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'Ihis Specia-l ?ub]:hﬂaon Mas: W a::‘the request =t the Met::rc
Symp031um Planning SommiTisss of TE—matfonal Institute of Bulldizmg
Sciences (NIBS): Uk is. iwm=hded =s- wrowide information on techmicad
issues and status &t meEric conmmEEses In: the United Staees comStruc—
tion #ndustries. - BT will e omaide o eﬂdhle t., attendees:at the NIBS
Symposium- on "yetm Commemaion #m¥ehe Consiruction Commmnity”™ to b
held December 2-3, FM30, imdfricspn - fl. In addition, it will be avail—
aole to other affecﬁ.m:mm cossstruction community- -
[ od

The report coatalns Snformarttene o ~flaazing for the mesric change,_
cp.r-rent metric actiwmintes oﬁM and_ industry gromms, tectnicas
impli tions Y .the memstructile Samusries, . dlmens:mnal -=pordination,

-metri building ormam Sercaoss, , Esearch 1sSues, ancc timing. Iz

is intended. to provide assiEstamce y¢r Imformed. decisionmaizing relative
to metric conversion fwsr the B.S. comstror=ion 1ndustr1es. -Also included

in the report dis a Wiblicpraray = —mnt ‘constrilction industnes
metric technical infomsation. .. . o _ e

.~
-

Keyworés: Constructim:Miﬁs; ms:l.onal c ordmation, metric bib—

liography; =etric muversmtttimetabl metric decz.s:.on, metric
product sizes; metwir systeesc(SI). ~ [, -
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. Phis report' hes ‘been prep=red as an informatidn paper =or ‘those |
- comsSdering issues relate# to mnvez'szorrcof the building indmstries to '
- thewetric systém ﬂpf ngam " In.pmteicelar,’ it 1%, made -available

-fortthose attend:mg the Sympasdum on' " Metrie Conversion J.Hﬁe Constric- .
tnt Commzuty, 4 ‘to be helﬂ' in Ctu.caérrv =, ‘on December 2-3; 1980.

mmpos’ium is being b& mnder the jeaderslup of he Nat:z.onal
Inms#itute of Bu.zl/.mg Sczezus {NIBS) imx exmperatior with —he Anerican ;’
Namomal Metric Councdl, the @wited tes Metric Board, and-the National
Bmmman  of . Standards= The g‘.:posesiaf‘ #he _Symposium is ¥or the U.S.
cc-:z:uctzon commum.d;; - \ - o ; :

o ~To examine omzm and pro!ﬁms =elating ‘to the ‘metric
ot system of asM :zn:constructm a-::to con.s.zder a. procedure’*
. for devel .uzg xaligersrs  on whettr = not " the construction
: communlty shoulm and, if sa,.«kdfen. - - .

f_' ‘Thzs report is des:—&i 170 .assist attemdees. ;by prov:.d.mg background~' ’
. mﬁormatzon ‘on the ~we=mrs >f=metric conversiomrin the United States and
toorovide a general:ﬂ:ia. randing of -the ka-qects t/rzcatlon for
tle:constructlon commninyw. It was ass & rom material provided by
tlECLS. constructm::“a—nty and  techpisal data develoPed by the
Cenber for Bulldlngm at the Natioms®® Bureau of Standards- It
. is intended - to pre‘pazment data and .. analysis of .the principal
isswes faced by ‘the—stmstzuction’ commumty It is recogm.zed that all
Cof ﬁe content m.ll ot M. .of interest to fweny readers. ‘Therefore the.
m:aatzon has beamg broken- up amé. headl:.ned so that the table

.af. contents provzdmagnﬂ!to selectlve m:ng o . v .

-

. The= report was req_ad Jbg:the NIBS Metr.ur:&nposlum Plam.wg Comm:.ttee, S

o which is comprzsed:z::@resentatzves of tha.four organizations ment ioned
abwe._ The materiz= presented does not reprsent the formal posJ.tJ.on of
azzz'z.organz.zatzon or:ndmdral, except wherne<so mdzcated . .

~

. Special tharzks ‘are - extended -to tbe prmczpal authdrs of tI:u.s report, '
H2ws J. Milton, FRAIA, Technical .Consultant, and Sandra A. Ber 7 wof tke
. Nat-ional Bureau of Sandards. Mr. Milton's serVJ.ces ‘on metrz.catlon and §
. dimensional coordination were made ava.z.lable by the Australian Governpment - -
with the support of the U.S. Tepartment -of Housing and Urban Development. '
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1.1 Historical Background

e

‘»

: PAR,T 1 - ME']:RIC CONVERSION DELIBERATIONS AND PLANNING FOR THE CHANGE

-
.

""l'he metric system of units was proposed at a time "when the. Unitedw

States of America had . just put ' into effect its -Coustitution, and

. George Washington had been named  first. President. In 1790, France,

Great Britain, .and ‘the. fledgling United States were all considering

.major . changes to their systems ofs weights and measures in order to

reducé diversity and confusion. In each case, uniform measures and a
decimal base were proposed, but only in France was a system developed
‘which has since been’ adopted by nearly al], nations of the world-the .
systeme metrique or metric system. ) _ .

Thomas J fferson, “the Secretary of State in 1790, was aware of Talley—

rand's p osal to the French National Assembly for a new. and radically
.-different. system of units,. when "he submitted 'as one of two plans for

»

consideration an elegant concept of decimally related weights dnd mea-

sures, ‘based on decimalized {foot and a decimalized pound, with a
direct relationsh Lp ' to the cubic- foot. .-Although Jefferson's support
for a decimal" currency had ‘been“®instrumental in .establishing the

‘decimal concept of measurement as the basis of commerce and ‘accounting, e

no action was taken to- change weights and measures.

The first serious comparison of English (customary) and French (metric)
measures was made -in 1821, in the extensive "Report Upon, Weights dnd
Measures” by John Quincy Adams, . stating advantages and disadvantages
of both systems. Adams, however, counseled against.any hasty decision
and, thus,, the subjéct- remained dormant until the 1860's, when some

" .major international conferences and the .newly formed National Academy

L)

of Sciedces took up the. subJ ct of -an "international™ _system of
measurement. C ,% . : - '

..

The result of new initiatives was. that - the metric system was authorized
by an ‘Act’ of- .Congress passed in, 1866 (14. Stat.-.339, July 28, 1866),
and thus became permissible for use in any transaction. N .

R

- In 1875 the United States became one, “of ‘the: or1ginal signatory nations
" to the- Treaty, (Convention) of the Meter (20 Stat.  709), which’éstab—
-1ished the General Conference on Weights and Measures (CGPM), the Inter-

* national Committee .for- Weights .and Measures (CIPM), and the Interna-

" tional Bureau. of Weights. an‘d‘ Measures (BIPM). : Thus, for over a ‘century,

‘the United States has- actively participated in the development of the.
.concepts of the metric . System and in. recent years, - the International
System of Units (s1).. .- ) - -

~

Since 1893 Customary unii:s for use in. the ‘United States have been .

"defintd in’ terms .of. metric units.  In addition, all maJor .units . for
electricity, magnetism, .and . 1llumination now in use’ in the United

-



States are* metric units .and, ‘in most .instances, pu:l:e SI; for example,
watt, vol®; ampere, ohm, siemens .. [mho], hertz [eps], weber, tesla;
henry,-'candela . and' lumen. . .

There have been various periods, starting in the 1860's and continuing
into the' 1970's, during which bills have been introduced in Congress
to effect the” adoption or wider use of the metric system. Eearings .
were held on many. océasions, under the auspices of Senate or NSse of
Representatives committees [1]*. '

Since the formation of the .'.Congressional_ Committee on. Science and
Technology in 1959, which by House rule has been charged with the gen- -
eral oversight of the "standardization of weights- and measures and the
. metric system,” bills have been. introduced that year and every. year
following to effect wider use ‘of the metric system"‘ﬁ the United States
or to provide for surveys and studies to weigh the advisability of doing
. S0 . e

In 1960, the United States was a signatory to the  llth- General
Conference on. ‘Weights and Measures, which formally gave the tjtle
“International System of Units™ to the rationalized dnd . coherent ver-
. sion of the metric system, for which. the abb ation SI is used in
" all languages. With this action, ‘the change. bec an ,"intetrnational”

-~ issue, reflecting the’ international participation in: the development
~ of SI. . Following-a decision in 1965 by British industry to change to
SI, based on a voluntary ‘conversion, -one" by one all other English-
speaking nations decided ‘to replace -their customary measurement systems
‘with the Interpational System of Units. -0f the major nationms, the deci-

sion by South ica was followed by Australia, New Zealand, and Canada,
-so ‘that by th d-1970's only the - United States had not reached a

decision. S o . =

1.2 The U.S. Metric Study and Testimony from the Construction " -
Industries g . - . -

On'vAugust 9 1968 _ the President s:.gned Public ‘Law 90-472 (82”S'tat.
.693), "Am Act to authorize the Secretary of Commerce to make a study “to._
. detérmine the, advantages and disadvantage’s -of -increased 'use. of the
‘metric system in .the United States,” also .referred to as the Metric
Study ‘Act- of 1968. “The. Act - specified that the Secretary of Commerce
should submit . to- Congress, within 3 years, . a full and cbmplete report
of  the findings;_ ‘together with such recommendations as considered to
* be -appropriate ‘and - in the® best interests of the United States. ‘The
: "U.S" ‘Metric Study” was, conducted by the National- Bureau of Standards,
and has been reported in a 12-volume U.S. Metric Study Interim Report -
(NBS SP..345-1 to SP 345-12) [2], as well as a Report to Bhe Congress {NBS
..SP" 345 - July 1971), entitled "A Metric America — A Decision Whose Time. -
Has Come [3].  The report concluded that the United States should

[y

Ll

Lo - s L . . .
* Numbers in brackets .refer .to re’ erences. at end of -each Part.
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-

change to the metric system through a c-nrdinated. national program,
and provided a number of more detailed r;commendations, for example'

°'.that the Congress assign the responsibility for guiding the change,

" and anticipati eé the kinds of special problems described in the

. report, -to a cefitral coordinating body responsive to all sectors of .
isociety; .

- N

° hat within this guiding framework detalled plans and timetables '

T be worked’ out by the sectors themselvés, L .

° thaI early priority be given to educating every American schoolchild
and the public at: large to think in‘metric terms;

° that immediate steps be taken by the Congress to foster u. S.
participation in international standards activities,

° that in oeder to encourage efficiency and minimize the overall costs;
‘to society, ‘the general rule should be that .any changeover costs
- shall "lie where they fall;" .

° the Congress after deciding on a plan for -the nation, establish
a target date 10 years ahead, by which.time the United States. will
have becoine predominantly, though - not exclusively, metric, and,#

°. that there, be a firm government commitment to this goal.

[}

As part ‘of the U S. Metric Study, the construction industries were

: asked ‘to, respond on their feelings about thé projected change to metric

measurement. ‘This was accomplished by means of - questionnaires and.
- interviews, as well as by means of a two—day Construction Industry Con—-
- ference, held at: the National Bureau of Standards U.S. Department of:
Commerce, on October 5-6 1970.-_/;§J T G -

*fﬁz responses from - the "contract: construction sector, of nonmanu-— .
facturing businesses are detailed.in U.S. Metric Study Interim’ Report
- ™No. 5 - Nqnmanufacturing businesses’ (NBS: SP 345-5). The following esti=
, mates were made by ' construction respondents as to- a reasonable time

-

: period for the change., o : . o



\ Percentage - Tmmmlative Percentage - . -

E _Immediately DA ‘0%

1 - 2.years - . 6% 6% :
3= §-years : " 172 . -23%. _
- 6: =10 years . -  45% R _ 68% - ' :
7 11. = 15 years - 6% L 74%. _ : )
- 16. = ‘20 years = 8% - - 82%.
" Over- 20 _years . 5 4% '86%
'_-Never e 3 -_:_,_; - 32 Co .. 89%
No answer or : _' o oL
don t. know : _11%. oL ~
SRV ' 1002""_1-_ _ R

"The response indicat hat' a- majority of t:he respondents who chose a -~
time' ame regarded a.6-to-10"; .year - -period as reasonable,,, namely 45/89
or”50.6 percent... IEC the responses favoring a shorter ‘time ‘frame are
-.added,, 68/89 ~or. 764> percent .‘opted-for a'time frame within. 10 years.
" However, “when “asked: about:: the current attitude.’of your company towvard
Z;,.zncreasedlnetrzc usage . in’ your»operatzons 37 percent of - the’ construc— .-
L tdend companies ‘indicated-  that: -they: were mildly or: strongly against .
S against metrication, “while” 24 -percent indicated ‘that they were “for
T metrication. . The remainder--39 percent-were either neutral or noncom=
mittal: (no* answer, don't know) - Fifty=seven . percent of construction” _
. .xep sentatives indicated that’ they believed increased metric usage was “
“in the best interest of the United States. .; e T

S

" :-',."Additional testimony from the construction sector was. obtained with, the'

-'-~1"-,dassismnce -of _the Construction Affairs. Committee of the U.S. Chamber of

o Commerce.Wr The _testimony . from 26’ major construction related groups is .
summarized in U.s. Metric Study Interim Report No.. 12 ——Testimony o.f
Nationally Representative Groups, ‘pages ‘76 = 86._ The - summaries . of -

findings’, have beem re.produced -as’ :Appendix 1 ‘as.are. the inputs ‘from N

.-}"‘"‘indiﬁdual groups --that. . gave . testimony, including .the - construction
Cr :mdustry s unions, whose testimony were- presented at a separate, National.
'Metric Study Conference ‘on Labor..h_'._.q L , _ . O

“1 37 Legislative Action, ‘the' Establishment of the. H.SN.Metriejoard

e

' '-'Following the U.S._ Metric Study Repwt legisla;:mn was forwardei to i'
W Congress by the Administration for := voluatary t=m ‘year plan to mon—
- vert: the-nation . to the metric sym [92nd Co:greszs]. However, ‘no

: action was taken. I .

A number of b:Llls were - introduced.:m the. 93rd Congms, with heanngs .
~held. on- them. en. bloc in- March. andﬂ!hy 1973, -followediby the report:mg—
- out of.-a metric bill by’ ‘the Subcnm:mr.ttee ‘on Sc:mzce, ‘Research, ‘and’
Technology, ‘which was amended in:the full Commirtee. Sire: October 1973._
' “‘On May*’l 1974 this bill was bronght to the. floorumhr a suspension

K




'-:':' favorably.

-

of rules which requires a/two-thirds vote, but _it. was not. acted upon.

—In the 94th Con ress, many bills were .introduced in 1975 ulminating-

\ in the reporting-out’ of B.R. ..8674, which was subsequently considered -
o aand passed/by the House on - September 5, 1975; considered and passed by

e

Vo

the\Senate, but amended in- lieu of &enate bill S. 100, on December 8, .
197S° concurred on .the- Senate amendment by the House on December 11
-1975; .and. signed into Law by President ‘Ford on December 23; 1975,

"', Public Lavz, 94—168 cited as the "Metric Conversion Act of ~1975” [4]..

; -

The purpose of the Act 1is stated. as l‘o declare a national policy of
coordinating the increasing use 6f the metric ‘system .in - -the United,.
States, and to establish & United States M%ric Board to ccordinate: the
voluntary conversion to the metric -system. The Act does not. specify ',

- a timetable for - conversion, nor does it ‘speak about the sole or predom-

‘inant use of the- metric system; rather, it mentions* that. "this ‘Nation
" is the only ndustrially developed nation » which has not ‘established a

" . national pollcy of ‘committing itself ‘and taking ,steps to facilitate

conversion to, the metric system _and that "it is therefore declared
‘that -the policy of the \Qﬁited States shall be to coordinate and pian
. the: increasing use*yof- the metric‘ system in. the United States .and to-

" establish a United States Metric. Board to coordinate the volunta.ry_

conversion to the metric system._ S I . --__._—_._.. -

-

'l‘he remainder of the Acr. deals with the estabhshment, structure, _
functions, and. dutieés of.the U.S.. Hetric Board, which, according to. the -
- Act, - ‘consists of  a’ "hairman and 16 ‘members | appointed by the" President'-.;.
. by and" with the ‘advice- and: consent ‘of the “Semate. “It’is: significant
" that. Sect(ion " 5. (b)(Z)(’H) —specifies,’ one ‘of "'the ‘members “"to.be selected -
from lists -of: qualifie‘d individunals. representative of the .construction .
industry. " This: gives the bu,ilding and construction industries a direct
voice in the deliberations of the U S. Metric Board. ST .- el

and the\ other ’fou:;*nominees on June 20 1978. ’l’he-
: Louis Fe. Polk “of. Dayton, "OH, "
C'l‘- _The member repre---, :




.initiative and - under the sponsorship of the American National Standards'

I L . PR \ .. o . .
el o . L . : - ) ) X .. i .
. R . . . < - R sea CoTee o Lot

. 'Institute (ANSI), as a. _nonprofit organization to assist all segments of
* the U.S. ecoanomy in the planning, coordination, and implementation of a
) voluntary change to the metric system of measurement. . ‘

~

_.In January 1974, representatives from theomain segments -of the construc-’,
" tion industries met as a .Steering Group for Building and Construction
in ANMC, to establish strategies and policies for metric: conversion
'.'activities. This. Steering Group is now known as ‘the Construction Indus-~

tries Coordinating Coumittee (CICC)._' Subsequently, a number of Sector
Committees and Subsectors were formed to represent specific segments of ~
the constrnction and rallied .industries and services. For the ‘purposes

of ANMC, these planning groups were given the following numeric codes..

3 00 CONSTRUCTION INDUSTRIES COORDINAIING COMMIIIEE [1974}

3 01 Design Sector [formed 1976] - \kaé_,"
Subsectors. Engineering. - :
Architecture

0 3.02 Construction Codes and Standards Sector [formed 1975}
~Subsectors. -Building Codes . .
-.Electrical Codes
o D - Plumbing Codes
B ." . -Mechanical Codes
> . T sElevator Codes
~  _ Fire Prevention Codes . -« :
' State ‘Implementation and‘Training .
-Canadian Gode Liaison ‘ , :

. e .
- 3.03- Construction Products Manufacturers Sector [formed.1975]
o, . Subsectors: Basic' Structure e
Sy e Exterior/Interior Findsh and Insulation*__ e
_ Roofing" ' T R
T e Mechaniéal/Electrical . _ Lo e

- ;.j.,' o ‘Cabinets and Case Goods

Hardware R R S

3.04 .Contractor Sector'

L

13}05_ Information Sector

e . ) . .
: . i - . »

-~
e

.

7.; CoordinatingﬁCommittees as’ Coordinating Grouas. ST

ot :
a ¥ 25

1 The reference to Coordinating Committee in this text preceded the
. 'May 12, 1980, decision- by the. ANMC® Board .of Directors designating

a



L 3.06 Real Escasasmor Efomed 19751 . ‘ ‘

‘ 3 6)7 Users Secm—(B;.:iIdimg Clients; s
3. 08 Surveying‘&Mappin,g Sector [formed 1975])°

~Also. Labor Liadson Committee (formerly Sector 3.05)

Par;ticipation dn- AI‘IMC1 s planning activities for the construction indus-
tries has incinded more than 300 individuals, representing'more than 150
industry associations or: organizations. o L.

';During 6 _ye‘ars_ of meetings,v the CICc. and, its various: sector' committees
developed a comprehensive conversion .plan for the ‘U.S. .construction
industries.- By March 1978, CICC had identified all key metric activi-
ties in all sectors then in ‘existence and had related these activities .
"in-a series of logical networks- showing interdependen°dies and sequences. .
_ These activity sequence charts for:each sector and for the. industry as a .
-whole were shown publicly at..the 4th Annual ANMC Conference in Atlanta, -
' GA, in April 1978. - During 978, likely dQurations for -the various ‘activi-
ties were assessed,.-and in April 1979; at the 5th Annual ANMC Conference
in Washington, D.C., a draft Construct:bon Indu§tries Metric  Conversion
Schedule was. unveiled. This draft schedule provided the.- overall sector
management program “ﬁ.c conversion. In September. 1979, the CICC
“‘and ;all its sectorms*met to consider an expanded set of. actiom -
schedules-—or time&ﬂsrﬁar. .eacL sector and the construction industry
-at large. - These- dm ‘weTe - subJecaed to the review by all indi~ -

_ vidtals and . groups amsoctated. with ANMC/CICC.-” In Lecember 1979, ‘the

. CICC met’ ‘in Washingz:m, DiC.., :and: resolved to accept the: timet..ble as =&

_ feasible basis: for == woluntary. change-to.. metric, and decided ‘to  submit

. It for. gederak appm,and:a commitment to. change. On_April 4} 1980; =as .
a prelude te the: cmm::u:ti'mn sessinns sat’ the 6th Annual. ANMC (;onfereme .

“Zim San- Francisco, JCA, -the:Metric:Reporter [5]. featured  the ANMC/CICC
Construction: IndustriesMetric: Comwersion Timetable (figure 1-1). - The
"Repotfter also -contained- awot to peTmit individuals and/ or organiza-
—tions to express the:[:r “ﬁezli:ngs on : ﬁzetimetable. oo S

-

Ihe activities of the Conmruetiomln&:str:ﬁes Coordinating Committee of

ANMC in. attempﬂ:img.to denelop ‘a voIsm@mry plan for metric c(nversion :

: n..:!:ndnatmﬁes, lme:&enaﬁetailed in the ANMC Construc-'.

- : , ' g Commsitttee: spectal’ publication (May 1980),

i ."Hetrie*Convezs:ban An :the:dﬂ:nst::u:t:ﬁon* iﬁﬂmstries...Planuing, Coordina--
tion and: Iim:fng"" [6]. R e - S .

Ihis Time@:le has not .been subnd:t:tai w the U. S. Metric Board for o

examina:dom:nd general ‘review im:line ‘wfth ‘the procedures outlined in -,
- Section: 62 and%’ 6. (3) _.of the metric Convetsion Act of 1975. : I’hese S

proceduremate, T : _ col e
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" "In carrying out this program, the Board .shall--— _
. (2) provide. for .appropriate procedures , whereby various groups,
° under the auspices of the :Board, may formulate, and recommend or
. suggest, to the Board specific programs for cocrdimating conversion-
- in each industry and segment thereof aomd specific dimensions: and
) configurations in the metritc sSystem and in other measurements for
- . general use. “Such programs,. .ditensions,” and configurations shall
T be cons_istent‘ with (a) the needs, interests, and .capabilities v©f
- * manufacturers (large and small), suppliers, labor, consumers, edu—
cators, a‘,nd_other‘interested. groups, and- (b) the natipnal interest;

(3 publicize, in an ‘appropriate manner, proposed programs and
-provide an ‘opportunity- for interested groups or individuals to
.- submit comments on such programs. At. the request of . interested
parties, the Board,  in its discretion, may hold hearings with -
regard to such programs. - Such comments. and hearings may be consid—
ered by the Board"' ~: _ . - '

The 23’ Action Items of the Construction Indmstries Metric Conversion
. Timetable Fre analyzed and expanded in Patt 8 of this publication. -

1.5 The GAO Metric Report and Findings Relatz%to the Construction
- Industries Ve ‘ . .

Following the passage of the Metric: Conversion Act of 1975, concern was
- voiced-by pro-metric as well as anti-metric groups. about the implica-

tions of the Act. The General Accounting Office (GAO) undertook a study
- and reported to Congress on the implications of adoption of the metric

system. "It assigned a task force of GAO staff members to -conduct a

- lengthy. inquiry, - 1nvo ving both questionnaires and personal. interv1ews,
' as well: as analysis o available studies and: documents. ~

-On ; October 20, .1978, t e Comptroller General re]:eased .Repor"[tﬁ CED—T&.—
‘128, entitled-' "Getting a Better Understand:::ng of: Metric_-;.._;§y.sten1—l

- Implications If Adopted. By: the Umted States.” The ge Report to
Congress and 1ts ‘Executive™ Smmnary - 71\have not I&lvenl ‘the metric com

. éroversy in the' United States, . and’ contai~n no direct. :ecommendations to .
ongress.: However, ‘on' page 30-23, the Repo:r:t. :states, "We., believe, on

’ the basis of -the conversion lessons learned -from the:Fomwedign countriee
xperience, that ' if the . United ‘States., is  to -he predomimemtly metric, ,
the Congress should aménd the \1etric Convers:ronz—Act o TS5 to make i -
the national ’ policy to- convert to the metric_:system as the predominant -
system of weights and measures wit'hin a certain—mumber: of. years. Also,
the U.S¥ Metric . Board should accept lessons lea:rned in- other countries. _
The report’ emphasizes potentiaI problems, concerns, and anticipated
costs of the change and is, ‘therefore, a useful guide. "to. those .areas
‘which require additional research .and invesl:lgation. In . relying ‘on ’
estimates,'f the report acknowledges that accurate assessmen s .of either

"~ Tcosts ‘or: benefits are not possible, ‘but :that: the: costs " of : the cha:nge .

' would be substantial. The Report. summarizes on page 31—27 "It won.ld'
seem that as a minimum before voluntarily decidi;ng “to convert th_gre

-




‘should be a clear understanding of the policy, knowledge ‘of the costs
-and benefits involved, an assessment of the impact on-.the .sector in-
'-volved and any related sector, and a determination of the impact on con-

sumers.” Chapter 11 of the  report, “Automotive Industry Provides an
Impetus," deals largely with costs -and benefits, and clearly indicates.

. that initial cost estimates can” be largely misleading and vastly over-

stated. In this industry, it is believed that the coupling of mefrica-

-tion with. the introduction of new products or normal replacement cycles

’

- will result in benefits which will.. ultimately outweigh » the costs.

The largest chapter in the GAO Report, Chapter 16, deals with the

" building and construction industries. The 55-page chapter,’ entitled “A
" Dilemma for the Building and Construction Industry,” states some of the -

reasons. why conversion is progressing-at a slow rate. ‘It also finds the

-industry, generally, 1s passive towards it, even though- much -of the
' industry nonsiders conversion to be inevitable and beneficial for the

lUnited States as a whole.l

“The apparent reasons for “the lack of. activity (at the time- of the

_study——1976—1978) are that” (1) the industry presently has no compelling-

reasons to convert, (2) the industry .is undertain of ‘the’ ‘national. policy
and Federal. commitmeﬁt to conversion, (3) parts ‘of the industry. are con- -
cerned’ about the- costs and not certain of . the benefits, and (4) it is

. difficult for individual ' firms or segments of the industry to act

alone——the industry is too.diversified, -and no firm is "large enough to .

-lead. ‘Metrication of the building and construction industry . prebably

would not- Qceur in the ‘near future unless it is mandated or the- Federal
Government playe a greater role in bringing zt about.” '

" a? .

The chapter itself contains” a great deal of useful’ information, based

‘on the result of 285 usable replies to a construction industry ques-—
tionnaire, sent to 394 industry associations, as well. as- quotes from -
. interviews conducted with varjious industry spokesmen.- In presenting

, responses to various questions, the‘teport uses a breakdown. " N °
l.. Construction Industry Associations (285) > S
- ,Designers S . ) - . o v -
“b., - Contractors  ° T g - ot
‘c.. . Labor . .. o " , B :
d. = 'Manufacturers ! = = - Cel N T
e. .- Distributors L. S e .
f.  Codes 3and Standards ¢ '
g- ‘Real Estate T T :

2. | Small Construction Firms " (67) from Survey of 1000 Small Businesses.-“--

& -

' The categories of* 1ndustry association,_gzcept for distributors, reflect ‘

the . sectors adopted by the American National M“frtc cuunell.

,The GAO Study also asked ‘a: number of questions on timing of metric con~

' version in the construction 1ndustry, in Section F._ of the Questionnaire

(shown on’ page 16—55 of the Report).c o SRR SN
. . k 10 o : . . . . -
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Question 20. asked' sIf the United States converts to the ‘metrié system
' approximately what would be the. shortest time frame for the majority of
~ your members to- convert?’, and Question 21. "asked: - "If conversion is
not made mandatory, what would be tHe optimum amount of time your members
would need to convert’ ) - :

-

The GAO Task Force chose diffe ent time spans from those used in the
_ U.s. Metric Study, having only. two ‘op=ions rather than four" options for
. the first 10 year period, and four optioms ‘rathet than two options. for

periods exceeding 20 years. Thus ‘the median in the eight GAO optiouns

falls'at 20 years, compared with -ar median 6% 10 years in- the eight U.S.

Metric Study options. L o .

Despite this difference in approach the findings' ofi timing were not:
" dissimilar as indicated in the -text on conversion target dates”™ (pages
16-45 and 16-46), which is quoted in full belowc.,- o N e
"[A) time frame is needed for the industry to properly plan and coordi-
'nate. Architects would know when metric products are avatlable, \and :

manufacturers' would know when to -produce metric products. .

"Many factors should be considered in establis.,hing a time frame. For
example, some .may. want .a time f.rame as ‘short as practicable -because of
the dual . inventories _problem. . Others may believe a longer time frame
is necessary. ‘Thes' guiding principle should be to maximize benefits and
minimize costs.. More ‘than’ oge target date may be established for the
industry. with the time frame bf ‘one .segment differing from, but coordif- -
-nated with ‘that of others.v A PR _ . T

o S
. .

"About - 90 percent of the associatfons and 77 perceut of the small
constru,ction firms said that 'they . could convert in 10 years or less.
Sixty-three percent of the . associations and 62-,percent. . of the small
. constriction f/irms thought ‘that 10 _years or" less. would' be the optimu?n
time frame~ for conversion;' i.e.,-: conversion could bé most favorably
implemented in IO years or| less.7 - - -
T < . s

Min um Conversion Time Frame : _ . - ' ' o

RS

< g

,_Time Period/' Associations Cumulative Small Construction Cumulative R

_ 2, o -Firms : -
. Under 5 years = 37%- | . 37% . . -a2m - G2z
. "3 =10 years . 54% __91% 1 35% . . 1x
S 11 = 15 years — 5% L 96z - . 12% - - 89%
. 16 = 20 yeaxs. . 2% .- . .98z . ., . == C - 89%
. 21 years + .0 - 1Z . - - 99% i 37 e 92z .
‘Never . .- " Sz T 100% T Tx o T99% -
[ ‘ .‘:.‘. .-: ; ii .; ‘ ) .

,‘.‘




o __Optimum Conversion Time Frame (Conversion not made mandatory)

" Time Period ] Associations Cumulative. Sniall Construction Cumulative

) Firms
Under 5 years - T 21% .. 21% - 31% . - 31%. -
‘5 =10 years. . 63% 632 ¢ 312 - 62%
- 11 = 15'years - 14% - ~ 774 -~ -%  10% - 72%
"7 16 - 20 years . % - 84y . 5% L 77%
21 years-+ . . 5% - . 89% . .1 - 3% T . 80%

Never ~ - ~ . - 11% o.100% - .19 99%

1 6 Involvement of the:'National Ins'éitute of Building Sciences

With the development of the draft of -a Construction Industries Metric
Conversion Timetable, representatives of construction industry associa-
tions working dnder the’ auspices- of ANMC/CICC determined that a wider
dissemination of the information and planning data should. be made to all -
segments of the industry, ‘to decide whether métric’ ‘conversion was "feasi=
‘ble, and, if so, whether -it shou1d be.undertaken‘by ‘means. of a voluntary,

private-sentor led conversion program based on ithe ANMC/CICC timetable.
{

>

A cornerstone of the planning was the decision by -the: Construction-
Industries’ Coordinating Committee "of - - ANMC that industry leaders should
“ be acquainted with metric conversion issues, opportunities and concerns,
~as well d4s .the. ‘metrié conversion plan and schedule .developed. by ANMC/,
CICC. Inm September -1979, ‘the National Institute of Building Sciences’ *
(NIBS)-—as the ma jor. fcrum for the construction industry~-was invited
to-be a- -sponsor . of ‘a natiopal. conference on” metric issues and the ANMC/
. CIECC Timetable, together with the Amerjcan National ‘Metric Council,-the
U S. Metric Board (,USMB) and the National Bureau of Standards (NBS)._

KA

%

-t

Subsequently, NIBS decided that 1t should organiZe such . a. conference on.
a nonadvocate basis, with the- assistance ‘and cooperation of ANMC, USMB,
and NBS. In- that way,- both pro-metric and anti-metriceviews, could be
g;resented %in a construction-oriented context. The symposium on - "Metric
*\{Conversion in the Build;.ng Industry"'will be held -in Chicago, Illinois,

on December 2-3, 1980. -« - . L .

In February 1980 NIBS mailed a questionnaire on Metric Conversion of |
the "Building Industry " to -all- its ‘members;’ to ascertain interest in

- attendancey; and some feedback.on: . (1) aspects of megrication that have '

" been researched; (2) the willingness» of individuals to present. a paper.
and the subject(s). for, such a paper; and, (3) coucerms about aspecté of
metrication. -From - responses it 1 clear that. dimensional .. (modular).

coordination’ and derived. preferred sizes are- cregarded ‘as the’ princ:.pal

‘\ issues for the construction community.

)
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1 7 International Hetrication . - . .
- -Close contacts ‘are’ being maintained h/he ANMC USMB and .standa’rds-'f

‘ generating organizations with. the Canadian building: des1gn- production,

. and: construction industries ‘to itor their experiences ~_.dur:l.ng ~the B

transition to metric (SI) units, ‘nd* to- obtain information on any action ~
-that may ‘assist the-United States in. mak:r.ng decisions on metric conver— o

 .sion. The- Canadian building % dustry planﬁed ‘for an M-Day of January 1
1978, ."and.. an M—Year of 19787 during. which the actual changes- in" produc'-
“tion and construction wou] be initiated, followed by a. trans1tiou§period
of a few years -and predominantly metric new copstrnction by: Decempe,r 31

' _l980o_- : R -‘.‘.-...,':L. T T S ._’-' .-,'.‘ o “

In addition, info tion on approaches and metr:,c practices dezeloped
- during the: change° in the construction 1ndustries of". Britain,,Australia,
.and New Zealand has been avai,lable to guide ‘the United States in terms .
"of technical precedent.r But, rather than just following the patterns
'of other ~Countries, analysis of “precedent will indicate trands and-

'make it."possible for the United States to make- decisions appropr’iate

to its own needs ‘and 1ndustrial patterns..

[
. . - o -~ . . ~
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-PART- 2 - CURRENT ACTIVITIES IN PROFESSIONAL AND _INDUSTRY ‘' GROUPS AND

STATE GOVERNMENT POLICIES, METRIC' COMMITTEES OR COORDINATORS ;
METRIC ACTIONS , ‘.

S - . i <

j2.l" Current Construction Related Metric Activities

A L 4

" In the springzof 1980, the NBS Center for Building Technology sent a

Ietter to 128 professional societies, trade associations, and individual .
companies’ requesting metric conversion ' information. -~ This section: of

- the document is compr1sed of . excerpts from responses to this- letter.

* For the most part, those contacted are organizations which at sometime

had representatives at a meeting of one of the Sectors comprising the

- Construction Industries Coordinating Committee of the American National

' Metric Council. . In a  few instances, organ‘zations were -contacted

because they are wéll known in the construction community.

Following is a breakdown of inquiries sent and responses received
separated into categories similar to the Sector divisions of the Con-
struction .Industries Coordinating Committee of the American National

Metric Council.

Construction Related National Associations

‘

: o . Number of Number of. -
Sector i oo : Inquiries Sent Responses
Design - . 13 9
Codes and’ Standards ' 19 10
Product Manufacturers ‘ - - 35 15

- Contractors* ' .9 ; 3

. Information 0] o ~
* Real Estate .’ : 6 C
' Surveying and Mapping -3 2 ,
- .Labor Liasion 4 - _0 - -
93, 39

“Construction Related Individual Companies

R ‘Number of " Number of

" Sector- - o ' . Inquiries Sent Responses .
All.Sectors o 35 12

‘There were a total of 51 ‘responses. to the inquiry. Following is a
summary of the information contained in these responses from Construc- .
“tiom Related National Associations .and Individual Companies combined'

(g

2



o S . ) f Has Pub- . - <
' .1ished Metric Has Metric Has Metric Has Metric

Seetbr”.% o . _Information _ - Policy Coordinator Committee
'-Design (10) : -3 3 2- .. 2
.Todes and" Standards (10) 6 2 4 2
. Product ‘(Mfgs) (26) . = 10 9 10 . 13

. Contractors (3) ° 0 . I T3, 1,
" Informatiom (0) : 0 0: -0 0
.. Real Estate (0) .0 0 0 0
-.*;Users 0) - | : - 0 0 -0 .0
;,Sufveying and - . - S
. \Mépping (2) S 2 1 L
C Ldbor Liaison (0) : . 0 0 . o . 0
- N3 S 77 20 19
- ‘The folléwing organizations'responded to the inquiry:
I .Aluminum Association,. The - ' : En
- American Association of Cost Engineers A
American Concrete Institute * :
American Congress on. Surveying and Mapping
. American. Hospital Association. -
American Institute of Architects
-American Insurance Association
American Iron and Steel Institute- d
- American Plywood Association - .
. American Society for Testing ‘and Materials ¢
. _American Society of Heating, Fefrigerating and Air-Conditioning

ey

. Engineers
Americar Society of Mechanical Engineers
American Society of Photogrammetry .
American Society of -Plumbing. Engineers
+. American,Standard/U.S. Plumbing Products
. 'Associated -General Contractors .of America,
' Association of Wall and ‘Ceiling Industries = International
. Bethlehem Steel Corporation
'Bliss Steel Products Company" .
Brick Institute of America : ..
. Building Officlals and Code Administrators International Incs :
Business and Institutional Furniture Manufacturers Association
Carrier International Corporation .
Concrete Reinforcing Steel Institute - . .
'Copper Development Association ° . o ' o
 Gypsum Association ° : ) :
. Balstead and Mitchell-Division of Halstead Industries
. I1luminating Engineering Society of North America
Interior Design Educators Council o ‘ .
International Association of Plumbing and Mechanical Officials -
'International Conference of Building Officials-v:_, :

16 A~
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cs JManufactured Housing- Institute
* Mechanical Contractors- Association of America, Inc.'- *
Mobil Research and Development Corporation-: .
‘ Monsanto Company B - » .
_ National Association.of Home Builders - ' e e
! National Concrete Masonry-Association . o
- National: EléctricaI Contractors Association -
National Forest Products Association "
‘National Society ‘of - Professional Engineers'
Portland Cement Association . C,
" Prestressed ‘Concrete Institute s ' '
Quaker-Maid - A Tappan-Division . :
Red Cedar Shingle and Handsplit Shake Bureau -
Society of jAmerican Registered Architects ’
Southery éilding Code Congress International, Inc.
Tishman Refearch Corporation - - .
Underwriters' Laboratories, Inc. _
Union Carbide Corporation . S ,. R
United States Gypsum Company . : . . :
Weyerhaeuser Company : ' -

-4 summary of each of the above organization's response follows in -
alphabetical order. Those organizations responding that have no metric °

conversion activity are included as well.’

'l

.The.Aluminum Association.- The Aluminum industry, through committees of

the Aluminum Association, has’ been preparing for metric conversion for
over 9 years.. The Association serves as secretariat to American National
.Standards Committee H35,. which has" published metric standards. The. ASso-
ciation -observes preferred metric sizes for metals established under

American National Standards ‘Committees B32.3 and B32. 4.~ The" Association :

" has 2 metric committee which .is chaired by Philip C. Althen, ALCOA,
and J.. W™ Barr of The Aluminum Association is’ responsible for association
metric activities. It published a "hard" metric version of its standards

"ma.nualz.nl978. S X

-

"American Association of Cost Eng‘neers. ‘This associatiou has a publica—'

'tion guide- to- authors which requires both customary and metric notation
on all units in publications. = Papers‘ submitted containing SI units do.
not .require English equivalents,,however, the reverse is .required. The
Association expects. to drop. the use of English units altogether after a,
couple of ‘years -and publish exclusively in SI. .

'American Concrete Institute. ‘The American Concrete Institute (ACI) has
'a'13—member: Metrication Committee,'chaired by ‘Clarkson. Pinkham, of S.B.
Barnes ‘and Associates, Los Angeles, . 'The. mission of the Committee
U dgs Mol remain _abreast . of . developments related to metric’ conversion

I;.,and dimensional,coordination, to.- evaluate the’ 1mpact of . these develop—
- ments - on “the"- Institute and its nmmb Ship, ‘to assist ‘the ‘“Board . id .,

i coordinatlng the various Institute activities related. to’ metrication ;3;:

.dfg ; - . 'qf-_ "ii':-f17._'
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In addition, the ACI Board of Directors has adopted the: following metric

. N

.t

s

,‘ and to recommend to the Board policies and obJectives with {egard to
metrication and dimensional coordinat,ion. _ . , _—

P°licy. : X . : 'S . . . .

ol . . '
e -

‘-: "It is the pol cy of ‘the : American Concrete Institute to support .
"actively the use of the International System of Units. (SI). ‘Metric

.f,'Conversion offers -a. unique’ opportunity to “achieve greater dimen-:
x-sional coordination.- The . American Concrete Institute actively, sup-

American Con ress on. Surve i

ports ‘the - development and 1mplementation of a rational system of

standard dimensions as a part of -the processes of conversion to SL.” . )

the metric area- and ‘therefore, its entire response is included._

" the Metric Bill by President Ford the American  Congress. oi Surveying

. and ‘Mapping (ACSM), under the leadership of Dr. Charles A. Whitten, and -

in conJunction .with the  American National Metric Council, has prepared
2 guide entitled,- "Metric Practice Guide for Surveying & Mapping.”™

Both

‘.The Metric Committee establishes and maintains liaison with - appro- '

'ACSM and ASCE ‘have affirmatively declared it a policy to assist in

the’ orderly transition to the metric system. . The ACSM . charge for 1980
f is. ‘ v S

. -priate federal: agencies. concerned with the adoption of the metric
- standard in’ the United States. Through- ACSM- periodical. publications .
and -such monographs: as thé "Metric Practice Guide,” the committee

" before the ANMC,: the U.S. Metric Board, and other agencies. The:
'committee will, in cooperation with other societies and agencies,

provides up—~to—date information on a..continuing basis for the ACSM

membe'rship on ‘the ‘status of the application of the metric systen in-

the United States as .it’ affects various aspects- of surveying and

and -Mappirng. This organization provided .
quite a. lengthly ‘response  to the inquiry... It has been very active in-

‘ Members of the ‘ surveying and mapping profession have discussed ~andv .
. written about- the conversion to SI for many years: Since the signing ‘of -

.."Metric Committee (presidential)" ? ' ' S e . ( -

cartography. The committee continues ‘to serve as the secretariat . .

for the surveying ‘and mapping sector of the American National Metric
Council, supporting the views -and ,interests of our, professions

recommend a schedule of adoption of - linear metric measurements by
survey personnel and offices. Methods ‘and degree of .use shbuld be

-considered. Do LT ) _ o e

In March 1980 ‘at ‘the’ annual convention of the ACSM and the American

. Society. of Photogrammetry (ASP) in St. Louis, the following resolution'

. was presented and adopted: by .the: membership. It is currently being
reViewed by the Boand of Directors. : . - J ;

PPN
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"Whereas, The President of “the United Staéﬁs has s1gned the Metrici
Conversion Act (PL 94-168) in 1975; and o .

Whereas, The American National Metric Council has Supported a
voluntary conversion rarget date for 1985"and . C

Whereas, U S. government agencies are in the process of conversion, v
and" e :

o . o . ... . .
: ,"‘; : i.

"'Whereas, The U.S.: Metric Board has provided leadership in coordina--'
ing conversion, and [

., Whereas, A smooth transition to the metric system as: it pertains
to land survey matters- is- in the best interest of the American

people; Therefore, .be it

S Resblved hat American ‘land surveyors have an obligation to prepare

for conversion now; -
. _® ’

Resolved ‘That lanc’ -surveyors in' private practice' and in' public
‘service’ are urged to take the initiative in their daily performance

of duties, . - . : e o

Resolved, That all new land- survey plats and plans be prepared at a
ratio scale wbe“ﬂver possible,

S Resolved That. a dual bar scale . in meters and in feet be shown on
- all land survey plats and plans, R . Lo i

Resolved That 'wherever possible, all areas be shown- in mz or ha

and that the. equivalent in -acres- be added in parentheses on land
_survey plats and plans, R . , ) . :

[N

Resolved That, wherever possible, all field surveys be e.xecuted '
with metric equipment and ‘be recorded in metric units, -

Resolved That land surveyors Join t-heir state societies in assist- -
ing the public, their clients, attorneys,.realtors, architects, and _
engineers in all relevant metric conversion matters. B

- .In additi‘on, the . resolution was }dopted by the New England Section of . -
_ ACSM at its meeting in May 1980..' e - IR

‘>'-'5The I-‘Iorida chiety of Professional Land Surveyors is represented on' .
- .. the Flogida. Metric Council. - In 1978 it published the . Florida Metric -
"".‘Plan.o\ T .

et e




e systems to SI.

