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ABSTRACT
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PART 1 - METRIC CONVERSION DELIBERATIONS AND PLANNING FOR THE CHANGE

1.1, Historical Background

. The .metric system of units was proposed at a time when the United-
States of America had'just put into effect its -Coustitution, and
George Washington had been namedfirsr President.' In 1790, France,
Great Britain, ,and the fledgling United States were all considering
.major changes to their systems' of. .weights and measures in order to
reduce diversity and confusion. In each ease, uniform measures and a
decimal base were proposed, but only in France was a system developed
'which has since been:adopted by nearly all, nations of the world--the.
"systeme metrique" or metric system. -. .

..-- .

Thomas J eferson,
.

the Secretary of State in 1790, was aware of. Talley-
.. rand's OBoposal to,the French National Assembly. or 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 and mea-
sures, based on via decimalized foot and i' decimalized pound, with a
direct relationship to the cubic foot. .Although Jefferson's support
for a "decimal" currency had beeninstrumental. in establishing the
ddcimal concept of measurement as the basis of commerce and accounting, -..

no action was taken to change 'weights and measures.
.

, .

.
.

.
.

The first serious comparison of English(customaryYand French (metric)
measures was made In 1821, in the extensive "Report Upon, Weights and
Measures" by John 'Quincy Adams,. stating advantage's and disadvantages
of both systems. Adams, hoiiever, counseled against-any hasty decision
and, thus,,the subject-remained dormant until the 1860s, when some
mijorinternational conferences' and Oe.newly formed National Academy
.of'Sciedces took up the subj ct of an "international" system of .

measurement.

' the result of new initiatives was.that'the metric system was authorized
byan'Act-of,Congress passed in 1866 (14. Stat..339, July 28; 1866);
and thus became permisiible for use in any transaction,'

; -

In 1875, the United States became one,of 'the original signatory nations,
to the-Treaty. (Convention) of the Meter (20 Stat. 709), which'estah-
fished the General COnference anyeights and Measures (COPM); the Inter-

' national Committee for WeightS and Measures (CIPM), and the Interna-
tional Bureau of Weights- an*Measures (BIPM). . Thus, for over a century,

the United States has actively.participatedin the development of- the.
concepts of the metric 'system and; in recent years, the International
System of Units (SI)..

Since 1893, customary units for use in,the United States have been ,
defintd in' terms of metric units. In addition, all major. units for
electricity, magnetism, and illumination now in use in theUnited



States are° metric units ,and, in most .instances, pure SI; for example,
'watt, volt.; ampere, ohm, siemens [mho], hertz [cps], 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. "Vearings

y.were held on man occasions, under the auspices of Senate ort4se of
Representatives' committees [1]*.

Since the- formation of the Congressional Committee on. Science and'
Technology in 1959, which by Molise rule has been charged with the gen-
eral oversight of the "standardization of weights-and measures and the
metric system," bills haire been introduced that year and every year
following to, effect wider use'Of the metric systed-rt-the United States
or to provide for surveys and studies to weigh the advisability of doing
so. .

In 1960, the United States was a signatory to the 11th- General
Conference on.'Weights and Measures, which formally gave the title
"International System of Unit's" to the rationalized and .,.coherent ver-
sion of the metric system, for whichthe'abb "ation "SI" is used in

-'

All languages. With.this action,he change.bec an ."international"
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 Inte ational System of Units. A:If the major nations, the deci-
sion by South Ica was followed by. Australia, New Zealand, and Canada,.
-so that by the d-1.97.01$ only the United States had not !reached a
decision.

1.2 The U.S. ,Metric Study and Testimony from the Construction
Industries

.
.

.

.
.

