manufacturers, equally enthusiastic over the concept of .
. ~dimensionad coordination, indicated they would begin making such parts“as soon as the -
designers started specifying them. As a result, here ahd in Europe, the idea never
Aachieved the full potential afl believed it had. So while dimensioral coordination has
been used to a far greater extent in Europe thag in the .U.S., only Denmark and the v
Soviet Union had adopted a natiomal program of dimensional coordination until England did
so. Since then Australia, South Africa, Ney Zealand and now Canada-all have followed suit.

As at present inm the U.S » there was no great enthusiasm in the British building industry
¢ ~".for the change to metrif. Concerned building industry members in Britain, ;ecogn}zing
the importance of metrifation to the nation, strongly urged the installation of a national :
. program of dimensional koordination paralleling that of metyrication. This recommendation was
N adqpted and the .buildifg industry, with the support of the British government, is embarked
on a most ambitibus nagional program of dimensional coordination. Respected industry figures
there feel that for the British building industry dimensional coordination is the .
-most important benefdt they will derive from going metric. Various practitioners in the
British building industry, when asked about the impact of metrication on their activities,
. .usuafly respond in terms of their opinions regarding gimensional coordination. . .
. .
. The reasons they advanced for at least the initial usefulness of dimensional
coordination rEleve around the recognized need to chahge the dimensions of many kay ' .
building products brought about by the change to metric. A 4!'-0" x 8'0" building.panel ¢
translated into its, exact metric equivalent is 1219.2 x 2438.4 mm. These are extremely
awkward numbérs. If these are the kinds of numbers that a metric conversion would bring, 3
the building industry <easily could do without this kind of "help." But if not these”numbers,
what numbers? For the.fragmented building industry a nightmare of jintra~ and intet® '
disciplinary meetings and conferences might be requ%ged to produce rationally related sets
of new sizes for’ the hundreds of building products and components involved. This fear was
. one of the major factaors that spurred the English into_adopting the concept of dimensional
’ coordination. The principles of dimensional coordination offered a tational way'of bringing
about 'new compatible sizes of building products. If all the various trade assotlations
involved would use the same set of sizfng principles, each could work out new dimensions
more or ‘less unilaterally. Since all dimensions had to be changed anyway, dimensional
coordination seemed like the way to go. Fortunately, a Technical Committee (TC 59) of IS0
had produced several basic and useful st‘ndards covering the principles of dimensional )

. ° coordination and some of their applications, * * R
.o . . 13 oo . .
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TC59 eétablish;d 100 mm (3.937 inches) as the basic planning'module around which the
whole fabrit qf dimensional.c’oaordip'atio . 18 built., ,Theoretically, this basic agreement
means that designers can lay out Quildi:§s using this module and component manufacturers
can pfoduce products compatible with the layout and in size ranges that' gelate to each
other and other products in-a‘;étiOnal way, using the same 100 mm module.

. . . . N
In practice, however, the .number of possible ﬁﬁltiples of 100 mm proved to be too.large
and it was necessary td.grovide some way of narrowing this range to some feas ble number.
The dimensional flexibiligy heeded by the designers, and the practical size range limitasions
needed by fhe_prodﬁqt.mahufabturers, were satisfied by agreements on what are known™as,, // ‘
preferred dimensions. -The followingeéset of preferences, worked out in Britain. are
iilustrqtiveidﬁ-the_basic standards that.have to be developed in the U.S.i .

s ‘1st preference © 300'mm (approximately 12")
' " 2ndipreference 100 mm (approximately 4")
3rd preference 50 mm (approximately 2")
4th preference 25 mm {approximately 1')

N ~

In effect, this table indicdtes that for dimensions over 100 mm, firgt preference should
be given to increments of 300 mm with second preference given to mul'tiples of 100 mm

. 1 (multiples of 100 mm are referred to as multimodules). - .
AN

-

In a horfzontal direction the preferred.,multimodules would be 300, 600, 90Q, 1200,":

1500, 3000 and 6000 wm. Of these, 300, 600 and 1200 mm would be articularly preferred. In
a vertical direction fiyst preference is given to 300 and 600 sm ghile inerements of 100
would be acceptable up to 8000 mm. The third and fourth preferenc and 25 mm, are * %
suybmodules used,ogly for thin sections. . '

This kind of dimensioning approach is being adopted by the several English-speaking ,
nations currently making the switch to metric. Each one of ;hesé nations has ‘carefully
studied the approaches used in other highly ihdustrialized countries and h3gs tailored its«{
programs accordipgly. The U.S., being the last to convert tb metric, has an excellent
opportunity notjonly to assess the usefulness of a natiomal pfogram of dimensional
coordination, but to selectively evaluate these various program approaches for U.S.
conditions. “Thé bases for all of these approaches are derived from the standards that

have been and still are being developed by the ISO Committee TC 59. A few words
g{vinégg'picture of the U.S. relationship with this committee may be'of help.