: .“‘The U.S. Geological Survey "has commenced publishing\;ongraphical
BN -‘_ﬁquadrangle maps. at. ;:atio scales showing metric contour elevations in
cooperation with several states-’ . _ . : -
.‘ : . RIRTR R ’ -

-;_"'rhe National Geodetic Survey of NOAA is currently advising :and ass:.sting
. state.su. \yors. societies in adapting legalized state plan coordinate

P

L4 “ P :
K4 - R

"'.;Many surveyors in private practice ‘have begun to include meter/feet bar
‘scales on their -drawings. Also, the addition of square meters to the

= f_customary square - footage an;t .acreage of land is being-added to 1and sur~
. vey-plams. ' A few- surveyors have - begun to show distances ‘of boundaries
~-in 'meters. " Generally, ﬁas been agreed that land title: records be o

converted only when a. new survey or subdiVision takes place.,
" The sponse concluded" - o
-, T -4 ;I
'I'he problem with surveying is ‘that it 1s. dependent upon. the
cooperation and .consent of the legal profession, the real estate
" industry,. architects, engineering and construction clients- (As
.long-as it is a- voluntary method, ‘i y become a matter of indi-

" vidual preference  and may lead. to u desirable disputes between -

- various usgrs of surveyors plans.

vThe organization has a metric committee and Mr. Gunther' Gruelich is itS
Chairman. T . . RN ’

.'American Hospi,tal Association. This association has monitored two aspects

 "of metric ¢ ivetsion: (1) the impact it Would have on -any. management OF > .

. " operationallgoncern 'in hospitals, and (2) the effects.it would have-on ;-_:

the health acility. Although it has issued no material or publications L
“to its members, the American Hospital Association is, highly interested - -

in‘other organizations that have developed useful guidance in the -metric - '_
conversion subJect area. . . , S LA
The American Institute of Architects. The American Insi:itute ‘of Archi"
tects (AIA). metric eoordinmator is Robert T. Packard, of Washington, D.C-
Following is the AIA. policy on metric conversion. _

Policy Statement That the Board of Directors of the American
- .Institute of Architects supports the - Metric Conversion Act ,of °
1975 (P L. '94-168) as related to -the" comstruction industry, and‘
" further urges that the metric system be adopted as the national :
standard of . weights and- measures. in the United States of America.

‘An "ATA Metric Building and Construction Guide has been developed andv:."_'; T

”'-was .published by Wiley Interscience, Inc-. A mej;ric sounding board of AIA'.;‘_':

" members interested “in - the conversion ‘process .has - been establish,e df

';-_'I'hese members are. kept informed of metric events, and individuals are .
"_._‘asked to attend and’ report: on metric meetings affecting the construction )
"'-'.-"’industry. e . S
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' _American Insm:ance Association.

.

| 2.

The Board of Directors at its May 28-»30 198_0,. meeting a_dOPted.-. the

following policy. :

. T‘ne Boa:r:d of Directors approves the ANMC/CICC Metric Conversion'
' Timetable “for-" the - “U.S. . Cébstruction - Igdustries establjshing
January 1, 1985 as the date'on ‘which metric. construction may begin
in ‘the. United States._ R . . S

" American Insurance Associatiop has"

.no" metric-. publications, however, ‘staff members - have attended meetings

" .. of the American National Metric, Council and it- does have an intel‘est in
: metric conversion. . s

American Iron and Steel Institute.' The American Iron and Steel InStitute

j; (AISI) has 'had ' a Metricatién Planning Committee for some year$. It has:
' - been concerned primarily_ui:th_ metric issues such as proper use .of units,

questions of precision and. training methods, which arise in Processing-

steel ordered in the metric system through: the plants-from ‘order pro-
: cessing to shipment. : It ‘has published a Metric Practice Guide.

b4

" Ameridan. Plywsod. Association. - The American Plywood: Association has a
metric-advisory committee which. has recommended the metric- ‘panel size

of 1200 x 2400 mm for sheathing grades of plywood. - The committee vyoted

__:té Tecommend. panel thickness designation at the Ilower end of toler-
- ‘ances——no’'minus _tolerances. . Metric equivalencies for plywood sizing

",were also - adopted.. Work' is underway on metric: thicknesses for sanded

i

£ .

N

proposed scope is: -

‘h

- 3.':‘
:;.-v.?-'

&

The basic ASTM policy is:. 3 ST e _.

panels.
]

American Society' for- Testing and Materials. American ‘!Socjﬁty for -
Testing and Materials (ASTM) has a Metric Practice Committee—-E43“~whose

. The committee shall develop and maintain standards relating to the.
 moderi metri¢c system.-(the International System of Units,  SI) angd
SR & <3 use. To facilitate carrying out ‘this function is 'shall. pain-

o ;2_-. tain a continuing sui'veillance of activity and - practice in Retric.
'*'-;'_.‘.a.cceptanCe and use. " The committee will provide advice and coordi-
nation on metric pr’actice in. standards ‘and other publications for
‘other ‘ASTM ‘technicul- committees. .-This ‘committee will coordinate:
its work with tha’ of other organizations having mutual int:erests.

The Committee Cha:.rman is John F Corey, Shelby, NC. The " ASTM has pub-
lished several - standards. : Ihese are included in Part 9 of this l‘eport. ’

. .
.

that“ SI’ units of measurement shall be.: in\ ‘uded in all ASTM'
standards that ~'-‘do not contain a. companion st -ndard j.n 'ha,rd_' ,




-

In “addition to the ge‘neral policy of ASTM "to include metric (SI) unit,
in all of its publications,- the main national -standards committee in
the United States dealing with ,build:l.ng standards——Committee E6, Perfor—-
<'mance’. of Building Constructions-ﬁas °established the followmg metric

pol:.cy. ‘

_."'E6 standards (old and new) Submitted to Society for approval shall
be written henceforth with SI units and U.S.. Customary in brackets,
€egey 100 mm [3.94 in.] or 25.4 mm [1.00 in.]. ‘Hard-or soft conver—.
N sion remains the prerogative of the subcommittee writing the

o standards. -

American  Society of Heating, Refri rating and -Air—Conditioning
ineers. The. American Society of }l‘eating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) has .a standing metric committee, which
meets twice 'a year and is active in educating society membership on

. metrdc conversion._ A1l ASHRAE publicatious will be in dual units com— -

' mencing in '1981. ' The staff metric coordinator is Thomas C. Elliott -
. New York, NY; and ASHRAE's metric ‘'policy is as follows"

. All ASHRAE documents Hpublished after January 1, 1976, shall
> . .- be prepared using only SI units, or shall be prepared 'using -

" of units - left -to. ‘the .discretion _of the author or .editor.
Exceptions in Hindbook volumes,™ Standards, «2nd special publi-

.cations may be authorized - by the responsible ASHRAE Metric '

'Committee. ~ o o .

2. Except where difticulties would be encountered.-in achieving
' the stated purpose, the Handbook Series, s$tarting with -the
1981 Fundamentals Volume, shall-be published using dual units.
-Chapters presently utilizing ST’ metric only shall remain SoO.

L _3‘.: Exclusive use of SI units shall be required in ASHRAE publica—’
X . tions when it is determined by the Board of Directors to be in
) : the best 4interest of the membership. During the transition

. - : :period,. the Metric Committeé will continde to disseminate edu-
L T, . 'cational materials to prepare the membership for the eyentual )
. ‘ ,exclusive use of SI units. PN _

American Society of Mechanical Bineers. The/ American Society 'of Me-
. chanical Engineers (ASME) has no metric coordinator; however, it has a
" ‘metric” consultant who serves as secretary of its Metrie Study Committee. *
The ASME is the s,ponsor ‘of the Boiler and Pressure Vessel® Code, "and pre=
sefitly has no plans to publish a méetric edition. Following is ASME's "

-

* dual units, i.e., SI and-conventional units, with the sequence

.~-metric policy (as updated in 1977) . _ G,
° . . l:.'-;"i'

The Society supp9rts a, coordinated voluntary national . program.*of
- . couversion to. the ‘International System of Measurement. ASME will
‘cooperate ‘with - other organizations and societies in implementing

e T 22 _35. >
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this policy._ The ASME interpretation ‘of SL is contained in ASME
Guide SI—l ASME Orientation and Guide for Use of SI-Metric..

. all works papers and periodicals published by the Society shall
~require units to be in the International . Systen f(SI). Customary

units may also be included._ o

. The Council directs the Policy Board Codes and Standards to assure
e .that Codes and Standards 'shall be published in SI units at the
e " appropriate time as determined by industry, .government, public and

managing’ development of SI Standards. W

E' __Ame.rican Society: of Photogrammetry. The American Societ) of Photogramma-.' .
;»E’;@(&SP)‘has the following statement in the Foreword to its publicatiom
can,,Society of Photogrammetry Usage of . the International .System -of .

Unitsz" g
o

-4

is."'-the policy "of the Americam; Society of Photogrammetry to

promote simplification and .uniformity in usage of units of measure- .
ment by " cooperating .with other organizations in establishing common

i .v_ ‘use .of - the# International System of Units (Systeme. International
d! g%i}es) with the abbreviatiqn SI and popularly known as the
Mmetri

'i’iAmericmn Society of Photogrammetry ‘to promote ,use of the fnterna-
tional Sy'stem of Units, to make the policy of the Society known,

the members of the Society.

This. standard is largely .based on and generally technically consistent
with Standard 1000 of the Internatiomal Organization for Standardization.

'~ Amerfcan Society of Plumbing Engineers.. This Socie_y uses dual units

in its publica;ions entitled, "Data Book,  Volum: I, Fundamentals of -

.-Plumbing. Design, ” 1979-1980 Edition, and Solar'ﬁnergy System Design,”
as well as an appendix om SI unit- ‘conversions. Customary units . are

shown first with SI "soft” converted units in parentheses. The Society s '

' metric coordinator is A. J. Morales, Sherman Oaks, California. s
" American Standard/U. S. Plumbing Products. . This organization uses: dual
dimensioning on . cataloged products and its metric coordinators are

J. 'S. Genovese and J. H. Bauer,. New Brumswick, NJ. 1In his response to-

‘the inquiry Mr. Bauer. stated, "As a -member- of a subcommittee of CICC,

- ‘,’ society needs " consistent -with mnatiomal plans for coordinating and

c system, ' and to use this system in all of its. publications.'-

h.o standard - was prepar°ed by . the }tandards committee of the_

and to make the rules of use - of ‘the SI units readily available to

vy

..we have : agreed to accept the tentative schedule [.ANMC/CICC Metric Con-

' version, Timetable] put forth by cxcc." - - . SRR

'Associated General . Contractors of America. 'l‘he Associated General Con- -

tractors of America (AGC) has. the following metric policy.

*
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~ "eesIf -the (construction) #industry is to go. metric, a hard" conver-
sion is recommended where there 1is an economic advantage (e.g.
reduction of number of .sizes). +This means 'that the sizes of build~
ing products will* “change. - 'In order to insure.sensible change, sizes
will have to be coordinated and rationalized. A‘ hard conversion

properly hand.led involving dimensional coordinat}on is thus ne¢es=—= - |
sary if the- building and construction /gd&s.try is to realize any
advancage ~from metric’ conversion.

x>

- ‘The AGC has taken no position for or against metric conversion. The

. . AGC has had a' metric conversion committee since 1974 ard Campbell Reed,
‘Washington, D.C., serves .as its secretary. This committee has recom—
mended . support ‘of: and participation in the December 2-3, 1980, Metric

E Sympos ium.

Association -of Wall and Ceiling Industries -~ Intermational. This asso—-

¢ia’ .on has published no data in the: metric area. It has established
*° reccntly a task group on metric conversion from within its Technical-
Committees. ‘Mr. Gene Erwin, Washington, D.C., is responsible for Asso-
ciation metric activity.- ' )

“

Bethlehem Steel Corporation. Bethlehem Steel has the following metric
ClE,

. policy. . . 22

Bethlehem Steel recognizes that the metric (¢s1) system is to become--— \
‘the\predominant system in the United States. 'We intend to supplx.. .
-7 'metrfc-dimensioned products to our customers when it is practical
to.-do so-——from their point of view as well as.ours. We intend tc-
remain’ fully aware’ of the progress being made by our customers in-
implementing their metrication programs in order. that we can do what
Tis ‘necessary at the best. possible time."”

The Corpcration has had z Corporate Metrlca"ion Committee since 1973. It

-~ is chaired by ‘A. G. Oudheusden, Bethleh"ém, PA. The Comm1ttee is composed

_' - Tof’ department heads and its- purpose is to study and make recommendations

 for converting operating procedures and. practices, processes, “facili-

ties, products, etc., to the metric (SI) system so s to supply métric-
d:Lmensioned products when market demand d1ctates. _ _ -

_Bethlehem can- accept and supply metric orders for, flat-rolled ‘steel
products. . Other products can be supplied on a soft converted basis, _
i,es3 structural ,shapes, -castings, forging, etc. Structural bolts can
be supplied to metric ASTM specifications- o : A

The Chairman of - the Co“cporate Metrlcation Committee summarized, "...we
- have seen little interest in metric conversion so. far, except for a few
large steenl customers uith 4worldwide operations in the automotive and

equipment areas. R SR .
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..~ Bliss Steel Products Co}poration., The President of Bliss Steel has been. *.
Anvolved in activities of the Contruction Industries -Coordinating ' Com-
- mittee of the HAmerican National Metric Council. Jn*his response, ‘he . _
stated "The fiming on our metrication wil]_._depen‘d spon the metrication .

. of the entire Building Industry." A Y T o

_Brick Institute of America. The Brick: Imstitute of America (BIA) has
. _ - no formal metric policy. Its Engineering and Research Committee is act-
" ding as its‘_Metric'Comm;i;_ttee,"Wiéh Alan-H. Yorkdale, McLean, VA, serving -
as coordinator. The response from the BIA 'in;:luded--thg._ following: ..

"'Approximat;ely.tht’ée (3) years ago, the ‘briclk industry ‘of .thei United

' States was surveyed by the Institute. . The general questions related
‘to metric’ conversion and dimensional coordination, along with metric
conversion. . - St R :

IN

.The fesult of the survey indicated a general wait—_and—s;ee attitude, :

with approximately 80 percent responding that 'when'hnd if 2conver—
sion came about, ' they wére willing to convert to" dimensionally!

coordinated metric size units. . ° . . a

It is significant to note that all manufacturers who are pow making
. modular size.standard units are, in fact, making 'metric modular®
' size units, within the. tolerances of the material . speeification
standards. All units darger than: 'standard” size are now mbdular

and will also ‘'satisfy "metric_modular.l" L B _ s

. . LB .
. . . . @ Joe . .
There are, of course, several 'special’ sizes, . mostly regional in-
manufacture and market area.” . N et
. ’ i . . . .

‘Building Officials and Code Administrators International, Inc. .The Exe-
cutive Committee of the Building Officials and Code Administrators .
-International, Inc. (BOCA) reviewed the subj:ct of metric tonversion in
June 1979.  Final action on this 'subject was .to be decided at ‘the 1980
Annual Conference, ' with .results- in the 1981 Editions ' of the Basic .
' Building Code, Basic Plumbing Code, Basic Mechdnical Code, _Bdsic Fire

" Prevention Code, and. Basic Property Maintenance.-.Code. The .chgngeiw’ 1 be

a soft conversion. : , : .- '

° Business and Institutional -Furniture Manufacturers Association. - This
Association has. a Metric Conver."si’on Subcommittee which is a part of its
' Engineéring Standards - Committee. The outplit of this Association .could
be classed as part of the construction industry. or the metal or wood
"mam:.f\act;iring industry. - ' P ' S
".One“o‘f. the prinlxary‘ functions  of this Association is the preparation’ of
safety standards.” To date, it has published dual-dimensioned standards
on-general office ‘chairs, lateral files, vertical files, and upholstered
furniture flammability requirements. In. the near future it expects to

" N g5 - s
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yublish Standards : rega.rding desks, - office " panels > and _pa'rtit:fons; '. and

. . lounge furniture in dual ufi'ts_‘. . e el S

)]
! o Bo i a—
o A ;

’ _.»“Carrier.Intetnational‘Cél oration. : Since 1975, Carrier. Corporation has

- Thad a metric’ policy and: pliceds. respénsib{]zity for control of SI metric

—— development and .coordination\services among -divisions within the Corporate

. Engineering ‘Function. . Iwo "divisions of Carrier—Carrier International

L Corporation ‘and: the “EXljott Compatiy—both have -implemented plans to meet
. the demands for SI its in oyerseas markets. The coordinator in each
"~ of. these: organizations™ 3s:- Gerald Callahan, Corporate Engineering,
- Syracuse, .NY; John ‘Grecean, Carrier International Corporation, Syracuse,
© NY;-and, Lionel Taylor, Ellliptt'_ﬂimpany,*:leannette, PA. T e
S L . 2T . ',;' L . _ “' 4
Concrete: Reinfore Steel Institute. This Institute does’” not issue’
‘materials. standards.- Lt does participate. in the development of metric-
 ‘specifications for: reinforcing bars . through' the American Society for
:  Testing and . Materials. It 1is expected that the 1983 edition of the

- American Concrete Institute Building Code~for concrete construction- will
~ be_in dual units-metric and English. C LT : :

-t

" The "resp'onse_, included the ‘f.ollow:l'.ng' statement:

* *Our industry cannot produce m tric sizes until it receives orders - '
. ~ for same. - The U.S. structura ! engineers cannot design for .metric
R sizes until: .(1) the . Buildin Ccdes are adopted in metric, or
¥ ' (2) the Féderal government requires -ét%flzonstru'ction- it finances '
; 0 to be in: metric sizes and gr;}des‘. ~When er thése conditions are’
" ‘met’, conversion of ' our industry| will be quite rapid as substitution

of p;ésent “sizes from inventory|is not-diffict\lt_.-." . :

Copper Development Association. Mr. | &rthur Cohen, _Su_pe_rvisor ‘of . Stan—

+dards and Safety . Engineering, New York, . New York, serves as the focal .

point for metric activities for. the Association. . ' ' '

. N - . . .'/ ) ~ } o v - / . -

. Gypsum Association. The Gypsum Association has a metric committee

consisting of 16 members. " The vcﬁttee is chaired. by -R.P.- Entz, of

Des .Plaines, 'IL. ' Its Vice- Chairman and Secretary are D.L. Cook of

Dallas, TX, and H.B. Carlsen .of E lanston, IL, respectively. The Com—

. mittee has developed 2a listing of | gypsum products and soft converted

their sizes to metric equivalents. |It has a position paper opting for a

soft: rather than ,hard conversion of board products if metric dis adopted
~.in the United States. -In response to 2 U.S.. Metric ‘Board call for.

" general research. proposals a’ recommendation for a’ project.-was developed -

- with the objective, "To evaluate 't_hé effect. and primarily. the economic

impact to both producer and app].:i.t'alr;'~ alike if pdnel and tile products were -

- ~produced (sized) based on the 100 mm module as opposed  to the present -

4—inch module.”.

LY *

T Halstead and Mitchell — Division-of Halstead Industries. TFhis or'g'aniza—
tion to date has had. no incentive to convert to’ SI -units. Its

- -y (26 0 39 L .
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Engineering Departlgent has had no diff:i,culty in handlin" occasional o
inquiries in SL units,ﬁhe organization cbelongs to the A_r-Conditioning-'--

and Refrigeration Insti te and this Institute s standards _are published

-

_in dn“a—i unid:s at prese.ntl:. T : : L

e

Illuminating Engineering Society of North ‘America. The Illuminating -

- Engineering- Society (IES) adopted.a policy in. 1979-to use’SI units ds

. primary units in its new’ reports and technical publications. Inch-pound;
units. are shown in’ parentheses for -soft- (exact) <conversion and in -
‘brackets for Hard . (approximate) conversion imn:ediately .after the Sl -

“units. The IES Lighting Handbock is being revised (1980) and will econ-

tain SI “units as primary- units and, where possible,’ metric values wi'll'

e

" be nominal values. . . o -
. . . . . . .‘;:f.'.) )
_ Interior Desigp -Educators Council. The organization has  not . taken ‘an

officizl position on theg use of ‘cthe ‘metric system in teaching design.

-However, .some ‘of its members ' dotedch’ some ‘of their design: »problems in
the -metric system. “The contact person within- this organization is .

Mr. Curt Sherman, Richmond VA. . v N

International Association of Plumbing-'and Mechanical Officials.o The'.'_ '

- International Asssociation of 2lumbing and :Mechanical ‘Officials - (IAPMO)

metric: -coordinator. is John. Meachim, Los Angeles, CA. - The IAPMO -added .
metric equivalents to .its Uniform Plumbing. Code in 1977, and they are in

the currert edition (1979) ,of the Code.. In mddition, metric equivalents
are contained in The Uniform Plumbing Code: Illustrated Training Manual
~ "and.the Uniform Solar Energgode. ~ Other codes will be brought ipto line
_astimepermits.- : o A e~

v, : -‘ a
S .

. -'International Conference of Building Officials. " The lnternational'?-

‘Conference of Building Officials’ ¢(ICBO) has drafted; for internal use,

pro‘posed retisions rto its codes and standards, in expectation ‘that it
sh ‘ready -to integrate metric units into the publications when- the

. onstruétion industry in general, has signaled. it is ready to proceed.
" ICBO's contact person is Donald Watson, thttier, CA." , )
- 1

_ Manufactured Housing Insitute. The Manufactur_gd/nousing Institute (MHI)
"has taken the following position relative to nietric conversion. -

metric conversion ‘but defers “to the, site-built housing component

" »of the’ shelter’ industry in pursuing ‘change-over. .MHI sees no com—
pelling reasons to expedite .conversion, ‘although- there appears 'to. "
~ be a consensus that benefits of total. conversion should outweigh'

he ‘nominal direct costs. . -
9 - .;'...

. In add.ition, *’the response incl.uded MHI s Metric Conversion Concerns.'

- ne

Considerable planning and coordination must precede conversion. Manu-

~ facturers will have ‘to wdrk’closely with suppliers.of. raw: ‘materials’ and o
finished. components. The transition period may be difficult, for example- -

EX
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L .'.’l'here ‘is a tremendous amount of technical documentation that must. be
o '_'re,published' * Standards: that have taken.years to evolve through the
' '.consensus process ‘will have to go through it again to resolve  whicéh
. -'way to round. off measurements. The ‘cost 'of replacing entire tech® ”
n1cal libraries must also be’ con51dered.

1
0

"~ 2.7 The-. materials purchased by the 1ndustry will not all be- available .
simultaneously in the metric system. Therefore, there will und0ubt-
- edly be periods .of . phasing -out .of English system: ‘materials -and
. phasing in of metric materials. . ‘This will require periods of dual
'.dimensioning and dual inventories. . g '
- 3« The’ international bullding module of 100 mm and selected mult1ples :
sounds simple enough, but ‘at some point in time standard JOlSt R
stud, and’ truss spacing must.change from 16 (406. 4 mm) to 400 mm
(15—3/4 ). "We. will have to use. up inventories. of 48" wide sheets
of plywooa, particleboard and- cei]_ing panels., _ -, :

Cb4s ' Ther dual dimensioning problem ‘and change-over date is not just a
o problem of purchased matetials and 1nventories. * It has significant
"impact op plant production Jlgs, fixtures, and tooling as -well.

- 5e Retraining people will’ be a s1gn1f1cant task all by itself. Teaching -
: -nontechnieal people .is sometimes - difficult. ~ The retraining will
'_involve not oply the unskilled workers in.the plants, but some people
who might be” considered as having a reasonable education including'
_ iuspectors at all Ievels. o - .
) . . .
6. -'I'he Metrid Convers1on. Timetable comes as somewhat of a surprise.
The dates shown indicate that the development of- basic -metric ‘stan~
dards is well underway, bit we have not yet seen any of .then.
- Perhaps the schedule has’ slipped. -t . : B e :

Mechanical. Contractors Association of America, Inc.” This Association
,has-a Metric . Coordina'tor, Thomas K. Whitesel Jr.' Washington, D.C.

. Mobil Researcﬁ and. Development Corporation. The Mobil Research and .
Dévelopment - Corporation has-a, metric committee and its Corporate Metric

- Coordinator. is: F. E. Ray of Pr:.nceton, NJ. .. In his response to the in- o

RS quiry, the Metric: Coordlnator voiced a concern that there were no process -

- plant constructors. participatmg in the Construction: Industries Coordi- '

,nat.ing Comm:.ttee' of the Amer:.can National Metric Council. _
, \ . .

-_Monsanto Company.' Monsanto follows prevailing practice in the country
. where-'the facility ‘is‘ being - constructed. -When special- purpose equip-
" ment designed .and built in a. "metric” country is- used in the United
-"States, 4n’: some . cases inch/pound drawings are made t¢ . facilitate
-",installation, in _other - - cases the construction people interpret and
fo‘llow the’ metric drawings, as supplied. S . .
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Monsanto does not feel it is ips role to psioneer the use of metric SI
units-in the construction industry, but is prepared to move to the metric
system if and when the U.S. construction industry does S0. .
NatiGnal Association of Home Builders. The Board of Directors of the
_National Association of Home Builders (NAHB) passed the following resolu-

" tidn relative to metric converison on May 15,-1978: . . -

Construction and Savings Committee

°

WHEREAS all industrialized countries other than the United States
. - have. adopted; or are in the process of adopting, the metric system_
-as their sole method of measurement, and

' WHEREAS there 1is 1ncreasing discussion from within - the United
" States and . abroad for the United States to establish a program
k incorporating a timetable for - converting from thc English system

- to the metric system; and

<

‘-WHEREAS the United States Government has enacted the "Metric
Convepsion Act of 1975' which declares a national policy of .coordi-
" nating the increased use of the metric _system; and

.WHEREAS leadership is needed within the construction. industry to
" implement metric conversion when it occurs; and .

'WHEREAS various agencies of government are becoming involved in

" metrication which could - possibly lead to taking the ’initiative.

*  away from'the- ‘private sector; and: .

’

',WHEREAS the ‘potential ‘'savings’ to the construction industry - are
enormous by an. orderly conversion, f

?NOW THEREFORE BE. IT RESOLVED that NAHB »support the American

'National Metric Council's initiative in channeling and organizing

the’ private sector's effort to date in making the ultimate change-
iﬁ: to the metric system an. orderly and beneficial one.”

~ -

The NAHB has been involved with metric .activities for Several years,

" has had representation on the Board. of Directors of ..the :American

rNaxional-Metric Council as. well as a number of Sector committees.

"The homebuilders are concerned with the lack of documented ev1dencecto

v",prove claims af-savings to. the construction community. There is conm—

3ffcern that a conversion ‘may cost the industry a sizable amount of money,
'xbecause of the complexity of the industry 'S . make-up. ' » :

'57;,The NAHB staff persons assigned responsibility for . metric involvement s
'+ are Robert Boras:.and Miltom Smithman, - ~both of whom are located -at NAHB R

fheadQuarters in.Washington;*D c.

Y



Mr. .Smithman;' concl'uded his reéply with: . '_ o
‘. "We sincerely support ‘the conference which “to. be sponsgred by
*.the National Institute of. Building Stiences on- the subjelt of
. [Metric Conversion in. the Cofistruction -Industry]. We bel eve it
‘. ‘to - be -very - constructive to air the issues both pro and c¢n’ with
‘the’ participation of all. parties involved. ‘Hopefully, this' con-~
ference will result ultimately in some- sort of unified position. "
National Concrete Masonry Association. This. association responded nega-
tively to the - inquiry and the response is inclm'led here” in - total.
. Our organization has been against metric con‘versi‘on from the
‘ beginning, .aud" the ‘more it is studied, especially with the Canadian .
experience now/in progress, our position remains unchanged.

- Since our’ product is made and - sold only An the U.s., ‘we see. no-
- .'~'advantage ‘to" changing to. metric. The costs to convert to ‘metric ..
- will’ be in - the- order of $140 million with most’ of the _money being-
spent rather quickly sil:lc'= all the -molds which, are: used for ‘the-
manufacture of concrets masonry would “have to be made anew. There
-"are .curréntly abont 1500 ° différent ‘sizes and, shapes -of concrete
_masonry being made in the U.S. and one 'concrete masonry manufac—
turing plant will. normally make from 50 to 200 different sizes and

' -shapes.\-» . - . : T S

"Our organization prints more: literature on concrete masonry than '

.- any- other in the: world; ‘and we employ metric designations in- most
-of our literature since it is read all over the world. Therefore,
. we are- not- unfamiliar ‘with metric - dimensions ='or its problems.
‘We. find- countries which have adopted metric sizes have “had. problems
" on. agreeing ‘en” :common dimensions so metric is "nmot an answer . to

'being in step with the world. :

We are staying informed ‘on metric progress, and view with alarm
how". quickly some. industries are- adopting the prineiple. For inter-
'national organizations, _there 'is merit in going to some type of . -
-metric scaling, but for domestic organizations, the -costs of con~
versions are horrendous without much economic benefit. s

.-
-

) "We will have [a representative] at the meeting in December, blit '
T not as an advocate of metric conversion. . -

0
-

National Electri-cal. Contractors Association. - The Hetric Coordinator for.
this association is Charles J. Hart, Associate Director, Services and
Codes, ‘Washington, D.C. _In his _response to the inquiry, Mr. Hart stated.
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M ...the National Electrical Contractors Association doas not be,].ieve

- that it . isdin'a position to either’ promote ‘or to 1mpede metric con—
- version in. the ‘construction industry.. If such conversion is deter—-

" mined, we believe that it should be orderly and coordinated. We are
: _-members of -the’ American. National Metric Council' and participate
. . in’several sectors of - the Construction Industries Coordinati‘vs- .
. Committee.” -’ . . S i

. .
. . -

. National Forest Products Association. The National Forest Products
' Association published a “booklet entitled, “Lumber and Wood Products
Metric Planning Package,” under the auspices of the Lumber and Wood
~ Products Sector Committee of the American National Metric Council. In
" ‘his response,’ the Vice President of Technical Services of the Forest
Products Association stated that the wood industries steadfastly “held
to-a policy of non-advocacy of metric conversion throughout- the devel-
opment of this booklet. . After its completien, the Sector.committee and
- its components. decided to adopt a holding action pending a positive “indi-
cation of metric progress on the part of the Federal - government or the
' construction industry. . _

National Society of Professional Engineers.~ The National Society of
Professional Engineers is’ cond¢tned with the professional, rather than
technical aspects. of ‘engineering;- therefore, its . primary role “with
' respect. to conversion- to ‘the International System of (metric) Un1ts--
SI, has beén . that of ‘encouraging -orderly transition and furm.shing
'information to the- membership via the Societv s publications..

. The Society has adopted the- following professional policy. S :3 .j

-~PROFESSIONAL POLICY NO.' 102-C el

‘ METRIC SYSTEM—-CONVERSION '1'0

The National Society of Professional Engineers,' 'recogniz'ing the:
. advantages inherent in.use of . the:- metric ~system of ‘measurement,
- endorses the principles embodied in. the Metric Conversion Act of
-, '1975.' . : : _
In: implementing the Act, NSPE supports full conformance with the
. 'SI metric . standards ' of ‘the International Bureau . ‘of Weights and-
. Measures an® An the: matter of 'spelling ‘with the standards of. the
consortium/of English speaking countries of thé world.- : ' R
- ."'NSPE urges//it members, chapters, and state societies to provide
-.-anyr assistance it can; to further the ‘rapid conversion to the metric
'.’-.system within the United States. R L . N

Port;and Cement Association. The Portland Cement Association (PCA) has

v

/ a. Metric Committee whose principal obJectives are to:




fmetric conversion, ancl, when deemed necessary, »notify_ our member
- companies -on* current events and important issues, R L

- . - 1

) 3. '-;evaluate ,,the robable impact ‘on PCA operations which may eventually -

. resultj from U.S. metric conversion, and -

”tion voluntarily decides to-'"convert and a
; tablished and accepted. - : - Lo

es for the cement industry, nor does it
collectively or’ sever.\lly, <in- any matter
sio Metric policies, planning ‘and.. pro.-

‘-"f'rhe PCA has researched and prepared several hard metric publications',

' esmbhs&d.

. '.‘,:and design aids .for the Canadian .cement interests." ALY publications
"written since 1978 contain soft conversion of English units. Y

Prestressed Concrete Institute. The Prestressed Concrete Institute (PCI)
has ‘a"Metrication Committee, : chaired by Douglas C. Jeffords. of Nashville,

.\Daniel Pe Jenny of Chicago, IL is PCI's Metric: Coordinator.

' PCI has the following metric policy, dated January 1978.

Step f

-

'l‘he Prestressed Concrete Institute endorses metric conversion to '

A the ST ,system of measurements. ' It is imperative that ‘the conver—

sion ‘be: done in a: well_ planned orderly fashion in order to- mini-=
mize the. difficulties ,that will ‘result. from the" conversion, as
well as. ‘to" ‘assure’ ~that -the various standards adopted for use in-
.+ ~.the. prestressed3 ndustry. .are’ logical and. compatible.. ‘Hence, it .is-
the policy ‘of: the Institute to. Continue to: monitor the .steps being
taken ‘oward metrication .in: - the - construction - “industry with .the ~
view of "ass‘isting the conversion and achieving reasonable ‘and .
workable tandards. g . : o :

In his response, tﬁe Metric Coordinator included the following Initial
or- Implemedtat on of the PCI Board Policy on Metrication. B S




‘-

. ”All ‘new” PCI publications including PCI periodicals will have soft;

”'.'.-conversions, 1i.e., ‘metric’ equivaleats. in parentheses, metric scales

Q_Qn graphs where feasible, and metric convers\on charts.

.

'»2.':When existing publications -are - revised they shall have a soft’

conversion. e .. : .
“3. PCI shall adopt.the 100 millimeter module as a basic unit (approxi- -
: mately 4 inches). ‘ . , . .

b4, 'PCI ‘shall adopt a basic panel size of" 1200 x 2400 millimeters
(approximately equivalent to 4.0 x 8.0 feet). .

4

S. The Standardization Committee shall be directed to use this oppor—

‘ -:tunity for the rationalization of a reduced number of shapes. When
reviewing and cataloging this information, it shall be looked at in’
both hard~$exact) metric units and customary (English) units.

6o PCI "shall expand its educational activities to assist the members -
_ :in evaluating ard understanding metric conversion, and the ST system"
" of measurement. o . . C

7. rThe Metrication Committee shall be responsible: for' developing a:
“hard conversion metric plan and schedule and recommend the appropri-
ate time for 1mplementation. Lo S el

;‘Quaker Matd — A Tappan Division. ' This organization is” awaiting .the
- ‘resolution 6f - differences between the paneling plywood - industry and

fy gypsum. paneling industry. .One. industry is ready to conmvert. to- a 1200 x
- 2400 /mm-panel, while the. other wishes to maintain the 4' x 8" ‘measure—

- “mént.  Until these. differences are resolved, the cabinet and appliance
"industry cannot proceed, . as many cabinet dimensions have developed over;

»ﬂtthe years to efficiently use plywood paneling..“

'.fRed Cedar Shingle and Handsplit Shake Bureau. To 'date,.'the ‘extent of »
.this organization's metric activities is~ the inclusion of metric units’
"on the labe1s of bundles ‘of shingles and shakes, i.e.,. .

16™ x 5/2° . (400. mmx 5/50 ma) = .
24" x 3/*" f’ (600 mm x 19 mm) SR

-)Society. of AmericanﬁiRegistered Architects.. This Society responded
,saying* that_ . for 'several years a representative has - been attending
b B T : ' the Construction Industries :
National Metric Counc l.

Cong;ess International lnc.:- ThegvSouthernV
fBuilding Code Congresstnternational ”Inc. (SBCCI) ‘has no formal*time—{,
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provide information -and guidance on ‘which units it Will convert to. A"V"

-~ metric conversion .chart is" included in all 1979 editions of tke Standard
Codes, and "SBCCI" is- beginning .to incorporate metric units in Research
~and’ Compliance Reports it  issues on productsand materials., The SBCCI.
Board ‘is “~considering “including - soft converted ‘units for nonindustry

dimensions in its <1982 ' Standard Codes,‘i.e., stair dimensions, heights "

and areas, door widths etc.

'Iishman 'Research’ Corporation.- The Tishman Researc¢h Corporation has |

‘neither:a metric policy -nor- a netric coordinator. This organization.
posed questions in its: response to- the inquiry which are answered at ..he'
beginning of Part 2. E

"Underwriters Laboratories, Inc. ~_.In ,'1'972. Underwriters Laboratories,
. Ine.: ‘began: includingSI metric ‘equivalents to-the stated customary units
-in7its :Standards:for Safetl. . Most - standards include soft converted:

nnits, hOVever,_ when  the - involved industry expresses the need hard ‘

converted values are used. T

Union Carbide Corporation." Union Carbide s Metrication Coordinator sis

- C.S.- ‘Hines; :South Charleston, WV, "It has a metrication Steering Commit-—
_tee which includes contactsin. all divisions and functional groups. .- The
Steering Committee meets twice a“year and’ maintains close contact other—-
-wise by telephone and Metric Bulletins 'issued by the Coordinator.. Some
of. its ‘executives -have - had overseas. .experience and are familiar with.
international use of metric.: Union- Carbide produces and sells ‘some prod--
'ucts “in ‘metric in’ the United ‘States and is preparing: to do so. in-many.
remaining nroducts.i Market demand - ‘and . other considerations - determine -

the timing -of: implementation “of Union Carbide 8 metric conversion plans. g

United States (jypsum Company. This company has ‘a major- concern with
“the replacement . of the 4—inch .module with the 100 mm.todale. Lt 'is.
opposed to- hard conversion of panel, .tile, and. block . products. LIt
" opposes neither soft conversion” nor hard conversion of non-rigid'
_products which are sold in bulk and/or packaged in bags, boxes, cans or’
. simildr volumetric units. o ‘ o } \

.3

U. S. Gypsum established a corporate policy in 1978 ‘as follows.

_ United States Gypsum Company recognizes the apparent inevitabilit:y
_'of the’ proposed ‘use of 'metric-(SI) units as a replacemenr for thése
“-units such . as inch pound, and foot, \generally employed in the

United States. ‘ , . -

T The conversion of rigid materials to hard .metric  sizes based -on
. the 100 mm modile is not believed to .be in the best interest of
- "the Company, :the’ construction industry, and the public in general.
~. - The manufacture of- gypsum, wood and mineral fiber products in sizes.
.based on the 100 mm. module! would result in smaller sizes ‘than’ are.

presently produced wlth the A—inch module and therefore a loss of

-

&



' manufacturing capacity, .an increased use of emergy, and a require~-

" -ment.for addifional labor for imstallatiom.- Therefore, it Will be.
“.Company--policy to - support. change on a "soft” conversion basis only
on rigid products. In anticipation of such change, labels and
literature will have metric. values added at such time as revisions
are made normally. = . . T B )

Conversely, ‘hard' conversion of products sold by weight or volume
such as building plasters, joint -compounds, fluid paints, and
adhesives would have little effect on capacity and therefore could
readily be; converted at such time as metric is ‘accepted 1in the

_ United States. Company policy will be to accept 'hard' conveérsion

. of measurements for such products.” ' :

.The Company cacries dual labeling on a large percentage of its pyoducts, . °

- fuch -of its literature. and all research reports carry dual units, and
it is presently converting asphalt roofing shingles to hard metric sizes.
Mr. R. P. Entz of Des Plaines, IL is the metric coordinator for the U.s.
Gypsum Company. - ) T e S

Wey: erhaeuser Company. Mr. Jack Firkins, Tacoma, Washington, is .the
Metric Coordinator for Weyerhaeuser. The company has issued a Weyer-.
‘hdeuser Metric Practice Guide. Its Senior Management Committee adopted
the following policy inm 1976. . o < :
“"In recognition - of . increasing intema’éiodal trade, the national
: policy of ~increasing metric use and the long-term ' benefits of
s metrication, it is the poligy of Weyerhaeuser Company to support
the adoption of metric units of measure known ‘as the Internatiopal -
. ‘System of Units (SI). .It is our desire that metrication should be
. essentially complete by 1982. However, our adoption pace ‘will be
: estg_abli_shed'tq_nsidgring» our international’ product . involvement, npew
product introduction amd- the metrication activity. and progress--

".-'-_:_:ati'c_inally_._apd:_'within our”ind(xs_try ‘segments. o .

Section 6, Item 4 of the Metric Conmversion Act of 1975 instructs -
the U.S. Metric ‘Board to ‘encours-e activities of ‘standardization’
organizations to . develop . or .revise, as .rapidly as practicable,
' “engineering standards: on a .metric measurement - basis, and to take -
- advantage . of opportunities to promote (A) ratiomalization or simpli-
' fication:;of - relationships,. (B) -improvemments.-of design, (C) Teduc—
'ti'o_rfqu;-:_g‘s‘;[z_e.-'N'afi:a_t;fon‘éf’,f’.“ﬁCD)'.i‘.:in-c:gasé.'._i'n]-'econOmy,”‘ and (E) .vhere - °
.« feasible, the efficient’ use ‘of ‘energy and “the conservation of
~%’patyral resources.'  It: is ‘company policy to be actively involved . .
. -in-tke:development. and.revision .of standards and. ‘¢odes .relevant to =
" the- products 'we produce. 'This activity shall bel. oordinated through = .__
- . -appropriate. industry-assotiatioms -and the American National Metric
o Council-.:.: s 3 v ll;v' ) - T : ’ Co.

To "fmj_.n',iﬁ;[’ze[{.'cqs,'ts: ;-and;;‘;:maﬁiuize‘-thé - '_Benéfits associated with
‘metrication; ~..thoughtful. ~and coordinated planning is: essentizl.

.v'_-.". . .__.; 5 . 35 . . _ - ‘ - ’




""'Within the corporate policy and- procedures framework "each business

" : shall- establish metrication - obJectives (soft conversion, hard .con:~
'Jversion, rationalization,' optimization) for .its products and busi- °

", " ness practices, and outline a .program for achievement. Manufactur—
+ ing-and support groups shall similarly establish metrication ‘objec—
. ~tives. and - activities ‘that directly : support ,the business. Each
) ,~manager shall incorporate metrication~-act.ivity plans in his annual

statement of goals and program and standards of performance and,

communicate them to the Corporate Metric Review Committee.

. 2 2 State Construction Related Metric Activities ' o

The following construction related information concerning/state metrica-'

. tion activity was extracted from the 1978, 1979, and. 1980 Editions’ of

- .'the_ Metric Yearbook; . published . by J.- 'J.. Keller and Associates, Incs,
: 145 W Wisconsin Avenue, Nee.nah WI 54956. Also. noted are those states_

th metric connnittees. AT R

,‘.b-Arizona - has a Metric Advisory Committee .and has passed legislation.
' 'concerning the recording of . land in metric measurtements. .

'California ~ has . ‘a Me..ric Conversion Council to coordinate changeover to

the : metric system and to keep in step with the national effort. There is
‘a licensed contractor on the Council. Two of the Council's major objec—
- tives .are to encourage: standardization, ‘and to identify Federal, state,
and -local IaWs and codes requiring amendment for metric- conversion.

.

.

| Colorado - has a Metric Advisory Board.

'Conn°cticut - has'a Metric Coordinatin'g.fCommittee. The state 'is a
-member_ of: the ‘Northeast. Metric Coordinating Council ‘which is comprised

. - of six New England states. . In. 1979, .the State Legislative Research
" Committee was, actively researching all the measurement--sensitive por-—

tions of existing statutes so that proper. legislation can be ‘%mended
which will properly effect. the change-over at one- given time.

-

Delaware - A1l plans done in the Delaware Department of Transportation'

include metric equivalents. ' _ AT T

Florida - has a: Metric Council which has a ‘construction” subcommittee.

A Florida Metric Plan was accepted - by -‘the Governor and Cabinet on-

,November 21, 1978. Dne of the purposes of the planning effort stated
"in"the - Plan - is_ "Tq..insure that . all legal and procedural barriers
(federal -state, and local) to voluntar‘- metric conversion are removed. ”

' Indiana ; Senate Bill 224 was introduceo in the state legislature in'
1979, and would have provided for a statewide referendum on mandatory
’ adoption of the ‘metric system in the United States. This bill mét the -
- same fate as other bills in this subJect area--inaction for the remainder :
'fof the session., S o oo . '

¢
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constitutional maJority to pass.. o

»l-the Highway Division of the Iowa Department ‘of Transportation

s has a- metnc task force concernéd with conversion of the highway system,

including signing, maintenance, ) stationing and construction contracts.

V Maine = has a Governmental Metric Policies Committee. | _ Z_ )
Massachusetts - 1is a member of . the New England Metric Coordmating
-Council and has established a Northeast Metric Resource Center at the

University of Massachusetts._ - - S
' Montans .- has an’ Intergovernme_ntal Metric ,:Task" Force. _ : %

»-* Nebraska — a Nebraska Metric  Board is currently' 'in the process of

forr_lng, with representation from industry, agriculture and education.

Nevada —- has a Nevada Metric Committee: - The Nevada- Department: of
Transportation established a timetable for completing a metric%construc- -
_tion project; but the timetable is not being followed currently due to. .
“the’ interruption ‘in the metrication activz.ties at the state and federal
level according to ‘the metric coordinator for that Department.

, New Hampshire- is ‘a member of the New England Metric Coordinating

-,Counci.,l.._mA S . - S

o

New York - ‘has a New York State Metric Council. The state enacted a
~1aw in 1977 to make.the metric ‘system the preferred system in the
state; but allows use of . customary units. . In February 1978, Article 16 -
: of the Agriculture and MarKets Law (Weights ‘and - Measures Law) revision
became effective. ~ It reads. in: part: . "The Legislature hereby finds and
decldres -that voluntary and orderly conversion to the -metric system of -
ei zhts and Measures is. .of - vital importance -.to the economy of the
state.; It is hereby declared ‘to be-the ‘public policy of this state to

encourage »the .. gradual’ implementation of the metric system throughout - .