On August .9, 1968,. the President: signed Public Law 90-472 (82-Stat.
.,693),-An-Act'to.auihOrize the Secretary of (amerce tO make .a studytol
determine the, adyantages and. disadvantages -of- ,Increased 'Use. of the ,..

metric systemin the United States," elks:), .referred to as the Metric
Study Act Of 1968. The Act specified thit:the Secretary. ofCommerCe
should subMit.toCongresS, within ayears, . a full and complete report
of.the'findings",, .togethet:with such recommendations as considered to
be .appropriate and in the beit interests of the United States. The

. "U4:-Metri.c.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 toBhe Congress (NBS

..SP'345- July I971), eatitled "A Metric.America - A Decision Whcrse-Tiie:'-
Has Come" [3], The report .concluded that the United' States 'should

* Numbers in .brackets refer . to references. at 'end. of each Part./--6



change to the metric system through a coordinated national program,

and provided a number of more detailed recommendations, for example:

-that the Congress assign the responsibility for guiding the change,

and. anticipating. the kinds of special problems described in the

report, to a ceitral coordinating body responsive to all sectors of.

,society;

o that-within this guiding framework, detailed plans and timetables

be worked out by the sectors themselves;

O that early ptiority be given to educating every American schoolchild

and. the public at-large to think in/metric terms;

O that immediate steps be taken by,.the Congress to foster: U.S.

participation in international standards activities;

that in order to encdurage efficiency and minimize the overall costs0

to society,. the general rule should be, that any changeover costs
shall "lie wheie they fall;"

.

° the Congress, after deciding on a plan fiar-the :ration, establish

a target date 10 years ahead, by which.tIme the United States. will

have become predominantly, though 'not exclusively, metric; .and,

0. that there, be a firm government commitment to this goal.
0

AS part of the U.S. Metric..Sfudy, the construction industries: were

. askeeto. respond on their feelings'about the projected change to metric

measurement. This was 7accoalished by means of questionnaire's' and,'

interviews, as,well.aS by means of a twoday 'COnStruCtion,IndnstryCon--.

ferente, held at:the National Bureau of Standards,, U.S.,Depatiment of
. . .

..

Coemerce, on October 5-6, 1970. .

.
. .

Plie from "contract construction" sector, of nonmanu .

facturing businesses are detailed, in. U.S. MetriC,Study Interim' Report

5' N 11Inariufacturing businesses- (NBS. SP 345-5): The following esti--;

,mates were made by ' Construction. respondents .as to a reasonable .'time

period for the change:: ,

-or -"



Percentage Cemulative Percentage-

Immediately .0%
1 - 2 years . 6%.
3 - 5-7years 17%

-. 10 years 45%
11:7%15. years' 6%
16 - 20 years 8%
Over 20. years 4%
NeVer. 3%

No answer or
don't know 11%.

100%

' 0%
6%

23%
68%
74%
-82%
86%
89%

e '-response: indicatee -that 'a majority- of the respondents who chose a
time tame :regarded- a .6,-to'10-.:,year period as :reasonable,_. namely 45/89
Or°56.6 percent.. -If, the :responses faVoring a .shorter time 'frame are..

added, 68/89, 76:4=percent, . opted for a' thae frame within:10-years.
However, When: aSked- about the current attitude of your- cOmpony toward
increased metric:ueage-.1-n your operations, 37 percent of :thee construe-

. ti.ott,'coinpan.les.indicated that -they were mildly or strongly against
against metrication; 'while: 24 - .percent indicatedi_that they were '.for
metrication: The remainder-739. percentwere either neutral or noncom- -
Mittal, (no answer;_ don't know): Fikry=seven percent of construction'
representatives.'indicated that they believed increased metric usage was
in the best interest .of the United States.

Additional testimony from the construction sector was obtained 'with. the
'Adsis.ta:nce of,.the.COnstruCtion Affairs,Comthittee of the U.S. Chamber of
CoMmerce..:v The testimony _from 26 ma-jor construction related groni3s is .

summarized in .Metric. 'Study'-InteriaC Report No.. 12 - Testimony of
Nationally RePresentative ::GrOupS; -pages "76 - 86.- The summaries ;.of
findings have -been., :reproduced' : as-YAPpendix. 1; as are the inputs from S
individual "groups - .gave' -including . the construction
industry's -unions; -whose testimony were preSented at a .separate. National
Metric Study- COnferente .on Labor::

Legislative Action; the Establishment of the.11.S.-aietticAtoard,

'FolloWing the U.S. Metric Study Report, legidiaitEon4zas fortrardesk to
&ingress by, the Adiinistration for voluntary nn year plan to mon-.
verti the ;-nation to the metric syStimmt (92nd Coigresni. _However, no
action was taken.