N .
The USA vote in ISO standards activities is cast by the American National ,
Standards Institute (ANSI). ANSI casts these votes on instruction from national committees,
organized for this purpose under ANSI procedures. Such national committees are called USA
Technical Advisory Grplups or USATAGs. In the case of TC59, the USA holds a voting position

., but cannot vote because a USATAG for TC59 does not exist. Until the adveht of
metrication there has not been much USA interest in the subject of internatdonal starMards .
for dimensional coordination. .Recently, ANSI requested the Center feor Bufiaing Technology,
(CBT) of the National Bureau of Standards to take on the responsibility of organizing and
servicing such a natiofal committee for TC59. The CBT has accepted this responsibility and,
pldns to begin the organization of a committee thgt can not only develop a USA ‘response _to
1SO' actions, but also can develop and advance USA-ini?iatives 4<; this subject drea, -

Many international standards have been produced by TC59 and many more are in the

pipeline. Thirty-one nations are members of TC59 and are variously-involved in some twenty-
five subcommittees and working groups. At a recent plenary meeting (Stockhoim - Octobet 1974),
the delegates voted tq add performance requirements (for buildings and components- of
buildings) to future TC59 activity plans. :

The add{tion of a TC59 work program that would lead to the international "harmonization”
of building regulations is Wnder study and will be an agenda item at the next TC59 meeting.
™ . . :
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. While it may be too earf?oto asses$ the cost/benefit value of the British diheqsiohal . ¢
coordination effort on its own merits (and not Judt as a way of facilitating a ‘metric <

conversion), it is interesting té- note that Canada, Australia, South Afric¢a and Ney Zealand
all‘have Studied ¢t British program and all have opted to tie a national program of ‘
dimensianal coordination to their metrication efforts. Theré is a strong trend * ° -
developing in this direction in the U.S. in’current discussions within the Americah -
National Metric Council. If this trend continues, the U.S. building industry also will
#choose to implemerit a national program of dimdnsional coordination as its way of "getting
[ N . .

) something out of going metkic.' . i) 4

’

*If the .decision’is made tie dimensional coordiqption to metrication, decision® on

. ﬁany‘fquamental and standards’ revisions will be required early in_the conversion

. program.. In,some cases, where codes origipate dimensional requiremerts, degisions on such

code. changes fiust ltad. In other cases, changes in refgrence standards (such a§ dimensional
luﬁﬁh_ will have to occuY before code decisions can be reached. Obviously, before any _ .
dimensiongl changes in codes or reference standards can be,initiated, national agreements—-
standards~--have to be established, not only regarding the SI units to be used” in ’

« construction, but’ also the principles behind the application of dimensional coordinatiop.

+ ""As an éxampie‘of a didensional change origipating in codes; consiider the familiar 22"
., unit of exit width. Translated into metric, 22" i equal to. 558.8 mm. This, awkward number
shQuld be rounded to some new dimension. Applying the principles of dimensionmal coordination

‘ -might require some serious rethinkiﬂg of, the whole area.* Rounding 538.8 mm to 600 mm fits a+ .

first preference 300 mm multimodule but 600 mm translgtes into 23 S/8", while 500 mm, a
second prefer@mce number, is only 19 11/16": Proponents of dimensional coordinatidn will
N poina{OUQ\(vigorously) that it not ‘only makes good sense to use corridor widths that relate
to dimquionally*coordinﬁted space layouts of buildings but, if the many’ claimed . -
' eonstruction productivity advantages are to be realized, all building spaces (and the «
- components ‘that £fi1l them) have to bé dimensiqpally coordinated. Proponents of a simple, 4
. roundittg - say to 550 or 560 mm (21 5/8" and 22 3/64" réspectively), might claim that this
22" unit of exit width is so well accepted that it would*b‘gfoolish to make a drastic change
*, 7 . Just for a slavish devotion to a design p inciple. Others hmight say that the 22" uhit was
established a long time ago when people w:;é\gg?erally smaller and that the imcrease to
600 mm would b reasonable. A decision in thi matter will not M simply developed
. Obv%ously, becgyse it affects the ‘dimensions of doors ndows, stairs, etc., (besid S
» corridors), man segments of the industry must be ipybolved in.this decigion. A way ‘of
precluding’ unilateral actions in matters of such ifdustry-wide impact will have to
., be deviged and implemented.’ M & .

3
’ .