‘the state's . government, . industry, . .commerce, ' business, . education, and
agriculture. . The ‘New .York Statz Metric Covncil conducted a study of
-.state laws to determine how often customary measurement units appear

t}lereino R

North Carolina-.- has ‘a Metric Planning Board.

North.; Dakota‘-' as. parts of the North Dakota Code .are. replaced -metric
equivalents are" insert’ed 4in’the replacement sections. Future legislat}os
: drafted with metric equivalencies "inserted. . In. 1979 its.legislathre
enacted Senate Concurrent Resolution - No. 4010,,urging the: ‘United StStes
Congress not ‘to: pass: any’. legislation mandating conversion  to- the. .metric
syste‘ in the Un:tted.,-\ States.' " This' concurrent resolution” passed "the
Senate on an unrecorded vote and passed the. House by a- vote .of - 46 to 45.. .
A ¢oncurrent resolution As not -legislation and ‘thus does ot require a.

e o . . -

S




Ohio - the Ohio Department of Transportation prepared a report on highwav
metrica.tion listing a ‘Five-phase experimental program which consisted of
'(I)':Design of two metric highway projects; (II) . Construction of these .
two projects; (III) Public Use and Adoption of Highway Signs; (IV) Public
Information; (V) Public Reaction. . In a speech the Ohio Department of
Transportation Director stated, ."...a true conversioa to metric cannot _
béddone at the local level...all igdustry would have to convert to have -
the U.S. . become truly metric.” In- addition, he stated, -"The pr:unary
cost of conversion would ‘not - be 'as expensive as originally . conce;.ved.

-

Oklahoma - in Oklahoma the metric system. has been jointly" recognized with

. the customary system for some ‘time’ and can be used- for any commercial
' purpose...v : . : o

Oregon - the metric system has' been Jointly recognized with the cust m

system and can’ be used for commercial purposes. A project of the Oregon .

Department of Transportation 4nvolved design and preparaiion of contract

dccumentseutilizing the metric system for a highway improvement proJect.
Two bridges have been completed using metric measurements. -

- "In 1979 another metric construction proJect was completed successfully
by the Oregon Department of Transportation. This small effort included
‘replacing an antiquated bridge with a culvert.- .
In addition, a field survey has ‘been completed on ‘a metric bridge
replacement project and it is now in- the desigm, stage. The Department:.
"~ of Transportation has also been involved in preparation ‘of right-of-way
documents for a metric highway improvement proJect. F R

I " ..L'

' South' Carolina - has a Metric Advisory Committee w I T

... ,_.

' Tennessee - has a Metric Conversion Committee.
<.

Texas - has a Metric System Advisory Council. / Two information s®veys

‘have been completed, oné- dealipng with a computer search 6f Texas statutes

' for frequency of occurence of measurement units .to determine how ‘much.

adaptation would " be necessa{y to effect metr:ic -conversion of existing

statutes; and a survey of colleges: and universities to determine whether

' they had metric course> in progress. /.

Vermont - has a Metric Coordinating Council./ Its 1979 work plan included
as a goal the preparation of 'a .l0-year state plan for the conversion
to Metrics for the State of Vermont and 1ncluded .actions appropriate for -
the .executive and .legislative branches of/ state" .government, as well ‘as
the .Vermont Metric Coordinating Council. 7-'I.'he Councij_ kas a subcomm:Lttee
on Building and’ Construction. : : )

!
i . .

.~ .
, .

Wzomi g = According to- a state bridge engineer in the Wyoming State
Highway Department “The .only metric activity ‘we- have undertaken in 1979

is to include soft metric convers1on in our Specification for Road ‘and.
. L . / . ) . i b s
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Bridge Construction which will be ,puhlished in 1980. We have shown.the )
.. metric equivalents in garentheses after the" U.S. units, and the metric

. equivalents are in accordanco with ASTM E380-76."
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PART 3- :IEcuNICAL IMPLECATIONS oF METRIC CONVERSION IN THE. \ e
,: cousmucnou INDUSIRIES T e Y

e 301 General Aspects e

oo What we -leesely eall . “metric” is a- comprehensive measurement system
S withia- -decimal - base, derived from ‘the* metric - system, which was developed
S in France during theslast: decade of the eighteenth century to replace a
' on-standard "primitive” measures.. The modern metric. system
nown:‘as.” "SL," -for.the Freanch term» "Systeme International
is fixed b5~ internatio*:al agreements which include the U.S.
'_gnatory. ST includes units: for -every physical quantity. Metric
usage as:-been. 1egal J;n ‘the United States since 18667 and all customary
.units_used in: the United- States -have-. ‘been defined in_ terms .of metric
"‘-nnits since- 1893. g SI units are: already w1dely. used in some engineenng
‘ es, such  as. electrical engineering, . illumination engineering,

v,‘and_ acoustical engineering. Sl w

: The rican Society for Testing and Materials (ASTM) standard ASTM
-,;"~‘E380-79 [ll and the | Institute of: Electrical ‘and Electronic. Engineers (IEEE)
,-~'_~_Standard '268-1979 [2], both titled "Standard for Metric Practice, “are ,
e recognized as key ,standards. Tormerly,"‘these -twWo— standards aformed the .

: ; ational Standards Institute (ANSI) Z210.1, "American

, However, the 1979 ‘editions -
fso neither has been endorsed as an ANSI standard.

: ;;»3 g The const‘ruction community has its .- own supplementary standard to ASTM '
e :'fEB80 ANSI/ASTM E621—78 [31; .. Standard Practice for the Use of Metric

“(SL): Uni’ts An Building Design and Construction. This standard sets -

out rules “and 'recommendation_s for the use of SI units in"design and con=
struction, ‘discusses: special considerations -in the selection  of . units, .

gprovides :tables. of preferred ‘and acceptable upits for various discipline :
O groups, including examples of . typical applications, and contains a set

) f conversion factors for the most common un!.ts used.

¥ ‘,'The availability of these standards makes it possible to. select correct
. ST 'units -for ‘data presented in. metnc units only, or ‘in dual uunits, and

enables values to be converted with an appropriate degree of - precision.‘-'
. - ) t :

The matter of - selection of preferred metric values is addressed in
- detail in. NBS Technical Noteé'- 990, “"The’ §election ‘of - Preferred Metric .
' _Vé.lues ‘for . Design ‘and'” Construction [41. The Technical Note provides .
o .:'.",_a rationale for:. preferred numerical values, gives guidance on conver—
. »* sion’decisions, -‘and.’ includes ‘a metﬁodology for ‘manual. or - automated

conversion of values in standards and technical dfcuments. L
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3.2 -”v;A-Co‘mparison of Features of ST _and U.S. VCustom\ary. Units

H

When@ppraising the merit of alternative measurement systems in pfactical ;
use,: especia,lly in building design.and construction: applications, it is’
desirable to compare the. features of the respective systems. " (See
table 3-1.) -In discussions to date, the debate seems to have remained

in the scientific realm among supporters of SI, and-in the popular domain
ameng people Jpposed to - change from_ U S. customary units—with little
'exploration of common ground.._ , . .- : .

: 'l‘he metric system, despite its new and- foreign names-:even in Frame—-w -
adopted by one country after .another, not by " force, but because of it
intrinsic features “in simplifying communications,- specification, caléu-
lations, neasurement, -and control. The founders. .of the 'system had- taken -y
. heed of their' brief- to develop a- -universal ‘and ‘permanent’ system, based : :
"on rational precepts. While the first objective. was ‘to ‘replace the
great diversity of measures then in use. in France  and Europe, both in.
nomenclature and . magnitude of ‘'units with the. same name, the features
suggested in the 1790's included: -~ coherence, decimalizatiomw, and the
designation of absoluteé, reproducible standards, all of ‘ whick have -~
rémained features of SI, the modern metric systeme. . - T .

<

I e
l

» From a construction industry viewpoint, the key features in SI are the
reduction in the number of units of measurement, colierence (one—to—one_,
relationships) between- units, and the availability of - dec:Lmal ‘prefixes
to select working, units which preserve simple numerical values. ) B

5 . . B
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3. 3 On ‘Units. and Numbers

el

.‘\ ’

T

"'1‘ de tand the implications of a measurement system, it J'.s important o
" to' appreciate the role of units “and numbers, - because - it is.in this e
"respect that SI- and U.S. - customary units differ most. = -

Any measuremment statement, or numerical value, 'is a combination of a -
unit and a- number;: the unit - represents the reférence quantity but’ would ;
. make litt1e sense-.on its own, while the number’ indicates the multiple ,
- . of the reference quantity, and, - again “makes. little: ‘sense. on -its -own. ..,
" (An- exception ‘occurs ‘in' tabulations or drawings, where a general state--
--'ment of the reference - quantity makes it "possible to represent. numerical ool
"values by a number only,_ e. g. all dimensions ‘are in millimeters. )w .
- "U.S. customary units for\ length capacity, . and mass date from the middle L
- ages, where an. a.dditive system™ of _multiple unjits wes used to indicate
magnitudes, for: example,.ga precise statement requinﬂ.:pounds and ou,nces,‘;f_ '
..;or feet, inches, and - fractions., (The ‘additive ‘=mpstem- goes, back ‘tor U
T ;‘_antiquity and ‘is still in- " [yezsr, wonth, Week,__day,_______
o hour, minute, and second] and plane angle [degree, m:ﬁmte. and second of -

i
ser X . . " . . o R
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"-"-:-While an additive .system can be used to measure ,precisely, any mathemat—"
icaI operation’ which is performed on the numbers, \ becomes complex,
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._Table 3-1:

Concepts in Measurement:

Customary Units

‘. o - L A3

“Comparison of SI and U.S. |

CONLEPTS -

' SI, (HETRIC) UNITS

+ U.S. CUSTOMARY UNITS °

SI has a unit for eveg physical
quan:i:y.

e

Multiple units exist for most phys-
fcal ‘quantities, but are supple-
mented by, metric or SI units in .
many fields:

SI has only -one recognized unit
| .for any one physical quan:ity\
“(For practical reasons, a num—
ber of non-ST units or multiples-
are accepted units for time,
angle,’ and mul:iples such as °
_hectare, licéx, me:_ric ton.)

A variety of units exist for.phys-
ical qua.n:i:ies. -often for special -
applications orrly., For exaumple, -
_without counting superseded or spe-
‘cial units, chere .are 9 units for
length, 5 for mass, and 7 for vol-
-ume .or capacity. - i

Nt

1. 'Completenes‘s
&>
2. Uniqueness
. L
3.

"Coherence -

SI units are all coherent, that

- 15, they have a one-to-one re-
lationship to :each other, based
‘on their unit derivation accoxd-'
"'ing to the laws of physics,

s - "‘

Customary, units have only limited
. coherence, and result in the intro-
duction of factors other .than 1,
vhen changing “from one\ unit to
another; for example, 2,3,4,6,8,

-9, 12 16,20,22, 2/0 27 etc. °

’

4. Decimalization

SI uses standard decimal prefixes
(powers of 10) to alter , alter the mag-
nitude of the’ reference ‘quantity.
These’ prefixes merely ‘change the’
position of the decimal, point,
~not the digits 4in a number. The
prefixes are in:ernationally
used and unders:ood.

Large or small values are trans-
formed ingo ‘a different, non-
decimal unit, except for the mil
-(1/1000"), ‘the square (100 ft2),
and the kip (1000 1bf).. The ratio-
*between units, or factor, alters
the numerical values in, eﬂcnla-
:ions. P

- .

SI unit nmes, excep: for tradi=’
tional metrié¢ names’taken from
Greek or Latin‘words, are-de- .
rived' frcm the names of great
scientists, which are “the .same
in all- languages. - .

Customary units.bave names based on_
words in the English language. .- - ,#
‘These words have no meaning.in other
languages. ~In some instancés, the
.same name is used for dif.fexen:
“magnitudes. -

"SI units and prefixes aré répre-
-sented by in:erna:ionally :
agreed letter symbols; which
have the. same meanifg regardless
of surrounding language or
script. SI has agreed rules’
for the use of units, symbols,
_and. numbers.

i

Uni: nanes can be represented by
symbols (ft, 1b, qt), signs (",
°), or abbreviations (£fps, "psi, .
cfm)..-Their use relates to the

English language context ‘only.-
There~are few formal rules on.gni:

use. .

SI units are scién:ifically de-
* fined to allow their accurate
determination anywhere in_the,
» world, except for the kilogram
which is based oh an artifact.

U.S. customary units have been de- °
fined in terms of.metric or SI ’
units; e.g., 1 ft = 0.3048 m. + .

- . ©
- .

5. Unit Names
o
l6. symbolization
-and Rules
7. Reproducibility
|ER

Uni'versaiicy

2

SI units are "international™*
and represent-the official =~
measurement system of most na-
tions .of the world. An inter-
national governing body (cGPM).
main:ains the system and its - -
rules, including periodic .

| review.

U.S. customary units represen: a na-

tional measurement system, not used | :

ou:side the- Uni:ed S:a:es. -

Q
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even simple addition and. subtraction. Multiplication and division is

'time consuming as all values have to be converted to the' lowest common .

denominator (e.g., 4'-10" = 358") or else decimalized (e.ge., 4'-10= - =

- 4:833'). before such operations are commenced, and then reconverted after-

wards. Moreover, in division, the fractions available may not be suffi-

.cient to give a- precise: results so .that the parts differ. This "fudge
4ffactor frequently occurs in ,stairs, where the division of floor-to-floor
height (in feet and inches) into an equal height of riser (in inches

and fractions) generally leaves a small residual 'fraction' which is
distributed over a number of risers. '

" From the start, metric measurement looked for a direct relationship to -
the decimal system of numbers: The first application of a- decimal
.system,.indeed . occurred in_.the United States where decimal currency was

introduced some years before the metr1c system was conceived and final-

ized. in France. Metric is decimal and the originators of the -system
even tried unsuccessfully to decimalize t1me and angular measurement.

From a productivity point of v1ew, metr1c operations” would be s1mple§,

'Quicker, and less error—prone, because units follow the decimal number

pattern by having decimal relationsh1ps only.

‘In'all other nations that have changed to metric .units, proponents and

opponents havé contrasted "a national metric system” and "a familiar
customary system.” Peéople as well as computers work better with decimal

‘units.than with - compound (additive) values, and this may explain why

those groups whose work predominantly involves computations or measure-—

. ment decision, such as building de51gners and engineers, have been sup-

portive of an early change®to SI. -Increases in the productivity .of
design and documentation activities using metric units, have been reported -
from other; English—speaking ‘countries. . .

- -

3.4‘_Coherent;UnitS‘ - ' . - (

‘4All units in SI are "coherent,” that 1s, they relate to each other on a

unity or .one—to—one basis, without any factors or. ratios as in the U.S.. -
customary (or inch-pound) system. . All units in SI- are * exclusively
derived from seven base units representing fundamental physical quanti-
ties (length, mass, time, electric current, {thermodynamic] temperature,.

amount of ‘[molecularj substance, and luminous intensity) and, in some
cases, also from twoe supplementary units (plane angle and solid angle).

-Five .of the niné .units are already in use in the U.S. customary system.

Derived umits are formed by multiplicaticn, division, or compounding of
fundamental units, and some derived units have special names. :

-Part 6 provides practical applications- ‘of coherent -units in energy
"design, but for the purpases of illustration, coherence .can be understood -

better when. the relationships of the already familiar unit for power and
heat flow, the! watt - (W) are examined: . .

>

N
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Electrical power:

‘work per unit time:

Work or energy per ’ /1/W =

unit time: Pt

Express‘ion”in ter{s 1w

. of SI base units._ .

'_:He'at flow, energy, or 1 . =

1 Nem/s

{1 watt = 1 volt x-1 ampere)

¢
o

(1 watt = 1 joule per.secoad)

second)' ‘

1 kg w2/s3 (1 watt = 1 kilogran meter--
squared per second cubéd). ’

- (1 watt = 1. newton.-meter per ..

System” coherence not only facilitates calculations, but simplifies com-

.pa /i/sons, for example, ‘the watt (W) would be used in SI for alf forms of
- ower and heat flow, +<hus. allowing direct comparisons ‘between dlterna-
/{ti_ve_s or systems. The watt will.remain where it is now used; and replace
the following U.$. customary units:

ft-lbf/min, ft-lbf/s, horsepower (boiler), horsepower ‘(electric), horse-

powe" (550 ft -Ibf/s), horsepower (water),

-4

3. 5 Decimalization

Btu/h, Btu/min, Btu/s, ft-1bf/h,

-

and the ton (refrigeration).

_The decimal ‘number system,' which uses the base ten, is in worldwide use,.
‘and its number symbols are understood regardless of language or sur—
rounding scri»\pt. .Each symbol has an absolute value as well as a value
- of position,' so -that numbers can be written as a 'linear - combination of

123 456 [one hundred twent Z
means: - 1 x 105 + 2 x 10

" ‘powers of ten; for example:

-

“.‘

ty—-three thousind four hundred fifey-six} really
+3x10 +4x102+5x1ol+6 [x 100].

Approximately 400 years ago, the concept of positioning was extended to
include decimal fractions, using negative powers .of ten-to the “right of
a decimal marker, and .this innovation made it possible to accurately
express divisions, complex - numbers,'_- and ‘all values - smaller than ‘one
(1.0)." It is no Ionger necessary to express fractions by means of a
but as a decimalized value; for example,

numerator and denominator,

sixteenth. .(1/16) becomes. 0.0625, one tenth (1/10)~ becomes O.1l.

one

The pro-.

found merit ‘of decimalization. of fractions was grasped very quickly. and

mathematics and physics
possible the expression of

advanced significantly, for example, making

Jogarithms..

Decimal”measurement systems were advocated as early as the 16th” century

to replace the variety of medieval measures then in use,

but a spirit

of revolution against outdated :practices to bring . about change ‘was .

the multiplication of a unit by a -power of ten; for example:- " kilo
for 103 or milli (m) for 10—) _provides simple numbers-—instead
.2500 grams, 2.5 k:.lograms can be used; ‘or in -lieu ¢f 0.010 meter,
Dec1mal pref Xes (or factors) do mot change

mllimeters can bel used.

- 45
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the digits, only their position relative to the ‘decimal point. The only
‘factor - that appears in metric calculations is ten (or.a power of ten),
"and’ the unit name is retained even though the prefix may be changed._
'_\-}n{t;ilding design activities. decimalization - combined- with coherent
unit greatly facilitates calculations and decision-making. The value
of decimal units, has also been recognized in U.S. customary measurement'
wherein the mil represents one thousandth of an inch (0.001") 'and is used
Erecision measurement; the building - square represents 100 square feet
(ft 3 the  kip represents 1000 pound-force ° (lbf),_ and the .chain of
feet or 4 rods**has been divided into 100 links for ease of calculation._

3 6 Metric Practice - or Rules for the Use of SI .

In contrast to customary measurement ‘which ha? no explicit book of ruIes
for the selection and use' of units; their presentation and symbolization,
and numbers used in- conJunction with units, SI is accompanied by an .
internationally agreed set of rules and recommendations. to ensure con-
.sistency and to avoid misunderstandings. ‘These rules are mostly common-—
‘sense prescriptions which with a 'little practical application,' are
easily learned. ' : . .

ANSI/ASTM Standard E621—78 deals with rules and recommendations foé\
the - presentation, ‘of “SI units and symools in table 5, and with the
presentation of numerical values with SI" in table 6.

&t

A number of metric - practice guides for ‘specific- disciplines has been
prepared by professional societies or industry associations, -as well as
individual corporations. These are i luded dn Part -9 of this report.

The surveying and mapping comm/ ty has developed a comprehensive and
thorough "Metric Practice Gui for Surveying and Mapping” [5], issued
in March 1978 by 'the lrican Congress on Surveying and Mapping.

3 7. 'l'he PracticalJ ication of Measurement ' . .

' Mea.surement unitsée used in a number of different ways, from- approxi-'
mations to- very precise measurements. The impact of metrication, corre- -
! spondingly,,'would have different overtones. S

- 3.7.1 /-/Estimation of Magnitudes. Estimating magnitudes in terms of
reference quantities is a_"learned” ‘aspect of measurement and princi-
pally involves memory and. Judgment. For example, if one hundred people

““are asked to estimate the length of a dollar bill, . in inches, a normal
distribution is\ likely . to result, with some estimates stating a length
" that is far too. 'short, and some far too long. Estimating temperature
‘or- speed is more difficult, and that of force, pressure, or powér almost
impossible without  some form of measuring instrument. In estimating,
we use’ "mental :_lmages or recognition ‘points, such as one's own height
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: reach or fingerspan, "and the main task in metrication would be to

;.generate a-new.data bank of 1earned names, rélationships, and magnitudes o

for meaningful assessment . of physical factors. The _,need to “"relearn”
_causes objection to. change by "some. | - R

- 3,7, 2 General Comm/mication of Heasurement Information. The communica-
- tion of: measurement data can involve either estimates or approximations,
or highly precise measured data.: - For either ‘communication, the receiver
..'of ‘the - -message ‘must be ‘in"a position ‘to assimilate and process the
'message in-a: meaningful ‘way. For. example, if temperaturas are given in

degrees’ Celsins (°C) .only, an assoctation bétween numerical value and .

sensation of . comfort (cold, cool, mild, warm, ‘'hot) would soon be
obtained. However, if - both a familiar reference (in' degrees Fahrenheit)
and.a-metric reference (in-degrees Celsius) are given, thé” unfamiliar
value would- be selectively blocked: out with almost no long term memory.
Where the precise communication of. measurement information is essential .
“to a task such as calling out values obtained by measurément to a person.
‘who records - them, - it-is essential that both- the measurer and the’ recorder
are fu11y familiar with the units and values ‘that are used.:-

—————————l.

. 3.7.3: Descriptive Information in Written, Typed or- Printed Data.  ‘De-
"+ scriptive -information in software, .such as standards, technical data

.. sheets, textbooks drawings, ‘and the like, requires compactness, lack of"

) ambiquity, .and. consistency in presentation.v . In 'most instances, . metric
"data would be 'advantageous. : . e

The . largest part of init1al activity in metric conversion would involve
software, to 'be prepared either in metric units" only, or. in dual- units
for ‘the duration of a transitional period. Metric practice "information
would be needed to allow people in the construction community to
.assimilate metric task information. . ) & N

s

3.7.4 Calculations and Computation. As " aiready indicated, ‘metric
- measurement was designed for, greater productivity in -all mathematical,
'processes involving measurement decisions. The concepts of unique units,
- coherenge, and decimalization combine to give - greater speed and fewer
errors. Engineering calculations, in particular, would benefit.- Archi-
. .tectual documentation, with only one measurement unit - for length-—the’
,millimeter (mm)-—would be . simplified significantly, and check-outs for
»accuracy facilitated. .. - L N

3 745 Practical Measurement in’ Production and Construction. To measure: -
.magnitudes cf physical -quantities. such as thickness, mass, thermal | prop—
erties, electrical properties, etc., any measurement system will,suffice. ’
However, if comparisons are to be mdde with international standards, or.
requirements set out in metric ‘terms, the use of -metric measuring devices
would be: preferable, rather . than the use .of non-metric devices and

subsequent convers1on. .
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Precision. in measurement is a function of the following: accuracy- of
“the measuring instrument, accuracy of ‘the operator (reader) and/or trans— .
criber,~and~ ‘the ‘graduation _of the ainstrument._' For example, with a
measuring tape graduated in inches only, measurements can be made to the,
nearest-whole - inch; while smaller . intervals have to be. 1nterpolated by
Judgment. ‘Normal steel g\_es for construction measurement are - graduated
;in: mu]tiples of 1/16", so-that measurement can be laid out or read to
the nearest 1/16". Similarly, metric construction .tapes- are graduated
- in millimeters, so that measurement.can .be effected to the nearest milli-
‘meter :(mm).. The metric graduation will’ encourage more precise measure-
- ment -and- would be likely to lead to. fewer deviations in additive ‘measure-
.ment during Ppreduction, layout, or construction. Conversely, temperature
-readings can be made with -greater preci51on ca.the Fahrenheit (°F) scale
than on the Celsius scale ( C), due to ‘the finer graduation of the

Fahrenheit cale. . . s

-

- In- production and construction measurement, the use' of metric units’
could generallyfincrease measuremEnt precision. ' '

.3.7.6 Quality Control, Testing, and. Research.. Quality control in pro- °

duction requires -precise . measurement to. ensure that product character—

" istics remain within specified limits; that is, fall within permissible

. tolerancess 1In general, the use of millimeters for the measurement of

length width, depth,. thlckness, diameter or’ rad1us,,warp1ng or twisting,
~ and squareness would facilitate quality control operations. .

‘b
A high percentage of testing and laboratory work in product manufacture=
already is carried out*in metric units. - R .o T

&
c

3 8 Metric Units for Use by Tradesmen and Site Personnel ’ : i

Considerable attention has zbeen paid ‘to metric (SI) units for building

designers and. other. professional ‘ groups.'- However,.most practical tasks

for measurement in" production ' and construction are .carried . out by

skilled‘and unskilled - workers, Eg whom the change of measurement units

may ‘be_a cause. for ‘Some congern. - .

. . L e - (\ .

"In the construction environment, the number of units required to be used .

- will reduce, so that the learning situation ‘is not. as, great as imagined .

-at first sight._ 'Precedent has indicated that there is’ little merit in

ove;training .personnel, especially in aspects of the metric. system.that

- 'will“never be applied in practical use. - For most tradesmen  and on-site’

personnel training - on:the job is the - best approach as 1t puts metric
; concepts into a practical perspective._' . -

"

Iable 3—2 shows the most common metric units that would be used in various
construction-related activities. . . .

e . N . . - . =
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Key Metric Units‘for_Use on the Job
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* . ACTIVITIY QUANTITY N UNIT(S) SYMBOL(S)
BLOCK AND BRICK Linear Measurement’ millimeter, meter mm, m
MASONRY Area - square meter m?
. .. [volume (of mortar) cubic meter n_|3
[Mass (weight) kilogram kg .
CARPENTIRY Linear Huzureﬂent ‘mfllimeter, meter om, J-
1T .- " |Area L square meter n?
CONCRETE WORK - Linear Measurement millimeter, meter mm, m
. . {Arep square meter ‘ o?
Volume : cubic meter w3
Temperature (of :Lngzedien:s) degree Celsius *c
Mass (weight).(of ingredients) metric ton (1000 kg) t
Capacity (water) ° " liter L
Cross-section (of reinforc:) square millimeter o2,
ELECTRICAL SERVICES Linear Measurement | millimeter, meter o, m
. Frequency . *hertz, kilohertz Hz, kHz
*already in common Power *watt, kilowatr o ’ W, kW .
use’ - Energy ] ‘megajoule, *kilowatthour (3.6 MJ) M, kWh
: Electric Current [ ‘| *ampere A
‘|Electric Potential *volt, kilovolt v, kv
Electric Resistance . > |%ohm, kiloha 2, ko
EXCAVATING Linear Measurcment ' meter o
. Volume : cubic meter m3. o
. Mass (weight) - : » |.metric ton (1000 kg) t -
GLAZING Linear Measurement nillinetet. meter o™m, o -
Area’ square meter 2
Mass (weigh;) kilogran kg
LAND SURVEYING Linear- Messurement - meter, kilometer o, km
Area’ square meter, hectare (10 000 m’) > o 5 ha
) ° square kilometer k'
MECHANICAL SERVICES Linear Measurement millimeter, meter mn, m
] : . Volume - cubic meter’ m3
. Capacity liter (Im ~ 1000 L) L
Airflow (Veloci.t}') meter ‘per second ‘jm/s
- [Volume Rate of Flow. cubic meter per second, /s
. liter per second L/s
Tewperature degree Celsius - °c
Force newton, kilonewton N, kN
Pressure, Stress kilopascal, magapascal kPa, MPa
Energy, Work kilojoule, megajoule kJ, MJ
PAINTING -|Linear Measurement meter, millimeter m
] Area - . square meter o
Capacity (of paint) liter, milliliter L, ol
PAVING, PLASTERING, Linear Heasurenent nillimeter, meter om, m
TILE LAYING Area square meter - m?
PLUMBING (See also: Linear Heasurenent neter m.tume:ex m, Tm
Mechanical Capacity liter ‘ . L
Services) Mags (weight) . kilogram, gram kg, 8
: Pressure - . ..} kilopascal . kPa
ROOFING Linear Measurement millimeter, meter, om, o
Area . - square meter B
Slope millimeter per meter (or we semrical ratto)  |mm/m
SEWACS DISPOSAL, Linear Measurement meter, millimeter ! o, @
SITE DRAINAGE Area / square meter, hecr.u:e (10 000 m) m?, ha
: Volume - cubic meter. |m?
Capacity liter L
Slope - millineter per meter ('r we smerical ratso) wm/m
STEELWORK Linear Measurement mﬂlineter, meter - . m, m
. Mass (weight)" metric ton. (100C kg), kilogram t, kg
TRUCKING Distance kilometer . * » ke
’ Volume cubic metec’ m*
Mags (weight) - metric ton (1000 kg), kilogram 1. kg
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One’of the real costs of metric conversion is the purchase of metric -
measuring instruments, such as drafting. scales, steel tapes, weighing '

devices:(scales); gaugés and dials, levels with graduatioms. or markings,

. micrometers, test sieves, and some specialized items for quality control

or performarce measurement. ' The ‘cost of procurement can only be reduced
:Lf ‘normal - replacement cycles are used to acquire’ metric rather than
customary. _in§trumgnts';_ . In some instances, it would be more practical to
_effect a pastial replacement; for example, the purchase of a blade with
metric. gradvations for a steels tape rather than purchasing the  entire
‘new unit, or a metric dial for a pressure gauyge rather than a new gauge.

Although not preferféd 1n the long i‘un’, tabes, scalés,_ and gages may be'

obtained with a dual readout’ for use in a tranmsitional period; for

example, steel tapes are . commeércially available now with graduations
both in .inches and fractions on one edge of the blade, and g_radua»tions'
in millimeters on the other. - ' '

Speciall c’are'_'sho‘uld.be, e:;ércised Jin "purchasing decisions to make sure

that the "metric” instruments feature correct units and .standard gradua—--

tions. - For example, tapes graduiated in centimeters (cm) are widely ‘sold
for genmeral use, while -the construction community probably would uSe
millimeters (mm);  the purchase of the wrong . measuring devices could
create. confusion rather than 'simplificationZ’ Similarly, a variety of

gages imported from traditionally metric countries are calibrated ' in -

non-Sk units, such as. the- bar, millibar,  ati (standard atmospheres),

kgf/cm?, etc., . rather ‘than in pascals (Pa) -or kilopascals (kPa). -

‘Uninformed purchasing ‘could c&ause ,confusion, .apart’ from waste of money.
At this time there are no national standards that outline preferences
" for metric 'drafting scales, steel tapes, surveying -instruments,z “mass
scales and- other weighing devices, -thermometers, pressure gages, etc.,
and ‘it appears that the ‘industry would benefit from standardization
efforts. ASTM Standard E11-70 (Reapproved in 1977) [6], dealing with

test sieves, . doeswlist metric sieve desighations as °~ standard ‘sizes

- corrésponding to those recommended by IS0, dad also includes alternative
designations. { o : ' : ’

’ ,A‘nuinbér’ of A_mer'ican multi-national corporatio .produce preferred metric
‘measuring instruments in other .countries and dre well equipped to serve

- 'the needs of 'the U.S. conmstruction community .during a transition to

metric measurement. . -

" 3.10" Metric Standards . o .

‘The Metric -‘Co'pversion_ Act of 1975 specifically addresses the.sublject of
- metric. standards and states in Section 6: - : T .
C - ] . ) - o
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«++"In carrying out this program, the [United States Metric] Board
shall——(4) encourage activities of standardization. organizations
to develop or revise, as rapidly as pra cticable, engineering stan—
.dards on a metric measurement basis, and to take advantage of oppor-
tunities to promote (a) rationalization or simplification of rela-
tionships, (B) improvements of design, ()] reductien of size varia-
- tions, (D) increases in economy, and (E) where feasible,  the effi-
cient use of energy and the conservation of natural resources;”

..

Most of the voluntary .national standards—writing organizations in the

" United. States have polici€s to use or include metric (SI) units in their -
standards, - although - not necessarily as “hard-converted” and preferred
values. Where available, the policy decisions of relevant building
design'and construction standards—-writing organizations are given in
Part 2, : : . : . .

3.11 Metric Building Codes

There are no fully metric building codes or model codes available in the
United States although some. major -¢code—developing organizations have
decided to--include metric equivalents in future editioms. . There are a
number of options, ranging from the .use of dual measurement units (with
varying degrees of rounding and rationalization), to the preparation of’.
dual documents with separate, preferred values for use with each measure~
ment system. The latter approach would provide: the most convenient num— :
"bers for designers, manufacturers, contractors, and building céntrollecs
but is likely to require considerable investigation and 1nter—industry
discussion to arrive at preferred values. . :

3 12 Technical Reference Material Handbooks, and Textbooks

At p;esent technical information for professional and other personnel
in the construction community is predominantly in U.S. customary units,
although some profess1onal institutes and societies are rapidly devel-
oping a metric data base. Scientific handbooks and college.physics.texts
- are largely in metric units; although they . do - not always adhere to
correct SI units and présentation. )

The .American, Institute. of Architects, in conjunction with Wiley
Interscience, has prepared the ™"AIA Metric Building and Construction
' Guide" [7], a comprehens1ve and thorough basic reference document for
building designers and others interested, in. “the application of . SI in

e construcihon.

A number of engineering textbooks dea11ng -with the change to meétric (SI)
units have been published. “Metric Units in Engineering—Going SI," by
Professor Cornelius Wandmacher [8] provides a.useful ‘and comprehensive
general text to acquaint. engineers and engineering students with the
concepts, relationships, and practical application of SI. -

14
~

A comprehensive netric bibliography 1s prov1ded in Part 9.
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PART 4 -  METRIC CONVERS‘IOU AND DIMENSIONAL COORDINATION IN, BUILDING

~. ka

- 4. i Dimensional Coor&:l:l.nalticyn..~ Background

. el
In'an- industry where nmLt tasks involve dimensional control of products,
-vcomponents, assemblies, and building elements, as well as their combina-
“tion"and fitting to form buildings and structures, gimensional standard-
ization is an essential ingredient of cost-effective operations. The -
alternative of random sizes would invalve extensive cutting or make-up
~activity, and result in waste of materials as well as low productivity.
- Dimensional coordination -simply is ‘a rational approach to the determina--
/Fion and selection of preferred sizes for building products, and of pre-
ferred dimensiors for spans -and spaces, based on a mmon déenominator,
. the “building module or basic 'unit of. size. For th s reason, it is
'also referred to as “"modular coordination." ;o ' .

In historical building activity, many components Were custom made or
_shaped or produced in small quan;ities,'so that special sizes carried
no significant cost premium. .-A concept of preferences emerged, . based
on whole multiples of the customary units of' measurement, the foot and
the inch. Most preferred among these vaiues were those that formed a

simple doubling series, for example: . S

3 .

1° 2 4" 8" 16" | 32 || 64"
AP g I e § > Plo-o|Plee|Ple-of - - -

B

- . . 3..- D 6“ D (1:'-20.:) D - 24 D 48“ D 96“ . ‘ - ) .

@-0]” |- ] 50
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These .ranges are, related by a factor of three, so that any size of the
inch-based series, when trebled, equals a value in the foot-based.series.
Examples: of ‘customary product sizes from these two ranges abound, and
include brick, .block, floor and ceiling tile, panels, planks, and many
assemblies. In addition, multiples of selected dimensions were used -
for functional sizes and spaces in buildings, for instance whole multi-
ples of the:foot——2" (24"), 3' (36"), 4' (48"), and 5' (60")~-as planning _
- modules. This system works quite well, except for the occasional mis-
match .in dimensions which is sorted out by design detailing or construc- -
tion fitting on-site. Some midor inconvenience was caused. by having to
‘work with essentially three measurement units: feet, inches, and common.
‘fractions of inches. : - . . ' .o

‘With increasing industrialization of the 20ti century, proposals emerged. .
in the 1920's and 1930's for a comprehensive and rationalized approach
to design and constructinn dimensions, and related buildiag product
sizes. .The best known pioneering work was done by the American indus-
~trialist Albert Farwell~8emis (1870-1936), who proposed a %4-inch module
23 basic unit of size. for buildings as well as building components, and

.,
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who developed 43"“-(:‘0mprehensive approach to coordination, subsequently
‘referred to as "modular coordination.” The 4=inch unit of size was- - -
given the symbol M (for module),. and whole multiples of .M were preferred
for 211 dimensions. - The system also included a modular. grid, with a 4- .
inch grid interval, for_the precoordination.and positioning of building
. elements and components. After-Bemis' u'ntirpely death, his ideas became
the basis for a national standards effort in "the coordination of dimen-
sions in building," and a series of national standards became available .
after 1945. Masonry urits, such as. clay brick, concrete block, and clay
flue linings. were in the forefront of ‘the change to modular -dimensions |

-« -

T - ) . . e -
e p . ~- - d
< -45 e :

based on the 4—inch module. o -

.

4.2 Metric Dimensional Coordination and the International ‘Building
Module e : :
The ideas. of modular coordination were picked up 'in post-World War 'IIL
" Europe, and they became the basis of the: industrialized reconstruction
program in a. giganptic demonstration of how greater productivity can be
.-achieved by the "use of  standardized “dimensions rather than random
choices. European nations used a 100 mm (10 cm) building. module and
~* found ‘this basic-.and. decimai'unit to be of a near-optimum size td reduce
variety -while simultaneously retaining- simplicity of numbers. The
European efforts, in both Western and Eastern Européan countries were
followed by extensive adoptiom of the principles in South and Central
America and ‘Asian metric countriess *Subsequently, the 100 mm module was.:
.used as the basis of internatiodal (ISO) standards, ,preparéd within the
' “ISQ Technical Committee 59, Building Comstructionm, ‘which was 52 member
nations and. 32 actively participating in the 'work. The. international
building module .was "given further emphasis W¥hen all English—speaking - -
Countries. that <changed to metric im the 1960's and 1970's adopted this
modile and .selected mutliples in. the de'terminatiori -0of7 their dimensional
.. preferences in building [1]. ) 3
- , .

. P
o L . .
7 i .
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4.3 ..Met'rié:étion and Dimensional Cooérdination - " S

N

C A

- - -

Although"a -separate issue from metricationm, ‘dimensfonal coordination in
the construction’ industry becomes like.a Siamese twin:: without at least

a partial adeption of modular and preferl_:'ed sizes during the change, ome .
of the greatest ‘opportunities of:m_etricatidn in construction would be
missed. -In the United States, this fact is already.widely appreciated,
and both: the U.S. Metric Study in.1970-71, and “the GAO Metric .Study in
1976-78 found ' support .for this proposition, even though a considerzble

- percentage of respondents did not give a definitive reply.’

Question l4.h in the GAO Report, CED-78-128 [2], as part of a questionm
"dealing with “advantages frequently attributed to conversion' with the
metric system;” stated: . : :
"Conversion will provide an opportunity for implementing or expand—
.ing 'dimensionzl or “modular .coordination',” defined in -footnote '
three as -"A-direct relationship between the dimensions selected for

- .
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the design of a building and the sizes of :.components-used .in. its
éonstruction. -Product sizes and ‘dimensions are based on agreed—upon
rules that: permit a better fit of products. during the building pro-
cess. Dimensions and sizes are based on a module, such as 4-inches

-or 100 ‘millimeters." T Ce

."‘Four 'response categories ‘were used in Question l4: .1.° Agree; 2.
Disagree; 3. Does not apply; and, 4. No basis to judge.. The-: follow1ng
_percentage responses are shown on page 16-27, of the report.’

Overall Responses '

Gro‘up .of _ ~ Agree Disagree Does not No -basis
Respondents - -~ : - o apply . to- judge
All Associations - 38% 3% - 7% & -
. G . . .- - . . * o
~ . . . . .
.- - Desigpers, ° ~ 39% 122" °  15% 33%
. " 7 Contractors - - b44Z 7% 9% - 41%
. Labér T 7 S § T U - G4%
*. 7 . Manufacturers - 322 18% . 8% 43% : L
Distributors . 42% ' S_Z_'__;___,_———-—————-——“—532“——’__"'—"w T
Codes & St s"‘"GUZ”_‘_:- : R . 4C%Z oo

< : Estate -22% . .11% - 6%, 61%

-
RN

It is - interesting to note that, if one considérs. only the definite
responses "ag:ie” or "disagree, " .nearly three—quarters (74.5 ‘perceat) of
all associations concurred with the question asked, ranging from 64 per—'
- cent of manufacturers-to 100. percent of codes; .and standaris. However,
it is also significant that almost half of the respondents .39 percent)'
selected the ‘neutral- choices "does mot apply” or ' 'no basis_to judge.”

. In-the latter category the range is from 33\\percent of des1gners to
" 61 percent of rﬂal estate. e ¢ ST e '

B

All in_lallkﬁ definite responses to the GAO Study - reinforce the
previous findimgs and statements by many leaders of the construction
community that "metrication would be an opportunity for’ 1mplement1ng or -
expanding dimensional or modular coordination in building.

4.4 The Metric Build:Lng Module ComEred with the Traditional 4—Inch .
Module . . . . .

1] PR .
; . . - . . .

‘ The advantages of metric dJ.mensional coord1nation in. building are derived
to a large extent from the mathematical and technical - features of the
métric building module - of 100 mm; which represents one decimal part of
the meter. This dimension is. only 1/16" (or 1.6 mm) smaller than the
traditional 4-inch module, which has béen widely used in the sizing of
building ‘products and design approaches in the U.S. construction
ndustry. Therefore, metr:Lc modular dimensions and sizes would differ

.
o
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=~ only ‘Slightly—they would be 1.6 perc;nﬁ smaller and, in many ‘instances,
- remain within ‘existing tolerances. -The principal advantages of, the
"metric module are outlined.below. L : T e

4.4.1 . Metric Modular Dimeusions are _Directly Visible. Any dimension,
in millimeters, with two zeros. (00) at the end is always a modular dimen—
sion, that -is, a - whole multiple of the 100 mm module. But muach -more
‘significant in the design'and construction context, is that the "modular
multiplier” is directly visible and represented by the number.in front
of the® two zeros. This makes ‘it possible to identify and select “pre-
‘ferred” multimodular, values at a glance. - For éxample, although 4700 mm-
is a modular dimension it can be recognized instantly as a -less preferred
multiple. because the multiplier,.47, is a prime-number and divisible only
by itself and one.: By :compavison, 4800 mm, or '48 modules, has  superior
properties of divisibility-——it ®is a’ whole multiple of the following
"modular dimemsions:" 2400, 1600, 1200, 800, 600, 400, 300, "and 200 mm.

_ Thus, .when .a choice is available, -the designer . and ‘contractor -would

* almost invariably be better off with 4300 mm. - . * - ’ :

In the customary . context," multimedular dimensions -are partly "hidden”
by the need to use- both.feet and inches in stating them.—For example,
a dimension of 15'-8" can readily bg recognized as a "modular" dimension,
‘that is,: divisible by 4 inches, t after a little mental apithmetic it |
becomes clear that the multiplief is a less preferred 47: . -

JIn another example, 't\h“e'\foot—inciri‘ equivalent of 64 modules -is 21'=-4", . ’
which.is not immediately recognizable as .a whole multiple -of 8" and .
16", .so common in° standard product sizes and spacing of ;structural
members. Quite a few designers, without thinking, might prefer 21'-0" -
_ or 22'-0" for building spaces or spams. There would be no such diffi-
culty with 6400 mm, the. equivalent of 64 metric modules, which can’

. immediately be distinguished for its ‘divisibility. by’ 3200, 1600, 800,

" 400, and 200 mm!- . S L o o

4.4.2 .. The Modular Square——A Useful Aid . in ' Calculations: The modular

. square of 100 mm x 100 -mm, which provides the basic two—dimensional
‘grid, has. an area. of -exactly 0.0l n? (one hundrédth of a square: meter).
‘This relationship is very useful in all forms ‘of calculgtions: idvolving
area, such: as in functional properties (structural, thermal, acoustic, T
etc. ). & "moduldr” area'in metric units ‘simply *is the product .of the

_two multipliers; for example, a-door of 800 mm'x 2200 ‘mm h2s an area of’

, 176 modular squares (8 x 22), which can be ‘converted, directly tosquare--

. meters by dividing by 100, so that it would represent an area of '1.76 m2.

. If the door had been, 2000 mm (or 20 modules):high, the calculation could.
‘have been ‘done in the mind. By comparison; -a. médular square with.%4"
sides represents 1/9th of a square -foot or 1/81st 'of a- square yard, so.
that calculations_are much more awkward. A customary door of 2'-8" x

.. 7'-4", which has 176..customary modular squafes, requires-a longthy cal—
~culation and rounding to establish its area, because there are no decimal -

)
. » - . .

relationships. : . e _ . i | )
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Thé direct relationship between the metric modular square and the square
*+ meter (mz) becomes even more significant in. calculating costs of buJ.ld-
- ings, building elements, Ne) o building components, where any cost in: $/m
has the same numerical value in cents per square module. For example,
.a cost of $6/m2 .also" represents a cost of 6¢ per square .module. This
‘enables more accurate costing of modular buildings and modular. building '
. products, as ‘well as tighter -cost - control. In.. computerized building®
“design and, documentation, the cost of . design alternatives could be fac=—
tored into the- decision process without much difficulty as part of metric

. modular coordination. .S S ..