A number of bills were introduced in rhe 93rd Congs. with hearings
held on them. en bloc in March .and.lfay 1973, followedi:by the reporting-
out of a metric bill by the Subcommittee 'on Science, Research, and
Technology,- which was amended in the full Comm it:tee an-October 1973.

.Mayi. 7, 1974, this bill was brought to the . floor- -under a suspension. ,



a rules which requires a -two-thirds votft, but it was not acted upon
favorably:

-In the 94th Congress, many bills were introduced in 1975, culminating
\ in the reporting-out of E.R. 8674, which was subsequently considered
,and, pasied--by the House on -September 5, 19753 considered and pasSed by
the-Senate, but amended-, in lieu of senate 'bill S. 100, on December 8,
1975 concurred, on the Senate amendment by the House on December 11,
-1975; and. signed into Law by President :Ford on December 23; 1975, as
Public Law. 94-168, cited as the "Metric Conversion Act of -1975" [4].

The purpose of the Act is stated. as "To declare a .national phlicy of
coordinating the increasing use of the metric system . in. the United
States, and to establish a United States Maric Board to coordinate 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 ,ef the metric system; rather, it mentions that this Nation
is the on157---**ndustrially developed nation , which has not established a

national policy of committing -itself 'and taking ,steps to facilitate
conversion to, the metric system/-1. and that "it is therefore declared
that .the policy of the gnited States shall be to coordinate and plan
the-increasing :use --4of the Metrics system: in, the United States and to
establish a United States Metric Board to coordinate the voluntary.

- conversion to the metric system."

The remainder of the Act'. deals with :the- establishment, Structure,

functions, and: duties -*Of. the U.S.,. Metric Board, which, according to: the

Act, -consists. -of a 0-airman and 16 members: appointed by the President
by and with the -advice- and Consent of the 'Senate: 'It' is Significant

that Sedtrion 5:.0-.4(2)(R) -specifies. one of the members "to .. be selected

from: liets of:' rePresentative of the construction
industry." This 'given. the. building: and construction industries a direct
,voice in the deliberationS of- the U.S.. Metric Boaidz ,. -

:The Slate. Of: iiomineeS;.as Board meMberd was rescinded after the
-change of ---AdMinistratio-n',.in 1976; . and :the Official appointment of the

.

Metric Board took .place. afterithe. Senate had confirmed the first 13
nominees--)on,Asrch- 21; ..and'. the, Otherotien s-ominee on June.. 20-, 1978. The

, -
.: f -

Chairman Of.ithe '-Metric Board is Dr. Louis F.;. Polk, . of Dayton,- OH,
arid:'die..ViCe-=Chaiiinaii-aS,Adrian'..4e:avet of -Stamford, -"CT. The meraber,tepre-,

seating the 'donstruction, industry Is _Francis -Dugan; of- Cincinnati, OH:
-The:-.admihistrative.:Loff-IceSt- the Metric Board are lOcaied at
1:815 Sireet, .Arlington;:- VA -.22209; Phone . (703) :235:-1933:

1:4- 'The-:Anierica-m,NatiOnat;Metrie-..douncili- and tivities ..of its

Construction-,Industries. -Coordinating'. Committee

;!- ;of -increased metri-d -,diSctissioh. she;; United States .folloWing
theAeport th4Ameri-call gational Metrie
council ormed in _19 73. It was by private



..
:initiative and 'under the :Sponsorship' of. Oe American National Standards
Institute. (A,NSI),' as a. . nonprofit orgenliation to assist all segments of
the economy in the planning, coordination, and implementation of a
voluntary change to the metric system'cf measurement.

. .

.In, January 1974, representatives from the.main segments of the.construc-
.

tion induttries met as a ..Steering Group for Building and Construction,.
in to establish' strategies and policieS for. metric.: conversion.