In such code subject areas as elevators, the Americam\}ational Standard Committee Al7
(spensored by the'American Society qf Mechaﬂigal Engineers and operating undet ANSI .
* Procedures) may find much useful information in the current activities of Subcommittee 7 of
v IS0 TC,59. This Gery active international‘standards committee i% hard at work devising many ‘/
". applications of dimensional coordination in'SI units to" the whole field' of elevators. ¢
Certainly, all of the dimensions quantities and values presently contained in the Al7 document
will have to change to some new equivalent. The dimengional .coordination work being done
in TC 59 could provide guidance in arriving at a new metric Al7 Amerjcan National Standard,
. Since industry discussions ‘already have staried on this subject of dimensional . ?
toordination, promulgators of codes and standards are §aced with making some basic decisions
in thg near future; Obviously, they should.be involved in these discussions, but how, when
and where they can’ be' représented most effectivqu needs to be decided, ° *‘\.
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{I1. Planning, for Metrication/Dimensional Coordinationy - ’ . . L¢
7

- .
e >

In a Committee Report (from the House of Representatives' Qomitt%e on Science and Te‘molqu)
accompanying H.R. 8674 (the bill entitled "Metric Conversion Act of 1975" that as Public .
Law 94-168 President .Ford signed on December 23, 1975) the following comment appears. °
"The choice before the Congress.ig not whether we should move (o the meﬁtraigz' &
system. That convergion is underway. The choice 1s between the conversion

process in an entirely uncoordinated fashlon, as is’ the case.now, or going e
forward with #he conversion process on a coordinated basisi The testimény S
heard by the Committee indicated that there isewide dgreement on the, ‘. -,
desiretlity of going forward on a coordinated basis. Furthermore, it is ° -t
_apparentthat many sectors of the national community which ate now cons,ide&‘ihg’
conversion are only‘awaiting a firm statement from Congress commit@ing' the
United States to the conversion béfore they, too, adopt the metric,system," ",’_W'“‘[%

> .
A . ' ’ F-3 .7
The Committee Report further states: . . -

"The bill declares that it.shall be the policy of the United S:at%. to ’ .
change to the metric system in a coordinated manner and that, the pubdpose .~ . «
of this coordination shall be to reduce the total cost of the conversion." =
. ) C e m v .
From these stat , it is ol;vious that a well-coordinqtéd‘ approach to,_;netric o
conversion 1s deemed essential. Howéver, attaintmg coordination in an ‘industry as \’\3
fragmented and centerless as the building industry may be as elusive as™it'is ‘essential. 2
Certainly, a great amount of patient planning involving all parties aty interest
will be required if ‘the time frame involved ip to ‘e teduced so as to minimize .
conversion costs. ] : ¢

5

Fa

« ) * . .
The significance of this time frame is highlighted by the ez,gperie ce of the Australians. They’
reasoned that the longer\the transition period, the longer a'dual produet line may have to:

YN

be dealt with by designers, manufacturers, and constructors, and’ the longer this condition /

lasted the more expensive the conversion process was going to be. ' The Australians &
invested heavily in developing a carefully detailed planning and sc}tédpling"progra'ﬁl for the
conversion of their building industry and virtually have ompleted this conversion in less
than *five years. On the other hand, the private building sector of Brita still 18 far
from completing its conversion _éfter almost nine years of effyrt. Canada, gpst, stagring
its construction metrication effort, has studied the,ﬁri\pish, Sputﬁ Afric nd Australian
programs and has found it expedient to borrow heavily fram the Australian eriences’

Developing and scheduling a plan for the conversion-process in the codés and standards
sector will need to take into account the necessity of putting togetker an brgaoxffzatiohal
structure capable of cboperatively: (a), 1dentifying thesproblems to be faced not oply in
the codes ind standards area, but also in the industry as a whole;. (b) establishing priorittes
among thes®problems; and, (c) timing, coordinating and monitoring"_appropriate responses’’
among codgs and standards Sources. . R .

Ve s t
Some of the problems{for which priority determinations need to be made are contained
in the following sybflect areas: . TR T

~ ®
- .

:‘T . A - ‘

o o . . e 7 ~ &
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-

gfess has been made, what,

©

3 1. Now that the)"firm statement" by Con

y can and/or needs to
be done until the Unitgd States Metric Board is formed? ° N '
“r . .

[y - . - e ’
. 2, _ What SI units an the:tg- uvse‘conventions will be selected by the U‘:S.,buildiﬁg . . +

- industry? . .
4 <t z
3. hat will be the Yature and extent of the U.S. dimensional coordinatton )
effort and what effect will this have on standards and codes development, ) N
* activities? 1 e, .
. e

® 4, How is a nétiorfally uniform datk td be developed in thesU.S. on ;zh‘ich ‘metric~
based building regulations are/to become e\ffective’.’ .