4.4.3 The Modular Cu.be. 'I'he ‘modular cube of 100 mm X 100 'mm x 100- mm,
'which ds the basic unit in a three—dimensional modular ‘Space. grid, repre-
. sents; a_volume of exactly 0.001° m3.-(one thousandth:of a cubic meter) and
-5 capcity ‘of. 1 L (one liter)., This -relationship greatly simplifies all
s calculations involving volume or -~apacity, such .as room - or: building
es, - cut. and fill cbmputations .HVAC "design, and load- estimates based
) 33 “per. unit volume ‘of materials. The ‘capacity as well” as mass of

lated with ease, "based on: diract unit relationships that can be
traced right bazk to the ,,.:uzinal concepts of the metric system of the
'.17.90's. ‘The unfts ..: <plume, capacity, aad mass werc related on a one—-
to-one basis' i the - ,ll:r.sing sequence: . 1 cubic decimeter (now a .cubic
module, ‘as well) equals 1l liter, 1. liter of water at its maximum ‘density
has a mass of 1 kilogram.a This relationship is still very useful; for

. exagmple, if _the specJ.fic gravity of a materizl-is known, 'the numerical >
-value .also indJ.cates the mass of ra moduldr cubé.-of that material. In
unreinforced ~oncrete with a specific gravity: of 2.3 (or a“mass dens:.ty
of . 2300 kg/m-’) a modular cube would have a mass .of. 2.3 kg; in steel,’
with a.° specific gravity- of 7.85 (mass density of 7850 kg/mé) it wbuld

be 7.85; etc.. , , R . ._

» . ; .
k4

~

4. 4.4 An Example of Calculations with' Modular Dimensions. A practical
example will illustrafe the advantages of.these. relationships in a met- ,
ric modular concept. A’ ‘reinforced, precast toncrete panel of . 100 mm - .
‘thickness, 1200 . mm width, and 3200, mm height, with.a specific gravity .
of 2.4 would~ have ‘the following dimensional and related propert,tes°

2.

.~

"Area: 12[00] X 32[00] 384 square modules 3.84 m? e
Volume: 1[00] x 12[007 ® X 32[00] =, 384 cubic modules = 0.3§4 w3
Masd: 1 x 12 x 32 x 2.4 = 921.6 kg' .~ S
Force: [mass x 9.8 m/-sZ] 921.6 x 9.8 = 9032 N = 9. 032 KN - .

" .Thus area can- be. computed easi.ly for functional properties or’ costing, .
volume for quantity’ of concrete Tequired; mass for transportation of
the panel" and force - for lifting and - structural load calculations.

»
[

b4, 5- - Metric Draw,ing Scales and the Building Module. - Because of the
- decimal relationships that extend right through metric- measurement appli-
" cations, the 100 mm building module has %o other ma jor advantages: in
--;;_measur.ement‘" it is represented directly as a scalar division onvesll

<




drawing scales from 1:1 (full size) to 1:100;' and it represents a maJor,,
-_,marked graduatlon og, construct:.on tapes. : :

]

;The . scale * instruments .(hand scales .or . machine - scales) prominently
_ ideatify 100 mm and its multiples for ratios from l:1 to 1:10, as shown
° 'in figure 4~1, and show a major graduation. line for 100 mm on the 1:20
... scale; where every multiple of 200 mm is marked. At scales of 1:50 and
" 1z :100, the 100 mm building module is represented by, 2 mm and 1 mm, re-
spectively.,. Therefore, the desi er working on. detail drawings is con-
.-stantly reminded of the "modular” dimension as a preferred value. Th:.s

. is not so in customary scales, which emphasize the foot (3 modules) and
often the 6" and. 3" subdivisiom, . rather than ' the 4—1nch module:

-

_ E":i.gure 4—1:. Emples of Drawing- Scales with Modular- Dimensions Emphasized

.
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. ¥ The - tr:.angles have been added to pomt ‘to locations of whole ‘multiples
“of the 100 mm module on deta11 scales. They give a direct -indication

.. of “the scale factor and the subdivision of the 'scale; for example;
‘each’ mt represents an incremept of 1 mm at.l:1; 2 mm at 1:2; - 5 mm at

1:5; ELOmmatllO' and, 20 mm at 1:20. o
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: Construction steel tapes for use in’ building layout and measurem‘nt of. =

building producfs¢are ‘the principal measuring ifistruments on-site. .U.S. ~

" customary ‘tapes are: graduated in feet, inches, and fractions. Many- ‘tapes.

"' alco show. a special marking for: all multiples .of 16 inches to facilitate
layout at 16 1nch centers. However, modular increments‘of-4 inches are
'not marked in any speclal way, except for multiples of three modules (12"

‘or. 1) and four modules (16") on some tapes.

Metric construction tapes-are graduated in millimeters for short tapes,'

- and meters and millimeters for- longer tapes. Major graduations occur -
-every 100 mm or 0.1 m), thus emphasizing. the,metr¥c -building module -at
every increment. Other numbered graduation marks occur every 10 mm.
.These tapes greatly facilitate modular building layout on-site.

-
.

.

Sections of customary (foot-inch) -tapes. and metric (meter-millimeter) .
tapes are shown ‘in figure 4-2. S o

.

Flgure 4—2, Customary- (Foot—Inch) and Metric Construction Steel Ta

.- : . "ra
) . L

-'.K//’kVSection of 12-ft pocket steel tape graduated in feet inches, and‘\\\
sixteenths of .ad iach
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17 7 (09, 10, 5 and 1) :

RN RN
80 90 900 10 20 30 '40. 50 60 .70 80 .90 Im 10 20

el

- . .

- »

c. Section-of 30 m precision steel tape graduated 1n meters and . N

- millimeters , o
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4.4.6 Endorsement of the 100 mm Metric Building Module. The 100 mm -
metric building module has been endorsed in publications or -information
released by maJor industry ~organizations - in the “United States such
.as: . . . _ _ o '

e

- The American Society for Testing and Materials " (ASTM) _
« The American Institute of Architects (AIA) ST Lo
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ERIC

Aruitoxt provided by Eic:

el : . - ‘-;_,"'» B » _
" The. ANMC Constructlon Industries Coordinatzng Committee (ANMC/CICC)
.- *and-. its. Sector Committees
Ihe National Assoc1ation of’ Home Builders (NAHB)

)

'In"addition; as,outlined in- Part 2 a number of ma jor associations or .
societies have developed metric. policy statements or " guidelines which

* recommend the .conversion to preferred metric dimensions and sizes——a ..

hard converSion-—rather than the use of metric.equivalents for’ customary
dimensions ‘or sizes——a soft convers1on. . T e :

4.5 The Practical Application of Dimens1onal Coordination Ln ‘Building .

Dimen51onal coordination '1n_ building represents a voluntary, but
conscious attempt 'to “rationalize"” the dimensions. of buildings as well
as the related sizes of building products or components through the use
of a common ‘unit of .size—or module—-and selected multiples. Like metri-
catlon, dimensional’ coordination is a matter for- cooperative effort
rather ‘than: mandate. The establishment of a successful . program requires
the cooperation of des1gners,‘ anufacturers, and many other parties to
the building process,” to set down general rules and ‘conventions for the
"use of. preferred dimensions, 1nclud1ng guidelines for JOlntS, tolerances,

and limits of fit. . L oo . .

Bas1cally, there are’ few differences in. the “stated aims, principles,

" or practical: application” of dimensional coordination based on'a 4-inch
module, and dimen51onal coordination based on a 100 mm module. In the
latter case, international recommendatlons and guidelines "have been
, established,. but the resulting\ conventions could’ be used 'with either
module. - - _ \ _ ' : : -

: -~ - <

Recent trends worlﬂwide 1ndicate overwhelming support for the 100 mm

“module and the derived sizes, and many of the - develop1ng nations have

chosen .to adopt the content of ISO standards, in“full or with minor vari-
ations, as their’ natlonal standards. - The trends -also show a move away
from the rigid application of modular grids as the basis for coordina-
tion,sand the substitution of a few ‘major’ controlling planes ‘or lines”

instead._ The distances- between such controlling planes are called - “con—
trolling dimen51ons, and “-these are normally selected frmm preferred.

' multiples of the building module. T o E .

<

On plan . such controlling dimens1ons can occur in two ways. They may '

either be taken between the: - coordinating (or nominal) faces" of build- .

1ng elements, in which case. they are referred to as boundary controllingl
planes, or:they may. be. takén. from axis to'axis of -structural elements, ;
ianhich case they - -are: referred to.‘as axial. controlling planes. Either'
approach ‘has: advantages. Normally, boundarv cont oiiés more .useful’ in - -

}-buildings wlth.many structural elements and subdivisio into small spaces,:

. for example in" most- res1dential type structures. Axial control, gener-'j;
ally, is. more approprlaté”in larger buildings or structures, with long
spans and open plans, such-as industrial ‘type structures. Lo T




:'_ --'-F:_igureli,-.l&. Ax:l.al Controllmg ST

Preferred dimensions for horizontal control_ have been established in ISO'

standards, ‘and.:dimensions’ which .are‘whole multiples of 300 mm, 600 mm,

1200 mm;’ 3000 nni, And> 6000 mm: most favored, with a limited applica-.

~ tion of:. 1500 mm as:an a.dditional“preference. The ‘absence of U.S. repre-. |

-sentation in ISO: has’ meant that he - typical Ve84 preference for four .
" modules(or 400" ‘mm). traditiona.lly used; Lin _spans, . spacings,~ and’ many "’

”‘product sizes (16" increments') 1s not 1nc‘luded except in the multiples

a

'_1200 om dnd 6000 wm. o n el T - .

. In-—section, control ng dimens:Lons occur’ betwee" controlling- planes at
" floor- level, celling Jevel, and ‘roof. level. The, are generally- referred- -
. to as: floor-to-floor height’ (story height), floor—to—ce:Ll:Lng height (rcom -
'height) ceiling-to—roof height;or floor-to—roof height, as appropriate.

. 1.Mu1t1ples of 100 mm, 300 om, .and 600 mm have been suggested as: preferred’
-;'--ﬁi dimensions for- vertical control in international proposals, w1th ‘the use
: "'.-jof such “increments" specified for partirular ranges of dimensioirs.  The
,_“ ‘_'.'Vtypical U.S. _/preference for two modules (or 200" mn) traditionally used in
':‘.masonry products (8" vert1ca1 control), /1s‘ not specifically mentioned..

,;':-»',V.Additional :Lntermediate eontrolling planes ‘occur at door heaa and w1ndow
~ “head height;": and at’ window sill: level. These dimens:Lons 1dentify the P
. vert1cal component of preferred opening sizes. ST T S

- ~.'

" v‘?'Vertical controlling dimensions and 1ntermed1ate controlling planes areﬁjf
SO shown in. figures 4-5 and 4—6. - : L L
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. Figure 4-6: ' Intermediate = =
e .Controlling Planes -

or .
"" ccommodate stmctural elements and non-usable’ space. These .-
' controlling .-zones) or non-modular (neutral zones).=’

nsi "As’ constmction is -an additive"" .
‘"n;» ‘be’ ;_’Afurther (fivided into whole modularfa.



fsubunits 1s. definitely preferred. This is where® multipliers such as 6-
;(divisible by 1,2, and 3);./12 (divisible by L, 2,3, 4, and 6), .and 60 "
,,Kdivisible by l 2 3, 4 5 "6, 10, 12,15, 20, and -30) ‘have decided .

) advantages.p In- a>‘metric modular context, dimensions such 'as 600 mm -
(6.modules);. 1200 mm. (12 modules) and 6000 mm (60 modules) have long
']been recognized as’ preferences, independently of their. close similarity
"+ to customary dimensions .of 2 feet (6. modules) & feet: (12 modules) ,
Sy and 20 feet (60 modules). - . .
In fact, metric preferences combine the benefits of decimalization, in
the form. of a 100 ‘mm basic module, with highly ‘divisible numbers, and,
_therefore,. would. provide some- additional benefits. 'This is easily illus—_ f
“trated by a comparison -of the customary. ‘modular dimens1on of four feet
(equal to 48.inches, . or 12 modules) and the metric counterpart of 1200 mm

. (12 ‘metric. modules). ‘Table 4-1 lists divisibility irto whole subunits;- -
in modular as .well as. nonrmodular sizes. . "Modular divisibility™ remains
the-same, while non-modular divisibility is increased significantly. . The:
""" “.on-modular sizes can:be used for small additive components, ',

such as ..

tile, brick, etc., which are used in: combination, for example, 1n mosaic'

patterns . ‘
Table 4—1‘ CompgxiSQn of*Divisibilitg, *
o} 4'-0"1:[12 modules].:: -} :1200 mm . [12 modules]
| PEEOT odular sizé F”‘;f"“lar_ Modirlar, size | Nonmedular } o
. . . N ze K .SI_ze PR - - N
B R AL ' . 1200 mm’ |
2. 2 _'—0" - 600 mm . .
3 - =l e 400 .mm - | .
4 1'-0" - - 300 mm - —
6 . 8" ~. | 200 mm - :
8 S 6" v 150 mm :
10 : - 120 mm
-12 4" .- 100 mm — —
15 | . - . - 80 mm
.16 | " 3" 75 mm_
* 20 - 60 mm
" 24 2% 50 opm*-
25 . . © . 48 tm-
32 S I
) . 40 ‘¢ i % 30 mm
48 o % ~ 25 m*
50 ) o T 24 o ,
Total | -6 .5 6 12

Similar comparisons may be made for: each.
) modxles.. : . .

. * indicates a submodule

"pair

’65. 72;

" of customary and metric '

,. -
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R '74 7 Issues in Production - S~izes of Modular Building Produc‘us and
' Components . .. .

, _'I'he manufacturing industry is unlikely to produce metr1c modular products
‘until ‘a demand emerges., Such a demand is unlikely to develop before a .
. construction industry’ M-Day,  and may only build vp-slowly after that' as
- contracts for metric buildings are- let. In1t1ally, .some " metric modular
~products are likely to enter the market as additional product lines, but
' a-prolonged transition period would probably create more problems for the

-manufacturer than “the customer as a result of dual inventoriesd. For this

’ ’.lishment -of "industry " preferences “for b

. reason it ‘is essential that -"consensus decisious” be reached -throughout
- industry—-w:.thout a commitment the ‘safest course might be to remain with
_traditional sizes and to let otners hazard metr1c experiments.v .

i
hd e

The lessons from other coun*r1es do not bear out predictions of gloom.

",-They are’ particularly interesting in a logjeal approach to the estab-
ding component and assembly

cted mult 1ples.

' _'sizes, based on the 100 mm module and se .

A metric preferred size selection mat#ix” is shown in table. 4—2 ‘The
-‘purpose ‘of the matrix; which was also included on page 54 of the AlA

Metric- ‘Building and. Constructlon Guide -[3], is to facilitate the identi-

:fication cf size preferences in four product categories, ranging from.
‘;-small comp_onents to very large components. ' e

In the sizinfg of modula.r products, it must be reme:nbered that - coord1-
. .nating dimensions™ are ideal .dimensions, taken from. centerline to center-
- ..1ine ‘of- adJacent comporentss.. that is, they include half a JOlnt width on .
_'_”-each side._ For example, .the standard (or specified) size “for modular_' '
_WASODry: units’ with coordinating dimens:Lons of 100 x 100" x 300 mm, ‘'would
.. -be: one Joint width less, .or’ 90 x 90 x:290 mm for the standard 10.um mor—-
" tarjoint.:® This is’ the same-'as in traditional practice, where a’ ‘modular
! masonry unit. ‘of 4" x 4" x- "12" with & 3/8" joint would have- standard
- dimensions. of 3-5/8".x 3<5/8". x 11—5/8"' except that whole millimeters
- are:; used’ finstead of inches and fractioms.. Simlarly, :in the case of
:._":\building /board o"- uallboard .-the " joint. width 'is normally considered
-minimal -and part of the.. tolerances allowed for production irregularities,
";__;4-so ‘that-a " coordinating size™ of" 1200 x 2400-mm (or the customary 4'-0" _
x 8'-0 ) would. a1so be the standard (or specified) size.’ : o

_VToIerances for metric product sizes will\az expressed in millimeters_
.. 'rather:; ‘than An fractional .urdts; for’ examp

y. & ceiling tile 'might ‘be 7

.:_:.;_-shown ‘as’ 300 X" 600 mm, with tolerances of -2 mm; -+l mm, . compared" with
Croad customary ceiling tile“of. 12" x 24", with tolerances .of- —1/8" +l/_l6-". o

f:-"’:‘(ﬂn'hese values are:: shown only for illustrative purposes.) .

Y. .
N
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' Table. 4-2:. Metric Preferred Size Selection Matrix -

TN »
s e

:Z"TYPICAL EXAMPLES OF | DIMENSIONAT, PREFERENCE

Firse |- Jes ond )
Fl00 § s .
/7200 © S0

st 7S
“7.-150 ) .
250 - .

. 500
. 700

" Alote 1

Large=stze |- '.(n'a:éow (nx 200)

(rx'600) |(r x 1500)
4200 ;| 4500 . :
6600 |- 7500 | .
*-7800. | 10500 .
9000 . .
~-10200
11400 -

*Note 3

i Very I.'a:ge
- Components and
~‘Assemblies

B g ?arth‘purpocn ofmimlm,,tbu mzuplcc af 100 mm,
vabauioaa, which: mpnmvnnbcn (e.g., 1100, 2300, 1700, 1500,
.. 2300, zaaa, ete.); mmcatmarda'ofpnfmwdahauzd
g Azmucwndpufmm‘oham. farmoaldumnm ] -
_thcmofmbzphcofwam,partmlc' mcazfmctwnmzb e
maseriTy. materials .

.

3. . Alternative ucmdprcfmcm:han, farmproacm i :
‘will be more cppropriate to §ixe . Za:rgc rponents or- blies in . - SR
mlnylaofzsaam. ) o T ’

.'\

. '3000.
- 1400 . l;

Conponents md L
: Assenblies '»doo: ‘assemblies, . vindow 13000 ' ggg . ;383 '
: (up to’ 3500 m) . assemblies, -precast” : I 2700 2200
Lo T 3300 2600
o eT 2800
. .1 3200 ¢
. 3400
- fHote 2 -

4 8 Constructlon ~. The Trade—off Between Design Dimenslons and Product

51zes

Effic1ent constructlon 1nvolves ‘the posltloning and assembly of a var1ety
of buildiag compoénents from different. sources 1nto an organlzed ‘and - func-

';'of obtaining. greater efflciency in constructlon and
. bullding costSe -t L o :

¢

s

thus,

..f-tlonal whole with'a minimum of cutting, fittlng, or other waste of effort’
. and materials. -Modular coastruction has: long been look:d ‘at as-a medns .

stablllzing

”Effic1ent constructlon,‘to some extent depends on the harmony of design
”.dimenslons and bu11d1n*'product slzes, as any mismatch requires cutting:
"and/or fitting of. materials. 0bv10us1y, some cuttlng will

always be

needed around openings, progectlon or corners, but the. 1nte111gent use

-V*of preferences can reduce “its amount ‘without resulting. in stereotypes.
“fThls appllps regardless of the measurement system used. - -

'
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However, for reasons discussed earlier, the. visibility and diJisibility

- of metric preferred dimensions would offer opportunities for. savings
'right through the building design and construction processes. A trade- °
-, -off .matrix for preferred design “dimensions and product sizes was devel-

oped in- Australia, and has been. refined for U. §. use.. The matrix is an -
original "metric decision aid,” but it could be duplicated in customary
dimensions, based on the 4—1nch module. )

The matrix, in. table 4-3, shows on ‘the horizontalnakis a selection of_

'*dimensional preferences for ‘building products between 100 mm and 1200 mm,

and on the vertical axis. design. dimen%ions from 200 mm to 6000 mm. In
the squares of the matrix, where appropriate, divisibility of the design
dimensions_is indicated by numerals which show the multiple of preferred-

"product d1mens1ons. - The summary columns list the total divisibility of’

modular design ‘dimensions as well as the “two: non-modular d1men51ons_
incloded. "It gives a very.clear indication why, for example, 3600 mm is

la better ‘Cesign-dimension than its neighbors, 3500 mm and 3700 mm, since

it represents a whole multiple of many different modular product’ dimen—
csions. All prime nufiber modules, such as 3700 ‘mm, have been shown in
italics to indicate that they effer more limited value in modular coordi-
nation. - The matrix cam be expanded, and readily adapted for computer

A

'design decisioﬁs. - L o _ .
4.9 Modular Drawing Practice - , o -fsj}'

Modular drawing px actice has . relied heav1ly cn the use. of modular grlds

- to- control dimensionms, - sizes, and position, . using either the basic module

or\multimodules as grid intervals. Grids ‘are also used in.metric dimen—
sional coordimation to facilltate precoordination decisions- in designs,

" but more emphasis is placed on controlling limes, such as floor or ceil-

a

ing planes, which are shown - w1th a little circle at the end. An open

f45-degree arrow replaces . solid arrows in the 1dent1f1cation of modular
_controlling or coordinating dimensions. ' . :

N

S 4 10 The Development of Standards for Dimensional Coordination in ’
ﬂ} ~ Building . L

The - United States has the distinction of having had the first nationa1
. standards committee on "the coordination —of dimensions in building, "
‘namely’ ProJect A62 1n the American Standards Association in ‘1939, which. -
prepared-a- series; of four mational standards based on a.4-inch modu1e
between 1945 and'1957 [4]. _Another burst of modular standards activity

- took place aftér the American™ Standards ‘Association changed its name

to USA- Standards Association and, a.little latexr, to the present name. -

 American National ~$tandards, Institute (ANSI), - with four: additional

standardsotn the. A52 series *ssued .between 1968 and 1971 [5]

LN R N

.S:In.1974 the” responsibility for the development of standards dealing"
"with dimensiggal_coordination was transferred from ANSI to the American.
" Society for Testing and-Materials (ASTM), and a new Subcommittee E. 6-62

- . . . r

78
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Table 4-3:- Matrix of ﬁod'ularT Design Dimensions vs.’ Modular Product.,
_— .Sizes to Show Whole Multiples of -Product Sizes and the

Extent of Modular Options in the Range 200 mm to 6000.mm

' . .- - Product Dimensions = - . | oduvtar | Other |
: 100 ] 150 ] 200 ] 250 | 300 | 400 ] 500 | 600 | 700 . 800 1000]1200] -Multiples|Multiples
202 v fif ' ' 2 -
. -0} 3] 2- _ 1 . . 2 1
~Jeolal {2/ - 1, : 3 -
N ‘J.s00| 5. 2 T I 2 1 .
600 ] 6 | & 2 i} ) 3
700 § 7 . . 1 2 - K
0018 | & f. | 2 R 4 -
%00} 9| 6 39 - 3 1 “
1000 | 10-] . 5] 4 o R B i 1: 4 B I
| 1100 § : . o : : - ]
1200 816 471 3 Z T ] )
. m. 13 ] v - j,
. 1400 } 14 71 . 2 - 3 I |
|10 l1510] ] 6% 5 3 3 2 . ‘
-7 11600-116 | 8" 4 3 4 -
T : 1700. }. 17 ’ . . _ 1 C -
41900 118 112 | 9 :1 6 i S 1
| 1900-1719 . 1 -
cJ2000J20|. 0] 8 1.5 1] 4 , 2, ‘5 1
© o Jzojpar s | NI .13 i3 1
. j2200 |22 n : 2 .1 -
. I« - . . -
-1 2600 | 28 116 [ 12 €161 1a 3 F3 i g
“Fes00 [ 25 | - 0 [ . 5 2 1 .
2)2600 Y26~} |13 | : : ; 2 - -
.8l 2700 } 2771 18 9| . 3 1 -
. 2| 2800 |28 14| 7 4 . 5. - -
- B0 [29 | K 1 - ’
- B30 [0 1201715 112 {10 T 15 3 — 6 z
St 3100 {31, . . o R . 1, .-
-] 3200 |22 16 18] 4 e -
8] 3300 ]33}2 nioop : . 2 M
> -of3400 J38 | |z . : : 2 -
3 S|3s00 | 35 e 71 15 -3 1
7 =|3600 136 [ 28 [ 18 1219 [3 3 7 1
. 2[ 3700 | 37 1 - -
s ‘13s00° 138 |- |12 - ; 2 -
. 13900 f39 126 | - 13 . A S 2 1.
4000 | a0 2016 ..}10.:4 8 | 5 4 "6 1. .
«aoo. | & 4 : K 1 -
4200 | 42 21 | 18 7% 6 5 1
0 4300 | 43 R -
4400 {48 | |22 - 13 . .3 -
4500 | 45 18} 15 9 4 2
4600 :g 23 f =
2800 _| 48 24 6 | 12 g 6 41 7 3
400y a9 | | | : 13 - FJ e
| 5000 |50 125 |2 110 5 * R 1
5100 |51 {38 |. [ |17 . 2 1
§200 | 52 26 13 .3 -
| 5300 53 |- . 1 -
. 5400 } 5436 [27.]. 18 9 521~
5500 | 55 22 n I .2 1
5600 -|-56—|-—._| 28. 38 8 [ 7. 5 .-
5700 | 57. 38 19| |___ 2 1
5800 } S8 - 2 z; -
m_’zp— 40 130 {24420 (15 [12 [10° 6 |51 - 8 A
. ; - 3
- 67
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was formed to deal with Coordination of Dimensions for Bui] ding Mate-—
" rials 4dnd. SystemS, “under the Jurlsdlction of Committee E.6 Performance

T ovauilding Constructions. ST

<

“To date, ASTM. Committee’ E.6 ‘has issued’ only one .standard, ANSI/ASTM
'E577-76, Standard for Dimensional Coordination of Rectilinear Building
Parts, and Systems 16]. . It usés a novel approach of ‘designating diment

’ sional preferences by the symbol "U” (for unit dimension), and assigning’
values ‘to U in both metric (SI) and U.S. customary units. The U repre-
sents both . 100 mm in metric urits. -and 4 inches in U.S. customary units,

_ as the standard :|.nvcrement aand the standard spac1ng in. a modular, grid.

.- The standard. implies that at' some future date dimensional. coordination
based on a 100 mm module is likely to take over from dimensional coordi-
- nation based on the 4—inch module, and that' the general principles, may bhe

. applied *egardless of unit choice.. But the duality could lead to prob—
lems 'in production and construction, since modular metric products ‘will
not gke 1nterchangeable with modular customary . products, and vice verda.
Th andard is under review, . ard it has been suggested that it should"
be replaced by a companion stardard in two separate issues, one entirely
in metric unitS,, and the other entirely in U.S. customary upits.

' AS'DI Committee E.6 has under consideration a. proposeu standard on
) "Diniensional Coordination " of Structural Clay Units, . Concrete Masonry .
’Units, and’ Clay Flue Linings, as ’'‘companion. standards w:Lth .separate -
" metric and customary versions. The ideas advanced in the’ draft standard -
' are not new; umuch of ‘the c¢ontent is based on material contained in for-
. mer ASA (ANSIY standards A62 2-1945; . A62. 3—1946 and “A62.4-1947. The. -
comparison standards are discussed in more detail in 5.3 [
' /
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'PART 5 PI{OPERTIES AND SIZES OF ‘1ETRIC BUILDING PRODUCTS——ERECEDENT

".‘ CHANGES’ PROPOSED, AND_ CHANGES' MADE® . » O
. . " . '_.. ) . ‘.x,‘.\..v -,

5.1 gietricatlon and Bu11d1ng; Products — Some General Observatlons . 4.

[YoN

A change to metric ( SI) units -in construction vyould require: the review
of the d1mens1ons' and physical properties of most building mater:.als,
:  coumponents, and" assemblies.,.- .Before selecting. new sizes, .it would be -
" . desirable to assess’ the impact of. metrication, difficulties associated
with the® cha,nge—OVer. _.opportun:.ties for ra,t:.onal:.zatlon' and var1etv
. .reduction, and alternat:.ve strategies for convers1on- ? B
. ", o ' N
In1tially, nany products would requl"e "no change other ..than their
‘description in metric terms and/or adjusthent withia existlng producticn
.z tolerances., This. metnc veneer is- ..ermed a “soft conversion” to. equ:.v—
" alent metric¢. values withim. rolerances, since the .only changes . that .~
~ Wwould-be made would occur on paper——ln the 'ioftware. Where dual label—
“ing is used, it wduld not even be necessary to keep separate :mventor:.es.
.In a sofg convers:.on, a manufacturer would seek out "convenient” numer
'-_1cal values,-rather- than pre{erred metric values, for example a 1\2 1nch
length (304.8 mm) ‘would simply be shown as, 305 mm. . Genera¥My, a soft
conversion allows _ producers to postpone changes. to  new and preferred
~s14es or’ p.ropertles ‘until’ the rext redcsz.gn or new product development.
., . . . . . . \ i
on the’ other hand to take advantage of preferred metr1c d1mens1ons or
* '_sizes, other products ,would require a “hard converslon, * . that . is,” a
" : change to new ' and non—xnterchangeable -sizes, .to fit im ‘m.th 1ndustr}i_
preferences or to reduce variety. The term . “"hard convers1on .1is used’
not. only because’ such a change is often. more.. d1ff1cult, but because the"
~ hardware is’ change’d so that separate invéntories. would have. to .be kept.
"t Atypical hard conversion would involve achange from multiples of 4~ inches
(101.6 mm) to multiples of 100 mm; for example, a 12 mch (304 8 mm) scom— .- '
ponent would be replaced by a 100 JAm component. ] o :

o

% . )

-

";Metrlc changes could - be attempted one—at-a-\.ime,' or s1multaneously,

with all cha.-tges tor.a product. octurring:dt the same time.. 'In the first’
© case, the .costs ‘may be spread’ ovér a gn.eater period- of time; . however,
it could’ require. succesﬁlve revis:Lon N of hn1cal data, whlch may
';ireduce ys cost-effectlveness. S oot Co T

~ 7
.

- " The pr1nc..pal theme assocn.ated with "hange' should be rationaliza ion
thréugh metr1cation.. : This means: that product range.s should be reviewed
s “for furctioral- and economic effiglency, for example, whether the’ ra'lge
carried prcsents an cptimum range"‘hnr whether . the steps w1th1n a ‘range:
are roally the best .or. -only ex:.st because :of tradition and ‘historical’
factors.> A change to metric. prod’ucts could lend itself. to ‘the pruning’ of -
v pl:oducts that -have. been. Jiabilities, either as a result ‘of ‘long: shelf--
-ﬂ 11fe and slow sales, or’ ‘poor contribution to: prof1t. In some 'i.ustances, .
! product 11nes could be reduced wlthout costs to the producer, des1gner, s

. . . . 3
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5.2 .International‘Precedent as a Guide . ,:'. ' : .

- . ..
.

. "_ . . . ) . . .- “
or user, bhot with gains to the producgr, distributor, or contractor.

" - . Some exampies “~ve discu$sed ‘in ‘the. assessment..of specific pr&duct

groupss o e . P , _ L :

’ .

Metric.production considerations are discussed in Section 4,° of imS
Special Publication 530 [11, - dealing with “"Managerial and Econcmlc,

Considerations in the Change to_a Metric Production Environment.” Guid-

. ang= on ccnversfon strategies.and ‘the \selection of ‘convenient and- pre-*

ferred meiric values is given in NBS Technical- Note 990, "The Selection
of Preferred Metric Values for Desmgn anu Convtruction [2] : 2o

°
.. - .
< N A . o

P ‘ . * -

~e - . . - .
. e . .

Although the - U S.’ cpnstruction communitv has a, larger turnover than ~
.that of any otfier countrv. the precedent of metr1c production decisions

from other, countries- offers ‘many useful suggestigns of how :to adapt to

_ 'metric with a winimum of  cost and d1sruption and of 'the pitfalls that
. should be avoided. ‘ ’ L

£

. toe .

s

Precedent ‘from Britain, ' ‘South Africa, New iealand and Australia: is
already dated by time, and many of the .people who, made “the decisions or

manaée the resulting changés’ have already retired. -;In any’ case, Cana-._

- dian precedent is the most .relevant guide,’ because of the many similari-

ties in construction technology and practices, joint participation in-

standards development activities, interlocking industrial ownerships in

- many segments.of industry, as well as a- general exchangé of technologi-

cal ideas =and research\findings. In &ddit.:=.. Canada is geographically

. closest and- is now in the transitional- sis-wus of metric conversion in

the construction industries—the .Canadian M—Day for constructi n was on
Januagy 1, . 1978-—so that £t  presents an.ideal learning model for -the
United States. -While it has been suggested that, due tc the much larger

.U.S. =economy, metric adaptation _costs’ and problems would be greater

than elsewhere, (in the case of the concrete bleck industry the relative
*size of Canada and the United States has bee:n used as a factor in cost
estimates). These predictions of cost hnave teaded to 1gnore three
aspects that would facilitate a change 1n the United States' :

-
&

changing when it ‘is economicallx most advantageous, and not .all at
-.the same time. As metric demand builds up, more and more R
e organizations would change. : :

- "

2. Lead—times now available allow for Optldum planning of equipment

obsolescence and. replacement dec1sions.

s

-3.'.With va(iety reduction, larger and longer production runs are

-

. possible, whicb would reduce .unit costs. .
s 7 . ‘o :

.

In the d1scuss1on of metric progress and proposals in various. 1ndustry'
segments, Canadian*precedent w1ll serve a%_an 1llustration “of? metr1c'

. 4 - . ¢
° S ’,' .. . . N

f.\"'

— Ty

. A larger &conory allows a progressive change with manufacturers

N LI
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) trailblazing, par..icularly as Canadian industry is now producing products

based on: ‘joint United States/Canada proposals. -~ .
j_ 5.3 - Metrication and Masonry Products ' . L o
- v ? . . . e ’ - .
‘Masonry-units, m from fired clay or concrete,-have traditionally been

of modular sizes. . The masonry products industry has not taken a defini-
_tive stard on metric dimensions and sizes, but some masonry 1ndustry
“leaders see the value.of .metric masonry products as: a backbone in-metric
‘dimensional coordination. As in other " countries that have converted,

metric masonry unit -sizes would ‘probably .be. determined early on-and be.
ayailable when needed. Ea y predictions’ of * greater "costs ‘associated

with the change have not materialized in other countries, because the '

" available «lead—time Was used to minimize costs by taking advantage of"

planning- obsolescence in production machinery, and normal: replacement’
cycles: for extrusion dies and molds. Also, some products now produced

‘are with’iin tolerances “rof me,tric sizes‘ sucn as the ' 7—1/2“ brick.

d
As noted in 4 10, the American<Society for Testmg and Materials (ASTM) :
Cprmnittee E.6 is in the Pprocess of.-.developing a standard for "Dimen=- -
sional Coordinatidn of Structurat Clay Units, Concrete’ Masonry Units,

" - and Clay Flue L1n1ngs,' to, be fssued in. two non—interchangeabl'e com—

" panion documents, one in’ SI units ‘and” “the other in U. S. customary units.
The metric version .will have preferred dimensions- based on -the 100 mm
module. A significant difference is that the metric standard proposes

only two standard joint thicknesses, 10 mm and 5 ETM, compared with three
standard. joint thicknesses in customary units (1/2", 3/8", and 1/4"),
“for. brick and facing ‘tile, thus reducing- variety in design detailing and
production. : : . »

5 4 Metriciatior and Building Lumber '

\

The lumber and wood products industry has studied metric issues for the
past five years as part of the'work of the ANMC iumber and Wood Products
_ Sector  Committee and its ten Subsectors. . The industry has reiaxed its
early activities based on the assumption that most ~issues have been

' resolved and that there;is no great pressure f.or conversion within the

industry or on the. 1ndustry. A general statement of the _industry's
metric position in mid-1978 'is contained .in "Lumber-.and Wood Products
Metric Planning Package™ '[3], 1ssued by the National Forest Products
Association. s . :

~

On pagr 4, the/;docunent proposes a soft conversion of existing w1d’ths

and thicknesses -of softwood ‘building lumber, with marginal rounding "down
in the’ °larger*“s:Lzes. (Tables 1-5, pages .12-16.) Widths and thieknesses
will be designated in millimeters (mm) and in net dimensions ‘tather than
current nominal sizes.. Lengths will be: hard converted in multiples of
600 mm, - coordinated with proposed building. dimensions based on the. 100 o
module and proposed metric sizes of panel products., . : -

1
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“Tn marketing and costing, ‘lengths will be shown. in meters (m). The

proposed sizes would probab. be reevaluate"1 during and after an actual
conversion, when both producers and users” realize that greater ratio—.

nalization is possible with preferred siz~s that suit. the needs of the
4adustry, and facilitate the design and construction processes. ",

5 - A

5.5 Metrication and Concreté--_-'

%

g .

The concrete industry wou{d likely be a lead sector in any-metrication

- effort as it has been .in other countries that havgagpade the ‘change.’

Modifications necessitated by the. change to SI are not extensive, but
the potential for variety reduction and rationalization is conSiderable.

5. S 1 "Bulk Materials for Use in Concrete. _ Constituentb hateriuls used
in ‘the manufacture of concrete.would not represent major problems in a

.change: to metric (SI) units. Sand and - raggregates could be delivered by
the metric ton (t) instead of the U. S. short ton.- ‘Where--wolume .is. pre—

ferred, such as in paving, the cubic meter (m3) could replace the- cubic-

. yard (yd )~and cubic foot (ft3). * Water could be measured in termgy of
liters [L] instead of U.S. gallons.  As mentioned earlier, the relation-

ship of the liter cube and kilogram, and’ their derivation from the cubic-

‘meter (1 L'= 0.001 m3; 1 L of water at S.G. of 1.0 = 1-kg) would- facili-
- tate mix and-placement ‘calculations. Cement is a powder and ‘would not

require any modifications .in the manufagturing process.’ -However, bulk’ .

cement could be sold -by the ~métric ton (t) while bagged cement. would
probably .be. shipped in 40 kg bags (25 bags per metric ton), replacino

.._the current 94 1b. bag (52\6 kg). e

52 S 2 Ready Mixed. Concrete. Ready mixed concrete could be delivered by
the cubic meter (m>), approximatelyl.3 cubic- yards, but increment steps

for orders could be a matter for local determination within broad overall

~u

'guidelines. Concrete strength grades ~could be. expressed ‘in megapascals

* (MPa) instead of psi, in a regularaprogression with fewer steps than at

'present.‘ It is likely that 5 MPa steps would “be used, such-as:. 15 MPa

(2175 psi); 20 MPa (2900 psi); 25'MPa (3625 psi); 30 MPa (4350 psi) 35 MPa.
(5075 psi); and 40 MPa (5800 psi). : For higher strengths, increments of

10 MPa would Iikely be preferred--‘ S

5.5.3 Concrete Reinforcing Steel. A change to metric (SI) Gaits ‘would
present an opportunity for the review and rationalization ol reinforcing
steel sizes and ranges.. This fact is well recognized by the Concrete
'Rninforcing Stleel Institute (CRSI), which has been involved i detailéed
studies and discussions with Canada -to bring about a neWaand rationalized
range of reinforcement in North America.. T L

o

Proposals are based on pr°ferred sizes derived- from the principal design

criterioné cross—sectional area, and the use of sizes in select multiplies
of 100 mm The metric sizes; which’ are the ‘subject of a standby standard_

prepared w1thin ASTM; are already in .use in Canada. . They involve a reduc—
tion.in range from the 11 current sizes to 8 metric sizes; and, ‘therefore

-simplification of production, . distribution, fabrication, and "design

- .
— . .
o
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act1v1t1es. ' Fiyve of. the elght new sizes are wit:hrn welght tolerances of
ex:Lst:ing bars, which means that roll changes are needed for only -three

.

" bar sizess ° . B : , o

Two Canadian standards provide  details of the geometrical and other
" properties of the new range: CSA Standard G30. 12—‘41977 Billet—-Steel
Bars for - Concrete Reinforcement [4]; and, CSA Standard - G30.1.6—111977
Weldable Low Alloy Steel Deformed Bars for Coucrete Reirforcément. . [5].‘
Table 1 in both standards is inentlcal apd has. ‘beén’ reproducad for

. 1nformat10n' P o
S _ Table 1 :
°. . o Deformed Bar Designaticn Numbers®, Nominal
B Dimerisionst, Unltllauu ‘and Deformation Requirements .
_ ‘. Nominal Dimensions . Dumw
o ' . B — ) ‘Mass - 1 o .
Bar : Sectionad . .. - PorUnit - | Mammum | Mewmum | Chord of 12.5
- - - Oemgnation 3 Ares Olemeter | Perimeter |. Length Aversge | Aversge | PerCentot
- - . Number mmt nn mm kg/m Spacing | Heght _Nomwnel Penmeter
=710 - 100 11.3 355 | 0.785 79 1045 44
; 15 200 }.:6.0 50.1 | 1570 . [11.2 1072 | 6.3 -

300 19.5 61.3 | 2355 113.6__|0.98 7.7

20 .
. 25 - | 500 [252 | 792 | 3925 (176 [1.26 | 99
LT 30 7001299 1.639 | 5495 .(209 148 [11.7 KPR
e . 35 1000|357 . (1122 ] 7.850 1250 [1.79_[14.0 e
' 5. o .
55

1500 - {437 [137.3 |11.775 {306 1220 -{1Z2.2
(2560 |56.4--. [177.2°119625 394 (2585 1222 =
* Bar numbers are based on the number of m:ll:metnes ir<luded in the
S ' nominal diameser of the bars. . . '~ '
- : ~+ The nominal dimensions of a deformed barare eqmvalentto thoseofa . N
’ _ plain round bar having the same mass [-er metre as the deformed bar,

- . . . g . . C e
N . ] . : - X .
- . . . . . e . ot [
. . . 2 . o 3 . . . S
P . _ N . .

. Thé cross-sectlonal areas- for’ conventional bars [#3 to "‘18] are glven
for compar1son purposes -and metric. replacement.s are shown below. -

-

i ._ ‘.Gust:omary . e i — — ', —— 3
’ .Des:‘:gna'tion | #7 -l#g-.:_.. #9 T1#10] (#11 | 1#14 | {#18
' Area inmm? 387 isio 645! |819] |1006{ |1852! |2581 ]
. ) Metric Area/ R RS : ‘ ’ < \7 J"f' g J l '
Designation . 100, 200 300. - 500  700° 1000 ‘1500 2500

«

o, o) ' . ’..". ' -
“The 100 2 rebar replaces bot:h #3‘ and #4; the 700 mm2 reba.r replaces y
both #9 and #10. Only #7- (1/8™ $) has no metric- equivalent,. and"its
use should be /iimited as the tranzltion perlod ‘approaches=—to. avoid the

-non-ava*lability a‘ter a.  change” is. 1mp1emented.. Some. .

- possibility
B‘uildlngs be built, during ° the change from - one. .range to. .anothet,. "

. and foznwledae of metric prooosals will m:.nlmlze adaptat:wn problems.. -t
. o e, ‘- ' K 75 oo :;._- :1‘ '- .
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. 5.5.4 Precast and Manufactured Concrete Products. While "in-situ concrete
construction in metric units would be a matter of fairly: simple dimensional . -
-adaptation by setting formwork to metYic spans, . spacings, “or other design
dimensions, manufactured concrete products made in forms .or omn casting
. beds to foot-inch dlmens:Lons cpuld present more adJustment problems.‘

.For example, prestressed structural sectlons,' such as 'I’—beams or double.
T—beams, could _be oduced to metric. preferrasd lengths w1thout much:
difficuleys;: however‘ ‘nominal width’ preferences would requ1re a definite
change from-foot-inch width to metric widths. "In the case of.a typical
section with a coordinat1ng width of 8'-0", a change to. a metric width’
of 2400 mm would require a reduction of l-l/2" (or, 38 hm) "overall, or’
3/4”" (19 mm) on . each side. This might be accomplished by the insertion
of -a 3/4" filler piece cn-each side, if the. sides of the form are "uot
adJustable. Otherwise, the- prof11e -would probably ‘remain pnalr ered
until the form. is replaced,. ‘renewed, or possibly superseded by a mnew
des:Lgn in metr1c preferred d1meﬁs10ns. _ . ® -

'Lead-t:unes avallable now could be well used by 1dent1fy1ng l:Lfecycles
of casting forms, otential new designs, and alternative adaptation
st‘ategles to enab]. a cost-effective adjustment to a metric building

env:Lronment .

o <o

-5.5.5 Concrete Design Data and Technical Iaformation. - The Amer(:%}aﬁ
- Concrete. Inst1tute (ACI) and the Prestressed Concrete. Institute CI)
have endorsed metrication, based on an orderly and planned approach.-»-In.'
view of their international constituer: :ies, both institutes' are actively
engaged in developing & metr1c technical data bank for concrete and con-—
crete products. ' ACI has an- active Board Committee on Metrication, and
. 'has an Institute policy to develop a hard metric versiom .of the key-
" technical- v..1oct.‘ment prepared by Comnittee 318 -"Building Code’ Requirements
:fo._r Reinforced Concrete” [6], by. 1983, with the ;parallel publication of
related standards by that time. - = - C . -

R ¢

5.6 Metrlcatlon and Metal Products ',

o

5.6. 1 Structural Steel Sections. The principal ANSI/ASTM standard for
structural steel products, A6— 7’8E "Standard Specification ‘for Generzl
‘Requirements for. Rolled ‘Steel Plates, :Shapes, Sheet Piling, and. Bars for
Structural Use” {71, coutains metric equivalents and metric dimensions
and propertiez fox standard shape profiles in the Annex. .A more exten—
- sive. 1isting of properties is contained in the Canadian standard CaN3-
G312.3-M78, "Preferred Metric Dimensions for Structufal Steel W and HP
- Shapes, Angles, and Hollow Structural Steel Sections” [8].