..activities. This. Steering Group is now known as.the Construction Indus -.
tries Coordinating committee (CICC).1 SubSeguently, a'number. of Sector
COmMittees and Subsectors :Wereformed to represent specific segments of
the construction 'and..allied Andustries and services. Foi the 'purposei
Of ANMC,'ihese planning groups were given the following numeric Codes:.

CONSTRUCTION. INDUSTRIES COORDINATING COMMITTEE [19741

3.01 Design Sector [formea 1976]
-Subsectors: Engineering

Architecture.

3.02 Construction Codes and Standards Sector [formed 1975]
Subsectors: Building Codes

Electrical Codes
Plumbing Codes
Mechanidal Codes
%Elevator Codes
FireTreyention Codes.
StateImplementatiOn and Training
Canadian code Liaison

.03 Construction Products Manufacturers Sector [formed 1975]

, SubseciOrs: Basic' Structure
:Exterior/Interior Finish and InsuiatioE.

,
, Openings
Roofing .

Mechanical/Electrical.
Cabinets and. Case Goods
Hardware

3.04 ContractorSector

.3.05 Information. Sector

. a

- The reference 7:to . Coordinating.. Committee in this text. '.Prededed....:the
May 12, 1980, decieion by the ANtiC Beard of Directors.. designating
Coordinating Committees as Coordinating. Groups.

. .

j



'3.06 Real 'EstateciSector [Aimed 1975]

.3.07 User? Secgam-(Bbilding Clients)

3.08 SurveyingArEllapping Sector [formed 1975]

'Also: Labor Liainion Committee (formerly Sector 3.05)

Participation -in AMC's tilanning activities for the construction Indus-
, tries has incInded, more than 300 :individuals, repreSentingmore than 150

industry associations or organizations.

,During 6 years of meetings, 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 interdependeneles and sequences.!
These activity sequence 'charts forch sector and for the industry as a
Whole were, shown publicli az-the 4th Annual ANMC Conference in Atlanta;
GA, in April 1978. During 1978; likely durations for the various activi-
ties were assessed,_ and in April 1979; -at, the 5th Annual ANMC Conference
in. Washington, D.C., a draft Construction Indugtries Metric °Conversion
Schedule was, unveiled. This draft sChedule provided the. overall sector
management program iffeyr aritric conversion. In Septeriber 1979, the CICC
'and a.I1 its seetorobsumitztvies-met to cons:Wen. an .expanded set of action
schedules--or timetilior--,?each:. sector and the construction industry
at large. These deismennt, were :.subjected to the review by all
:vid6als and groups-amoeba:text with ANMC/CICC... In ,December 1979, t1
..CICC met. in Wash:Anglia:at, ;MC., ,and..tesalsved to accept the. as
feasible basis fci. ..-Avoluntsity change.-to metric, and decided to submit
it .for. general appratal,,azi&acomaristmezet,ta change. Ont.April 1980; .as-
a prelude to the constiiuct..ton.tessisani.,:at.the 6th Annual ANMC' 'Conference
in San Franciado,;cA.,. .the,..:Ifestilesilepot ter [5] featured' the ;ANMC,./CICC
Constructiair.IndustriesfetrEe Conversion Timetable (figure 1-1): The

. Reporter alto contadined-.a .;:avaMot top mcwit. individuals. a.ndior organize--
--;tions to express !their :feelings am x:12e._.t.lxiietable...