4 - v . Lot PR,
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5. How is a building community consensus to be developed iﬁthe U.S. regarding .o,
e a target date~-M day--on whi¢h actual construction with tetric-sized
‘ products could take placéd? .
’ . . .
6. What will be the nature of the training programs required and when shoul% . ,
they be instiguted? . N .
- 7. What other benefit$ to the Uu.s. building,!gmmunity, relative to the develop~-
- ; ment and promulgation of bullding codes and standards, might be derived from .
‘ thé many oppQrtunities for ‘cooperating inherent in this national metrication
effort? . . S .
%> > .,
Preplanning ) . ’ ’

* Some large segments of American industry (such as the automobile industry) alreadv have &
"made @ metric donversion commitment. All 50.States ndw are committed to changing to the v
metric system in their éducation depértmzﬂngs These gnd other similarly important degisions
clearly support the belief that the metric éonversion |of the U.§. already ig underway.
Oy Concerned indivtduals in-the building industry, cognizant of thesé‘qrends,'ﬁave found that
the evolving activities connected %ith the American Nat;on%l Metric Council (ANMC) offer
many opportunitjes to begiﬂ'identifying some of the problems that will have to be faceﬁ?
The Cofstruction Industries CoordinatinélCommittei’(CjCC) within the ANMC which is compdsed of
seven Sectors (Design, Broducts, Labor, Users, antréctors, Codes and, Standards, Real Estate)
.1s beginning to function as a broad-based’forgm for the discussion of the industry's uhique
problems, e . ’

S
-

-

_ . N .

. The major promulgators of model construction codeg or eregulations (such as those .

pertaining to buildings and the plumbing, lectrical, elevator, etc., installations in

uildings), the major promulgators of st fidards used or'referenced in such model codes,
"/f”lffjg;d organizations representing the administration o ctual building regulations (as '
: ﬂ different from model regulation ) can, through the Construq;ion Codeg and Standards Sector
of the CICC, begin now Plan for the organizational struc ure‘ they wflIl need to

<cooperatively deal with their share of the metric conversion problems G6f_the building
“community, This Structure should be broad enough to permit the dozens of brganizations

e - involved to be able to ﬁarticipate, yet concise enough to permit gction decisigns to emerge. 4
Setting up such a structure will not be ‘eagy? " e groups that need to be brought -
together have never found.it necessdry in khe agt to fully interact with one ;:another in
“the same way that the metricatidén prograf will® demand. Many intra- and inter-Sector meetings
will be required before the Problems\and \thelr priorities can be fully developed and -a -

Sector work plan and schedule prepared. etting up such an organizational structure, and *
finding ways of funding the participation of~approprigte representatives at the meetings are
somé of the initial pr?ilanning problems bg faced. ' ~ : J
<
' Selection of SI Units N ) . .

-
.

.
Highest an the 1ist of proflem priorities is the establishment of a national standard
regarding the SI upifs to be used in the building industry. The many questions involved
both with the units themselves and the conventiéns regarding their ‘use have to be settled
soon. Little attention can be paid Lo the actual application of the metric units until ic
is known what SI working units the building community will'select, Although 1t would appear
that the ANMC route is the most appropriate forum, since 3ll segments of the builaing industry
(and other industries) are represented there” a way meeds to be found for developing a cddes
and standards "position™ and .of ensuring”that this position is understood_and glven ‘adequate
consideration by others. More thar® just a few discussion deetings will be required. Drafts

-of recommended SI working units have to be developed and studied along wit%.the units .

adopted in other countries, The ugits recomhended by ISO have to be given ‘careful i .

v consideration, for this gnegetime opportunity- té establish an intarnational technical r
language for the bullding industry should not be wasged_eitPQr'by'precipitate or a "muddle * - ..«
through" effort. ‘ - ., Lot . -

s ? ' ] * /
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Dimenstonal Coordination . . -

4 ‘ R N
"paralleling the importance of deciding on the SI units to-be used is the question of ,
dimensional coordination. ¥f, as some maintain, dimensional coordination is destined to
become the domimant theme in thg metrication of the building/lndustry, this décision, one *
way or another, need not and shauld not be delayed until after the official metrication

. ~ program 1is ini\i;ted. Many decisions, particularly those related to the establishmewt of
preferred dimensions, have to be made before a cledr understanding of the impact of o
« % dipensional coordination can be developed. If dimensional coordination.is to become a .
national geal (and the codes and standards sector should have a voice in that dehisi@n),‘ T
then the rapidscompletion of suitable national standards establishing the bases £ore. ¢ s .

applying the principles of diffiensional coordination to buildings and building cofipbnents

would become a top priority standards' problem. \These,standards would have to be complpted

before any serious work on new productLi;andards that involve si%e changes can be-star ed.
L