- ©

. Whereas the Canadlan Standard uses the same sizes and des1gnatlons for
" W.and HP Shapes, equal leg angles and unequal leg angles have been
‘ rat:Lonal:Lzed in metr:Lc dlg_enslons and t‘ucknesses, ‘as tabulated below.

.-



cams - G312.3-M78,. Table 3

: Equal Leg Angles [Metric]

CAN3 ~ G312.3-M78, Table 4

Unequal Leg;AnglesfPMetric]:

[

Size

Thickness (mm)

Thickness (mm) : ~'

-

.
-

‘ S ~-Size .
{mm) 34 5 6 8 10 13 16 20 5 30- I (mm) - 3 456 8 410 13 16 20 25 °
. ] . N I . .
T 25%%3 X X X . / ]~ 45%x30 x'x x x
" 35x35 x x x.x : / -] 55x30 x xx x°
- 45x45 x xx x X . ]..65x50 .xxxx-:
~55%55 zx X x x X /o« ../ 75%50 ‘X X X
© 65x65 X XXX _/ , .| 80x60 XXXk |
75x75  + xxx X X ' .l 90x65. .- " x x.xx e
“90x90 XXX X . /7l 90x75. XXXX X
100x100 . XXX X X Tiy - | 100x75 - XX x X
.125x125 - xx .x x . s 100x90 .- x®ex X .
€ - 150x150 -x°x x x . - | 125x75 - XXX X
200x200 . x x x x x x | 125x90- , XX x X
S L .1 1¥50x100 . . XX X. X
S | 200x100 "X & X X
A | 200x150 T X X. X X
-/ . . :
o Total Range;- 5. . .- Total Range..-56 .

The sbeel indusrry has identified metrication as an onportune time to
mak some changes and to ‘rationalize product. lines for more efficient
operations.. For -example, tne 43 _sizes for . steel plates in-
wnits have bedh replaced with 28 metric sizes; a reductiorn 1n variety by

35 percent, which will fzgilitate production, distribution,
and design detailing once a transition has been made.

A range of ; American National Standards [9] and identical

‘ standards [10] exists which provide.guidance on preferred sizzs for metricy

steel products other than structural . shapes and other ENEAE

ﬁmaanﬂWJ

| ANSI B32.4-1977 .

© 10 ANSI B32.5-1977

"«CAN3-G312 1-75)

"Preferred Metric Sizes for Round, Sduarp

'-Preferred Metric ‘Sizes for Flat Metal Pr*- ‘

- ducts-- (Corresponding Canadian Standard is

e

_and Hexagon Metal Products. .(Corresponding
Canadian Standard is CAN3—G312 2—76) © T

Preferred Metrig Sizes for Tubular Metal i
’Products Other ThanvPipe L Lo

d: Nivalents of Incn Sizes :
for Tuhular\Meta: Products Other Than Pipe

.
° . e I i

customary . .

fabrication,_

Canadian '

products:

e



[
t - N

Most. steelﬁstandards issued by ASTM now have dual d1mens1ons, and a reF o

&

- have a separate, bard converted metric version designated_ by the suffix~

- "™™MT after the standard 1dentification number, for example:
[ 9

. ASTM A568M—77 i Standard Specification for Steel, Carbon-

- ‘ ‘ arid High Stremgtr Low Alloy Hot - Rolled’
_'Sha°t and Colz Rolled Sheet — General
‘Requirements (Metric) [11] : S
5.6.2 - Fasteners. The fasteners industry is on the way to a single
system of international fastener standards. =~ The Industrial Fasteners
‘Institute '(IFI), in. Cleveland, Ohio, has conducted extensive. studies
into an optimum ‘system of metric mechanical fasteners and fastener
"appllcation engineering, and has found  that significant economic and
technical ‘benefits .can ¥be shared by users and.producers of fasteners if

advantage is taken of ‘technical improvement opportunities, more effi--
cient use’ of materials,‘ and "reduction® in the number of differeni'

[ . . -

_parts.

After five years of research and technical investigatiou; as well as
'liaison with IS0 technical committees, the Industrial Fasteners Insti-

" tute published a: series’ of. "Metric Fasteners Standards” [12] in 1976,

which provided for: significant product rationalization. Screw'threads
were bzsed on the ISO basic thread profile shown in Figure 5-1, and the

staiidards allowed for ouly .one series of dlameter-pitch combinations,

‘rather than coarse and "fine -threads.

- Figure 5-1: ISO Basic Thread Profile

P (pitch)

L
H a

BASIC MAJOR DIAMETER - .

- C ) S * i

B P . . i : . cd g
| . . : . . : : . . b1
R N ) _ . ! . ) . ‘ « )
: \. . ~ i * o
; .
. H




Of particular-interest ‘to engineering and construction may be srandards
for bolts, screws, nuts, rivets, and other fzsteners. . IFI Standard 520
{12] deals with "Metric High Sttrength Structural Bolts, Nuts and Washers,"”
and covers nominal. 1engths from 45 mm  to 300. mm, in the follow1ng
increnents' _—

: 45 mm to 100 mm: Incremental ‘lengths of 5 mm
100'mm to 300 mm: Incremental lengths of 10 mm

Nominal bolt sizes are des1gnated by a capital M, followed by the

nominal pody diameter (e.g.3 M20 foér 20 mm) and an indication of ‘thread
~ pitch in millimeters (e 8-> 2.5 for 2.5 mm). The following combinations
' are listed: e :
45 and 55 mm: M16x2 - | ' S .-
55 and .60 mm: M16x2, M20x2.5. =~ = . :
65 and 70 mm:. M16x2, M20x2.5, M24x3 : , .
70 and 75 mm: MI16x2, M20x2.5, M24x3, M30x3. . e .
70 to 300 mm: M16x2, MZOxZ 5, M24x3 M30x3. S M36x4 '

This abbreviated LlStlﬂ° is 1nd1cat1ve of the simplic1tx of the metr1c .
range. : . . . . '
. . \’ ) . ' ) : . . ) " N . .
.. The IFI Metric Fastener Standards are in~the process of being revised,
and a new edition is anticipated in the first quarter of 1981. . Some
‘modifications have been made to bring .the entire metric fastener system'

into line w1th ISO standards.

Metric fasteners ° are being used widely in industrial applications,
particularly in the automotive industry. , L : -

5.6.3 Steel Tubes and Pipes. It. is likely that - most steel' tube and
.pipe products ﬁdll initially be_  “"soft converted” to equivalent metric’

sizes.

However,’the Tube and Steel Company of America [Tascoa]l of MNew York,

indicated in a May 1980 new release [13], that the c0mpany is leading
‘the way to metric sizes and that hard metric sizes are available for

the following tubing. . . - i o ; .
.f~:. :f.: . _Sguares. ' i_ . .Rectangles S
) . 30 mm x 30 mm_ ..: 25 mm x 50 mm : :
, : 40 mm x 40 mm : 40 wm x 80 mm . E . »
. 7 . 50:mm x 50 mm - .- 50 mm x 100 mm
T 60 .mm x 60 ma’ N 60 mm x 120 mm
: - 100 mm x.100 mm - 80 mm x 140G mm
A " 120 mm>x 120 mm 100 mm x 180 mm ©
x 200 mm

125mx1?.5mm. . 150 mm
The ‘release further otated that lagditional si7es of 150 mm x lSO mm and
‘125 mm X 175 mm would be added to- rhe range, and that with the planned

Ay
. ~ -
v . . . . . . "
! - . . ."

T " .79 o L

:-"- . '.l,‘ . ] . . . - .‘- . . ) . ) . . A
L . T . . ’9‘_.'_‘1“ . po- N
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addition of .a mew mill in April 1981, production capabll't_f of "hard”
metric sizes would be increased. i _ : .

-
. E
R N

5. 6 4 Other Metals - A_.minum, Brass, Copper, Lead,, .and Zinc. Planning
- for metrication is well advanced in the aluminum 1ndustry. Through’ com- -
“mittees of the -Aluminem Assoclatlon .the sndustry -has been’ p*‘eparlng for ..

metric conversion for nine years. In 1978,—-4t issued a Jhard metric”

version of its _basic :reference document, Alumtnum Gtandards and -Data”

[14], using loglcal metric values for long-term use rather than restating’-

customary values ‘in  metric terms by thc -use of converslon factors.

.

i

The Aluminum Company of Amerlca (ALCOA)' recent1y publrshed preferred
metric sizes for its almnlnum sheet and plate - products, in*. line mth
> ANSI standards- and details are available “through the' Aluminium: Assncla—
. tion, the.National Association of Alum:.num Dlstrlbutors, or the American °
National Metrlc COuncrl.. . - . - :

i -
v

‘At the na..10na1 ‘Tevel,. the Wetals Sector Comm:Lttee of the ANMC 'Materlals o
Coord1nating Comm1ttee has déveloped an outline plan and schedules for

the c‘hange to SI in the metals 1ndustr1es. Timing of metric produ%;tlon ¢
generally, is complementary to, the recornmended construct:.on Lndustrles L

‘metric conversion - schedule. P , ¢ .

5’.7'? Glass’ Prodncts ‘ ' - i ' S P

.change to metric (SI) units would permit some dimensional rationakiza--
'tlon of -glass th1cknesses, with metric de51°nat10ns given in millimeters .
(um) and whole numbers .rather -than fractlon.,. A system of perm1551b1e S

: olerances on thickness.would mean that .some of the - existing glass
- (.knesses would be fully 1nterchangeab'le with new metric thicknesses. .
Additionally, tolerances for 1ength and w1dth of cut 51zes ~havé been
- related to - glass thickness,» so ‘that ‘a- metric. ‘accuracy- system could
likely lead to better fic and funct10na1 performance of glazed e1ements.
. “The, standards adopted by the Canadian g1ass 1ndustry [15] prov1de'a good
gulde to the directlon in which the metr1c change could head especlally
‘as one of the pr;.ncipal glass’suppliers in Canada, PPG Industr1es Canada
Ltd., is {affiliated with PPG Industries in the’ Unlted States. The
- .prlncipc.l metric. standards 1nc1ude. . . o i .

, . - o o P
CAN2-12 1-M79 ,Glass,- Safety; Tempered ~ =~ . v
N CAN2-12.2-M76  Glass,-Sheéet, or Laminated; Flat, Clear
* L CAN2-12 3-M76 Glass, Polished Plate or Float; F’lat Clear

\ ANZ-12.4-M76 . Glass, Heat Absorblng . . O
CAN2-12 8-M76  Glass, Insulating Glass Units:
- CAN2-12.9-M76 - Glass, Spandrel

. ':' CAN2—12 1(7-1“176 ‘Glass, Light and He.at Reflee,tln? for ‘Buﬂdmo
’ N : Construc,thn : . - .

-
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v . CA¥2-12.1i-M76 ’Clas$; Wired; Safety - - o
. - CAN2-12.F2-7% - :Glass Sheets, Plastic, 'Safety coe T
e cm_z--lz 13479, Glass-, : lm:erned S .

L e - Fl . [

The pr-nc:.pux d1mensional stfandards for sheet or’ '1am1nated pollshed
plate or float, insula.t:mg glass un:Lts, ‘and spandrel glass are ‘shown -

' .in table.S-,L. I - . .
g . Table 5—1. Principai‘ﬁimensional Standirds-Glass Products

-
S .
. . o we . . . . -
K . < .

»

Nominal Thlckness & ‘Cut Slze . Canadian National Standard
 Thickness 'I‘olerance Length And Width © o CAN2-Series —_—
¥ 0 (mm) - 7 (M): r‘ Tolerance (mm) - 12.2M 12.3M 12.8% 12.9M
‘L 2l ‘f—t—{)d + 2.0 ) x x
S ¥o3 S ¥ 05 0 200 L 0 x x X X
e T+ 0.5 ‘+2.0 v, . x x X X :
-5 S+ 050 7 '+ 2.0, X x X x
6. - .+ 0.5 ) T+ 2.0 - x -x x x
’ 8. . F0.8° . ¥ 2.5 . X . X x
L0 s 10 s s T F 2.5 x ¥ x x
B A 0 ¢ D < “x X, X -
C I RN b B Sl +4.0 7 x x -
,.-;-,: '19 _-‘ L #1.0%, + 5.0 x x -
JoLtze LT #7140 + 6.0 T, x
25 % T ==F0 *.6.5 x :

5
>
\ ¢

{

v

: Wrred safety gla.ss C'O'nes :m 6 ?nm th1ckness (+1. 5‘ -0) and 10 mm th1ckness
(+0‘ 5’ 1 i)‘ .T . P . ¢ . .

LS
. G-,
-~ s

5.8 ’Pa'riels;--Sheets, and Tile - -. . o

et . : ’
. . e, b B .
‘R1g1d or - flexible sheet and t11e naterials for use on vertical and
horlzontal surfaces in. buildings are dimensionmally significant, . inas— ..

- much as - they generally bear a relatiomnship to préferred dimensions. -

t _ Customary products have nominal sizes related to multlples of feet, or
inches, and there 'is. a general fit with the 4-1nch buildmg nodule,
except for floor and wall t11e. oL

- . M, P . S ,

. As part of avchange to metr1c dimensions, these products probably would
change to whole mu1t1p1es of millimeters, and, as new products -are intro-
duced pr product 11nes mtionallzed, to metr1c ‘preferred sizes. coinc1d1ng
with whole mu1t1p1es . of the 100 mm - building wmodule. -.Some. producing

secfors have indicat i izeS. For example,
‘the metric. advisory cbmm1ttee of the American . Plywood Assoc:Lation recom— °
mends_a_metric panel size of 1200  x 2400 mm. for' sheathing grades of
plywood,. thus ~permitting a direct relatlonshlp betwe'-‘n pr_eferred spac1ng
of - structural members and-the sizes' of plywood. C. _ ] . :

e . . i . . R . h
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Co,acerns have been expressed by segments of ‘“e gypsum board industry
»:f;. that.a "hard- cogpversion™ to a mettic board size of 1200 x<2400 mm would
cause» dosses 'in produ‘tlvrty and output, and that 2 soft conversion of
existing sizes t5 @ metfic size of 1200 x 2440 me (or 1219 x 2438 mm)

would'-be preferable .

A saft conversion .of existing sizes, without any change or -changes
*within production tolerances, could be an interim solation which may be
’ supplanted by genuine “hard” metric  sizes should" building designers
"begin to specify such products -and- contractors demand them - for use in’
‘metric building projects. The coricern is not. new-—it was expressed in
Britian Australia, and Canada—-but ‘in each case the ~industry rapidly
moved: to preferred metric sizes as demand for products developed. The
* lead-time available now might be used to ‘assess any equipment obsoles~
_ cence, so that _replacement machinery could be ,.ntroduced to coincide with
. a change to metric sizes. “In Canada, 1200 x 2400 mm, -1200. x 3000 mm, and
1200 x 360Q_mm gypsum wallboard ‘or ceiling panels, and 600 x 2400.mm and
1200 x 2400 mm gypsum sheathing board are now being Supplled by Canadian .
Gypsum and Westroc . Industries. . .

.
A

5 9 Roofing .

- " ) B
- ’ .

Roofing materials include metal decking, shingles, tile, bituminous felts
7 - 'and a variety» .of specialized materials and systems made from asbestos-
cement, fiberglass reinforced polyesters, etc. Dimensional considerations
. involve effective cover and. overlaps, size and shapes of profiles, and -
* effective span between supports. o e :
' é ¢ : :
Due to the variety .of origins and the relative simplm1ty of. slte
modification by cutting or adJustment {of overlap or projection), there -
_has been no strong dimensional discipline in traditional roofing materials"
and systems. A change to modular metric. dimensions would ‘permi- a
reappraisal of approac‘hes and provide an opportunity for rationah mn
. of sizes, spaC1ngs, and overlap. L e B
The first 1ndustr1al segment of - the roofing industry to have. asses"se'd'
the opportx_nities of metrication in the wake of .the Canadian. experience
is the asphalt: roofing shingle segment. "Metric <hingles,” approxi--
-mately 18 percent larger than customary. shingles, are in prodaction im -
California (Thagard. 0il. Company) and: in New England (Reynolds Aluminum
. Building Products Company), and have gained. wide acceptance. The shin~
, gles are 1000 mm (39-3/8") (I meter) long,.and 336 mm’(13.25%) wide, and
“are produced on the:same manufacturing plant, /ecLuiring very Tittle. new
equipment. ~Reports on _the.. production,, ‘use, ‘and acceptance. of these
shingles are contained in ANMC Metric Reporter 1ssues of March: 21, 1980

and July 1,\1980 [16]‘. o L . . . -

Proposals ha’ve also been made in the metal roofing segment to 1ntrodu.ce oo
.a metric;. profile for roll-forméd metal decking, with. an‘effective cover
1000 mm'.(39-3/8") to take the place of the traditnonal widt’h

- wi,dt:h.off
y. of‘“36; nches (9IS mm), an effective» r ].‘Y'-“'
. K . K
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nine perceat. 'I'he .iength of metal roof decking repr sents no maJor
problem in the longer term, as stock ‘length could be adqusted to~suit
metric preferences, -and special lengths wouid be. -available on lav‘ge

order quantities in the same manner as now. o S LT,

v . \ "‘-‘ : :‘i:_. -
5. 10 Constmction Assemblies - Doorsa WlnCOWa, Bartitions, Skylights (NP
' etc. . : S s ot

.
- -

.+ Composite building assemblles, such as. docrs (1nc1uding frames) w1ndows,
partitions, and skylights, <could be designed and manufactured- to suit
dimensionally coord1nated openings in walls or roofs. .It is important -
to realize that' in a metric -building environment the size of_ the oper— ..
ing rather than :the size . of the product or assembly is regarded as the
critical determinant. The reason, basically,. is simple: : if .products
are manufactured to: fit into a standard range of preferred cpenings, :
. variety reduction can take ‘place -in manufacturing-: while snnultaneodsly
'providing the desioner with alternative, .though standard, choices. This

. approach could lead to better products- and containnent of constructiocn

" costs. . Special requirements in prestige buildings or unusual structures
“ could Be . catered for as is done now—by 1nd1v1dual or batch production -
= of special assemblies. ¢ ST S ) -

A change to metric preferred dimensions could be a unique'point' in £imé
- at which to reappraise standard details, or to develop standard details
where- none exist. Jf precedent is any guide, the .use of a single unit
of measurement.-—the millimeter (mn)—for ' the layont of openings, the .
. manufacturée of components, -and the specification of .tolerances. leads .-
" to berter accuracy in buiiéing'.' A . T N '

-

5.11 Stalrways and Bu1lt-1n Elements : - | %

-

-

o 'I’he standa:drization oF floor-to~floor heights (story h ghts) in bulldings'
makes it attractive to standardize stair design and detailing, in concrete
as,well as steel or wood. This could enable’'a higher degree of prefabri-

+ "cation, eSpeecially as, the early avallabllity of stairs on medium or high

- rise building projects facilitdtes. construction activities and improves °

on—site safety. .The  use of millimeters ‘forg the geometric layout and

detailing of. stair,s (overall dimensions as well. as rise and- run) would -

“fagilitate design, manu'facture, and- comstruction, and make it .possible

7 to'avoid or reduce inaccuracies, especially uneven riser hejight, and
“thus: improve stair safety. .o S . 'f, ) E

D~ . . .

»'._Preferred horizontaI and ver'tical dimensions in*’bullding facilitates
"the integra.tion iof large, _precast .OF prefabricated components and ele=
) ments. Again, the - elementdl, d1mensions would ‘be expressed in the same

measurement units as the tolerances and clearances for positioning and

fit, thus reducing the llkelihood of mismatch. Overall, metric. design

o-' R

- . and :co,nstruction.coold likely lead. to neater solutions. .*

7

-
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5 12 Services sttems. Electrical, Lighting, Air—-Conditioning,
Plumbin& etc. e o .

A transition to metr1c d1mens:|.ons and conf:.gurat:.ons ~ in building
.services would Tikely be a slow and gradual one, character1zed by-ratio=
.-.nalization cf ‘sizes and ranges wherever, pract1cable. If the industry
“determines an ,M-Day, ‘new product development is almost certain tc be
" carried out ‘in: 'metric units, and to metric preferences. Electrical
_'w1r1ng sizes may change following = research evaluation of present sizes
"and the pctential for - optimizatlon ‘to benefit designers, producers, and -
. users. Plumbing pipes unl:.kely would require more fhan a soft conversion,
“of "nominal™ desighations, -éxcept for the chance~ to-classify all alterna-
tives accord1ng ‘to the same prificiples, possibly internal diameter or
. - cross-sectional area. A1r—cond1t:r.on1ng ducts may change w1th new sheet " -~
“'metal sizes, and¢ some preferred metric duct conflguratlons have been -
‘indicated in American .Society of, Heating, . Refra.geratlng and Ai:-
Condit:.oning Eng:meers (ASHRAE) d'ocuments. - -

; Fixtures, r:.tt:mgs, aad accessor:Les could be *hanged to metric preferred'
sizes where this is essential- to their “coordination,” but need not
otherwise be changed, except: when new products are developed. Among the .
fixtures and fittings which may require a hard conversion are components
that are integrated into: wall or ceiling systems, ‘such as fluorescent
lamps for use in modular . bulldlngs, and air-conditioning grilles or

-_diffusers.. ’ . R R C
Cons:.derable 1nvest1gat1on has been f~arr1ed out in the Unlted States and
other countries’ to.rarrive at a. "metric -fluorescent lamp,” for use in’

- metglc modular’ construct:.on which would.be able to use ex1st1ng ballast 1
and support' syst:ems. A lamp of 1160 wa length has found wide support in

— /dj’./scuss:.ons w1th1n ‘the Internatlonal Electrotechnlcal Commission (IEC).
" The IEC i< the’ mternatmnal standardization body in <the field of elec-
. :,tr1c1tyo sand—eledtrical- dpplications. (It is noted.that the current 4-

foot fluorescent lamp is 'actually too’ ‘lpng for- ‘end-to-end mounting - of
lighting fixtures in modular construction based on a 4-foot ceiling grid,

-so that des1gners have had to .either mod1fy their layout jor select a

larger celllng module, such as 4'-1", 4'-1—1/2", or 4' 2" - '
. - 4 :_:. . j . .o ,. : . ' - ! i <
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| PART 6 - BUILDING SERVICES AND METRIC CONVERSION ' o :

6'.1!. OvirvYew - N

Modern buildings are rdesi'gn_ed to ”prov’ride. a pi'lysical ‘and functiomal
environment in terms of indoor climate, electrical services, lighting,

~ hydraulic services, and mechanical equipment, which, in* combination

account for a substantial part of the total building cost. Rapid
escalation in energy costs—-which cannot be attributed to metrication—
has forced a, wholesale reappraisal of design approaches to use energy
wisely and to extract the maximum. utility out of every energy doIlar

'spent.%;_- .o : : . N

It is suggested that metric 'désign for énergy d'cﬁins'efvationb_a.nd utilizz=ion

., will be simpler than-in U.S. customary units because only a few, cobewent

‘SI_units' need to be used, thus making alternatives n;oré di"rectly compar-
-able. Since,all ‘anits for electrical applications are already SI mmits,
metrication would simply ‘complete the change f‘or;« other forms of emeegy.

6.2 Coherent Design for Energy Utilization and Consérvation.
The use of metric (SI) units would make the understanding of thermodynarmess
and mechanical engineering- easier: In liné “with* }dws of physics, om=r
one umit, the joule (J), represents all forms of énergy, whether mechami-
caz (work), thermal (quantity of_heat)_, electrical, chemical, nuclear, am:
even molecular, thereby replacing a wide variety of unrelated customarwy

units. . : . . .

S

.,)

“context, or reference values.

-

’ ,'The pivotal role plajred?‘ by the joule is shown in figure 6=1. For example,

a force of one newton (N) applied for a distance of one meter (m) will pro—
duce one joule of energy ‘or heat. In the same manner, one meatt (W) of
electric power applied for ome second (s) will produce one josle of hezt
or energy, (1 J =1 N°m = 1 W-s). More interestingly, the Jooile ‘remaims:
the numerator in all compound- units, which,.in a coherent system eith ome—
to—one relationships, will greatly simplify calculations amd reduce
“@rrors. , '

It is easy to appreciate the direct relationship between coheremt units,
when it is compared with the traditional situation, where such units as:
Btu, therm, horsepower-hour, foot pound-force, and kilowatt-hour are all
used for émergy. Oné SI unit, the watt (W), which is"related on a one-
to-one basis. to .the joule, would replace suchk variety 'for power or heat
flow as:. Btu/s, Btu/h, Btu/d, ft-1bf/s, ft°1bf/min, ft*ibf/h, harsepower,
and ton of refrigeration, quite apart from the fact that there are differ—
..ent values for the Btu and the horsepower, depending upon defZ=xitions,

i : - . 3
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E:EgnreJG—.J.: The "'dn:le (.I) as P:.vora.l Gmit for Energy Design .
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_ ¥ the basic comcepas. of en%y are mpt ‘clearly de’f:imeéj and dndersroady it

becomes wery dHEETiwlt to'e@geli'n Tational dc-.s_igp::for‘energy uriliza~ion
andl conservatioe. Wse of F units would “clarify may hithertw abecare

I&I;‘_‘Eq;i.ps% =mmns of a‘l.'sa_lu;e units and system coherence.
63 Electrical amic 11 lurigasion Engineering '
Electrical umits msed in the:Tnited States have been me'.'ri".% undts sfmre

they were first def¥ned between 1860 and 1900. The practical. umits Tor
resistance (ohbm), -potential avolt), current (ampere),’ charge (coulasid),
and capacity (famed): were imtroduced at .the International Electrical
Congress im Paris —=n- §8l, =nd the r.ait for imductance (hemry) smas
addel at the Ccogrmss {in Chie=go i 1883. It can be said thar “comer-
exce" g5 paxrt - of Zammit system wms first appreciated in electrdical and
electromagneric wmtrs. The Smaix For the use. of -ampere 2s th= fourth
fendamental promesty—or as a wase umit—was prewided in 1901, when the
itadiber praf=smer and physicist Giovami Giorgi proposed a system. which
imclp+d “The Rarswonal Units of Tlectrogmagnetism.” ([Title of his paper
in 19@1.] - In 955, the Giorgi (eor MKSA) system sas adopted by the Inter-
hatiomal Eloctrotecimical AssorSarion,- and it played a prominent part in
the ereatfen, in -1%%0, of S, (the Internatiohai System of Units.

Thie mjur bremktiroegh in ST = the unificatior o mechamical and

Slectrical mmits thwowgh the wmmt &#=J/s = V-A) and zhe joule (I = Nem =

W-3), vhich faciTmat®™s mnost . -celira@ations, as indizesred- in fipmee 6-1.
ERectrical wmirs Gmeex been fursmded in the figures to Illusteste tha
cohereace of SI;” fure=xample:, mee otm () could be aesFined as 1 V/A, or
1 W/Az, or 1/S, bmtr ene first s—Smition is the one mmst commonly shown.

Elextricak =ngineerdng in the ervm=d States, themsfpre, represents a
- discipiime ubich €S a2 hybrid spstew of SI units for &ll electromagnetic
properries, and LS. customary mwits Sor-length and mmss, as their deri-
vatfves. & change 2z, SI would int:wduce a.minor change in the units

AR wse, I weplacing the “"mim™ (reciprocal mmm) with the "sie-
meng™ (S),’ and thee xycle per second ixps) with the <Rertz” (Hz = 1/s)--
both on 8 one—to—ame= desis, so that numerical values wom?d not. be _affected.

-

A chmrge to SI wmild introduce a majer change by giwing electrical and

elecrzdnics enginewsxs i fully coherent system to worlcfwith.when, customary .

anirs are abandome€. This could .imezease productiwdty; especially in
design agd producrims.” The Institute af Electrical axd Electronics Engi-
-oefers (EEEE) has-bef an active interest in metricatson, and has used SI
imalics tw mmst of its-publicatiouns. g

. Stedifarly, £1loménation engineers in tihe United States have worked with a

hyScid sysmen of-SI units for basic iT3mmination. propexties, and customary

. oits fer Eength, aceg, and:“‘-'compound wmits. SI units, such as the candela“-

Lo, Jemmpm: (1m=—= cd*sr) ind lumen per watt (lm/W) are already in general"

- mse, amnd e on¥y significant changes meeded would be the replacement of

the: Jismers mer sguare foot. (Im/ft2) with the lux (lx_= 1lm/m2), and. the .

candelis ger  square  foot, J.znbér..'t, and footlambert with the candela per

S -

a . * -~



square meter (cd/m2). The ‘change to SEunits only, again, would simplify

. c'alcu]_.a_tipns_- and lighting-'design. ‘The preﬁj.er professional society for

" illumination cngineers in North America, the ‘Illuminating Engineering -
Society (IES), ! has - decided to issue the eighth edition of ' its major-

. _reference document,. 'the - IES Lighting Handbook = [1], -with SI units as +°

. . primary units and hafd conversioms. . It is expected to be published late o

"in 1980 or-early in 1981. . - 3 -

-
-

While the change in urits represents few complications,Ta “hard:conver- -
_ sion” of ele...vical equipment and lighting fixtures and lamps:would be
more -complicated and, in most instances, unvarranted. ' Should new-sizes
or designatizns be required as part of a “metric range,” such ranges
. should be- developed’ as- new products rather than as conversions, aiming
to reduce variety at the same time. For example, -for electric motors,
- step increments “of: 0.5 kW 4in.power output would yvield fewer: ‘models than
" step increments.of 0.5 hp (electrical) (0.373 kW). A 2-hp:motor (1.492 kW)
" would be -interchangeable with a 1.5.kW ‘motor; . gim¥larly, a 4~hp motor
[2.984 kW] would be interchangeable with a .3 kW motor, and in the inter-:
_mediate steps of the range tvwo metric sizes would repldce. three customary
sizes, for an overall variety Teduétion of 25 percesmt. Fluoréscent lamps
in customary sizes are already too ldpg for end-tm—end iastsllation of
. fixtures using the -$ame _nominal customary .desigmations. For ceiling
‘systems using metric modufar-dimer_;sioﬁs such as 1200 =m; a new and shortef:
" lamp of 1160 mm length would be needed." Ma jor manufacturer$ have already
conducted extensive research anc trigl pl:oddc'fion, but the "‘netric rat&g_e"f'
will take some time to emerge as- 80 percent of all producticn goes intoc
lamp replacement in existing customary fixtures. R \\ o

Research izto optimum metric sizes, as’ well as JFmproved de,\sign (for
example, the type of end pins used In fluorescent Iamps)'is r'eéardgd as;’
_a’desirable part of the metric chamge  which would best be carried out:
in the lead-time available ‘before an ‘M-Day and ﬂe-.gcommencém\en_t .of.
. ordérs for metric products. - : . ol o

\

\

. -%.4 HVAC—Heating, Cooling, Ventilating, and Air Condfi:tonﬁg_' N

\

The design ™ *and integration of heating, cooling, - véntijating, .and
air—-conditioning systems in building is an area where .the change_-to‘met‘g;[\q._’“
units and metric siz2s has been viewed .as deing of little.advantage while g
~#A~curring some costs. Howevery many HVAC )_des,ign engineers .appreciate that-. -
coherent units.- and decimal relationships will facilitate calculations,

.

‘as shown in.6.2. o . _ . Lt e

<

The major advantage of the chahge to metric - occurs in the use of one

unit for pressure and ‘'stress, tie pascal (Pa), and its decimal multiples, -
 replacing such a variety of unitstas: L s .
-'. . . .‘ .’ . ‘ o o ._- ,-“..




B For .presbsu-re'. “psf [1bf/ft2] 47.88 Pa _ '.
. . " rinch H20 (4°C) ° 249,05 Pa .
-+ foot B20 (4°C) P98 Pas -L.9®kPa - .
.inch Hg (0°C) 3638 P = J W, P2

" uh |1_n oo

- " . inch Hg (60°F) 337685 B> 3.7 #Pa
: Ilbf/in 1 N GEGLIFE Po=m M?S'Ea- :
- : ztmosphere (s::d) 101 35.00 B=== 101325 ®Pa T

&LE8 Pz
76 Prw 5.5 &=
tonf/£t2" .95 F@0.52 Pe = 95.7 &Ba .
o iksi [kip/in?T 5894 7o xx 10 Pat = 6.895 MPa
S ' P [13.789°31 ¢ 0% B’ = d3.790 MPa

-

| For stfess:  psf [1be/£c2]
- psi [1bf/1in2]

e

A maJor professional society in’ this. THeld, r = Amers=m Society of’
- Heating, Refrigerating and Air-Conditiowing - Erg eerc PESERAE) has been
actively engaged in educating its- menbashrp—cmm 3msues, =and will
- ‘have all its poblications im: “dual un¥ts by P99, Fochsdteg the Handbook
- * series.  During the traasitional periqd, the ASERAE Metric Committee will
K continue ‘to dlsseminate educationa.l materiaf %Q prwpare the nembership
for the eventual exclusive use of S.'f units. -
Many of  the major HVAC equipment ma.m::Eac:l:nrers Baave subsid::a:ries or
affiliated companies in metric countries, zxi bhawe Fpraccical experience
-with production to metric- standards- and pre&fted sAres. It s Tikely -
that metric prodncts would be intrcduced oy M 2 Jor redesign of
product iines takes: place;; “and- that; some  Toemze wsmch as pipes, would ’
Temain. unaltered. The . tradftional size des:!pvs «~ 5 of pipes were, in

_most,. instances, “nominal. es,. ‘and " the metr& # ge would offer an
- opportunity’ “to mtroduc " standard- designation £ sress, such as speci-

- fication of 1nternal diameter and thickness, + w1’ auvtomatically -
yield the” exte:rnal diameter. e o, ” .

- >,
B

4 6 S Hydraulic Design and T’lumb ing . - I

S

: Hydraulic design is concerned with the ' Flow~+ vatef 4nd. water-based
.substances into and out of buildings. It al- aclmdes surface water
coIlection and drainage. .4 = :

~“In metric unlts, hydraulic calculat:l:uns woulé =¢ aplified for a number "
j of reasons: . S R . : -

C o : £
w 1".“_-]For each physical _-;uan'tity_.' thaa s onks o -unit—especially for |
SR pressure, }‘ e ' ) : . :
Sl e g T .

- 240 Units* are coherent that is, they requfie = no. factors in go:.ng -
T from .one quantity to- anotcher, £xcept dejnl}  fTactors -~when go:Lng

- from a prefixed: to a non—pref:ued unit., amﬂher pref:med unit,

»  vice versa;’and ST . .

.'....v‘. L I 7‘.\-_\-: : ‘ ‘.' PR : . . .
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3. There. is = direct \raatimshipbetween the SI umit for volume, the
cubic»metar{. and. the xommom unit for capacity (liquid volume), the

" liter (L), gwhere ome -cnhic meter is .eqaal .‘to 1000. liters. (The

' conversiowdirom cubic feet to gdllons may be a difficult to remember
conversion—£actor=) - ST e .

" Water p'r(;ssure'm.iil’dnm 1@ mjuii‘e ‘gpressure omit. of its owm, bct

.= expressed .ir pasca¥s,. or wmmare commouly,:. kilopascals (kPa). For
example, a-head of water.of S& meters (50 m) represents a pressure of:

-

T 50 x 9.8% =490 WPa : T
RN o —E?. . ) ~ R e .
[50 n¥a? = S OGMEE/m2 = 50 0Gfx 9.8% W@ =430 Q00 W/u?= 490 XN/m?= 490 kPa]

- ~. &

"*_In_ »':'.-.m'.-- 'abéoluteﬂsystem; ‘statice Joad 5 s be multiplied by gravitational
acceleration [9=X" m/s2]  to gime= :wsolewe forcexin newtons (N). The

factor 9.8 is =m 'a'gproxin_zt:i- = :ﬁm.,r_i_nt_:émationally standardize2 -

vilue -of 9.806 5 m/sc.. ' . -
_Défiiié‘ii_"éé.lculati:dng Care aisé&_llﬁied by 'coherenc"e betweén units.
"For example, if=a pump is rexmdmedro defiver d- flow rat: of five liters

per “second (5 - Lis) ‘at. a p:aasz!;ne of 3500 kilopascals ¢5C0 .kPa), whit

.pump power is required: : - .
5 x+10~3 x 500 x 103
L - s &

= [s_irgo(/)sze: 500 000 N/m2 = 2500 N-m/s = 2500, J/s =

2500 W-= 2,540 ' 2500 WY

-

. The power of the .:pump .mot:_cu':, in kilowatts (kW); can - be ;.e_'stab'l.ished
© " direg¢tly if .the transmissiom efficieamcy ‘factor (in-percent) is known.

" For example; the: power with a. transmission efficiency of 9C percent

". for the above pmmp would neesi to be 2500/0.9 W.= 2778 ¥ = 2.778 kW. A
:three kW motor would be:suieﬁe and-have some’ spare povere’ .-

R4 N -

". .THese~calculations are -very -ch ~simpler than thosc in’ customary units,

" Pecausé they are coherent umiits that follow the laws of physics directdy-

" For a comparisom, an example= similar: to the above would be: wusing flow

rate in' gallons per hour (gmio), witer pressure in feet ' (ft Hz0), pres—

. sure in. pound-force per squmare inch (psi), power 'in fooét pound-force
per second (ft:lbf/s_)',. and mmeor power in horsepower (hp). ' o

_ Another Sigr;ificant‘ advantage of metric units .occurs in- calculations
involving drainage, run-off, or irrigation. Here, the decimal relatiom
" ship of the liter (L) to the wsit of .volume, tte cubic meter (m3), pro-
vides significant shortcuts in .eslculgtibns. Fof example, one, Mmillimeter
“of water distributed over an a==a of one square meter repredents exactly
oné liter (1 mm x 1 m® = 1 TQ. This facilitates the calculation of

* gutters, channels, and downspouss for run-eoff. For example, the, run—off
from a. roof -with 200 square memers (200 m?) of-.area "and ‘a Tt&infall of
ten mm in five minutes (120 mmA® will be: 10 x<200 = 2000 L. °

.. . .
- T . . .-

A BRI 92 . T s

-



. B . . 4 —
o, T - . ) ~ L. .
Vo - : : ’ .o ’ : ’ i

- - Vd . - . -

. Sesmembering’ that one Fiter of ' water reme=ders a cubic wmlume eq =2 to
Sescof a cube with MO0 wm.sides, the sSzimg of gutters:and downspouts

<

. - 3mécomes. much- simpler thad ip customary mirs. , ST

. &Samé_: pi’i_nciiiléé éa:n 'be' tised in, revezg: for

watz=="requirements—or Airrg’.ga-tion or spriamsterT gystéms. .How much water
Isszaequired to irrigate. an area of One hee==re (10 000 nr to the egufv-
a%enr of five mEIlimeters of _precipitmeion? - . The ammmer is easy:

R0 x5 =50 000 L. .

& "Tar -as .pipé.s é:ﬂ-‘/d:annels ':ar'e- coﬁcen:g,. it #s not cZaacted that new

me=Tielproducts’ will emerge rapidly; ratmesr— as products=re develaped,

.‘_ m:l'_ifcely to be developed 'in -hard—meeric sizes. . Tmere is iittle
| DEsESOME—Or - most ‘domestic ‘or commercial pFambing—fixrmes to change,

‘emmepe—Tor their designatidn. Current sizes are rarely exactly those

- taar=me- used for convenient designation. The exceptices are “buile-. ©

in™ an?s,. such’ as"ba.ths, si_nk.é_,, or shrser bases,  whbich ‘should be

- ¢ . re=lawadzdirectly to the dimensions ‘of building spaces' :=fo" which- they

-~

Thexacoustical Society of.,‘-wAne’ricg (ASA) has presentedtechnical ;}nforma;

.

&xe fofit. - ..

: 6.6 Aomstical Engineering .

a

T The s<®ence of "acoustics uses--metypic -equipment-énd metric units for

Jabosweory and site measurement but in..acoustic design the 'square. foot
for .Zea and the cubic foot for volume.are commonly applied. S

’ _The Weeibel. (dB) is a dimensionless unit, or ratio, with a logarithmic

<

bases—and it would not change. .The reference quantities for scund power

 leweil (in watts), sound. intemsity level (in watts ‘per square -meter),

and-sound pressure level-(in pascals), have always been im metric .units.

’ -

tion and ‘standards in SI units for a .number of years,. and most a€oustical
- . ’ N . . by s . (3 -

engimeers do not regard thie cl;ange to metric measuremeit as a ‘problem.

REEERENCE o S SR R

' - . Ve .

example, in dgc:?ding on,

.

L

L

1. IES Lighting Handbook, 6th Edition, Illuminatirlg Engineering ‘Society,

_“New York, NY; (to be published in Winter-of 80-81).. .

Ny
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Pm 7 - DEVELOPMERT AE} REA‘REH’ISSUES IN }EZIR’ICATJ.ON .o

- FL -

K3 o~ .. -

".l‘hemetric \conversion proa;m be described . an applied research

. .-and: developmental exerc:.se: ~—irmmolving' ‘changes mnamely, the transition to”
- th&use of a different mezmmmrewent system-with ‘different values in most

AN

’

-

E processes of. design',“ producthmy and comstmmetion. In .the case of the
.S oovatructimt commenity,ashetter understamiting of the issues involved —~

~fnthe : change ‘cdn be; ohxtafowss by the exatlﬂ:::ask:n and study of precedent

. in-other countries and “imdirrries (investigariwm) and the indepth analy-
“sis of particutar-issues ‘of Industry-wide or wmector concern (research).
_ There way -also be a meed for the trial of a1ternative approac‘hes

(deeflopment’) o f:i:nd optinmer tecimical. so]:m:rons

“If o invest'iga:tion, resea:::d;, ar—development were to be carried out, time-—
consuning ard costly errorsaiighr-be made”in the initial phases of a metric
transition, and industry —mmi#d be locked into suboptimal approaches by .
‘negkect. Further, ~unilatesgsdl actions or decisions- in® one area'.could .
adversely affect.the opem:&'ns of other segments.” As the 'construction
*commamity représents .a mﬁ-&ksciplinary activity, involving.both soft—
wares (techniml informatime, standards, drawings, etc.); and“hardware
(building ‘products,’ materfals, -and built elements), it would be advanta- -
- geous in most instances twrcomduct studies by means of multi-disciplinary
grcups representing akl. #eey viewpoints, exeept for very specialized and .
- specific research topics.. For-example, "task forces” might be established
by industry consent. to smndy metric issues and concerns, and’ to report
their findings to the iﬁ:stryﬂat large. “This would - avoid a situation

’whe:;e decisions would be arrfwmed at withczt considering both producers

and _users,” for example, in _The- determination of optimum prod’uct size -
ra:nges. ' _ B . . Lo .

~ . -

7.2 Precedent and Infen:ztionz‘i L..phcf'ﬂ aas of Metric Con'version -

-~

A change to’ metric units would-ake the d.S. constructio'n community part )
" Of the metric-building world: This wor1d have domestic as well as inter-—
national implications.' A tho‘rough investigatlon of precedent ir metrica-
tion in” other English-speaking countries may- provide ghortcuts, give .
gezeral guidance on how to deal with specific problem areas, ard may point
out which approaches are likely to lead to benafits for the construction
commmity. It may aiso point out those which could” lead to confusion and,
therefore would, best. be avoideds An: ‘investment in ™monitoring and evalua—
tion” of ‘metric developments and precedent, particularly in Canada, could

.. be recouped many times over in savings of time and costs of conversion.

"It has been argued that -the United States differs from other"eountries
that have .recently changed-to metric units in the con$truction industry
bachuse of its geographic size, 1arge population, giant industry turnover;

h special techniques, and’ particular form of building .control. However, _

prece&ent :is worth examining because” des:Lgn procedures, production pro-
cesses, and construrtion techniques have become more :and-more similar the

- world over. -

s % 104

&
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B -In a developmenta.l sense, a “change to metric units would make it_ more o
: ‘important ) interact at- the ‘internat¥onal level particularly “in stan—
" 'dards, development activities. This has been recognized in .Section 6.
"(6)- of the Metric ConversionsAct jof 1975 which deals i.cith internat:.onal
'consultation and cooPeration. } - .« . . - e

- - . E -
14 . N . .-t -
- > - — -

" «The assessment - of international stanaards in national standards—related
activitfes is. heavily promoted 1n Titie IV of the. Trade Agreements Act’

" of 11979 - [I], "as is the intent to make  U.S. viewpoints known at che
ointernational level. Section 402.(2)- of the Act deals with‘the "Use of
dInternational Standards” and prescribes that "each Federal agency; in
develoﬁing standards, shall take into cons1deration international stan- .
ards. and ° shall - if appropriate, base the sfandards om international

© - standards.™ Hore significantly, 'the Act ‘states in Section 403, on
"State and Erivate Standards-Related Activities,” that "It is the sense
of- the Cong. »ss .that no State agency and no private person [defined to
include any corporation,® partnership, association, or other legal entity] .