The activities of the Colistxuctiosa,Inithistries Coordinating Conimittee' of
.ANMC, in attemptting3-.t.o.desue.lop!.-a.--Ivolantamy plan for metric c:aver_sion.
In:. the .coix'siructtion.-Amditigide.s-,.'lhaviiieeosidetailed In the ANMC COnt.trUc.
tion. Ind;s=les-Zoordinatitzw-Comezictees .speCial publication (Mar 1980),

-±11:...t.leanstracthoir'Imduttries.:.Tilaniting, :Coordina-Coordina-
tion and''Zintb7g-7 r6J. -1,t-

. ,
. -

This .Timetadile has not :been intri41,11"-Pri io- the . U.S: Metric Board for
e"EaMiliationsand "with.-the procedures_ outlined in
SectiOni.:6420.--andz, the Metric ConverSion Act of . 1975.' These,
.procedUresestate, ". .
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In carrying out this program; the Board_shall--
(?) 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 cocrdirLatIng conversion
in each industry and segment thereof amd specific dimensions and
configurations in the metric system and in other measurements for-
general use. Such programs, .ditensions,- and 'confirarations shall
be consistent: with (a) the 'needs, interests, and capabilities 'a
manufacturers (large and small), suppliers, labor, consumers,' edu-
cators, and. other-interested groups, and (b) the national 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 Industries Metric Conversion
Timetable are analyzed and expanded in Part 8 of this publication.

1:5 The GAO Metric Report and Findings Relating to the Construction
Industries

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 fhe metric
system. It assigned a task force of ,GAO staff members to conduct- a
lengthy. inquiry, 'invo

as well. as analysis o

On _October 20, 1978; t

ving .both questionnaires and _personal. interviews,
'available gtudies and' documents.

...

e Comptroller GeheraLreleased Report CED-7:8-
128, 'entitle&. 7Getting a Better Understanding, of Metric ::Systent-

Implications If Adopted By the. United States." The ge 'Report to -
Congress and its EXecutive--Stlimnary-:(7_Lhave not ;xesolveri.the metric Con-
troversST in thj'United States;, and contain' no direct macommendations to
qongress. However,lon. page 30-23,' the fteiiart..tates; "We. believe, .on
the basis of the -conversion lessons Iearned -from thez,rxereign 'countrigs
eXperience, that if the United States ..is to :be predrialmanq.y metric,
the Congress should amend the Metric ConversiorAct of-.3575 to make xt
_the national policy to Convert to the metric_system as-.the predominant
System of weights and measures. c:ii-thin. a gertain=aumbex: of years. Also,
the U, Sr Metric Board should accept: lessOns leaxned in, other countries.-

,,
The:'reporr emphasizes potential; problems, . doncerusi and anticipated
costs of the change and is,, therefore, a useful guide. to, those :areas

"which reqcdre _additional research and investigation. In relying on
estimates," the report acknowledgei that accurate, assessments .of either

costs or benefits are not possible, but :that-- the costs: of .tbe change
would be subitantial. The RepOrt summarizes' on page 31-27, "rt would
:seem that as a minimum before ;:voluntarilY deciding .'to .convert,. there

9



should be a clear understanding' of the policy, knowledge of the costs
and benefits. involved, an assessment of the impact onthe .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 metrica-
tion with.ehe 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, is passive towards it, even though muchof the
industry'considers conversion to be inevitable and beneficial. for the
United States as i whole.

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 uncertain of-the national policy
and Federal commitmett to conversion, (3) parts of the industry are con-
cerneabout 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.prcbably
would not Qccur in the-near future unless it is mandated or the'Federal
Government playe a greater role in bringing #t about."

,

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-quotei from
interviews conducted with various industry 'spokesmen. In _presenting

responses to various.
.
questions, the'report-uses a Sreakdown:

1.. Construction' Industry Associations (285) -'-'

a.- : Designers , .. .

b., Contractors
c.. Labor
d. . Manufacturers .1

e. . Distributors . _

f. Codes and Standards
g. Real Estate ,

2. Small Construction Firms '(67). from. Survey of 1000 Small Businesses.

.
&

. -
,

The categories of industry- ag'sociatinilccept or distributors, reflect
the.sectors adopted.by the American National Mitric---eauccil--

The GAO. Study also asked a number of questions on timing of metr4c-con-

rvesion in the construction industry,, in Section F. of the Questionnaire.