_ Neither the principles of dimensional coordination nor the.correspondipg erection techniques,
of themselves, will haye much bearing on the safety aspects of a building. These are design, g
manufacturing, and erecting practices ‘that, in their jimplementation, willynot cause building
regg}atoxy enforcement officials much in the way of problems. However, the application of
_* thefe principles to familiar products could-cause a reevaluation of old permisgible uses.
Using these principles to arrive at.new/sizes of dimension lumber, for instance, could -~
result in thinner and/or narrower lumber sections. This could affect existing span tables -
for headers, joists and rafters. Similarly, if the thickness of gypsum board is reduced,
this reduction:plus those that may be connected with dimension <lumber’may be cause to "
reevaluate the fire ratings or sound’ transmission characteristics of constructions involving
combinations of such materials. In all cases, those responsible for the promulgation of
safety standardsyneed to be aware of product and/or system safety performance changes that )
may result from new metric-sized product standards. 3 '
- ~ [ . , L .
While the organizatidns responsible ‘for the promulgation of building codes and
building standards may fipd it impracticgl to train all of Ttheir members in phe principles
' of dimensional coordination.and their application, selected staff members, trained in the
" *gubject; will be‘needed. Not only should these people be afforded every opportuhity to
““comprehend this. complex subject ,and be able to interatt with their peers in similar
organizations, with experts in the U.S.' building industry and with those in the international
area, but they should be able to convey the significance of such a national program to the
members of their organizations. Codes and standards organizations are going to be faced
with the problem of selecting.and training personnel for this specialized task. .
. . - Vs " .

i

- Regulatory Coordination .
Even after agreements have been reached regarding the complex technical problems conffected
withethe selection and approprfate application of SI units and preferred dimensions,
how to coordinate the timing of their introduction into the nation's régulatdry system is |
going fo be a particularly difficult problem. Consider this problem 3u¢ﬁ&ps it relates to
thelmodel building and,plumbing codes and those special regulatory type standards like Al7
(elevator) or Cl--the American National Standard Electrieéal Codé. Those .responsible for *the
promulgation of fhese independently produced documents (each group having a distinct '
generating constituency) not orly have to participate in the development of agreements on the .
uniform bases and techniques of making both the metric and dimensional coordination changes

+ needed, but also on the staging of the revised editions reqzzted and the establishment of .
coordinated publication dates. If more than one editdon seefuis to be réquired, should the

{rst revised qgition contain both metric and customary units or should only metric appear? -, .

‘ Should rounding of the metric values be attempted in the first stage or should all guch changes

be made after the promulgation dates of preferred dimension standards? Could not seme old and !
. arbitrary dimensional differences among some of thegse model documents be cooperatively resolved '
during this size conversion process? While there [dre hany more examples of these kinds of
problems facing the regulatory sector, the purpose in stating some of them is not to pLesent
a hopeless picture- bit to illustrate the pressing need for a new era of communication among
the principals involved. While the number afid nature of these problems may appear over- e '
whelming, the ease with which these principals will solve them will depend on the conversion
_teams_they establish ameng themselves and with other industry téams. The Key pgobIem'area

. - _geems to lie not in dealing with the new units themselves, but in timing and coordinating
the introduction of these units into the regulatory systems ° .
. 18 N
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« *  While the.foregoing has been concerned with the.timing andxcoordinatioﬁjgﬁ»tni .
» " introduction of SI and dimensional ¢oordingtion into the model doctimentd used™n the building .

regulatory system, a similar problem of timing amd coordination exists gegardihg the
introduction of these model documents into the actual body of State and local laws. Provision
must be madé for the many, enacting jurisdictions az the’ State and local level to act A

-in concert, not only regarding the utilization of the agreed upon SI units and preferred

A dimepsions, but also on. the promulgation dates. Since it is unlikely that Federal legislation !
- will'mandate these changes Qr their timing, this area of Tesponsibility would seem to rest -
with the States. It seems quite obvious that the design, manufacturing, distributing apd .
erection segments of the ihdustry will have trouble enough dealing with their technical

problems connected with metrication/dimermsional coordinatjon without being burdened

by a failute on the part of the regulatory sector to agree on a uniform effectdve

date for metric-based building.regulations. 1If the 8,000'— 14,000 jurisdictions in

the U.S. each wete to unilaterally select such an effectiVe date, extremely serious °

and undesirable problems for the rest of the building community:could result. 'These F .
problems could be disastrously compounded if the building, electrical, plumbing, etc.

departments within each of these many jurisdictiqns also were tp Amilaterally R
select the effective dates for their particular brégzq of metric regulations. Somehow, the
States, in cpoperation with thet-local ﬁurisdictioné, will have to devise a.mechanism for -

e ¥

achieving a umiform statewide efFectitve date for metrid based bg;@aing regulations. . The | _ 3%
burden will be on them and their associates 1n the Construction Industries Coordinating,

¢ Comittee to utilize this mechanism in a fashion that will enable the selection of a date
on,which metric based building’ regulations are to become effective throughout the 50 States.