. should engage in any standards—related activity that creates unnecessary
obstacles to the foreign'commerce of the United States,” "and that” "The
President shall take such reasonable action as may be available to’ pro—

smote the’ observance by - State agencies and private persons! in carrying.
out .standards-related 'activities, of requireménts equivalent' to those
imposed on  Federai agenties under Section 402, and: of procedures that
- provide ‘for notificationm, participation, and publication with respect to

: such activities.” - ., . o R

In the longer run, therefore, 1gnoring the. existence of 1nterracional

- proposals and standards .-could have seridds consequences for U.S. "indus—
try and industry orgeuizations whether in the provision of technical
‘data. or services outside or wit fn.the United States, or in the sale of
products. "As métric conversion' offers a unique chafice "to. harmonize
do stic and ingé‘ﬁ\tional approaches, it is recommended that the. impli—
ions -of worldwide trends_ be studied fully,:so that wheré appropriate;

: theyvcan be taken advantage of should the construction community decide

- R - .

on_ conversion. T S,

‘e - - - -~

s

7.3 Basic Metric Issues R

g . < e e

The fundamental issues in-a change to arother measurement systém revolve
! the selection of suitable units and numerical values:iwhich will

:ze tha oppor;gnities that come w1th change and minimize _any
dis_ocation, confusion, and ‘costa . <L

While ample information ot good metric practice is already available, a,
' number of aspects- of unit use in building design have no:. been resolved:
These require detailed study. Some examplespof the topics which should

be assessed are: - e . Py
2 . N .
.. e N .. . . . . .— - - . . - . e e
. . . . . . . R -
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'
.

<

. - e
. - - - .
LIS rp' e .

"1;'-' What' mettr' ‘units are “to ‘Pe- used in the f1eld of moistu-re “@®rapor)

- . : ‘movement through buildlng mater:als and condensation ia bﬁilding"-
V'_ 2. In thermal design, what could take~ the place of the degree day and -
. -traditional. R-valyes? _ . U S ]
X R . - o . L. Q . -

- -

3. Is there any need to replace the unit sabin in acoustical calculations,
. .+ -and, if -so,” with. what form.of unit?.-

« - . - . . -

: 4«  What- wou'ld be ap-propriate units to. describe flow rates for. a vaﬁie;.y
* e . -of applications, ‘as well as in compound- units, such as a1r .
I _ in.filtratlon water consumption etc..' . e - e

LA hd y oo ¥

= The maJor concern in metric onversion occurs in relation o the selec;tion

of preferred and: conven/i«zzt numerical values. Such values sare impor—=

tant in a "hard .conversion, that is, where a defi:nite"change is proposed...

By comparison, -a "soft conversion "simply. requires reasonably roundertt

_ metric equivalents and, where possible, convenient values. Research
S stud:res would 14 desi able to identify. . S T T
i o L

a,. - A methodology for the -.presen,tation of dual unit statements in whi'—‘ﬁ

a "hard - conversion” can be d1st1nguished from a “soft conversion

E and which can be appl:Led on an ir.dust:ry-vnde ba51s.. S hd

. b General guidelines for conversion, rounding, and rational';’.zation,
T with practical. examples of " "preferred, ‘'values,” number series, and

R
-

variety reduction,.. o el e oo

” - b PR
- - e ©

c. A" cla551fication system for~ building products accordrng to the degree
‘'of conversion that would. be- required or d’esi~red ranging from no

S_ :fhange to extensive change. _ ’

.
.

i
. ’ - ~
s .
-

'7.,?-'» User Studles to Determine Suitable Metrlc Besign D1mensions

A change to preferred metric values in buildin‘g*would alter® many of‘the
 traditionally “accepted dimensions in bwilding design and production. “for ‘v
' * example, | a rogm height - (floor-t to-ceiling height) of 8 feet (2438 mm) >
*  could be .replaced- by a metric dimension of 2400 wm, . which is 38 mm or «"
Coos1-1/2" less,bor, 2500 tm, which is 62 mm or 2-7/16" more. .Examples of
" . functionzi dimensions in building are numerqus,-|such as clear’ heights,
- vertical clearances orlzontal‘ clearances, minipum room widths,’ ,clear'
opening widths, heigh‘h of work plames, height of] guard rails, geometry
of stairs and steps, design dimensions for the ha d1capped ett. Studiés
~ which have led to “convenient” or preferred customary values should be
: reappraisedr-to ascerta1n their validity in 2 metric context, and to deter-
“mine whether metric preferred values would give equivalent ‘safety, con=-
’ venience, and economy, or whether user needs have changed. It is likely
‘that -such research would show that ‘many customary +values have been.
* arrived at on the ‘basis of numerical; chnvenience rather than functional
jquirement.s, or. by a mixture of ‘the -two. = -

. . . : B .
5 - ; . - - - L ) - . . - hd
e L4
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L o - - . g . e
s A number of specific research studies are sxfggested for conside:ation.
- ., D 2 A .
i. Research into anthropometric factors of the .American population to
. give metric design guidance -based on up—po-fate statistical informa—
* tion on human dimensions of various profi«les of the population sn&h
‘as children, adu_Lts,°and the .elderly, with differentiation. of male
. and female - dimensions and‘ five percent 50 percent, and 99 pefcent
To. ranges. "Most data now available ‘were obtained many ‘years ago, and

A it is possible that changes h.ave occur‘i'ed. L. e S :

2: Research 1nto human space needs (based' on up-to—date anthropometric

.tN' .

T _ ‘data) and _the design of functional spaces, especially in dwellings, .

metric minimum standards might bE’. :

to 5determine -whether” minimum standards . are appr.opnate and what -

hy 3.- Research int;o the functional validi.tY of width of egress dimensions

i (hallways, corridors, stairs, and exitways), _based on 22" " [559 mm]
mﬁltiple.,, which have been used in many build:bng cofte requirements.'
" This research would .shpw ‘whether arithmeti‘c or geometric ﬂ-progres—

4 give guidance in the selection of the most suitable metric
' replacement values. >

' sjons shoulds be -used 'in the" -selection’. of” egress dimensjions, . and .-

4

T . . - e ;} -
S In addit.ion , user studies might be expanded to take into account room
' *-  areas and/ or Volumes. . .- _ R '

- N v_ . PO L - } ] . - g~ 3
7.5 Dimensi.‘o‘nal Coordination Research T P - ':' o °

- N - —

' Considerable research has been carried ,out *in the United States and
worldwi’de into. the principles and practical. appl'ication of a system of

. 'dimensional coordination in building. .Broad agreéments.have been reached
° at the intermational lével-on a ‘basic module of }100 -mm -and cértain pre—

_ ferred multiples for bui"ding and building prod t dimensions. However,

- . international preferences -do not. - inc‘lude the metric equivalent '6f the
_ © traditional.U.S. dimeasion & 16 inches (406 mp) or 4 modules--400 mm-—-as
a direct multimodular’ preference. It is probable that.'Us :S. - recommenda- -,

4 ® -

Q0 from intematfonal recomendations._..' . SR
i ~ . - ‘
-A number of research prOJects are needed t-o deal w:Lth specific. as,:ects
s of (metz%c) dimensional coordination such as. : .

.6,

.‘_

‘1. . What will “be the impact -of the 100 mm module, as a substitute for

-t'ions for metric. dimensfonal coordination wbuld be somewhat different

9

" the zi-inch \r&odule, on’ building ‘design.and design gtandards; - building '

'é:f “"-.; codes and minimuin requirementsj: Building ‘products’ and-manufactiting -
R ...(p{oe'esses, ‘and, on—site layout and‘ a embly processes') =
- | k‘—. .o <

;‘/‘-'e.
\

:’2. What would be the opti=
in buildings, based on t e\'IOQ mm modcule" Where “could traditiopal

o . . . .
. o . - .t

d‘imensionsgfor functional spaces and spans .
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. recommendations’ be reduced and where.could they be enlarged adyanta-_ -
: -geously?.” Where ‘can -changes-* arising -.f,rom"'-energy""_c;_on_sideratiqns be
oij.’réquiregl Dy - metrication? -

:-‘,. -coupléd with . changes. resulting from’

A -3.?- 'Bo_w;- E:o'ﬁ_ld_' bf.bdugt" r‘_'anges b.e_,.'ratibnal'ize'd‘, Qsing 'iaréfefrea '(modul,a_r') -
- sl@es as basic sizes, and notx_vpr%ferred sizes as- s'pecfal.y.sizes_?-
. :4". ..What would be the economics of, dimensionally cooi‘di_.nat;'ed (mo'd:lia’r)_- -
o design, versus nen—=coordinated. design? -Would metric units and pref— -
3 .. erances, facigtatejf computer; design ‘and documentation Cor, "does the-

%o computer facflitaté coordinated designd?’

‘5. What would.be the edspomics of 'pr6duc-i'nga&im.e'ifsionallj'r“i'ationa'li;ed
... #products?. Could the overall product .range be reduced withput % -loss _
- ¢+ « of sales?  What ‘would be the ad_vantage"s_.‘apdvdisadv'ént_a_'g'e‘s'" in distri-
j . " . *bution and transportation? Is ‘there - scope for improved mbdular’
& ==pa}kag;i.ng? T ) Sl e N ' o . R ) :

cn -
- - -

) ’%, What would be fhe casts and ben’e_fﬁs_ of metric construction ‘layout and . .
a - . asgembly, using dimensional- coordination principles” and coordinated -
" products? Would improved constructi R

on atcurac¢y result?

)
N Y - T4 C et v T e e s : ..
7. What reeducation and training would be.required: to increase the use
) of, dimen.sion'al_.c.oordin_ati_og in’ the’ constructior industries? . == ..
2 -t c -, . . - "- E A T b4 . i - ' L papd . .., 0 ..
‘~While“"fhe inveswigation of ° these .aspects .of (metric) dimensional
- tent and opinions of people

coordindtion wocu.d have to rely. on, the ' defm
, involved id design, pr.;dd&c_tipp, “and constrlctidn, it is important that - .
' " any research ,e'tlidie's undértaken involve' the actual designers and'.-bui_lders '
“ to.yield the most useful results. ' It may be wOrtiwhile to use. correlating *
:  graups of people who ‘have” been’ involved in- the application~of (metric) -
; ~dimensional coordination and fhose. who have not, .to ascertain differences .

‘. in opinioms.. - _ .. « . - . - :

7.6 Investigation of Design and Documentation.Aspeczs . L N

v

. - The change to SI units would require the revision. of glmoég"all tec.:hr_zical_'
—'—?—fiat; and standards used in building desié’n. In. a transition, three -

‘approaches could be used té deal with technical information: S .o
' : T " , T : ' P

1. ~ the conversion of existing datfand dé.s_ign aids; . ‘
2. the .conversion and ‘rationalization of existing data -an¢ design aids;

and, - R e
. N ‘.. \

3. . the development of ent.i;;elyi new technical data and design aids. s )

. Investigétive 'ef‘-fort" and .research studies }shou:lc_l_ _be --aimed at. tﬁﬂe

_identification of technical- data needs. in the design process. so that

priorities for convefsion could. be allocated. Unless design.datd and -
R ; R - . . . ‘,..." . ‘ . . -'. _._Q._.‘ .
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- '__,aidsﬁai*_é-_f available , in- time for ‘metric projg:;f-' design,. considerable '
professional. and technical efforts’ might. have to be spent in “developing

o

‘data-on 3 -prdjecﬁ_-:by-proje t basis, which could adversely affect ‘the
.economics of metric design. - Many of the .design aids 'mow in use have

.. beenideveloped witk particular reference to U.S. ‘customary (inch-pound)
. u_nité to facil:gt'a'te _d_ecisioq-maldng;. for .example, tables, ‘charts, mono-—

grams, etc. Some of ‘these would mo: longer be .téquired because of the
. coherence of ' units in SI; howevers others would need to 'be ‘revised or

. .amended. Th’e;e__-' is ample scope for  the simplification of design -data

3 and design aids in metric_-l_"units,"especially in energy design information-
where ‘fewer and Ccoherent units would be used. . ‘ cow s

e [}

7.7 "_Invesfig-ation of ﬁuilding Codes.énd Standards

-. A special aspect of the. review of "technical data during a conversion
would be the need- to develop metric .versionms of building codes, related
-design codes, and’ building standards. ‘. It is widely ,'a'gre'e'd, and' gener-
-+ . ally supported by the -findings of the U.S.:Metric Study and the GAO -
° "Metric Study, -that simplification and harmonization’ of American build-
. ing codes-would be'a major opportunity im a change to SI, which could
* yield long-term. benefits to the: construction community. Therefore, a
. . - major research effort -should. be aimed at “opportunities for improving
 building code$é and standards dyring metrication.” In the GAO Metric .
- Study, ‘associations representing ®odes and-standards organizations, 1abor,
' di-st_ributérs, contractors, and designers all agreed that conversion would
_provide such an opportunity. - : , L . : E
_ Rdther tham .aiming metric investigations and research efforts over the
" broad spectrum of building: codes 4 standards, selected areas’ of con-
' gérn. or .opportunity ‘might be" isolated an tudied in-depth’ to develop
‘optimum metric recommendatiors. - . cT S -

.« 7o~

' Among the -topics that merit detailed analysis would beiy. .

e
e

~ y. Uni%s and preférred .value's' for loads and’ forces acting on. builéings,
S forces, etce; ‘based: upbn" up-to—date data. - . ) Vo

v - .

L 2. .The researchf-ba_séd development’ of” (metric) performance requirements
.°. . - for building el’em;e'nt;sia‘nd the . building environment, -with ‘particular’

-referencé to . international.- standards ' or ‘proposals in 'this -area. .
s 3e The research-based dev —opment .of (metric) '—cotppl;lanc"e vests ' for

e building elements, products,-and systems, taking’ note G.S

' " internatienal recommendations and .standards.- -

~

. Cot ¢ . g : hat B e o ' ) ' ] o
7 .8 1Investigations' into Building fBroducts and Production-Processes .«
R S j o oo : . I .

R Metricat:[on 'impliés' "review,‘,'-' " though- not _ﬁecessari}.'y\ wholesale. change .
7 . of customary _-pfpducts . (sizes), processes, and procedures, #with-a view. -

. ». -
[P T t Y ..
- . . . ‘.
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such as live loads, -dead loads, wind loads; snow loads,” seismic ° B
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" to obtaining' more cost*effective and functionally effic1ent metric
._altcrnati»ves. S f/’{\,:’ 2 -

g . }/’ -
.

vMany products fieed. not be changed as they require modification within

. present production -tolerances only because existing standard (or  spezi-

" ‘fied) ‘sizes convert to convenient metric dimensiouns. Only where dim:n-

sional coordination impacts would it be reasonable to ‘make changes. The

. research :and - developmental decisions facing producers and producing
_sectors revolve .around rationalization of. construction product 1lines,
‘that is,’ the. possible replacement of ‘existing" ranges with' smaller or

R functionally superior metric  tanges. “Research’ into optimization ‘pro-

posals requires an assessmentrof all processes from the raw materials

"stage to "the consumer. The" development of a production/distributionf
use model for products or. product groups may yield many useful data- for -

: rationalizégion.» SRS - . _. .

'«
i

" It has been pointed out that the rationalization of product lines is. an
opportunity that exists at -any point in- ‘time.. However, without a far:’
. reaching industry~wide change——such as a. changeﬂto‘metric measurement—-_

. there;is no strong catalyst for change. It is also possible that pro-
-posals would’ be hampered: by actions in the marketplace,’ with' opposition

.ffrom “Anterest groups and competing manufaoturing interests. The:Ilumber

Uindustry provides an insight into the difficulty ‘of ! change without an

. . external cause. such as metrication.. In 1970, the industry went through

a maJo; ana controvetsial change in softwood lumber sizes, grading Stanr
dards, and" engineering design values, ~which: represented something “akin
,to ‘a: "hard conversion.» The project required many years of inter—industry
- meetings, hearings, technical and engineering discussions, and research
.- and developmental activities. The. lessons were" that research early .
'planning, and good” communication are essential to a smooth- change. ‘Based

HF,on this’ preparation, the actual changeover went smoothly, quickly, and

"-.easily for manufacturers, distributors, and users, despite’ some minor
' concerns in the marketplace. . s bl T e T -

Industry associations are in a key position to play a prominent role in

research and developmental activities such as: .

1,~ the determination of‘optimum sizes for products based on manufacturing
.and user requirements, , . A
- . . ~. . _\
© 2. the assessment of the impact on standards and standard details,
energy use, and end—use productivity, .

©

‘3.? the development' and distribution of technical information to
facilitate conversion and familiarization, and, N

41\\the consideration of industry-wide aspects of timing for the” change.

. -

' The experience of similar industry groups in metrication, notably that

.

s
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of Canad:.am;ndustry, may provide s:.gnificant guidance in these activi- ’ N
ties..- (Foraexample, the Canadian steel industry is .now producing some
of the” products and:sizes- likely to emerge in the United States if metric *
. demand” increases.) =These: research activities would be desirable, regard-
less of specific target dates for conversiop, as the .lead-time required ¢
to harness , opportunities is seldom long enough. LT

g P :
It-is recommended that investigations be centered on-. productiv1ty, X
including warehousing and distribution as well as manufacture. Often

- <
the costs of inventory—holding are .a’ major factor in’ construction product

~ .“cost, and. sometimes they deter,;nine the difference between profit or loss.

from operations. Productive metrication not only means streamlining
,product lines and processes, . but minimizing "dual” production runs and
"dual” inVventories. " Again, the, study -of precedent “may .yield useful
gu:_dance on how 'to’ minimize the costs and disruption, if any, resulting .
from duality. Précedents in “catalog optimization research are found
in. "metric fasteners *and . "metric reirforcing steet,” and the approaches
taken in these segments of ‘the metals industry may -provide useful models :

for other industry“ segments. -

- - . . sV -

7. 9 anestigation of Metrication~ in Construction and. Maintenance NN

- " -

_The role of the contracting industry in metrication has been described as
a“passive one - in the early. stages .of conversion, until such time as
designers begin to prepare ‘metric documentation. and producers .gear up

.

"*for metric production. This assessment ignores the sign-ificance of

measurement-based operations' on construction _prodyctivity.. -The use of-- .
- decimal measurement .to replace the variety. of units now in use would
facilitate estimating, layout, ourchasing d‘“e"ci‘sions, and general on—site
construction activity. : ' T , ) .

[+ ¥ 4o g . " ’ "
. FE ) . b e
s N

_ Ideally, investigations should have commenced to identify all areas where v
improvements in. on-site. operations might be affected in tandem with-a -

.. 'conversion; for example, _in 2layout, .use of materials," oositioning .and
. assembly ‘of compone,nts, and maintenance of. tonstruction accuracy.-

. Specific areas’ for investigation and research might be.‘,_

. “ C 4a
- . ] . . - T

1.7 ¥ uat ‘are the most common causes of on-site error or inaccuracy in
. - current- construction, and are there opportunities ‘to avoid such occur=
‘reaces in metric construction by altering techniques of measurement

.- or assembly" T A . = —_— L -

<

2.:_How can metr1c dimensional coordination be facilitated in ‘construc—
tion? What- techniques might be used, altered, or developed? What -

equipment is essqe.itial*»and what is-h'elpful? R oL

= » v

. 3. What zraining .Q;“fa’!_liarization of site personnel is required" Whatll -

types of training aids and. documents are. needed"
o . -Sf'» . . _/‘_: . - ' \‘J.: T,

- . ’ "
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“The role of ‘construction umboms in metric research has primarily been
related to the concern that -comstruction personnel might not be able o -
" cope’ with ‘metric work unless given :extensive training, as well as assids— -
* . tance with the’ replacement of tools. The investigation of experiemces -
_in other sectors .of the ecomomy (such as the "automotive industry), and -
" other-comtries: (particularly, Canada) would be useful. to.determine ‘the
%extent ‘of tix cse problems. Some reports dealing with actual metric work .:_.7
: éxperience in other- covntries stress’ that coastruction’ personnel once
involved in metric operationms, prefer to remain with metric units and
not switch béck to. customary units thereafter. ’ .

Som._ coucern has been expressed by designers -and build1ng owners about
the potential difficulties associated with the repair ~and maintenance
of "non—metric” buildings and plant. No direct research evidence is -
available of either increased costs or specific difficulties encountered -
in other countries in ‘the field of - buiIding maintenance and rehabilita-

- tiom. The repair and rehabilitation industry has developed ‘an ingenious

- capacity to deal “with situations- involving ‘non—availability of materials

’ and parts, and many lessons can- . be learned - from current practices in
“nom-metric units. The. entire- subJect area .represents a major applied"‘f"
AresearchrproJect. C o . EEEEE - S .

7.10 Adaptation of Materials During A Transitional Period

:.A smila:r aspect’of a change to metric measurement would be the adaptation
of building prooucts and materials during the transitional- period. First, -,
that of customary sizes to fit with metric building designs and, second ] .
that of metric sizes to fit with nommetric building. designs. Both would - R
" ‘occur. The advantage of new construction work is that decisions can .be: -
~‘made, or amended before the building is irretrievably constructed. " Fors e
,example, if the size. of reinforcing steel should change "to new metric’
~ sizes during the - construction life .of a progect .a design ‘check. and, =~ .-
-possibly, some"minor changes in spacing may be needed. ’ if, however, a o
. building designed: in customary umits' is to be built at the end of the .~
.« transitional period, some customary products may no ‘longer be available, -
and ‘metric products would need to. be adapted.’ Other industries have
. coped successfully with. such a ‘transition, - so that there is no reason ‘to
. suspect that the U.S. construction ‘community would be. unable to do . so.
" It would be desirable to undertake investigations early so as to 1dent1fy
'af:d analyze-areas where. adaptation protblems might arise. - o 1\
: 5 ,
7 11 Research Into z..egal .mellcations, Con‘tracts, and Agreements .

Wh*’le the metric system, by public law., has bcen permitted to be. used in
the United States for over a century, there are many existing statutes,
regulatiens, and ordinances which state requirements expressed exclusively-
in U.S. customary units.  Such law$ or regulations could provide barriers o
to the 'selection and use of alternative, "hard converted” (prefe.rred)
‘metric wvalues, especially, ir ‘they establish minimum or maximum acceptance
levels that Xould preclude the choice of a preferred metric alternative. -

-
- AN .
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Foxr enmpl:e a m:unmum requirement of 4 feet (1219 tm) would’ preclude
.the mse of a modular preference of ‘1200 mm, /or a maximum pressure of
.- 250 Bbf/£t2 (11 9_7_lcEa) would preclude the use of a preferred 12 kPa as
de@&n criterion. o - .

'I.'he identification of critical laws or regulations which have a measure—'

. meTEt impact on 4esign, production, and construction represents a ma jor
_ task. Within _this. task, there is the research activity of determining 3
- any critical values--or requirements that might inhibit the use of “hard
-metIic a.lternatives, necessitating .a- study of the basis of traditional

meaSurement values and their amenity to change. ) , e *

R -

Another research area’ involves the implications of product- unavailability
and ssubstitution,’ including methods of -“compensation for extra costs, if
-5'*"‘_' 2nyy of obtaining’ ‘specified products. Substitutions, as ‘well -as extras,

- have p_”always been‘ a feature of construction cont‘"racts, and sateguards
would: need to be’ established to ensure that neither the -contractor,
nor the building client becomes the victim of "metric”: costs .that were -
avofda'ﬁle ‘either--by design decisions or. by purchasing decisions.. AT
special ‘metric contract -clause may be desired during a ~transitional

period. e _ _ o o o

- -

-

Labor agreements ‘and - awards contam -Some- measurement-related clauses,
'and these. ~x.u:»uJ:d.—wneed““t:o ~be.: Ttdentified. In ‘some instances, they -may g
need to- be amendedfto coincide with a new measurement environment. In:
general a. change- should . neither reduce awards nor- increase labor ‘costs,

so that™ a conversion would need—to—be -effected within a .fair and equiv— -
ale;'lt:l range. However, 5 give-and—take approach may - prove, to- be: more s
economical in "the longer -Tun, and alternatives should be- researched by '
employer as well as employee groups, preferably by a. Joint task force.

ST Lo - o~ “ﬁ

. 7 12 Research and‘ l)evelopment in Perspective = | LT e L

[ G K ,_ ] R .
It has been suggested by -,metric experts in other countries that have
completed the ‘change - “to’ SI  that metxication represents one of ,the
greatest "review” opportunities of*modern times--no established walue,:
benchmark, or pmcti:ce is sacrosa.nct' ‘However, ° _ judicrous nianagement is
requ&i.red:to -prevent metx::[ation ; beqoming ‘the greates:t ‘ rese\arch
" -exércise” of modern: times, - ‘with. fndustrfes and organizations. waiting
for the:asul:ts* of‘ resea:rch: before embarking on any change.~_ B
A changea:o SI:representsmopportunity to. analyze trad,itional approaches ‘ K

.and -thedr-valfdity in a modern. technological enviromient. = The Jopportunity. -

. torchange J:o-p:tzﬁerred vaines ‘and “rationalized ranges must _be duly.con—

‘sidered, I gmemter:- ‘economy: and - productiv{ty is to- result from such

change. ]E!:iissin' -this arw‘t_hat thorough research rather than superficial

ents~wizEE be needed:. T e : :

Te

Ihe ent:f:remcomruction connmmity can perform a major. role by developing
a coord:r:na:xzed Iﬁst of worthwhile metric research projects, so that the
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PART 8 - TIMING OF . METRIC CONVERSION IN 'I'HE CONSTRUCTION INDUSIRIES-—AN_ '
ASSESSPIENT OF CRITICAL ACTIVI'IY -ITEMS .

- ,

8.1 Key Fea;:ures of a 'I’imetable for Conversion

'_A timetable for conversion should show what needs to be done (the key .
- action. items in conversion) “when it should, be -done (a time frame for
- ‘accomplishment), and “who is principally responsible for it” (the lead

group for the accomplishment of an activity, and others affected) T

In tple United States there is no formal national comumt to metric-
- conversion or a ‘national time frame for the change. It is left to indi-

_ vidual sectors  and industries to determineé whether or not -to convert,

. when ko convert, and in what mode to convert (soft V9 hard conversion). ,

.The Construction Industries Coordinating Committee (CICC) of the American
‘i‘f‘National Metric .Council (ANMC) -has examined metric issues and' developed
a plan for voluntary conversion. - The plan _inmcludes . a Construction
’ Industries Metric Conversion Timetable. _

"‘This timetable, shown in Part 1 (figure 1—1) , goes beyond the timetables
- developed in other countries, by indicating which. sectors would hzve a
_"lead’ role,” as well ‘as ewhich o6ther sectors wamdd be involved in each
. action item. - This allows. industry sectors, ‘assaeistions, and individiual
organizations to plan- specific and generil respomses.,’ and to concentrate.
on those areas where they would be primarily in:vo]mﬂ.

.' The ANMC/CICC Construction Industries Metric Cor-aersion 'I'bnetable repre-'~
__,‘sents -an . attempt ,x‘private ‘sector: griups to devedop "a schedule . for a-
- voluntary conversion; "in- thé . construction .industries. The timetable is’

the outcome of lengthy investigation and planning’ activities, and has

been submitted for public -scrutiny- and comment. Like’ any <timetable; it

- .ds a "“best guess of" .the - time scale necessary for -conversion  by' people

familiar with’ industry activities ‘who- have ‘alsé studied 'relevant metric

“ issues.. As 4t provides time - periods .for each activity item, it would.'
Tv-allow both early and; late’; starts. in- actual imp]:emem:a:tion, but within-a .
= ;-framework of relationships to <;ther program items. . 5 v
'I'he timetable shows a’ series of cafendar years dm:hzg uhich conversion .
_ activity would. take place..’ I also uses the- comcept .of an "M-Day” :as a ..
" “focal: reference point”inme “to sign‘ify the—kgyw in the industry;
‘namely, ‘the. change from™customary ‘units. to: ‘metric umlissdn the production
_'of materials amlthe _construction’ of buildings.. "Thels=iey - is. the thresh-
" “old in.the program. “Where - hardgare dn-metricisizes T e come available, B
“.and: it scan- be}ikened - ‘to i noon .asd:- poi:nt 4n tdme- ashiich- divides “gnte"

f ='(a.m.) f:nom "post”, (p.m.). CAn. industry-agreed M-Bixy-waceid: ‘simplify metric '
'-f'»mana-gement dec:l:sions—-at “any. par.ticulasr: date there kzc_clear indication .

- of lead—time left to the point of tran;f:tion. '

i
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In practice conversion activities in a sector would take p1ace over’ periods
. .of .time, rather than J.nstantaneously Indizidual organizations would prob—
: ably phase in thei" changeover whes :tﬂie time for conversion is at an optimum. .
‘Some organizations may- attempt to “Rart earfv, “others may wait until the
bulk of the industry has cenverted. Thf's meams that each action item will

" have ‘a’ "transition pe' iod” of some 1, =3y - .ount up to"'a ‘number of -
years. -The timetable uses ‘a gmn methaad to illustrate “phases” in
.the change. . R " R . : s

" Figure 8-1: ;‘(:;rap-hical Illustratic "Phases" in a Change =~

- -
~ - . . . . - .

'Prollmmory Mofnc Conversion A\chvnty_
More:and-more-organizations become mvolved

Intensivie-Metric Conversion Activity -
Mnst ofcthe=required changes are made

v;_'DocreamgﬁMe*tnc Convors:on Achvnty'
Any re-ammg changs are made - _

o Sc"he'iiulle éodé:

J
!

L ﬁmnol‘Metnc Actmty ‘ . -
_ Metric measurement has becom medommant o
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. An understanding of the timetd:le and its intention is of great 1mportance..
: As- part of theg nning procass, ANMC/CICC prepared su#plemen:tary metric
" ‘comversion. gch dites, or timetables, for individual- . sectorsi The “supple— -
" mentary schedulés amplify certain items but dre  otherwise in .full agree—'
ment. -Full d_etails are -contained in ANMC publication "Metric Conversion
'm the Construetion Industries--Planning, Coordination and Timing™ -[1].
3.‘2 Action Items in the ANMC Construct:x.on Industries Metnc Conyersion

. T_imetable _' e I )

RS X

‘Iﬁe ANMC/CICC Construction Industries Metric Conversion T1metab1e, shown
in figure-1-1, -lists.23 ‘action items. .An understanding of the meaming'and-
geweral ini:ent of:; these - -action, items is desirable  to ensure the -best
. phasing corporate research developmental, production, and educational
3ctivities in compliance with i:ndustry—agreed time phases.' -No 'specific .
description of ‘the- .scope of indiv:.dual action items in the timeta:ble has

> .
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" ~': been provided by ANMC/CICC, although more detailed suybdivisions of ‘action
“ftems are given in activity descrdptions' prepared by the individual CICC
Sectors. These activity descriptions have been relied upon in the discus
*sion of the technical mtent or-:scope of each action it‘em... '
’ 8.2. . Publish Metric E-!cactice Guide for Construction (and Revice) - .
" Preliminary Phame: 1978/79 . R -
. Intensive Phase=, - 1980781 . . S . .
Residudl Phase: 198_2 ' . R )

- A metric practice guide is the major technical * "desk reference documecat™ for
the tramsitional perted. It }s intended to provide technically correct -
informatton on conversiomapproaches and procedures, including the selection -
" of preferred values (rationalization) and rules for -writing ‘and documenta- .
.tion. (drawing practice) immetric (SI} units. Supplementarymetric -practice"
guides for specific sectors and subsector$ would be based on. the general

metric practice guide.for construction.

il [ K
" While no comprehen51ve metric practice guide for the build.ing community has -
been prepared parts o.f metric practice guides have emerged through national -
smda:rds-generating organizations with broad general agreement on -rules .
" ‘and-recommendations. Some such organizations are the American Society-for
Testing: and. Materials. (-ASTM), American Society of . "Mechanical Engineers
(ASME),. American Society .of Hea:tlng, Reﬁcigerating and. Air-conditioning -
. Engineers (ASHRAE), Institute of Electrical =nd Electronic Engineers (IEEE),
Z» anETlluninatfhg Engineez:ing Society (]:ES). ‘The nost‘compsrehensive document . ¢
_ onrthe use .of SI units curremtly available to the industry is _the’ ANSI/AST‘i
Stamxdard E621-78, “Stzmdard ‘Practice for the Use of Metric (SI) \Units 1in

i-% Bﬂding Design and Construcﬁon" [2]. : ) e

Amther::reference document w&ich provides a. comprehensive set of metric
. practie guidelines is the TAIA Metric Bm.l&ing and- Construction Guide

¢ [3]' - IR - AR R o ca

&.Z 2 DeveloLNecessa.ry Basn; Heﬁ::ic ‘Standaxrds- ,' L e 3 L

o ‘Preliminary Phase: 1978/MEd-1979 oo, SRy
B _Intensive Phase: - Mid-1979/1981 S ; S A ot
o Residual Pha:se- . 1982:&{1&-1983 T

/-
'J:he task of eStainshmerrt of standards oh_.-rectives, idemfificati/on of new-

o swandasrds needed sand’ ex:f:sting standards 1zgﬁring *converﬁon, ‘as . well as’
-the overview of . the - developmem: of . basic. metirin standards required in,,the

.construction community (incIuo‘éEngr pzi'orit:&s ~for Qdevelopment /or. conver— ,
’ sion), is :a -key. function of ‘the: <Construction ' Codes. ‘and’ Standards Secton, '-."’-
fhie most, active Sector :in ANME#CECC. - ‘The ‘Sector . _and Hts. ‘Subsectors. are. -
ﬁtvolved. in the standards i:dem:i'zEﬁcation phaasae-, although a. vaFying de&ee
cif conversion and’ rationa]imtimctiv:.ty ;i:s;:taking p..ace in most na'tional
f.sta ds-generating organizati-ons- ' S Y B




Key standards ' include doc¢uments dealing with design loads; structural
. .desigm in concrete, steel, -masonry, and timbers dimensional coordination
-of bufldings, butlding materials, aund systems; building services design
_ conceprs (HVAC, electrical,” illomination, ‘plumbing, etc. ) pe*‘forgance
~ aspects of . major building materials or’ componments; design for special
occupancies (hamdicapped,'. elderly, children; etc.)? -and, space standards

‘for bnilding oc::npants, equi*pmem:, .and vehicles.

8 z, 3 Determizme Product Sizes dn Metric Units.
.Prelimimar; Phase: 1978/Mid-1980
. . Iatensive Phase: . Mid-1980/1984
. ~  Residual Phase: 1985—ongoing as normal metric activity

s

The determination of metric product ‘'sizes is a’ prerequis1te to’ the -
production of - genuine metric materials), components, and ‘systems. The
process of deciding on- suitable> and preferred sizZes -involves " inter— .-
industry meetings and ‘discussions, the’ prepamation of draft’ proposals and
draft smndards, and the finali'zation of metric product standards.

Consi&mble effor? already has been *unde:l:taken in deter:mining product
- sizes Tox. _steel products, reinforcing® materials, masonry unitsg, building
‘lumbers;, -and-glass.- More detail on this is given .in Part 5. The existence
of dimensional- preferences,= outlined in Pc =z 6, will ‘assist industry
sectors to arrive at preferred metrir ‘product sizes- and ranges.
L ep . ,
.2.4 Produce Metric Measuring Equipment . '
Preliminary Phase:  Mid-197971980
. Intensive Phase: 1981 /Y98 (inclusive)
Residua‘l Pha:se. .+ - 1985—omgoing as normal metric activity
This acton item' is shown in seventh - place in the ANMC/CICC ‘Time%able,
* but- chrmlogically -and logicaTly mght be - shown earlier to maintain the
intez:na]:.sequem:e ‘and relatio:ﬁiips of the - timetable. ! For Ehis reason

* w—’

it isdi:scusseiatthis point. L S , T A

[ - . -

o Metric 'msuring equipnmnt‘ wil_l be 'needed for d&eign and- documentation,
production (including research, development; _and :testing) and ‘ofr-site
constcuc:!:ton. “» The equipment— imwolwed " ranges from Simple 'scales for- mass-
(weight),, g:mges for measurement of’ pressure ‘Or. stress, -and thormometric
“devices. A ‘wide Tange ‘of equiipment .in. metric (SI). units is -already
availa‘b]:e—.and used in | laboratory: and .other work, in ‘ other partially
métric: :hnﬂnstries, and in the Canadian ‘marketplace. As with construction_

. . Pproducts;,. it is_desirable to dewelop national standards for metric measur—
ing. equi:pment which dAnclude the ‘use, of’ correct units, ’;suitable graduation
'or scales ‘OT - dials, and tests.- "for accuracy of th}e measuring device.

-~ 8. 2 5. Decision to Build Metric Building R T P
- Preliminary Phase: 1980/Mid-1981 . . o e
.7 . Intensive Phase: Mid—1981/1984 L v T
. Residual Phase.. - 198S--ongoing as a normal metric action B
> 110 ﬁl.j_ o - E
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'I‘he accomplishment of conversion is. dependent upon’ decisions bx c]’.ients to
"build metric .buildjngs in Accordance with _ an industry-—agreed tianetable.
Clientﬂeed__to._be~assured—-thaf ‘a metric building will“not : incur 4ddi-
tional construction costs: or_.time. . The building- decision,,,to ‘a large
extent, guarantees metric demand although a point™in time will be ‘reached
.in the transitional period. ‘where non-metric construction .could create a-
- - degree of premature obsolescence in ar building and, thus, dight not be in -
. the best interest of the building client. It would be expected that most_"
. -new-construction after’ the M-Day :would' be carried out in metr.J.c measure-
=--—ment, ‘as. would all-new design. : ~

'\\.

--’.‘;‘

:78.2.6 Award Design Contract [for Metric Design].
\ - Preliminary Phase:- 1981/Mid-1982 . . .

' Intensive Phase: "- Mid-1982/1985 “
: ~ »Residual Phase: 1986-—ongoing as normal metric activity

s %y

This timetable actiof item is a logical extension ‘of a__decision to build
a metric building, .and has a one-year 'displacement in the schedule.. - Of
course, design contracts for metric buildings ‘outside the United States -
.have ‘been 'awarded to. U,S. design organizations, f‘or .some ! zime. However,
" this item wouId relate specifically "to. design work within the United -

States. . o . _ S - . S
) ’ - 4 . .o ;
8 2.7 Begin Conceptual Design in Metric o ‘ S
» .. . Preliminary, Phase; 1981 . - s o ' et -
»  Intensive Phase: " 1982/1985 o ‘ : : :
e Residual Phase. 1986-—-ongoing as normal metric activity _

'I'his action item is shown in eighth place in the ANMC/CICC Timetable,-
. +~but chronologically ‘and - logically follows the’ award of the design con~- .
.. .tract.for. -a metric. building, particularly, as the timescale provides for
substantially the  same. durations. Conceptual design in " metric. units is .
- "dependent .apon the availability of key. rqference documénts setting out _
- space requirements and . acceptable (minimum) sta,ndards for activity areas
.+ ‘and accessibility. . in metric’ dimensions. Conceptual design will also be
B aided by agreed dimensional coordination guide]:ines. '
- 8. 2. 8. Develop ‘and’ Distribute Metiic Product Literature . .
" - ¢ . ‘Preliminary Phase: .Mid~1980/Mid-1981 " P T
.+ . . Intensive Phase: -  Mid-1981/1985 _ : - -8
Residual Phase. : 1986-—ongoing as normal metric activity

- "While shown in sixth place in the ANMC/CICC Timetable(ghis action item is

© highly’ dependent"’»upbn the determination .of pro*uct siz¥s inp metric, units’ -
(8.2.3) and: decisions” by industry segments _or . individual companies” to

..‘market: or foreshadow metrfc products. (A number -.of metric roofing prod-':' ’

- ucts.are already:’ available, as indicated in -5.9.) ' Some-metric. product'.

-information may also have been developed for- external markets, such -as

-
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N s In some instances, one product line with two sets. of‘product literature
. ~'may be. all ‘that is needed to accomplish conversion, and the steel 1ndustry
provides some useful precedent with .the description’ of steel sections and
. shapes in- both U.S.- customary units and metric units. 1In ‘other product_"
. groups, product literature needs to be: distingulshed clearly and carefully
. to.differentiate- between non-metric and metric products. During a tran—-
.. sitional period, product literature m.ll be- a major source of technical
- informatien, add it is important that it be developed in correct SI units
~—and-with .. correct presentation of - symbols ‘and numbers._ Metric catalogs
“and listings of metric product literature .probably "should. be- stored
' separately from other data for easy access and retrleval' '
8 2. 9 Publish Model. Codes in Metric
“Prel minary Phase: - Mid-1980/1981 g
. Intensive Phase: 1982/1984 _ = - -
Residual Phase: 1985-—ongoing as normal metric. activ1ty

e
\ .

~ S -

Metric units in model codes can’ take the form of” dual values, either as
direct equivalents or, as alternative values; or a metric supplement (as
uséd initially in the National Building fode of . Canada), or as a separaté
- metric edition. Eaclr approach ha.s some advantages and " some drawbacks.
In, general, -the further. the change “has - advanced the more need there is
 to incorporate preferred metr‘fc values. - o o, :

P

\One of .the strategies for a~smooth trans1tion is to -work towards a hard"'
metric version in successive editions. This can be accomplished by select-
ing. convenient alternative metric.valkes in -all cases where full  inter-
chal geabi’lity -is not required and whefe. no  industry standards have been \
drakted or issued. However, ‘it should .be done with the provisp that any |
metric values shown can only be used with. metric documentation .and cannot -

~ .be ‘réconverted ‘towl.S. . cust.omary units to obtain a' more advantageous _

: compliance value. In -this manner. both customary “and metric preferred .
~.dimensions- can be 'accommodated in ‘one- document._ This approach would -
eliminate many nu1sance values” from model. codes and subsequent statutory

-dr.\.'ments based upoit* them. - _ : s : : :

- 8. 2 10 Enact Enabling Legislation ‘[for‘Metric Requirements]
' -~ Preliminary. Phaser Mid-1980/1981 '
- Intensive Phase: 1982/Mid-1+983..

PR

~ S Res1dual Phase: - . Mld-1983/1984 ST IR

e e o - . °
.

Th1s action item is shown in eleventh place 1n the , ANMC/CICC T1metable,.

‘but chronolog1cally and ' logically might be- -shown directly” after _the

..publication:of., model codes,’ ast it is. designed to provide-the legal basis

" for the enactment of mef¥ic (b‘ilding) requirements. The enabling legiSla-

- tion need - not ind1ca'te specif1c ‘values in eithér measureéement system, but
ety rather prescribe’- ‘the maximum extent.of permissible modification to requ1re- o

"ments to -facilitate -their acceptance. at state or local: government levels.

“The enactment might also stipulate certain- dates for acceptance: ‘off documents -

- submitted . entirely in metric units and, possibly, a. ta get date after wh1ch

metric documents w;[ll ‘be. preferred. . e ] ,

L2 .
. B - <. -

E e




""'_:"‘8 2.11 Conduet Land Transac"‘ons in Metric
K ‘.Preliminary Phase: ' 12d-1980/1981
o * Intensive Phase. - ~1982/1983 (inclusive) ) : .
AR Residual Phase. : 198!&-ongoin~ as normal metric activity
_ This action it~em is shown in twelf-th place in’ the ANMC/CICC Timetable,‘
" but might "bé shown directly after the enactment -of enabling. legislationm,
“as_such- legislation may -be required hefore land transactions -and regis-—
" tratiom can take place in metric unitss Precedent has 1nd1cated that
~. the least e)!pensiVe transition is' accomplished if" land transactions’ ‘are -
.. recorded and titles. issued in~ metric units only on-an ongoing basis ‘so
that’ the” additional cost, if. any, is marginal. -Again, for effective
'ope‘bations, target dates shoui.d ‘be set at the local level to . minimize.

transitional di,fficulties. R . ) - e
- '_8 2. 12 Produce Property Surveys in Metric Units . , ' .
' . Preliminary Phase:. Mid—1980/1981 B oo
Intensive- -Phase: . -1982/Mid-1984 - m Ll
- .Residual Phase: . Mid—1984/ 1985-—ongoing as normal metric o
e : activity o }

. -

‘ ’Phis timetable item is closely related to the Conduct of land transactions B
. in ‘metric units.” Metric- surveying equipment is already available, and the ..
surveying’ -and- mapping community ‘has developed a practice guide for metric ..
activities [4]. At the national level, topographica?l quadrangle maps with -
_ratio scales and metric contous elevations ‘have . been published by the
U.S. Geological Survey 4in’ cooperation with several states, and state plan
céordinate systeéms are 'being adapted to SI with "the assistance ‘of the
" 'Natiamal Geodetic Survey of t‘he National 0ceanic and, Atmospheric Adminis-~

tlraq‘ion (NoaA):
"%

L3

'.-:‘8'2’13 Develop Metric Estimatin System N S T AT

" &7 -.% Preliminary Phase: Mid-1980719§1 S el e T

.-« i .Intemsive Phase: -1982/1984 (inclusive) b e
Residual Phase L 1985 SERTER - ,' S SRR

PN - . A . . e SN - . X
Co. . L. - - L.

- »'l'he -u;vg_}opment -of a metric estimating system in huilding is shown as the
.. ‘tenth{item:in the. ANMC/CICC Timetable, but’ might ‘be shown in.a later action
item, since it represe‘nts the . first activit_y in  which'. ‘the" contracting _
-?j._acommunity, will :become - involved significantly as’ a *lead:* sector. B *The -
coherent. relationships “between: SI. units. ‘and metric dimensional coordina-
'tion‘should facilitate the: ~development and maintenapce .of ‘a metric, estiﬂ\‘
ma.ting data Jbank,> ‘and” thus assist: contractors, designers "-producers, andx ‘
users.v,. The preliminary phase might ‘be- used to develop suitable computer \
L ~programs. : _ Y

B ~ . .
'_ < .. .. - .\ . y,. e . ~\,»_.: .:_ :.-.
- EERERL A W - 3

1_._._';'8 2 14 gin Dean Qevelopment and 4ngineering in Metric
N ',':-Preliminary, Phase: 1982/Mid-1983: . T, .

: .; Intensive: Phase:{.,-- Mid-1983/1985 -
' ;:"{Residual Phase.' l986—-ongoing as normal metric~activity




'l‘he development of detailed architectural designs and engineering calcula- g
'tions in metric' units represents the first maJor"commitment to. a' metric’ b
mode of-. building. ,Design development and engineer;ing ave. somewhat depen—*
< -dent: -upon; the. availability of standards. and. product information, -as’ well" .
T ‘as general agreements on metric product availability.' The objective’” of o
: metric ‘design should.be to minimize the amount . of ‘new non-metric- constriic=:- "
. tion: after the conStruction industry M-Day-rthat is,' if- the design. is.
expecte§ to . 80 .into the field in 1985, or. thereafter, it would be, advisable

‘to use metric (SI) units.- : ' ‘ o : _ e »..‘

o - -

o

» -

o 8 2. 15 Estimate a.nd. Bid on Metric Documents B LAY £ 3 :

" .~ Preliminary Phase: 1983 - ‘. “';f;;; : o

VoL Intehsive Phase: - 1984/1985 ‘f, S SR a z
" " ‘Residual’ Phase- : 1986-—ongoing as normal metri‘c activitv. : RS

If the ANMC]CICC Timetable i.. adopted by the construction community,‘
construction contraczors are likely to be faced:with metric documents from'
©.1983 onwards., This ’represents the\ first:. test, for the .metric. estimating

- 'system developed by contractors and subcontractors. Whereas ~bidd1ng -on f
'early projects may ‘be. more di'Ef:[cult .than competing for . nonmetric work
‘it will - build: up metric - judgment ‘and expertise ‘and’ is likely to : pay
dividends later when .major- clients wil\l look for organ'tzations with proven~

-+ metric capability. O \\ o _ e .

, . .o _c(" .'i:~- ) . - ;. ..‘. DR

8

. .2.16 Award Metfic Construction Contract o
T - Preliminary. Phase: 1983 - -\ - B
o 7T Idtensive ’P’nase* . 198471985 : A Tooa ] AR
: ¢ Residual Phase: 1986-—-ongoing as normal metric activity L

'l‘he award ‘of a metric construction co»ntract represents the second maJor
commitment to a metric mode of building. It will give a building cliént+
: a- structure wit.h minimum built—in obsolescence, compared with .a non-metric

‘building carried -out at the same time. .The-: constr-uction conitract needs, -
_'. to’ include safeg,uards for all parties in. the™ event of unforeseen diffi-‘@’"
- culties. It would be’ ynreasonable. to hold the contractor responsible forf"

all non-availabilities, similarly, it would be unreasonable to have ;

-

avoided. Precedent bas indicated that early metric Jobs are ‘gener :
better planned and ‘managed to avoid pitfalls, therefote, extra&
less rather t’harb more hkely to’ occur. S _j‘.,»,". :

8 2. 17 Accept Plans in Metric and Issue Build,ing Perm1ts

-7, Preliminary Phase:. Mid—-1983/1984 . . ' o T T s
" -" 'Intensive Phase:, 1984/ 1985 - - KERE o R
R .esidual Phase., . 936__ongoing .as normal_ metrid act1v1ty S e AT

.- Metric construction act1v1ty cannot eventuate without approval of metric™
plans and .- “the issuance of ‘a bvilding« permit i ’; g,gally, plan approval
. should be. bagsed on statewide or regional agreements and target dates t

minimize disruption..“' - T R T
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Vo 8 2 18 . thain Labor’ Agreements in Metrie.

PE . -Preliminary Phase: Mid-l9837End-l983 , -
: : Intensive Phase: 1984/Mid-1985. L. E ..
Resldual. Phase. Mid-I985/End-l985 . L

'Y . . 1 - .

The identification of measurement sEnsitive labor agreements and . theirl'
: revLew and- .restatement,. in . sensible .metric ‘terms is one of the- shorter
ctivity items in the ANMC/CICC Timetable: It should be fully accomplished .
within -a period of: one year from ‘the° proposed M-Day. - oL
L - . i S et
T 8Y2.19 ¢ Begin Construction of Metric Buildings - .
T Preliminary Phase: 1984  .%. . -
*+ .Intepsive Phaseé:: - 1985/M1d-1986 : '
’ Residual Phase. Mid-'l986/ l987—ongomg as normal metric activity

.’ 'o .
This action item has been - shown in a heav1er outline as it represents the v
focal .item: in’ the Timetable—-namely, the transition to the use and assembly L
of metric’ hardware. Et is ‘closely allied to ;thé production and delivery
of fully metric building materials ‘and éomponents.‘ . .
It is ant1cipated that some trial or pilot proJects will be -’ commenced .
’prior ‘to the designated industry ‘M-Day,  and that metric. construction will |
accelerate rapidly thereaftér. Within two years from M-Day, all new .proj- *
ects .should - bé constructed in metric units as a normal mode of opEration
te minimize ‘the duration -of .the transitional period and dual production
lines, dual inventories, etc. - Metric training ‘of construction personnel'hw'
", can be undertaken either on the Job or immediately preceding the involyve-: .-
. ment in metric tasks. LY . n:;,-. < o ' - »
8. 2.20 Deliver Metric Products to Suppliers and Site ° - ; Lo
: ..Preliminary Phase: Mid-1984/End-1984 ~~ .~ . - Y
Intensiveé Phase: J1985/1986.~ . ¢ G e : "
Residual Phase: . 1987—-ongoing as normal metric activity

a
o

This action item is sequential to. the production -of metric materials and
'components, and shows generai overlap with metric construction. activity.
.-The availability of metric products will determine the ease with which
- metric. construction can proceed A suitatle- identification system'is re-
- quired to differentiate metric and non-metrie. products in the transitional

period. .. ,- %.“ e et
8.2. 21, Complete Metric Construction ' - e e T e
Preliminary Phase: -1985 . o S ,;f' R -
= Intensive Phase: - 1986/Mid-1987 Lo T < L
. 'Residual Phase: - Mid—l?87/1988—-ongoing as normal metric 2
e ~ 3,,-_~“ : activity , - X

PRI
. . -~
x.)

- At first. sight, this actioa iten ‘Seems superfluous, especially as wich 3c.
:fvits accomplishment ~the point will*Be<reached where all new construction . .
is carried out insmetric units.. However, the timescale,shown indicates a :

v', . . .. R . i ', ‘?‘" S _.. s ' R
BN . - . T,
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lag time of one year between activity items 19 and 21 (begin .metric con-
_~struction and complete metric construction) which may be taken .as an .
' approximation of . average:,construction duration. Individual targets for
# commencement apd completion of metric construction have to be set for
;fﬁ each project, ind the inclusion ‘of this action item serves -as a reminder
.~ that the. completion date is Just as important as the commencement date.-
-8 2. 22 Occupy and Maintain Metric Buildings T
: ' Preliminary .Phase: 1986/Mid-1987
e _ Intensive’ Phase: . Mid-1987/1988
T Residual Phase. - 1989-ongoing as normal metric activ1ty

§

The occupancy and maintenance of metric buildings Signifies the accom-: .
plishment of {'the changeover. . Apart. from any ‘clearance or loading Pigns

ithere will be few® direct reminders that a building is a metric building. °
Maintenance should-be ‘easier as’ gene-al repair or maintenance items in’
metric sdzes increasingly‘Will become _vailable. .

i . .
8 2 23 Conduct Real Estateé Transactions in Metric, _
s Preliminary Phase:’, Mid>1986/Mid-1987 e ‘ .
.= .. Intensive Phase: - =~ Mid-1987/1988 ‘ )
-'Residual Phase. R 1989-—ongoing as normal . metric activity

The ANHC/CICC Timetable envisages that real estate activ1ties in netric

" units will follow .rather than .run in parallel .to metric’-conversion: in the

construction, industries.: To a large extent, _the change in real estate is,{

.o as .change in.the descriptions  only (that is, the software), which can be

. oaccommodated by means of a soft conversion and/or dual units during a tran-

“sitional ‘period until such time as estate - agents, sellers, and purchasers
become familiar with metric units. *

SN 8 3 Some’ Comments on’ the ANMC/ClsC Construction Industries Metric
M Conversion Timetable ; - : :

~

The ANMC/CICC Construction Industries Metric Conversion Timetable is .
_*complemented by a number of Sector -timetables which shcw greater detail -
~“in the ac“ion ‘items. They include periods for familiarization or training

of construction industry professionals, technicians, site personnel and

‘labor; and .office staffy research and developmental activities; and,

generally, -an expansion -of - ‘items relevant toD the particular Sector.{

It is significant that/ in the- review of the. ANMC/CICC Timetable by

: committees, individuadls, and representatives of industry groups, there
‘seems to ‘have  heen no /concern about the format or the chronology of the
timetable. Howover metric planners have stressed the need for an “industry
commitment date,” whi h would represent an agreement by the bulk of . the
construction community to participate in a voluntary but coordinated change,
based on "an. agreed- timetable,_so that “individual entities can each play
their parts to'‘effect the change in. the’ best interests of the whole industry

‘and, especially, its clients. . : : :

/""" ’ . : . ) -




The ANMC/CICC 'Timetable with its- weLl—structured .chronology of “action”
items and” an indication of leadership respons1bi11t1es, is a .practical -

reminder of the need. for cooperation between all sectors. Its “focal

point telative tc which elasped times and targets can be measured is the

"industry M-Day”——a conceptual date indica;ing the start of metric construc-

.. tion. The commitment in a timetable is. not to 'specific dates, but . rather

.Y to phases or periods during which certain actions are expected tb occur.

> The individual industry segment group, or -organdzation, therefore, can

phase into the overall time scale as and when it 'is mostxadvantageous from

a technical and/or economic point- of'view. ! SRR - .

# . . ’ ’ e

8.4 International Precedent'1n Construct&on'Metricationvand*Program Timing

ﬂ ,:A

Table 8-1. prov1des a“summary’ of the approaches and time factors in metr1c
‘conversion in the -construction industr1es of Britain, South Africa, Austra—
lia, and Canada. Even though industry size and Structure" differ - from- the

' United States, the respective approadhes and accomplishments are.of. intery )
.-est. Metric planning, as a management«exercise with technical’ overtones,

_was basically the same in all countries, with each nation except Britain
learning from the: precedent of others. In general a perlod of 3 to'4
years to M-Day was found to be adequate to*carry “out_ the key act1v1t1es
and, at the same time, maintain momentum. - iﬁ_lx. Lo

h - :

8.5 A Model for the Achievement of a Decision on Construction Metrication

Responses to metrication’ vary. from "leit's stop talking and get 1t over and .
done with” to “let's defgr it umtil there - is an absolute’ neoessity' to
" change,” with the bulk “of -the industry covening -a middle ground of will- -
~ - ingness ‘convert. "if everyone else does.” SIn the constrnction,community, :
' the strongest advocacy has come from designers, who can foresee significant
gains in productivity, and the codes and standards sector, in.which design-
ers are heavily represented as professional decision-makers. . Both groups
.. deal almost exclusively with software." “ Except for certain grougs which
can see very tangible benefits in & change, manufacturers, distributorsﬁ
contractors, and labor have preferred to defer a commitment. _ £h RN

.-

It is, widely recognized -that the construction community cannot. accomp11sh =
a definite response - to the metric issue without .cooperation- and 1nvolve-
" ment,_of the- key sectors and ‘major parties that make up the industry. The

T principal purpose of  the"NIBS Metric Symposium is to proyide a forum “for the
"objective” examination ‘of . metric issues*in the construction” industries—-

~ without letting those in “favor or those opposed dominate-and “then to'-
develop suitable industry-wide strategies for future ‘action. .

e A

Unlike other activities in the construction industry, metric conversion is oo
not an oft . repeated activity which c¢an be precisely ‘designed, accurately
estimated in terms of cost or time, and carried out as'a matter of routine.
It is. the most difficult assignment the industry has faced for a long time.
It is an assignment that cannot be: faced unilaterally by individuai sectors

" of the construction community, but rather 1eeds to be undertaken by all or

.
R .
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Table 8-1 Intemational Precedent in Metrication in Construction-Companson of :
?rogram Iiming L F ) ‘
o , \
*urmcmmoa FIRST YEAR SHOWH| MDY OR | TMETO | PRoGRM | T | . .
- COORDINATING COMUITTEE . | IN THE OFFICIAL | START OENETRIC|  M-GAY | COMPLETION | COMERSION | '~ REMARKS
- (Date Established) . , | METRIC PROGRAM | CONSTRUCTION |, (fears) | DATE | PERIOD.
. le:tnctimlndutry Hetric L1966 0 | Pl 4 Years | Estimated: | 2 dears  [Conversion vas hindered by
Panel (British Sundards In- . Progm' o Jnuary 1970 ' . End of 1972 oo a lack of orml;ation al
~1‘““‘“°°)' Yay 1965 batlable., | (o ibay) O kel 0|6 Yearsy o sbsence of dtrle coner
* [sceeriag Commizted Sor Iodus- | mm:y 1367 T et slon activity ia che generd
o WMM R CER | . . |conbed vizh dipensioual
June' 1969 - P IRV R S S ; "coordmuou. | )
0 . |Industetal umu&'m Mie | ' 1969 | Boa o | 3tars |Esdof1913°| SYears |Metric tapleentation took
oY zion Mecrication Departnest | . Jlnw.'y Iywny B - “|place simulcaceously through
South Afrfean Buresuof . ©|v. o lout the eatire econoay,
'Smdlrds) dudnz 1968.. U .o l(AS‘eblequenl :iy @172 .Yem) Al Target for ne:ric constric -
e Sb ) o o  |tdon vas advanced by 6 ontha
m Mmr, Yourd o ' Julyl 1971) o ©qto !quin moaentyva, Dinene
agblished 1967 o mewmy |, | : siéoal Soordtoation vas sot |

USTIALIA . |Budlding-and Comstruction M-l 0| ey 10903 Years | Esd of 19% | 6 Years [Progran conpleted ithin the
fie e Y |visory Comdttes-(Netrlc o : ‘ | " |assigned tine frame. Ingor-
. **. |Conversion Board), Noveaber S | i . tance of commitmegt by -

:,; W . government sector, aod si-
. R ‘ : . |multaneous petricaticn
I L, | ’ ' | . |chroughout the economy.
lsteeriog Comtetee 5 (Coo- | 1975 | Juouaryl, 1978 2 Years | £ndof 1980 | 6 Years [Program predoatsastly on "

struction Industry) (Metric' | 1978 Des i : o, ' schedule, with slippage in

Comaission Cansdz) aid-1972 “ H:f:; y sone provinces. - Matric
, Isector. Comdrees 5,1 (Coo . leadership by 2be, govermaent
S . : sector. M-Day twice deferred
. striction-ioclding deslgn) . | - during planniog stage. . |
¥, . - |Flrst Meeting Auguee 193 - | . e ‘
NITED STATES  |Coustruction Iodustries Co. | Draft Program | Drafe Progras | -4 Years. | Mo ‘Mot . [Drafe Progran developed in
s ordinating Comittes (ARKC), ' 1978 | Jenuary 1, 1985 from | Specified [ Speciffed 1979, Consensus of industry.
DRI January 1973 . o S Jaguary 1, : needed for implementation.
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'none.- Therefore,_it challenges the industry s ability to cooperate which,
in itself, has been difficult.to accomplish in the past. By its very ‘nature

-as a new, “untried:, ore—off,exercise, .metrication engenders resiscance by

‘some, and cencern- by many. - It is ‘up to’ the  industry, collectively, to
/assegs and - decide . on the claims made both f01 “and against ‘the change.
This paper offers a- model which ‘might. be used in the analysis leading up to
a ‘decision by the coustruction comnunity on whethefr or not to-commit itself
to-a voluntary conversion to metric measurement and, if so, .on what -type
: of program to develop and ‘how to follow—through. The model in -figure 8-2 -
shews five maJor steps in the decision process:, o e .

.1 Study of ﬁetric Issues and Concetns . . _
- 2. - Assessment of Benefits vs. Costs". . - :
'_3.: Decision on Metric Conversion in Constructton e \QQ_

4." Development of a Timetable for Conversion ~

5. Allocation of Responsibility for: Program Implementation (National,
Industry Sector or Group, . Individual Organization).

Wuch of the work has already been done. The ‘key stage is item three, the:

deciston on metric conversion. There are no neutral options—in the event

of a "yes,” the timing becames the next step and overriding issue; and the

évent of a "no,” the industry will continue to adapt as it, has done to

date. S
It must .be noted that. the “Timetable. for Conversion” presented by - the -
Construction Industries Coordinating - Committee of'. the American National -
: Metric Council was developed ‘entirely - by the private sector, based on
consensus procedures  and participagion by representativeés of nearly all
‘major groups in the construction commnnity. Any alternative would duplicate

. -

most of the work. R _ PR . . o,

8.6 Erom Timetable to Implem=2ntation” . w' ';:

.
*»

If a time frame for metric- conversion were to be endorsed by the
construction industries, actual metric activities would cccur in the prac~ )
. tical world of design; ‘production; and construction. Industry associations -
~would have ‘a major trole to play by widely publicizing the timetable and its
1mplications for‘their particular ‘comstituency, by. assisting with imple—~
_mentation issues or problems, ‘and by griding members in reaching common
" responses  during a transition. In. addition to becoming information_
- resources, the industry associations may also engage in metric’ training
' and/or familrarization activities. , S
.Whereas métric mplementation would'occur .at- the task face—-the local
level——an’ overall advisory mechanism at the natiomal level would be highly
desirable to give . ‘guidance, ‘provide .for coordination between diverse '
sectors, resolve’ problems ~ or conflicts,, and, generally ‘monitor’ progress
or lack thereof. Ideally, the" implementatior phase should be coordinated,d

by a group that "is- representative of all segments of the industry and .-

‘respected by all. segments. No compulsory powers would ever be required

e ; 1}9
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" “by:such a group, (or, committee), since its very strength would 1lie in its
. advisory role. The altermative——not’ to have' any .overall,—" guidance—would..

- almost’ certainly prevent . & -cost—effective’ metric-” conversgon «.in - the —
. . construction industries. - , 7 ... = LI S R

#

" At the :'.sect:or._ ,levéi, sup;%entéry :commivt:/'tees' would be _needéci' to

. more depth with specific ementation issues. = -

~ -

K . . . . . . : ) \ .
At the organizational lavel,.planning for the change and its implementation
- will vary with size. -In: general, the larger the organization, the more
opportunity exists to benefit from .a conversion by using it té introduce
. variety reduction and rationalization of products, processes, and proce-
~dures; ‘but, at the same time, the greater the chance of confiision 4if. per-
"sonnel is not properly briefed ‘or ‘trained. It . is important. that once .a
decision has been made to change o metric operations, a good metric cli-
‘mzte and information flow be maintained both within and outside the-
orgéni,z,at:ion: i " S ' o :
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. le Metric Conversion in the Const:ruct%ion Industries...Planning, Coordina-
" tion and 'Timing; American National Metric Council;- Washington,. D.C.:
. 1980, 56 . pages. B ‘ P - L .

e

2. Standard Practice:for Use of Metric (SI) Units in Building Design and
~ - Construction, ASTM E621-78; .Amerj.da’n_Soci’et:y for Testing and Materials,
' Phiiladelphia, PA; 1978, 36 pages. /I I S

- 3. AIA Metric Building and Constructiom Guide;: Wiley Interscience, Inc., -
- New York, NY; 1980; 154 pages.: o - o o o
’ 4. . Metric Practice Guide '1fc1>r Sirveying and . Mapping, Americ_an Congress -

' on Surveying and Mapping, Falls Church, VA; March .1978; 12 gage:,_._
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>nversion ito the;Metric System of Weights.and.MeaSures, (hearings

‘beforecthe_Subcommittee-on ‘Science, Research and. Development of the
ol ttee“on’ Cience ‘and’ Astronautics, House of'Representatives, 93rd .
:Congres S 18 ‘Session; No." 3, March 19-22, and May 9-10, -1973), U.S. 7
mmnit , cience and Astronautics, Superintendent of Documents,
U.S ’Government P ting Officea Washington, D.C., 1973

LBetter nderstan :”—of ‘the Metric System - Tn lications 1f
B > the United States, ‘Publication. No. CED-78-128, Comptroller
General of ‘the United States, U.S. General Accounting Office, Superin-
% tendent of Documents, U.S.: Government Printing Office, Washington, D.C.;
_{ :QOctober 1978.;LChepter 16’-?& Delimma for- the Construction Industry.

RS : : ,of the Metric System - Implications If

}’Adopted by :the -United: States —-Executive Summary,.Publication No. CED-
—-18=128A, Comptroller General of.-the United States, U.S. General Account--
cing: Office, Superintendent of Docnments, U.S. Government Printing
Office, Washington, D.C., October 1978u -

International System of: Units, NBS Special Publication 330 Natiodﬁl
' -Bureau of: Standards, Superintendent of Documents, u.s. Government
Printing Office, Washington, D.C., 1977. 3

- International Trends and Develo ments of Im ortance .to the Metricatign )

“ . Plans of the U.S. Construction Community, NBS. Technical. Note 976,

. National Bureau of Standards, Washington, D;C. June 1978. '

. Metrication and Dimensional Coordination - A Selected Biinographyl _
NBS: Special Publication 458 National73ureau of Standards, Washington
D.C., April 1977..g~- . _

Metrication in Building, Excerpt from Building Research“ (Journal of -
. the) -BRAB -Building Research Institute,,National Research Council,, -~ -
Washington, D.C.;: Volume ‘10 No. ‘1, Janua%ﬂ@ch ‘¥974; pp., 1-44,

.

Metrication in ‘Building. Design, Production ‘and Construction, NBS Special
‘Publication 530, National Bureau of Standards, Washington DsC.,
September 1978. : N

-
.~p -

Metric Conversion, (Hearings before the Committee on Commerce, U.S.
'.'Senate, . 92nd Congress, 2nd Session on S.-2483 February 29 and March 1,

. 1972, Serial No. 92-64). . U.S. Committee on Commerce, Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C., 1972, '
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. Metric’Diignsidnéi boordiﬁhtioh4- The Issues and Precedent, NBS .Speciai_
Publication 504, National Bureau of Standaxds,.. Washington, D.C.;

~ Feburary 1978. T o )

_i‘ﬁétrig'Laws gnd Practices in Intermational Trade'f:A Handbook for U.S.
: ExporiéEE:TU.S.-Departmen; of Commerce, Superintendent of Dogtuments,
' * U.S. Government Printing Office, Washington, D.C.; 1976. "

Policy-on -Publication of Plane Coordinates; ¥UsS+Departuent of Cqmméfée,
National Oceanic and Atmospheric Administration, National Ocean Survey,

‘National Geodetic Survey, FR Dec 77-8847, Washington, D.C.; March 1977.
- ) Sy - »'“..‘. . N . L . . -

-Preferred Metric Units for Geﬁeral.Use by theffedergl Governunient, NBS LC
1098, Intyragency Committee on Metric Policy, Office of Weights and .
Measures; National Burexu of - Standards, ﬂhshing&dn,,D.C.;'quember¢L978.

. Recomﬁénded éfactice for the Use of'ﬁef?ib'(SI) Unit; in Building Design
and Constru€tion, NBS Technical Note 438, National Bureau of Standards, °
Washington, D.C.; December 1978. R N

State Metric Status,. A series of five reports, “Northeastérn Region, .
. Southern Region, Near~Western Region, - Mid-Western Region, Far-Western
" Region, U.S. Metric Board, Arlington, VA; S:ptember 1980. D

The Selection of Preferred ‘Metric Values for Design and Comstructiom, -
NBS Technical Note 990, National Bureau of Standards, Washington, D.C.;
' ‘December 1978. . o - S _—

s

Uniform Metric System Procedure Act,'Nationdl'Conference of Commiééioners
on Uni’orm State Laws, Chicago, IL; 1979.". - i ' . o .
U.S. Metric Study dbomﬁréhensive-Repbrt): A Metric America: A Dagision
.Whose Time Has Come, NBS Special Publication 345, National Bureau of

Standards, Washington, D.C.; August 1971.- - .

U.S. Metric Study (Interim Reports), National Bureau. of Standards,
Washington, D.C.. o : © e - _

o .. -
.

intérnatidnal.Stanahrds, NBS Special ‘Pui.ication 345-1, December 1970.

Federal Govermment: Civilfan Agencies,” NBS Special Publication 342-2,

~ July 1971. . o .- | . :

Commercial Weights and Measures, NBS Special Publication 345-3; July
1971. . i o “e _'~-_ i . . o o

The Manufacturing Industry, NBS Special Publication 345-4, July 1971.

The Consumer, NBS Special Publication 345-7; July 1971. .~ T

. Internatiomal Trade, NBS Special Publication 345-8, August-1971.
. A -History of the Metric System Controversy in the United States,
" T NBS Special Publication 345-10, August 1971. . L )

Engihéeriﬁg'Standards,-NQS’Special Publication 345-11, July 1971.
. Testimony of Nationally Representative Groups, NBS Special %
: ,Publicaciop_345—12,-Ju1y.1971; o . : .y

‘—... . l: ;_ tr\.. --_‘,: 124 131 ' . .
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1 %’% T /-; ) . .
.; We,ig hes 'and Measures Standards of the United States = _A Brief History,
o _a_t,_i Bm:eau of Standards, Washington, D.C.; 1976. : o 1\ R
"9_{. Endust:ry and Association Issuances . _.' L . A ~ .
5 :“: A T . | { '
"“J Aaai'” vysis and Design of Slab Systems - computer program Portland Cement
"’3 AssOciation, Skokie, IL' 197, - \
" - - " P __‘\f\/ - )
1. Almninum Standards and Data = 1978 Metric SI The. Aluminum ,éssociation, )
= "’_/In », Washington, D.C;~ 1978. . . o . L
AISE”E&tric Practice Guide, 3rd Edition, Communication and Education
Se;:vige Department, American Iron and Steel I,gstitute, Washington, D.C.;
19ga;.;“' - oo . | - .

Ameri‘caag' vSociéty of Photjrammet!;z Usage of the International System of
E Units', “Amerit:an Society of ‘Photogrammetry, . Falls Churc‘n, VA 1978."

: Design Critexi&&ot -Lighting Interior Living Spaces,- Illuminating Engi-
',"'a neering Socie,t’y«fﬂew York, NY; 1979. . , . ‘

.

'.\‘- <e.*

'V:\"i KAl Guidelines 'for Metr:tc ‘Data in Standards for Valves, Flanges, and Fittings,
_""j_' (S/FP-86) Manufacturers Standardization, Society of the Valve and Fit—
¥, ‘lington, VA. . .. :

' l'»»

Lumba' and Wyodf Products Metric Plannin ng Packag_, A Status Report by

fuﬁberfaniﬂoofzgroducts Sector Committee, ANMC, National Forest Products . -
Association, Wash‘ington, D.C.; Mid-1978. ' : ‘

-e

RN Measurement -of Fire Phenomena, Society of Fire Protection Engineers,
e Boston, , MA; Draft February 1978. . - . . '

"Metrication - ‘A Concrete Opportunity,” Hans J. Milton; ACI' Journal'
American Concrete.. Institute, Detroit, MI; November 1977- pp. N13-N21.

¢ Mesric Design- Handbook (SP-;OD) Portland Ce nt Association, Canadian h
Portland Cement Association, 116 Albert Street, Ottawa, Ontaric, Canada.
Metric Guide for Mechanical Design and Draff'ing, Frederick T. Gutmann,
Industrial Press, Inc., NewYork, NY; 1978. ' .

Metric Pra._tice 'Guide f'o‘r'“Surv'eying and Meoping, American Congress on
, ‘Surveying and Mapping, Ealls Church, VA iarch 1978.

Metric: Practice- Gu1de for Welding Industry, AWS A1, I- -7x; by Metric
Practice Committee, American Weld:.ng Society, Miami, FL; October 1978. E

-

Metric Practice Guide (s1) - Units and ‘Conversion Fact‘ors for the S"eel
Industiy 1976, Ameﬁ.can Iron and Steel Institute Washington, D.C: 1976.‘

' Metric Zoning Guide., Karen White, American Planning Association
-_Wa.shington, D.C.;" 1979'
: . 125
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e

;tli "_Ihe Heter-Part of New ’anorama, Gunther Greulich Proceedings of
: American Congress Surveying and Mapping, St.- Louis, MO; March 1974

Use of Customa and SI (Metric) Units. ' ASAE Engineering Practice, ASAE .
. AEP 285.4 (including preferred units), American Society of Agricultural

‘Engineers, St. Joseph,,MI. ~. . . ‘ - .

: Use of Metric System in Meter and Bounds Su ys,” GuntherfGreulich,
‘Proceedings of American’ Congress on Surveying d Mapping, Washington,
'D.C.’ September 1974 ' . ‘..I, . ) . -

.ZWeyerhaeuser Metric Practice Guide, 3rd Edition, Weyerhaeuser Company, o
Tacoma, WA, 1980. _ |

<

9.3 Handbooks and General Information Issuances

AIA Metric Building and Construqtion Guide, Wiley Interscience, Inc.,
'New York, NY, 1980. - . o - - . .

) Metrication. Controversy -and Opportunity, Thomas Clark Tufts;
Progressive' Architecture, March 1979; reprints available from Reinhold

;-Publishing Company, Inc. _ ' _

- I

Metric Conversion Handbook Marvin H. Green, Chemical Publishing Company, :

'New York NY; 1980. , , : F

-

Yetric Units in Engineering Going - SI Cornelius Wandmacher, Industrial 4??
Press, Inc., New York, NY, 1978. - o . *

2

. - Metric Yearbook 1975-1980 Editions, J. J. Keller and Associates, Inc.,
s 'Neenah WIi; 1975-1980. P -

_ Our Metric.Future, Hans J. Milton, The Consiruction Specifier,'f i
February 1979; “reprints’ available from Coneruction Specifications
Institute, Washington, D.C. ]

<o

Standards Handbook for Metric Machinery Fasteners, J. M. Stockbridge,
The Standards Handbook Company, lint, MI; 1977.- :

D e .
. -

: Subdivision Design in Meters, Gunther Greulich .Journal of the Boston
,:Society of Civil Engineers.Section, Ameérican Society of Civil Engineers,
Vol.. 66 No. 4 Boston MA; 1979. f » .

~ 7,

‘ "The Modernized Metric System oo Explained J. J. Keller and Associates,

Inc., Neenah, WI’ (undated). A L
-9.4 Standards Organizations Issuances - -
! - "'.' \ . . . T ) )
. American National Standard Alloy and Temper Desi’ tion Systems for -
‘Aluminum, -ANSI H35.1-(M) 1978; American_National Standards Institute,.»

New¢York NY, 1978: - '_ 'ff-,_.dﬁ o SR
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'American National Standard Dimensi’ . Tolerances for Aluminum Mill -

Products, ANSI H35.2(M)-1978; American National Standards. Institute,

Ai_New York NY' 1978. : P v R .

':ASIM Standard ‘for Metric Pract1ce, ASTM E380-79_ AmericanvSociety for
~ Testing and Materials, Philadelphia,.PA 1980. _ g:’ :

Y . -

fz? :

--'ASHRAE ‘Metric. Guide for Heatin,, Refrigerating, Ventilating and
_° , Air-Comditioning, Second-Edition, American Society of Heating,
" .- Refrigerating and Air-Conditioning Engineers, New York NY.-

-'fAmerican Society of Plumbing,Engineers, Data Book Volume i -
L Fundamentals of Plumbing Désign, 1979/80 American Societx of Plumbing
T Engineers, Sherman Oaks CA. A . , _

American Society of Plumbing Engineers, Data Book Volume IL.- Special
Plumbing Systems Design, 1977/78 American Society of Plumbrng Engineers,
Sherman Oaks, -CA._ .

. . )
. ‘) ‘.
e S

American Society of Plumbing Enggneers Solar Energy System Desigi,
American Society of Plumbing Engineers, Sherman Oaks, CA.; 1980.

: IEEE Standard for Metric Practice, PEEE Std. 268, Institute of- Electrical
and E1ectronics Engineers, New, York NY; 1979.‘{ _ : o .

»:Metrication. Managing the Fndustrial Transition, ASTM Special Technical .~
, Publication 574, R. G. Liptai and J; W. Pearson, American Society for
Testing and Materials, Philadelphia, PA; 1975. . o ’

IR Preferred SI (Metric) Units: ASAE Engineering ractice, ASAE EP 285 4
- (including preferred units), John H. Addington, Compressed Air and Gas
'Institute,,Cleveland OH. . :

. o 3

Standard Practice for the Use of Metric (SI) Units ‘in Building Design \'
and Construction, ASTM E621-78, American uociety for Testing and . : ;
Materials, Philadelphia, PA, 1978. : : . - .

<

.0 Im addition, the following construction related metric standards_are
' published by the American .Society, for Testing and: Materials (ASTM),
! “Philadelphia, PA. -~ - . :

Al109M-77 Specification for Steel Carbon, Cold—Rolled Strip

v .

- 'A325M-79 Specification for High-Strength Bolts for Structural Joints

.. AS50IM-77 Specification for General Requirements“for Wire Rods and
b R Coarse. Round Wire; ‘Carbon Stee1 _ ‘ .
 A568M-T74 Specificationbfor Steel, Carbon and- High-Strength Low-Alloy.
B Hot-Rolled Sheet, Hot-Rolled Strip, -and" Cold—Rolled Sheet,
General Requirements : - ‘

127. . - . “ .




 A623M-78

T A6ZaM-T9”

"A626qr79

. A635M—77

- ab8ZM-TT

A615M=79

Y w . . S . s
: R - . T h..[
l_ - . e ‘ ' .. -' . . g-' :

Specification for Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement ;

- : 4
’ o

Specificat on for General Requirements\for Tin Mill Products.
Specification for Tin Plate, Single‘Reduced Electrolytic.

)4 -

Specification for Tin Plate, Double-Reduced Electrolytic

Spec1fication for SteeI*Sheet and Strip, Carbon (0. 15*percent
max), ‘Hot-Rolled m?ercial Quality, Heavy-Thickness Coils
(Formerly Plate) .

‘

Specification for Steel High-Carbon, Strip, Cold-Rolled
Spring Quality, General Requirements

>

- » -

& '.,)

: A]49H“77 Specification fbr Steel Carbon, and High—Strength Low-Alloy,;

;8133M-80
Bl39M—80

BI4OM-80

' BZO9M—80

-

B210M-80
5 BleM-79

o BZZlM?79

-

°

‘8247M-80

3248Mr80

R

BZSIM-79

,-._ -

.t"

oA

» Hot-RollediStrip, General Requirements

N. C e

Specification.for Copper Rod Bar, and'Shapes : f‘~fi

Specification fopaPhosphor Bronze Rod Bar, and Shapes

7

Specification for Copper-Zinc—Lead (Leaded Red Brass or-

Hardware,Bronze), Rod, Bar and“Shapes- \ . . L

~

Specification for Alnminnm-Alloy Sheet and.Plate - 7 .

Specification for Aluminum-Alloy Drawn Seamless Tubes

\ .
Specification for Aluminnm-Alloy\Baf, Rod and Wire .

Specification for Aluminum-Alloy Extruded Bars\ Rods, Wire,
Shapes, and Tubes o L USRS \ CA

Al
~

Specification for Aluminum-Alloy Die and Hand Forgings

. Yy
Specification for General Requirements for Wroughg Copper

' and Copper-Alloy Plate, Sheet, Strip, and Rolled Bar -

BZ49M—79 Specification for-General Requirements for Wrought Copper and
’ o \.

Copper—Alloz_Rod,_Bar, and Shapes
' )

?‘ PZSOM?79 Specification for General Requirements for Wrought Copper-Alloy

Wire N . . AR -'{'- S
Specification for General Requirements £or Wrought Seamless
- Copper and Copper-Alloy Tube S L A

BSS7M-79 Tension Testing Wrought and Cast Aluminum~ and Magnesium—Alloy {E'j

Products T -n,.* e ) B " \ Lo
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C76H-80 Specification for Reinforced Concrete“C
and Sewer'Pipe ; S

C412M-80 Specification for Concrete Drain Tile

C443M-80 Specification for Joints for Circular Concr

Culvert Pipe, Using Rubber Gaskets‘.-;ﬁ?:

Y
Ny
-.‘l'\l‘f

C444M—80 Specification for Perforated.Concrete Pipei o :f:‘_'igf ;~ ??f.;.;zi
) c478H-80 Specification for Precast neinforced Concrete.HPnhole Sections
-/ - s . fb .

“;C497Mr80 Héthods of T ting Concrete Pipe, Sectionso or Tile

.‘ S

CSDSM-SO Spedification for Nonreinforced Concrete IrrigationePipe with i
Rubber Gasket Joints T L
I e - . HE g
CSO6M-80' Specification for Reinforced Concrete Arch Culvert, Storm
j* Drain, and,Sewer Pipe : . o

- v_-,, . , ]

-

. ;.r Storm'Drain, and Sewer Pipe.;

-

W

C654M-80 Specification for Porous Concrete Pipe

-r<~_ 2 s

C635M—80 Specification for Reinforced Concrete D-Load"Culvert, Stormik

cae ] ; ;_ Drain,.and Sewer Pipe o IO T
C789M—78 Specification for Precast Reinforced Concrete Box Sections for R
P Culverts, Storm Drains, and“Sewers_u A Tl .
. -J SRR .

CSSOM-78 Precast Reinforced Concrete Box-Séctions for. Culverts, ‘Storm S
‘Drains ;and’ Sewers with less than O. 6 m of Cover SubJected to'

: L HiShWaY Loadings ﬂ o L ﬁ7 S fﬂ"- o
° ' . N B '- ‘r.. : ’ ) o .-'.v T --l

. C877M-80 Specification for External SeaIing Bands for Noncircular
Concrete Sewer ¢Storm Drain, and Culvert Pipe !

7

.".

":E62P-78. Standard Practice for the Use of Metric (SI Units in Building

- L Design and Construction N + *
E713-80 Scales for Metric Building lirawings ’ SR T IR S
e P X SR . ' : N '
. .__. AN e K . °.ﬁ . .o : .o o .
e T el Gt 1290 T e SR
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"467Mr79 Specificationjfor Nonferrous Nuts for General Use .- E

S ”9F468Mr79 Specification for Nonferrous Bolts, Hex' Cap Scréws, and Studs
' : for‘General Use E _ . .

=3

9.5 American National Metric Council IsgLances : _ ' L

———m.

Managigg;Metrication in Business and Industrz; American National Metric =
: Council Marcel Dekker,_Inc., New York NY; 1976. R

~

" Metrication for the Manag , John T.-Benefict American National Metric
Council, Washington D.C. September I977 = .
.
- Metric Conversion is‘the Construction Industries ... Planning_ .
.. Coordination ‘and Timing, American National Metric Council, Washington e

Do Co ’ 1980. ) . . ﬂ X Lo . C i

' Metric Conversion in the Metals Industry (Metal Products - Ferrous and
‘Non-Ferrous, 3rd. Edition, American National Metric Council, Washington

“D.Cs Bpril 1979.- . e | o

'Metric Conversion\Paper #4 Metrication - Problems and Opportﬁ'ities, .
American NationalWMetric Council Wash:ngton D.C., 1974.

e Metric,Conversion Paper #12 Metrication of Computer Applications,-
P American.National Metric Council Washington, D.C.; 1976. _’ :

Metric Conversion Paper #13 Metrication at Dunlop, American National
,:'Metric Council Washington, D. C., 1976. . . .

e

) 'Merric Conversion Paper #14 A Selected Bibliography for Metrication'g
in Business ‘and Industrz, American National Metric Council Washington

; ‘Do'Co 19770 L : AU : _. K . K . ‘ . B}

.

'? Metric Conversion'Paper #15- Metrication. What Needs.to be Done;; ANMC ©
. "Before .the: U.S. Metric Board on-18 August 978,-American_National Metric
-Council Washington, D.C., 1978. : . Co S

'fffMetric,Editorial Guide,-Third Edition, nmerican National Metric/Council,
;Washington, D. C., 1978. B : ‘_ v v

%

LiST Training uide,.American National Metric Council Washington, D.C., ;
. '_ - .
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- PART 10 - APPENDICES

-~

'I‘est:l.mony of Nationa]:ly Representatlve Groups

Page 4 of - General Summary

e

-

:THECONSTRUC‘I’ION INDUS'I’RY

-

- The construction mdustry is extremely complex and any oconvers:on

: would requ:re careful -coordination in order to npmm:ze problems. -Most

.groups see little darect benefit to.the industry from conversion. but many feel

thafit would prescnt an 1d&l‘opportumty to advance the concept of modular

_ construction and thusachneve nmportant cost savings, A special problem for-
", the. mdustry would. be the need" to repair and remodel existing’ structures
Wthh would requnre added mventones to be maintained for many years

. 3 ’
Page 76 ff Details of Construction Industg Responses

& .

vit: Cbrisrgpcﬂoh N

-

- fA SUMMARY or INPU‘I’S

The constructton mputs were obtamed wnth thespectal assistance of the
Construction Affairs Comrmttee of the Chamber of Commerce of the
United States. Inputs v ere ‘received from 26 construction related groups.

A majonty of those groups (ten) expressmg'an opinion feel that metrica- ~
tion is inevitable: and/or desu‘able Only two groups are opposed to metrica- -

* tion: 14-either express no opinion or state the use of measurement systems

—

- does not affect their: activities. =~ - . : .. o

Almost all. groups. expressmg an oplmon ona preferred method of- con-
version indicate that any such program should be carried out only under a
national! ,cmrdinated progrant. Some want a mandatory program and many
suggest that a Federal agency take over responsbility for coordination. A"

L !0-year transition time is commonly preferred with the first 5 years used in”
' convertmg codes. standards and catalogs ' .

Cost ond Beneﬁts of Converston
There is some resnstance to change. usually based on esttmates of transi-
tic™ .costs wnth no. foreseeable benefits. Many feel that conversion costs

- wouil be moderate -and once behmd them thé sxmpllctty of metric-usage

would brifig ¢ontinuing savings. opportunmes for more. modular construc-

- uon‘andmcreased”exports oo .

Transmon «costs. would be less than for manufactunng mdustnes s:nCe

._ * most equxpment changes could be made by adJustments or by normal main-: -
u tenancein 1 or'2 ‘years. .Some added costs would be anttctpated dunng

transition from the nccessary accelerated revision of codes. standards ani

. & .
h Y . ) -
i~ P .

L?é? |
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-

desxgn,tables. added tnventones atusmg some. mtx-ups at the JOb sxte ‘and-.
~.some worker meffictency whtle adjustmg 10 1yetric sizes:

Trammg would"not be a: senous problem for’ the constructton tndustry
The changeover would ‘réquire ‘new tlunlung ‘and *‘unlearning™. of long-
established. relatlonshlps. 'Vocational and apprentice schools would have to .

- change’ mstructton to us€ metric units. but young workers entering the fi eld :
- with metric trannmg would f nd measurements .and calculattons easier.to

. . make.

Some problems would be faced dunng and after conversion. in repairing
o older\structures built .16 customary standards Duadl inventories would have
" to be maintained on some matenals for many years. anda vanety of adapters
would have 10 be stocked

Modulor Construetlon ‘

More than half of the industry reports comment on the opportumty oﬂ'ered

by memcatton 1o advance the concept of modular construction and. achieve

important cost savings. Unified codes could reduce the number of sizes and
simplify the fitting of components together on the job. Uniformity would

reduce mtermmng and on-site cutting. and save construction time. In addt— -

tion. the use of:metric modules would provide more opportumtles for
.exchange of miaterials and test data abroad.

Metric standards. for ‘wallboard and plywood panels are only shghtly

* smaller-than ourd by 8 foot standard. Producers could change over to metric

sizes by merely ‘adj ustmg.~machxnery. Metnc cement block dimensions are

" close to present U.S. sizes. wnth about:a 3/8 inch difference in thickness.