AN /

. . ¢ - .

— ) Consideration needs to be given to the special problems connected with the big-cities
and with the coordination problems related to Federal regulations affecting the design and
> construction of bdildings. . ! -

N
-

Training -
. . [
Considerable attention needs to be giveh to devising effective training programs for .
‘ the personnel engaged in codes and standards activities. The nature and extent of the . R

{training programs to be developed particularly wild be dependent on the roles assigned to ,
the trainees. LT ) . :

In order to discuss this problem area, #t helps to make assumptions regarding some of

these roles. In the case of such standards' committees as Al7 (elevator), Cl (electrical),
and A41 (masonry), for example, at least two committee members of each compittee.may have to
be designated as metric officers and given the responsibility for guiding the committee's

' application of metric units., . - . ) .

v - v »

5

If one of these selected comnittee members was either familiar with Phe subject of
dimensionalucoordination or had the archftgctural or design engineé?Thg background to absorb
’- training in this subject,' the other' membex could be trained to handie the committee's -
" internal and external metric conversion,, sesulting in a pair of committee experts covering
both dimensional coordination and Qggkichtion.

The model code organizations probably would want‘several, if not all of their technical ' .
. staff members to become proficient in both subject areas. The training of these "metric . -
‘ officers” should engble them to assist their members to correctly interpret and apply the
«new ST units and dimensional coordination principles, as required, to the several -types of .~ .
model codes involved. 1In fact|, these trained staff members could be used to devise and N
‘1anage, or even implement, appropriate trainidg programs for the enforcement officials. These- <~
trained staff members could develop the essentiall coordination recommendations needed tg

v,

e

v

harmonize the conversion of the madel codés. They also could be used to ensure that, , ug;@“ Y
regulatory needs he ‘given proper consideration in appropriate extenal decision=making - =

meggings. T f . r .

The big city building departménts also will need to name one or more "metric officers,”. ’ P

having responsibilities and duties similar to those of the model code organizations.
. . o ot "1 . ' ’
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The States, too, eaclr will need to 1denti¥y metric constructlon officers able to become
proficient in both ‘gubject areas. While the degree of thei/r,Anvolvement 4in the technical
content of codes may vary from §tate to State, they must accept responsibility for devising
and implementing ways of scheduling statewtde metric code change dates in.concert with )
other. States They must also ensure that adequate and timely State-sponsored training ~
programs for code officials, tradesmest, builders; etc., are carried out; (a) in concert with
the scheduled appearance of metric codes, (b) in conceat with, other Srates, and, (a) in a
manner consistenn Qith the national metrication program adopted by the building community
\fx\.. S M T T i) e o,

Wederal buiid‘ng agencies a%:; man dividual local and State azencies that‘
contfol the constructidn of c buildings (schopls, hospitals, offices, etc.)
«each will find it exfedieénty’ “identify metric offiterg. The potential impact of the )
purchasing' power of'these'public construction dgencips on the orderly metric conversion of
the building industry.(and op the succedsful implementation of a national program Qf dimensional
cgordination) cannot be overé@k . Tholugh: they are not part/ﬁf the regdlatory system, their
participation in the dévelopment of the regulatory.conyer, ion program, and especially their
cooperdtion in support of the metric/dimensional coordina fon ﬁecisions, is important to any
planning program developed by” the Construction Codes and Standards Sector. A forum
for their metric officers to {nteract with those of the :odes and standar %;ctor needs to
be developed .*#~ "‘/ z

\' R
All of the metric officer types discussed thus far will require very sipilar training .
programs. *These will necessarily be something more than simple* familia;ization programs in
eifher subject area. The responsibilities of contributing to the development of an American
program-and of explaining and/or defending this program with their asgociates will demand that
they receive exceptionally wellﬂnquhded fraining. - The nature of duch tratning pnogram may
make it especially attractive to the "métric officdrs" in a{phitecturai and engineéring
firms and those associated'with 1arge component. manufacturers or their trade associations.
It should be recognized that America doés not have a storehouse of experts in either metric®
or dimensional coordination._ 1In fact,.we probably will find it expedient to import our ’

dlmeﬁsional coordination training programs and many of the teaéhers . .
Q .

) Training programs for building code inspectors need not get as ‘gr into the subject of _{

dimensional coordination as for other members of the codes and standards sector. .The -

training that inspectors need must emable them to clearly understand the SI units ‘and their

building ‘applications. Unintentiondl errors on the job site, brought about by the - ‘

«construction’ tradesmen’ s.unﬁamiliagj’y with metric Usage are to be expected. This condition

willersist and will be.cause for increased vigilance 4n the part of traiped inspectors. -
. N -

Equal in impowtance to thesubject mattfer of thgse training prograns igsgrhe timing

. involved. The British experience indicates that training can be wasted W f given too early.,

Costly ertors can result if training programs’ are given either too early or, too late, a fact
which reemph331Zes the siguificance of devising a way of cooperatively establishing.firm
‘dates regarding the introduction of the ne¥ metric building regulBtions. Similarly, the
estal}ishment of the date when plans in SI first can be dccepted have £o be scheduled in
relasién to the training programs Involved. .

b [} -
Consider the ‘implementation problems of scheduling training programs in the metro=~
‘politan area around Washingt'on, D.C. prMontgomety County, Maryland, the county geat: = *
Rockville~-has a building department (and cogde) separate from that .of thé rest of the County.
Montgomery County ] buildieg 3 epartment (and code) is separate from that of the netghboring

© A

S

~ Prince George's County and‘all three haVe little or no connection with the Maryland Scate

code. agency in Annapolis. A somewhat gimilar situation exists amonf .the cities and,

counties across the Potomac River in Virginia, including the complexities ihl~Iyed in the
Intrdduction of a new gtatewide code. In the center of these jurisdictions,is the city of
Washington itself, with a completely independent building department that has developed its
own set, of codes. The planning that can be visuglized for the metric conversion of all of
these codes, the timing of#the introduction and effective dates of these metrig codes and .

the scheduling of the training programs involved in this single metropolitan drea, e
illustrafe the nature,and extent of the intra- and interstate cooperating and codrdinatiOn ..
that will be required . R .
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« Other Benefits ' -

The simplicity and universality of SI, once the initial learning difficulties ‘are Mmastered,
truly will be appreciated by the building community. This benefit will be recognized
relatively early from an American national viewpoint and later from an American
. international viewpoint.
1]
It 'may be true that a successful national -program of dimensional coordination”will .
produce a far more efficient use of all U.S. resources in design, manufacture and construction.
It is certain that metrication will require a complete rewriting of the entire data base *
for U.S. building technology; text books, design manua trade catalogs, ctc.,—the entire
teference literature of the industry, d.nwng'building tandards and codes. This suggests
a never to be repeated opportunity to re sg traditionall practicés, procedures an L
processes with an eye .towdrds. effectipg long-desired beneficial changes that were a* too
’ upsetting to carry out. Ha gver, metrication in the fragmented, centerless building ® N
industry has been desctibed &3 "management exerciSe with technical overtones."”" ,'This ’is an
apt description since-an orderly framework of ‘planning, scheduling, éoordinationiand;control
must be voluntarily imposed (often “over technical considerations), if the conversion is to
proceed in accordance with predetermined timing and bydgets. If such an administratively
oriented organizational structure can be fashigggg_that demonstrates an ability to guide this
industry through the alleervasive problems of metrication and dimensional coordination, it
. in {tself might be' the single most important -future benefit to be gained by the building
community. Any mechanism developed and utilized by this industry to effect changes as deep as
metrication should be of future use, especially as an instrument for continually effecting
desired transactional improvements among the’many distinct but interdependent groups within
the building community. . ; ot
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PERIODICALS

JOURNAL OF RESEARCH reports National Bureau' .

of Standaxds research and development in physics,
mathematic}s, and chemistry. It is published in two sec-
tions, available separately:

® Physics and Chemistry (Section A)

-Papers of interest primarily to scientists working in
these fields. This section covers a broad range of physi-
cal and chemical research, with imajor emphasis on
standards of physical measurement, fundnmgntal con-
staiits, and properties of matter. Issued six times a

year. Annual subscriptiom: Domestk, $17.00; Foreign,

$21.25. -

¢ Mathematical Sciences (Section B)

Studies and compilations designed mainly for the math-
ematician and theoretical physicist. Topics in mathe-
matical statistics, theory of experiment design, npmeri-
cal analysis, theoretical physics and chemistry, logical
design and programming of computers and computer
systems. Short numerical tables. Issued quarterly. An-
nual subscription: Domestic, $9.00; Foreign, $11.25.

 DIMENSIONS/NBS (formerly Technical News Bul-
letin)—This monthly magazine is published to inform
scientists, engineers, businessmen, industry, teachers,
students, and consumers of the latest advances in
science and technology, with primary emphasis on the
work at NBS. The magazine highlights and reviews such
issues as energy research, fire protection, building tech.
nology, metric conversion, pollution abatement, health
and safety, and consumer product performance. In addi-

ra

NBS TECHNICAL PUBLICATIONS

program coorainated by NBS. Program under authority
of National Standard Data Act (Public Lew 90-396).