'Stnce molds have a relatwe‘ly short, ltfe conversion of the machinery could
take.place during normal replacement. A major concern for allsuch-building .
' products manufacturcrs dunng any conyersmn process would be the need to
continue to supply products made to inch standards at the same time as newL
: metnc-snzed products are bemg produced -

.- ’

| 'Other ltems

The conVersron of land t1tle descnpttOns to metric units is suggested only
'on a*'go. forward“ basis. at the ttme'property changes hands. No useful pur-.
- pose would be served by convertlng extstmg records Maps could be con- '
. verted at thcttme of normal up—daung.

“the onstructlon mdustry in. England whlch is talung a _
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I Customary’ units’ permitted. The.new:British building code includes.a new

> mwfﬂmuhrmnmmdedwbemmmm. . change would be difficult, confusing, and expensiv2 to the public a5 wel

.10 tithe compamcs and wouldcomn'bute togreatermommlc mdénum
" andinsuring,” g

L " blewith US. sndurde.
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A Tbe Boand of Dn'ectots bfthe Amencan lmuune of Archntccts. in Apn1
L 1970 pmedthefollowmresoluhon T
g "Resolved. @h Boam‘of D:rrtmof theAmencan Insmute of
ceo Arclmem urges:the complemn of studies authorized by Public Law ‘
Mpamulad)m these mdiemlalc to the canstmcnon indus-,
C L tyand furllur urgeuhat the metric :ys:em be adopied s the no-

-« tional mndard of smghls am! mmum in lhe United Srares of
Ammca. “ L
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. ,Dmted States are designed and constructed using the customary measure.
. “ment system. Projects’ designed. for construction out of the U.S. are usually

ﬂesugned mmgthesystcmngeneml uscatthelocauonofthearconstrucuon. ;
-Any. conversion’ should takc plact in a planned 10-year period. because .

undcr llm program thc conversion-would be more orderly take less nmc .

- mtothcproductanddlmemonalstandardsoﬂheUmtedStatcs. R

: ,mmmfmmmyormm ltmdmtesthatﬁmu ' OF PI.ANNERS

-:‘;ﬁﬁlewuomoumwdcmndmberformhuthednmtomemmc' ;

f ‘-_.”.nmformnonmbsnme.lhmdmwouldcoopememanym- '

' ThemportoftheAmencan Land Titl Msoc:auon:sbascdona-%
. of association, mcmbers. The survey basically indicates, that while:

' In1970 thcALTABoardofGovemorsadopledamoluuonwhnc X

Gcnenlly. archuecml pmjects WhICh are to be constmctcd in the ~'J'mwn to rhe metric: s\srcm

~ .

| and allow the éasier mcorpomnon of astandardized dnmensuonal framcwor
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Wth 00 planned program for mctncauon ‘the greatest pmblcm wouldl;
comparability-of data. For example, plnnncrs use data, such as mnlu. tom

and: sallons.‘from many Federal agencies. Changing to the metnic systen

would require:the use of conversion tables and careful descriptions of data
Without Federal Government coordination and w:despread cooperauomht

. conversion could beatremendousundenahng. Homver.undera nanonall
: coordmated proysam., p!anners would be affected o more- than thegcnm

AME!ICAN I.AND TIT’{ASSOCIATION

the members antmpate advantages, such as the efficiency andumfor%

_‘thatmghtbe:ealmdlfmncmncouldbeaccomphshed.mecomm
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\nor imported. Further, theconsensussecmtobethatf'"

The complexxty of c&nvemng the hugc numbcr of pnbhc mordsmoc

.~ file jn aumeros offies should be carefully oons.dered.ﬁanduueniem

tion were contemplatcd. Thought should be given'io the possuh'l'nwf con

verunglmdmlemordsonly-onago-forwardbasnslfmemcanou

changing back-dated public record information to mctnc‘ﬂmts in botly publf
offices and mlecompany fi lcswould mean vcry Ingh costw:th hnleappaml

in partasfollows L
E ‘Whereas‘)muallv all ma;or cndus:rial counmes m‘ !In

mmcm mwooo Assomnon

Thc softwood plywood mdustry uses the customary systcm of we:gh ! ant[
measures. At this time it does not appearthere isa sugml‘ cant possibtlm _
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o ltappeamhelopcalwaytourryomapmmmfplanmdmemcanonrn
B 'thepiywoodmdustrymdmﬂ\evmredSmswonldbetoatabhshumm- :
L blesforaﬁxod time:period of perhaps 10 years.or more, with sufficient lead
. time established:for.coordination between related mdusms prior o work
. --bemmngonstandards.commlcnon modules;ete. - - '-‘
- It seems; mportant that Mnmbemwoumgedtostayaschsetf
prcscntsmandmodrdmspossrblemmrmmrzcthempactoﬂhcchanga '
" I view of the popular 4 by8foorpamls:zeandthempwtyofexrstmg
eqorpmenr.amxrmumncwpaoelsrzeeqmvaleotto49by98mcheswouldbe
- feasible. Mereooovemontothemctnclanguasedoanormmtooffcrroo
_ grcatapfoblem.butany‘ﬂdlcalchangmnphysrcalsrzesoou!dbechaouc
booaoseexpcnsrveeqmpmtwooldbeoomobsolete .

L Thegroatestproblemmvolvodmmetmoonwooldprobablybethatof '

"‘a»rdimnoobetweeurndmmatmmter-relatedandlhatneedto
cstablrshsrzestandardsdratmcompau'blewnheachother. "

mmcm nvo wlméas Assocunou

Tberepomsbasoduponasurveyofselectodmcmberﬁnns -

i Inmnltbemeymmmmwouldbesmadmmgcsand
someproblemsforthe'hrghwayandarponconstmctron industry in a na- <
uomlchamomrothemsystcmofmremennlnspueofmc
porcmlnoblm.tbemdmymgmmlfavorsachangeovermthena-
uomlmtcrestofamoreumfomandlopoalsysmofmmment S

Moamembtrsfodthatadmgeoverrsmewtablcanddcmblebutdm
: ~thechamwould roqurreclosecoordmanonamongddfercnmdusmas.trhrs
close coordination could dnly be affected by the Federal Governmentina
plannedprognmofodocanon.enoowent.and'perhapsﬁmaal

'i

T Somsemormemmymdmycwldcmsmmemmk!y.

Mmosbwly 'Ihenmmgofadrangcmustbccoordmatedtofonow _

"~:_thebgcalwqmmeofopmoonsbegmmngwrmplanmnganddmmmd
-oonnnumg through:constriction, testing: and mainténance: The’change of .
. standnrdsrsoﬁcnanmtoonsunnng process andthesc changes.
;vs;;.nmbecoordinaledwdhthemdustnesrnvolved. A

mmcrgr SOCIETY OF VL. momrrns
‘".if“.ﬂrsrepomsbmdontheworkofaspmlMcmmonCommmmnhe

':‘;kmenmnSoaetroﬁCi!r'l Engineers.
:[heSoaetyhapbomonrecordeMasfavonnxaoonversromthe
;ystm'l‘hc ‘many-ASCE:divisions havcddfcrentoprmons.but the

‘r-"f m;omysoemtofed,;dratoonvemonwouldpmcnrproblm bmnoocthat

. .‘..” ) '(‘__”‘“ {'.__.......‘ ". :

, dueto conversron in rhe constructron mdoslryareforcsccn provndmg:

in bmldmgcodc enforcement. Since the customary system of
) thrs industry.,

favora: changotolhc metric systcm because:

S prove rmemanona! trade and commerce and farrlaatc the. cxcharmr

Umted Statcs. ' ‘ e
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THE ASSOCATED. GENERAL CONTRACTORS OF " AMERICA
THE NATIONAL® CONSTRUCTORS “ASSQCIATION - %

Basedon experience, reponed by the‘Brmsh Metncanon Board'm l970
Telative to Great Britian's conversion 10 the metric system, and on '
opinion of members of ‘the associations, 00 increases in, cost or difiut :'_

(l) That the conversion is orderly. pl.mned “and gradual i in: its cﬂ' 53
and:. ‘ 4.»,
Q) That sunultancously with the convcrsrom-thc standards. codes
. specrﬁcauons which now prevailare madified o conform to the new
" _units of measurement, and that nationally recognized bodies 2 2
 urged to standardize the results o[ their efforts where possrble a'_
that Incal govcmmenul bodies be encouragcd to ad0p| model or r }
. gnonalcodcs. , . g

, BUIDING. omcws a0 o
' ADMNSTAATORS INTERNATIONAL 7 "2

“In uus country thrcustomary syxtem ot' mcasurcmenr is uscd exclus:v

has served the ncccssary porposcs atisfactorily and the corrstmctlon and P
latedindustries use the customary system, the motives. for i mstrgatmg 1

change are based on matters not drrer..ry rc?ated to, but certainly con
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" The members ot' BOCA who h«\e expressed.an opmlon on thrs sub et

. A common system of mfa.rurmenr throughout the vorld wouldi mr - 5

: of materials, building techniques. and Systems between nations,
A common system of measurement is rmpcrame—ro share* 3
rechnologrcalmnovanans betweennations. i s 5
Themerrrcmremucomemenr forem.-memng'comwmnons
. Building codescould be. unnerral!ymrcrpmcdandadopred‘ L

v BOCA feels’ thc possbillty of completc mctncatlon 5 ncghgublc. un «w‘o
-mandatory’“conversron process is .rdopred. Therefore. the mcmbenot" e
Buddmg Officials and Code: Administrators International. strongly recom: y

. mend that the. Sccretary ‘of Commerce urge the Contm totake im ‘

-action toward mp!cmcntmg aJO-ycar planned metrication pmgmmforlbe

- s *’. "‘. '.,"“
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jor concern of tbe‘('onsulllﬂsElmecrs Cooncil rclated 0 metnca-» -

m«‘-‘theﬁ crez increase in expensés that could-be incurred i in‘a transition period: -
ﬁ}o&qnfmyﬁ:my with the mctncfcy‘tem. ‘nns pomblc, increase: would
ﬁ;..“: ﬂnsﬁmdlvdsmltseffeasonmoﬂeogmeenugcoo-

Ce : .oosmcreasc could: plagc scvere burdens on/suoh

l.

The Va8 mrecohcrcm sys;qn. woold
"upoccrs.wm thearspecializcd tmini would bc

!oadaptmor'énpidl ythan athers. -

[t n.‘diﬂicult“zo ue;bmd’!cml','mhsqfrom
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n ,.nshtmgmduso-y suchasthe
and'f'footlamben. However: in; all: transactions: of, the
mﬂncumtsmsbm pareothcuoaﬂyfollowmgmstomary units. *

e
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mn;omuwfoc o:any lighting products. such as ﬂuofesceot lamps.
Smay: 00t change: If a'planned program for metrication were 1o beginit,
%ameMMmmﬁmew

mdustrywould Pftf?r asoft (i.e. language only) conversion -
e ‘chanpes iin:size) one.. chm'ﬂlcsiof what occurs. however,
here would'bemmnnoumable pmbjcms for lh; redwood

‘us'od.:o’thé}odustry‘vmeo relatedlocxponorfomgn . ._"mmwwdmhmmwoﬁm sted.conu'ete:

: MUNICIPAI. ENGINEERING
et ;/y e '--"

(&lf the. mumupalcogmeerand publ:c worksomc;al is to.fulﬁll hxs rolc:
prorecxmaod eohzmcmgthe human. environment, he must utilize the laie
oﬁhe mhmmwmmvambooahommmmwﬁpa

. metric system; by:almost all nations of the world cléarly establishes
s the univeréal syslem of measurement. The beriefit of technical éxchang

e
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conver,sanmth!hnsumvelsalsyst A S e
-Furthermore. municipal engineets and public. works bﬂ'c:als havele
pmsedageomldcsuretodiangetoﬂ:emctmsystcm.Thxmducpnmﬁl
toltsocooomy in perfomungengmeennsmlculauonsaodﬁsl
ccptanccasaumvctsal systcmofmcasnrcment.'l'hcuseoﬁhcm
'system Tor’ solvmg many- engineering and public. works' problems:fequire fequ)
oae-tentb thetnmeforcalmlauooascomparcd!otbcwstomrysystmﬁ
e Aplannednntocaoonpmmmwouldaddappmxnmdysmenuo.g-h
costotallpubﬁc worksopemuons dunnglheconvcrsnonpenod.Thctochn
el bcmfts and long:run. ocooomm of thzs‘eﬁ'ort. bowcvor. ﬁ

Tbeuscofthememcsyslemmprcscmmnmshmledmavuy
way 1o thcrcseardrorogxm Anychangmn washtsormm
. -nomenclaiure inthe eaforcement fild would be dictated by, the:needs'of
' malerial and consiruction industris. In other- words if the' métsic metic syien’s

s

. ‘masonry ‘andaluminum,” model: codesroops wmld.coovert'tov

' system, wuhoutdsz'nculty However:itis possible that advers eﬂ"‘ '@’ﬁ

rcsultfromevoluuooa:ymemcanoonothamgunbmﬁwf coordin
Prommbet\voenFederal.mandlocalgovemmtsandlhe' '
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f mﬁkdy.ﬂmmmontyofthemembctwouldwmnymmver-
mtothqmsystemm the field personnel are pontechnical. How-
rversnce the metric system is mote efficicat and more practical the men-

nngna!_p(oyamby ICBO.
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uoms m'mmmm ASSOC!AI'ION

‘«lheMobdeHome MamnfacturersAssoc:anonaswoup hasnoopnmous
mfposmou to. offer.. Present unit usage is predominantly customary, but,

Memmbehuhdoubtﬂntdnmdustrywouldbeabletoﬂccom— ‘

ey

mmywmmmmmcoaseqm
; ' '-t;. dmgnandclecmcal matenials manufacturcand that the govemment take

7,

mom’ Assocmnou or uom wlms

il 'repomsbmd upon asurvcy ofarepresematwesample ot‘ttha-
nomlAssoaalmof Home Builders’ membership.
§Convemnzto the metric system would credle problems in the repair and

ngofmilﬁqnsorhomesandapanmtsalmdybmltmlhnscoumry
Mhﬁl&nss.dmmomd«nmbaandfut.wouldmdrcm
W’gﬁercompleuonoftbeconvmmto the metric system.‘l'hemtem
i eicaton shou be 10 ariv atgworable and esly indersandable
A
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%Past expenence m ancmptmg to mtroducc modul.;r coordmauon has
slwn lhat unless there is a. coordmated effort. with some positive means of
m;mgcmcnt.an evohmonary process wnll.prolrably be unsuccessful. Any .

Mo ofplanned mmcauon must take into consideration the fact thal'the .

Cdnstriction-idustry is bighly complex and over the yehrs has developed
ﬁvﬂx}yeﬁm and economml mcthods for utﬂunuon of malerials.

CoordinaGor” comept.andtheprescmlyuscdmodulensbascdon thecusto-

?“:sys?m Convers:on 03 s:mslar metric. modulc would bc posszblc.but

», \ '\m

S groducnoneqmpmmchangeswould becostly o
J(2):Modiilar customary blocks and modular mcmcblockscannotbem»
ermfxed mthe:.ame;obwuhout destroymgboth the modularcon-

B Nmom ascmcn coumaons Assocumon

benhspwwldevmmﬂysubscn‘bctolheduwfollowmamdeqmm .

NATIONAl "FOREST ‘RODUCI'S ASSOCIATION

mh:tcctuml planning, modular coordinatiop and cnsmecnng dcsugn as wel
8 product development and use. :
> The attitudes encountered most frcquently in'the forcst produc:ts mdus
on the subject of metrication seem to'be: (1) thatthe trend i an unavoidable

. tion of producuon and marketing practices. -

: e : ' ' ' r ’ ‘-"
cong'ete block mdusu'y almost excluswely umnzes the “modu & rmmmal adjustmcnt of eqmpmcnt and tmmng 0 producuon perso anel.

L ‘With respect 10 Iumber usc in building constmcuun. the. éxion( 'to \Vthb
N beants of metric conversion could Se uanslaled into snmphficauon ot' _

" major factor in dcleruumng the pace of metrication and degree t ¥
o ,coordmanon of thceﬁ‘onwouldbecncoumgedmdsupponed. L
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' Tbcrcpomsbasedonasuwcyofmcmbcrfnns Thcsurvcyrevcalslhatf

at present the customary system is primarily used, except ‘that. cleclncali
units are metric. However, as more firms seek 10 g0 iriternational, the need,

. to “think metric” becomes more imperative. Incredsing imports of matenals.
i presently causmg problems for domcsuc operators. mcludmg on-sutc per-=

sonnel. :
The overwhclmmg majority of e Assocumon s members approve’thct
idea of converting and express a sense of urgency that i n be undcmken as*
's00n as possible, followmgacarefully planned program, e '*

“The majority recommengs the convcrsnon be conctrrent in archuccturalg

lead in fostering and cncouragmg convcmon onall fronts more of less con:.

\+
L

currenlly )

ltis unmhstnc to !hmk that the constructiont and bulldmg mateials in s’
tnes would permit s trend toward metrication. either voluntary or snmu~“‘
lated, 1o proceed without coordination. Such coordination should mvolv :

oies,(2) that its benefits to most segments of the mdustry have not been ful!
explained or undcrstood and (3) that the total cost over the period { of conb
. version may be difficult tojustify in terms of direct benefits. Reaction mngesﬁ
from enthusiasm through-cautious opum:sm 10 oonccm for cost anddlsrup-

s gcnerally believed that simple convcrsaon of nrcscnt measup dremer 4. .:

Volumetnc determmanons of log yneld and conversnon of land east
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fl_loped that a;planned progmm could re.sult m an mdustry

Bt couk: "'” “N"Lln dgrcemenl on mm néw and g morc op-
;ym;ﬁzes. mtauns some’ rctoolmg in thc mdustry wnh nts zmcndam

LY

R umons\
planuedprommmustbcemloyedw:tha.ll | |
'Dlemorproblemmﬂmndusn'ywouldbc

Rt o) PR mmm m’onlym’n
Belo A sl filvicaestht Whichiostalls and i -

5 :-l‘ It COIISIS(S ofa large poot of PCOPle possessmg vaxymg dem Of ecace

o tiom, : 3 &

o pthe construction industry. The increased costand very limiteg bcncf

e thccostandava:lab-htyoflongtcrmcapnal.Thepnonhesofwhat
" Housing construction could be postponed to give gnonty toithe conv “
fewer numberorwhawouldbccom.dmd I standard metric

o B
. ‘qnahty of the work force. Trammg would be needed to shlft from tﬁecust
. mary system to the metric system. Tra:mng:s pmbably the most import

. . e .
e . ’ . e R

. There would be:a sirong possibility of lost income due to delays in s sched

AN OVEIMI:'W OF 'I'HE CONSTRUCI‘ION INDUSTRY'S
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, The structurc of thc constmctwn mdustry docs ot readlly lend msclr.u
major change. The mdmtry 1s highly interrelated and both’ fragmcﬁted anc
" decentralized thi‘n thousands of companies participating to somccxten R

Ncw construction. xhoulqnot be emphasized.to the exclusion’of rcnova-

remodclmg. and repairing. These would cach hitve an cnnrelvdnfreml
:mpact as faras metrication is conccmcd. If we convert tothe mctncsystem

o completely inthe next 10 ycars.:t would be easicr to construct new huuldmgs

, themem of greatest. oomhowcvmwouldbeﬂwadmm-_f ‘- and nonbmldmgs than'to

 buildings agw standing will be i m ‘existence for the next one hundred: yeaé

ones now in existence, Many. of; tbe

* Y

. Constructed and:planned on a scale of mchds and feet, thcy would prmmt
scnousrenovanonandrepaxrprobletm. :

.~ Another major considerationin the cqnstruciion mdthstry mworlcf

‘skills. Theres. constant- ‘movement in-and-out o this: work: force 5

. genera!ly spcakmg. therc is very weak mdustrv attachmcm. lt takmgb’oﬂﬁ

1.8 persons.to ill one annual Job, . o
Concemms metricition. in construiction therc is l'ttle orno present ,

' cauon and no past expcnencc wnh thc metnic system. Exnstmgexpo:ﬁof
materials are insighificant) nowand probably will continue to bein lhef | 'f
The | reasons for thax mclude tbe waghubulh '.md hxgh cost of rans]

Accommodauon. of even adapuon.,would be bcuer than convmvf

i

this indusiry would receive precludes eficient conversion. Metricationt
 should ot affect overall construction acfivity because this acumyxsl"

o)

- construction-will be: bl are detérmined through the flowof thlS'cap} : :

- of plaits, up:tal investments. and plant equipment. - - bt pre
Anothcr factor which: would at'fect the ovcra!l constructnon aclmty .

VR

3 elemcnt in themdustry Thecapacuty of exzstmg apprenncetrammg syst em
" teaching aids. textbooks. and" conversion” materials* Would - need: tq
analyzed whom to train and‘how o tmn him would have to'be '\"_ s
. Recoiitment would. havc.to vary with age and geomph;cdnm'butwn,l “for
Cﬂmﬂc. aworker lwes in a rural-area.and has totravelto training 253
. classrooms. the:tine'spent could be considerable. He should bcco e
sated for time and transportatzon. creating an additional expense: .- ; |
- Additional concers’ mciudethc impact’ on the cammgs.of journeymens

o

ing: Also; many persons who areenbcr unw:llmg orunablc to lean, could | <
forced out Df Work. : '..s<. “: ) .



mermoml;:smwhood«;omeanw' Workets has 00 past ex-

um Wi Ay
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mf{ ‘ %fcmc.ne.cost of replacing required tools due to, metrication
| "ia Rl-lma distinction; shoul be made between the tools

e ools The ‘worker- infortunately. would have to fund himself the
placementiof those oter-1o0l: Training is estimated at 30 1040 hours
Xi0urmeymen’: 50w80mfortmuuctorsaxmundetmmned
me:*:(:onvemon at'itlus, t|me would deﬁmtely not be advanugcous»

system is essential; The members have little. it zny. con-

‘w-"

memcsystempthercfat. ‘the: measunngtools -and precision
bythemunbmwouldbeamprproblem:fﬂnMc

m& id.“Both construction and industrial workers,
the;umon. and_the replacement valve. of their tools would vary, dc-
egm Of ﬂnuﬁemwhlchﬂnyareanployed.

:c#r':(.v,““ venticeshi
sﬁmﬂedmban'supplemmmpmdingprommwouldbenecdcdm.'

'”tcfaéqni“mtmembetmhmemetmsystm

A LT e LT

The:metr ksystcm _mtaedbyﬂlcworkmenmlh:smdm(yﬂmply

“1-—-.-.~4

namrallyaddsuptoan opposing viewpoint. ;...

5

eths:adopted: some:kinds,of fotal'and: absolute: compensatory

W rQironglycons«letetlfortho‘ewluofa:ltcrgmpandmaster |
limchmmoﬁthanwsys!mtbmbyredmoﬂolally losing;their

OB Jwrh

Repbwmof tooks: wouldbemghgﬂ:le mcommmon with
of those in olhermﬂs. .. ,

“with; thénictn@:syﬂem excéptthe use of present “electrical tnits

ed by agreements. and 'Jtéolscraftsmenandpumcymcarry.mpcr-
n?-f'fébnvenm'to expeditethetr ‘work: :Although:the numbes"of tools , "
mged]: agrwnumsmnmmal thccmftmnactuallycanywmf cant :,
umber‘ofmddiuonal took, Reimbursement would probably be limited 0+ ~

tbeop:h:on-ofth:sumonﬁmwhthemmofworldwndetradca -

andefforts. ...

| reedmnon. A complete. reeducauon '

onvcssiodmbem systmwould be calamitius:tot tbemcmbenlnp S
- necessary. “There may. be a total rejection’ bysomeoftheoldcrworkmem

mainly e tigh rumber of cder mcmbers Inthe even heuse fthe

B SR
> + » “ ’

Theexpcnenceofthemembcrswnhthcmcofmcasures-nspnmﬁ

 Timited o linear and fiquid or volume measuring. and most of the: mcmbcr

‘ship has been usmg the Enghsh system ol' measure in thc:r day-to-ddy worl-

* experiences. . B
» ‘No members of the umon have any past cxpcnence wnth comrcrslon tothq

© metric system: ‘oS members are probably not even familian with wuth*ut:
" Furthermore. there areno. readnly apparent, advamagc\ of convcmomfrom
" the 'etandpomt ofthe individual members of the upion.

The impact-of convemon on members in the bunlduig iradcs pnman'l)

' painters, glaziers. and floor-coverers, relates mainly to tool rcplacemeuu
They typically supply many of their own tols. Among the mdusmal'wor

"kers. most of the paint makers use cmploycr-supphed cqmpmem. However
the maintenance painters supply many. of their own tool. kits'and bwdes
painling. they are. expected {0 perform qther maintenance funcuom wh|cl'
mayjovolve the use of mictometers :and depth gages. Retraining in: botl'

: " areas would also be a concern. “The amount of retraining would nece.&saﬁly

vary ‘according 10 tradesmen’s of industrial workers' prescnt use qﬁ he

‘custornarysystem. ""'—11 i E s i
* - R

0 .l.’: ‘.. I ‘:‘:}"‘QE

'INTERNATIONAI. UNION OF AMERICA Lo

.. \‘"'h
If the metric system were adopled thcrc would be much. m:stanec tothl

+changeat the outset. HoweVer. the tradestnen of this union could adapuo'

change with fewer problems than other trades. Successful conversion. wouh
require coordination of changes between: material suppliers, archuectdesag
ning engineers. and gencral and masonry comractors 1hrough Jomt Mﬂf

i
O

Advamam of metric usagt may mclude s ulumate s:mpﬁcny iﬁcaTéula

- tion. Also. there mayebc some. s:mpﬁﬁcatm of processes af

il the systcm of measure were unified through the metric. systern. Greate
. economies through speedof construction could resultif coordinated bm’ldm
‘ dcsngn. building materials. and m:mbly technj

mﬁmmﬁﬁemmwtﬁeunfmmmththesmem..'_ | asavdaized measurngsystem. . -

were bronght b

‘ wouldbecostsanddelays dhﬁt’.
of all ‘workers: would;b-

The major disadvantage of metric

‘the outset. There. wouldbesomccr:ffcultympbphnnungandesumm
Workertool ‘changes would also be required. These include a regutarfo

*ule. 50 feet and 100. feet Stecl meashnngtapes.and afrarnmg square.'l'g

costsof such changcs would be mnmmal.
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2. U S METRIC STUDY— AGENDA FOR CQNSTRUCTION INDUSTRY CONFFRENCE

- : . . {
. -~ . / .

-,.' s vcbustgucnon‘_flﬂbps_r_ﬁv'conréigﬁ’és' T

!
!

‘. B . Sponsored by the L | ' “L
U.S \Depcrtment of Commerce, National Bureau of Stondords
Ganhersburg, Marylcnd ‘October '5:6, 1970 .~ + .
'. - Monda);. Oixober 5 o ‘1\ | | -

9:30-10:15 Opemng Ses:wn‘ Chairman Damcl V DcSnmonc. Dsreclor. U.S

-

. De,puty Dlrecx_‘guuaughl Bumu of: - Standards ;,,.'_A :
" “The Construction Industry. and. the Metric System™ —Douglas Whit-
7 lock;” Whitlock, Mﬁi’eT&"tTaxt. member, Metric ‘System Swidy - .
_ _ -_"Advxsory?anel oL ’ -F’,,- e .
. - 10:30—_1_2;‘30 -Session: One. Buildmz Deazn. Codes, and Snndards : g
P Pamc:mw _Ainerican Institute of Architects T
TovLom e - .+ “Consulting_ Engmeers} Council of the USA.. . . .1 - .-
e v . o : Buildmg,Oﬂiaals Confercnoe of Amena, Inc.. A

; ofBunldmgOﬂicxals“ T

' - 1:30-:4:30 Semon Two: Buildmg Matcnals.» oduction and Sales -
Nauonal Concrete M Asocxauon U

e " Structural Clay Products’ R

e : * ... s  'National Forest Products Assocxanon - LR

i ' : ‘California Redwood " Association S ’
Amenan Plywood Asocnuon o

Tuesday. 0ctober6 _ — - : .

. . - N . .

9 30-11:15 Semon Three General Contmtors and Subcontractors
: 2 -Mapams Associated General Contractors of America >
b . - National Constructors Association - 4
s . Gypsum Drywall Contractors lntemanonal

i International Assoaanon of Wal! and Cexlmz
.o Conu'at:torIt .

lll:_157-12:00 Semon Fonr- Building Services . . - y ' N
o . Participants: National Electrical Contractors Association. Inc. '
) i . Air Condmomng and Refngerat:on lnsmute
1:00- 2:00 - Scsaon Fwe- Home Buildcxs and" Home Manufacturers
_ T Pame:pants. Natiogsl. Association of Home. Builders .
> ’ Mobde Home gmu&cmm Asocnnon -
’ ol
2:15- 4:30 Semon Six: Land Seryms and Heavy Constmcnon
T Panmpants.AmermnhndeeAsoqam ‘

- . AmencanSoc:etyofCivilEnm

>,
«

. / *

., ,13.9"
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Coordinators, Metric Actions." -

_Construction Related National Associations .

Listing of Organizations Contacted for
in Parti'2°- "Current

[N

" i

”,

Aluminum.

. American(Association of Cost,Engineers _ ) .
American Concrete Institute - L
‘American Concrete Pipe" Institute e

g .and Refrigeration Institute

Association, The

‘American _Congress on Surveying—and’Happing : ’ L
© - American Consaltin“—Engineers Council ™ * '« . . )

~~——Anérican. Geophysical Union =~ . ' o L
. American Hospital Association RS .

. American Institute of Architects . ° N
.. American Institute of Real Estate Appraisers ¢

American Insurance Assocfition . _ )
Ameritan Iron and Steel Institute - 3 S .
American Land Title’ Association e . T
, American National Standards Institute
© - American ?Qywood.Association e LT AN .

. - American Society -of Engineering Educatio o/ T .
V'American ‘Society for. Testing and Materials aeEoT
o American Society;of Building ‘and’ Construction Inspectors ;

-: American Society of: Civil: Engineers /e AN e
éf_American Society;of Heating, Refrigerating, ‘and Air—Conditioning

. Engineers =" - -
:AmericanﬂSociety-of Landscape Architects

ERIC
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r.of - Lighting Designers . ‘
y :of Mechanical’ Engineers _ ) .o
ty: of - Photogrammetry ™. . _ T e
Y. of Pla "ning Offi\.ials L

" 3 ngineers, Inc._
“._Sanitary_hngineering

\dministr orsgInternational Inc.‘
tur 'Manufacturers Associ tion
r ted7Brotherhoodaof “

formation Included
!Activities in Profession.l and Industry
Groups agd State: Government Policies, Metric Committees or

- -




Gas’A'pliance Manufacturers Association S . ' )

GYPéum?Association S T - R
Hardwood'Plywood Msnufacturers ﬁ3sociation L UL
Illuminating Engineering Society CR L o - p

Institute.of ‘Business: Designers B o ‘ o
:Jastitute of . Real Estate. Mapagement - ' ‘. R
. 'Interior: Design Educators Council o A T e :
¢ 'International Association of Bridge, Structural, and OrnamentalfIron }
_Workers - - Voo R
International Association of Plumbing and Mechanical Officials ' .
' _International Brotherhood of'Electrical Workers - . st o
International” Conference of Building Officials , "
.. 'Imternmational Masonry. Institute - I .
" Internatiomal: Real Estate Federation, American Chapter e
. Laborers- International “Union of North Ameriea . e i
Lead.Industries Association . v ‘f'»‘,
‘Mapufactured Housing Tmstitute. . .. . oo . -
Hechanical Contractors Associatiop . L ) . L R
-~ Metal Building ‘Pealers Association L . o T
. Natiomal: ‘Academy of.. Code'Administration e ‘:_ . o LS
" National Asphalt: Pavement Association . ' - el SN
 National Association ‘of. County. Recorders ‘and Clerks T E
' National Association-of. Blumbing-Heating—Cooling Contractors T T
National "Association of “Home ‘Builders = -« ) . Do
'Nationmal ‘As8sciation. of Home Manufacturers P
 National Associationsof Realtprs .
Nationa!'toncrete Masonry Association I e
National ‘Eléctrical .Contractors Association - - R
NationaZ Electrical ‘Manufacturers’ Associationb' U
National Environmental Systems Contractors Association -
155 " National Fire Protection ‘Assoc¢iation. | o
_ National: Forest.: Products Association ' K T C e
‘National: ‘%Insulation Contractors’ Association, Inc. . "
National Lumber ‘and Building Materials. Dealer's Association i
. National Society of- .Professional Engineers . R
-a:National Utility Contractors Association - o ';;' . e S
Portland Cement Association T A - o
Prestressed Concrete Institute\ T R B R
‘Producer*s Counctl,. The-. - T B W S
‘Realtors ‘Natiomal: Marketing Institute . _ L - _
“Red- Cedar: ‘Shingle. and’. Handsplit~Shake Bureau- N :5\u- -
"H.Sheet Metaliand Air-Conditioning Contractors National Association Inc., a;
v ‘Society" of ‘American Registered Avchitects _ Q ’\.
Society of Industrial Realtors | . tl p i
" T'seciéty. ‘of Plastics Industry l_“ o - :
: Society of Real Estafe Appraisers: . ' f
' i ode Congress Ihtefnational Inc
'Industrial ‘Council: : e
ssocidtion of America, Inc. ,'

-

L.

“Plate: Institutef‘




Underwriters Laboratories, Inc. SR N
homen s COunci‘ of Realtors A ~;_ - N s
Construction Related Individual Companies, i .
TR American Standard/U s Plumbing Producgs ,
SRR ‘American Telegraph and’ Telephone : .
‘. ‘Armstrong Cork -Company : : RS g v
-TeR. Arnold and. Associates, Inc..-' Lo T L
- /Babcock and Wilcox : S T e
Bechtel Power Corporation. 'y i
Bethlehem Steel -Corporation . . v
Bliss Steel Products - )
Boise-Cascade Housing Divis'ion o e, T N
.Braun -and Wieder Construction Gompany:
" Bufck MoBor Division - - . T e .
: Cahner ®s< Publishing ’Company T
- Carrier International’ Corporation et
.Certain-Teed Products Corporation : .
' ,'« Fleetvwiocod Enterprises, TInec. - B
" GAF Corporatien’, _ - i p 5
. W.R. Grace.and Company . ) B S
Green Construction Company . .
Ha.lstead\and Mitchell R : < e
© IBM! Corporation LR O - R : .
- Johns-Manville World Headquarters e BRI e
Koppers Company, Inc. . = R me T e
Lockhard Manufacturing Company - . L T e
_E‘IcGraw-Hill InEormation Systems - - = B .
_‘ Mobil Research; and Development Co_rporation S
Monsanto Company, The' - . - e AT - Lo
-..\\ _. . : _...‘._.. B : . s A P . -‘ ‘
. \ - . , A
S Gypewm o =, A

Weye rhaeuser-Colnpany
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: industries. Also included in "the report is a bibliography of

.| -industries' metric technica.l information. T _ = e
- ¢ . ot ¢ N - .

_ < I AT

j:'; - . N .- .

2 "conversion:ﬁmetable, metric decision; metric product s:.zes, metric systan (SI).

B e P ~

S NBSVAA mev. Geaer

u.s.fo.swr. or ‘comm, L.:g%lCATg)N 05 . - | 2. Performing Organ. Report Noj 3. Publication Dane

BLIOGRAPHIC:DATA - N DT -
e oa | - cmssess 1 | odeober 1980
‘n'n.s AND’ SUBTITLE L e R
-Metr:[c Convetsion in the Construction o-

.’Industr.ies - Technical Issues and- Status L v

"AUTHOR(S)
‘Hans J. Milton ‘and Sandra A.‘ Berry

; PERFoamc;oacAmZA'nou (f joint or other than NBS see mstruct:ons)

\-.q_ -

- IATIOIAL BUREAL OF STANDARDS

. DEPARTMENT OF COMMERCE . .
: lASHlIGTOI, D.C.. 20234 . ’

s, . . . :

.",Same/as.item:6..~ I e

:{5 . 11. ABSTRACT (A 200-word or less factual summary of most s:gnif'cant informauon. If document includes a s:gn(ﬂcant
o bibhography or literature survey, mention it J:ere) i :

T
; ‘ AP L.

This Special Publication was prepared at sthe request of the- Metric Symposium
= Planning Committee of the. National Institute of Building Sciences (NIBS). It is
~|-- intended to provide information “on technical issues’and- status of metric conversion

“at the NIBS; Symposium on “Metric. Conversion in thé Construction Community"” to be’
- ‘held. December 2-3, 1980, in. Chicago, It
.affected parties. in the construction comnpinity. .

The ‘report contains . information ‘on planning for the metric change, .current metrlc
" activities of f professional.and industry groups, techn:k:al implications in the .
'-construction industries, dimensional coordination;, metric building products and
;. services, research issues, and timing. It is inteunded to provide assistance for
" informed decisiomnaking relative to metric converslot?.\;eor the U.S. construction

beilfa/nt construct ion

u. SUPPLEMENTARY NOTES — : P ) , T \ 1

: . : L] . . L - . L _\? - P . .
Library of Congress Catalog Card Number- 80—600173 ’ ".'_‘-‘,'-' e o S IR
D Dr.oument descrlbesa compu:er program. SF-185 FIPS Software Summary is amched - _,-' ', \

4n the United States construction industries. 7 It w:l.ll be made availablé.to attendees_

In addition, it. will be available to other

" ', Constructi_industries, dimensional coordination, metric bibl‘iography, metric

3‘AVAILABILITY T e o S0 14.uocn=
. ST : - o o PRINTEDPAGES




.o the monthiy
magazine of the Nation-

- al Bureau of Standards.
Stlll feattred ‘are spocnal ar-

» current topics sach as consum-
er product safety and building
. technology. In addition; new sec-:

'SCIENTISTS .with illustrated discussions
.. ., of recent techmcal developments-and-
- work in progress . ... INFORM INDUSTRIAL
'MANAGERS of technology transfer activities in
Federal and private labs. . . DESCRIBE TO MAN-.
.UFACTURERS +dvances in the fi

P

- carries complete-istings of upcoming conferences to be”
held at NBS and reports cn-all the latest NBS: publications,

‘a page of News Briefs, almed at keeping scientist ai:d consum-
.er allke .up to date on major developments at'the Nation’s physi-

» with information on how to order. Fi naIIy, each issue carries

ticles of general interest on -

tions are desngned to . . . PROVIDE

efd of volantary and - - -
mandatory standards. The new DIMENSIONS/NBS also -

ca! sciences and measurement Iaboratory L

(pleau detach here)

~

"

o

“‘c':scmmoru ORDER FORM

‘Enter my Sub>cnpt:on To DlMEl\SlO\lSINBS -at S11:00. Add 52.75 for fore:gn ma:hng. No addmonal
bostage is’ required ‘for mailing within the United States' or -its possessions. ‘Domestic remittances
ishould be made .either by postal money order‘ express money order, or check. Foreign remittances
should be made enther by mternanonal money order, "draft on an Amencan bank, or by UNESCO.' .
coupons. . .

Send Subscnphon to:

2

‘Documents)
'3

*
- Account No.

kY
~

'NAME-FIRST, LAST

‘a
4 e
O Remittance Enclosed

(Make checks.payable
- to Superintendent of’

'

;1IIIJJllllILILJLJLJIIIIl uul_ : .
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I P LR e e et {AAIL ORDER FORM T0:

2 : - STREET ADDRESS Superintenaznt of Documents | - .
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PERIODICALS

\
JOURNAL OF RESEARCH—The Journal of Research of the
National Bureau of Stundards reports NBS research and develop-
‘ment in those disciplines uf the physical and engineering sciences in
which the Bureau is active. These include physics, chemistry,
engineering, mathematics, and comput :r scignces. Papers cover a
broad. range of subjects, with major emphasis on measurement

methodoldgy and the basic lechnology underlying standardization. .

Also included from time to time are survey articles “OR topics

* closely related to the Burcau's technical and scientific prugrams.

As a special service to subscribers each issue contains complete
citations to all recent Bureau publications in both NBS and:non-
NBS media. Issued six times a year. Annual subscription: domestic
S13: foreign $16.25. Single copy. $3 domestic: $3.75 foreign.

" NOTE: The Journal was formerly publnshed in two sections: Sec-
tion A ° Physns and Chcmlslry and Section B “Malhcmaucal
Sciences.™ L

’DIMENSIONS/ NBS—This’ momhly_,magazmc is pubhshcd 1o in-
form scienusts, engineers, business and industry leaders, teachers,
students, and consumers of the latest advances in science and
technology. with primary emphasis on work at NBS. The magazine

highlights and reviews such issues as energy research, fire protec-

tion, building technology. metric conversion, pollution abatement,
health and safety, and ‘consumer product performance. In addi-
.. tion, it reports the results of Burcau programs in measurement
standards aid techniques, properties of matter and materials,
engineering standards and -services,®

foreign $13.75.
) NONPERIODICALS

Monognphs—M:uor conmbuuons to the technical hlcralurc on .
various subjects rclaled to the Bureau's scientific and technical ac- -

. tivities. ~ "

Handboolu—Rccommcndcd codes of cngmecrmg ‘and industrial
practice (including safcly coczs) dcvcloped in cooperation with in-
terested industries, professiona! organizations, and regulatory
bodies.

\Spedll Publications—Include proceedings of conferences spon-

sored by NBS, NBS annual reports, and other special'publications
appropriate to this groupmg such as wall charts, pockcl cards, and
- bibliographies. :
* Applied Mathematics Sesies— Mathematical tables, manuals, and
studies of - special xnlr%ghysicisls. engineers, chemists,
bndloglsls mathematician: puter programmcrs and others
engaged in scientific and technical work.

. "National Standard Reference Data- Scrfes-—Provrds quantitative
data on’the physical and chemical properties of materials, com-
piled from the world's literature .and critically evaluated.
Developed under a worldwide program coordinated by NBS under
the authority of the National Standard Data Acl (Pubhc Law

- 90-396). - o . -

. The following current-awareness and htmmrmrvey b;bhognphnes ,

are.issued periodically by the Bareau:
Cryogenic Data Center Current Awareness Service. A literature sur-
vey issued blwc.klv Annual subscription: domc_suc $35: forclgn
$45. ) -
Liguefied Natural Gas. A literature survey mucd quarterly. Annu.nl
subscription: $30. .

P

C e

~NBS TECHNICAL PUBLICATIONS

- "Building Science Sena—Dlssemm.ns technical

instrumentation, and -
automatic data procssmg AnnuaL subscnpuon domestic $11:

- BIBLIOGRAPHIC SUBSCRIPTION SERVICES

Superconducnng ‘Devices and Malemls. A literature survey issued *

v

NOTE: The priricipul publication outlet for the foregoing data is
the Journal of Physical and Chemical Reference Data (JPCRD)
published quarterly for NBS by the American Chemical Society

* (ACS) and the American Institute of Physics (AIP). Subscriptions,

reprints, and supplements available from ACS. 1155 Slxlecnlh St.
NW, Washington, DC 20056. :

information
developed at the Burcau on bulldmg materials, components,
systems, and whole structures. The series presents research results,
test methods, und performance criteria related to the structural and
environmental functions and the durability and safety charac-
teristics of building elements and systems.

Technical Notes—Studies or-reports which drc'complclc in them-

selves but restrictive in their treatment of a subject Analogous to
monographs but not so comprehensive in scope or definitive in

treatment of the subject area. Often serve as a vehicle for final °

reports of work pcrformcd at NBS under the spansorship of’olhcr
government agencies. ‘ .

Veluntary Product Stand:rds-—!)evc!oped uhdcr proccdhrs

published by the Departinent of Commerce in Part 10, Title 15, of ~

the Code of Federal Regulations. The standards establish
nationally recognized requirements for products, and provide all
concerned interests with 1 basis for common understanding of the

characteristics of the products. NBS administers. this program as a-
supplement to the activities of the private sector. standardizing

organizations.

Consumer Information Series—Pructical information, based on
NBS research and experience, covering areas of interest to the con-

sumer. Easily "understandable language and illustrations provide .

useful background knowledge for shopping in today's tech-

nological marketplace.

Order the above NBS publications from: Supermlendenl of Docu-

ments, Government Printing Office, Washington, DC 20402.

Order the following NBS publications—FIPS and NBSIR's—from

the National Technical Information Services. Springfield, VA 22161.
R . (s

Federal Information ‘Processing Standards Publications (FIPS
PUB)—Publications in this series collectively constitute the
Federal Information Processing Standards Register. The Register
serves as the official source of information in the Federal Govern-
ment regarding standards issued by NBS pursuant to the Federal
Prope'ty and Administrative Services Act of 1949 as amended,
Public Law 89-306 (79 Stat. 1127), dnd as implemented by Ex-
“ecttive Order 11717 (38 FR 12315, dated May 11, 1973) and Parl 6
of Title 15 CFR (Code of Federal Regulations).

NBS Interagency Reports (NBSIR}—A special series of interim ‘or
final reports on- work performed by NBS for outside sponsors
(both govcrnmcnl and non-government). .In general, initial dis-
tribution is handled by the sponsor: public distribution is by the

: National Technical Information Services, Springfield. VA 22161,
in paper copy or microﬁchc form. © - -

quarterly. Annual subscription: $45. Please send subscription or-
ders and remittanées fof the preceding bibliographic services to the
National Burecau of Standards. Cryogenic Data Ccntcr (736)

‘Boulder, CO 80303.

-

)