NOTE: At present the principal publication outlet for
these datas is the Journal of Physical and Chemical
Reference Data (JPCRD) published quarterly for NBS
by the American Ghemical Sociéty (ACS) and the Amer-

*. ican Institute of Physics (AIP). Subscriptions, reprints,

tion, 1t reports the results of Buresu programs in

measurement standards and techniques, properties of
matter and materials, engineering standards and serv-
1ces, 1nstrumentation, and automatic data procesging.

Annual subscription: Domestic, 49.45; Fo ign, $11.86.

4

’ . NONPERIODICALS

Monographs—Major contributi.ons to the technical liter-
ature on various subjects related to the Bureau’s scien-
tific and technical activities. -

v
Handbooks—Recommended codes of engineering and
industrial practice (including safety codes) developed
in cooperation with interested industries, _professional
organizations, and regulatory bodies.

Special Publications—Include proceedings ‘of confer-
ences sponsored by NBS, NBS annual reports, and other
special publications appropriste to this grdlping such
as wall charts, pocﬁ\t cards, and bilgliographies. .

Applied Mathematics “Series—Mathematical tabies,
manuals, and studies of special interest to physicists,
engineers, ch}mists, biologists, mathematicians, com-
puter programmers, an’@ others engaged ih scientific
and technical work.

National Standard Réference Data Series—Provides
quantitative data on the physical and chemical proper-
ties of materials, compiled from the world's literature
and critically evaluated. Developed under a world-wide

- ] S -

‘u

The fgllowing current-dwareness and liteuture-mrvey_
bibliographies are issued periodically by th¥ Bureaux

\

ngogenic Data Center Current Awareness Sex-vic:ga

A literature survey jssued biweekly. Annual sub-
scription: Domestic, $20.00; foreign, $25.00. ’

.Liquefied Natural Gas. A literature s:rvey issued quar-

terly. Annual subscription: $20.00. )

. Snpeze‘onducting Devices and Materials. A literature

”
~ v °
- . A ¢
. .

and .supplements available from "ACS, 1166
St. N. W,, Wash. D. C. 20066. . e

Sixteenth

Building Science Series—Disseminates technical infor-
mation developed at the Bureau on building materials,
components, systems, and whole structures: The series
presents research results, test méthods, and perform--
ance criteria related to the structural ahd environmen-
tal functions and the durability and safety character-
istics of building elements and systems. i

Technical Notes—Studielor rep‘orts which are‘complete
in themselves but restrictive in their treatment of a
subject. Analogous to mbnographs but not so compre-
hensive in scope or definitive in treatment of the sub-
ject area. Often serve as a vehicle for final reports of
work performed at NBS under the sponsorship of other
government agencies.

Voluntary Product Standards—De\;eloped under pro-
cedures published by the Department of Commerce in

Part 10, Title 16, of the Code of Federal Regulations. |,

The purpose of the standards is to establish natibnally
recognized requirements for products, and to provide
all concerned interests with a basis for common under-
standing of the characteristicsvof the products. NBS
administers this program as a supplement to the activi-
ties of the privatedsector standardizing organizations.

Federal Information Processing Standards Publications
« (FIPS PUBS)—Publications in this series collgctively
constitute the Federal Information Processing Stand-
ards ‘Register. Register serves as the official source of
information in the Federal Government regarding stand-
ards issued by NBS pursuant to the Federal Property
and Administrative Services Act of 1949 as amended,
Public Law §9-306 (79 Stat. 1127), and as implemented
by Executive Order 11717 (38 FR 12315, dated May 11,
1973) and Part 6 of Title 15 CFR (Code of Federal
Regulations). . -

Consumer Information Series—Practical information,
based on NBS research and experience, covering areas
of interest to the consumer. Easily understandable
language and illuatrations.provide useful background
knowledge for shopping -"in today’s technological
marketplace. * N

NBS Interagency Reports (NBSIR)—A special series of
interim or final reports on work performed by NBS for
outside spcnsors (both government and non-govern-,
ment). In general, initial distribution is handled by the
‘Sponsor; public distribution is by the National Technical
Information Service (Springfield, Va. 22161) in paper

,eopy or microfiche form. . \

. £
Order. NBS publications (except NBSIR's and Biblio-
graphic Subscription Services) from: Superinfendent of
Documents, Government Printing Office, Washington,
D.C. 20402. . E . .

: BIBLIOGRAPHIC SUBSCRIPTION SERVICES . :

survey issued quarterly. Annual subscription : $20.00.
Send subscription orders and remittances for the
preceding bibliographic services to National Bu-
reaii of Standards, Cryogenic Data Center (275.02)
Boulder,.Colorado 80302, .

Electromagnetic Metrology Current Awareness Service *,

, Issued monthly. Annual .subscrjption: $24.00. Send
subscription order and remittance to Electromagnetics
‘s

Colo. 80302, o

Division, National Bureau of Standardd, Boulder, ,

\