(shown: on page 16-55:of the Report).
. ..

it



Question-20. asked: rIf the United States converts to the 'metric 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 tile optimum amount of time your members
would need to convert?" :=

The GAO Task Force diose different time spans from those used in the'
U.S. MetriC Study, having only: two ''optialis rather than four.' options' fOr

the first 10 year period, and four options rather than two options . for
periodsexceeding 20 'years. Thus, the median, in the eight GAO 'options
falls at 20 years, compared with.e'medfa-n. of 10 years in the eight U.S.
MetricStudy options.

. . ,
Despite this difference in approach, the; findings on timing were not'
dissimilar as indicated-in thetext. on "conversion target dates" (pages
16-45.and 16-46), which is quoted in full below,

. .

"[A] time frame is needed for the industry to properly plan and coordi-
nate. Architects would 'know when metric products are available, and
.manufactimer6 would know when toproduce metric products.

°

"Many factors should be Considered in establis,hing a time frame. For
example,' some .maY want . a time 'frame as 'Short as practicable -because of
the dual :..inventories .'problem. . Others- may -believe a longer time frame
is ,necessary. -Th guiding principle-should be to maximize benefits and
minimize costs. Mare than one target date may be established for the
induktrY_ with the time frame If one segment differing -from, but .-cOordi7
nested with, that of others.

"About 90 . percent of the assoCiitions and ,77 percent of the small
: construction firms said that they could convert in 10 Years or less.

Sixtythree percent. the associations. and 62 percent of the small .

construction fiirms: thought that 10 years or less would. be the optimuln
time frame ..,;f or conversion ; ;: i-.e. conversion could be most favorably

. impleviented is 10 years or less.;

Mir_ '..zum Conversion. Time . Frame

Time eid; AssoCiations Cumulative. Small Construction Cumulative
.-PirMs

."

Under 5 years 37 %.

5 -10 years. 54;
11 - 15 years . .'5%..

16 '1- 20 yearS. 2%
21. years. +

'Never 1Z

37% .

91 %.

96%
. 98%.

99%
-100%

,42% - '42% ..

35% . 77X
12% '. 89X:

89r.
3% .92 %.



0

Optimum Conversion Time Frame (Conversion'not made mandatory)

Time Period Associations ,Cumulatilie. §:dell Construction - Cumulative
. . Firms*

-

Under 5 years 21% 21% 31% 31%

5 7,10 years. 63% . 65% 31% 62%
11 `,-.1.5 years 14% 77% - ,.- 'it 10% 72%

16 = 20 years 7% 84%' 5% 77%-

21 years .+ ; 5%' 89% . 3% 80%

Never .* 11% 100% .19% 99;

1.6 Involvement of the;.*National Institute of Building- Sciences

With the development of the. draft of a Construction IdustrieS Metric
Conversion TiMetable, :rePresentatives of construction industry associa-
tions working .Under the auspices- of ANMC/CICC deterldined that a wider
dissemination of the information and planning data Should. be made to all
segments of the industry, :to. decide whether metricConversion was 'feasi-

ble, and, if so, whether .it should be,undertaken by 'meang. Of a voluntary,
private - sector --led conversion program based on' the AiiMC/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 .4s the-:metrid conversion. ..plan and schedule developed by ANMC /,
CICC. In September -1979, the National InstitUte of Building ScienCei'
(NIBS)as the major. forum for "the construction induStrywas invited
fa. be a .-sponsor of :'a national conference on' metric issues and the ANMC/

cicp Timetable,* together with the American National Metric. Council,- the
U.S. Metric Board (USMB), and the National' Bureau of ;'Standards -(NBS).,

. .

Subsequelitly, NI4S decided _that it should organize such a conference on
.a nonadvocate basis, with the assistance "and cooperation of ANMC, USMB,and.nd NBS. In that way, both prO-metric and anti-metric-views, could be

-A

-

j-s 415.eSentedn a -construction-oriented conrexe. The symposium on "Metric 'a

f Conversion in the Building Industry". will be held In ChicagO, Illinois,
on DeCember. 2-, 1980.

In February 1980, ,NIBS mailed a questionnaire on "Metric Conversion of
the -Building Industry" to 'all- its members; to ascertain- interest in
attendance, and some feedback. on: (1) aspects of metrication that have
been researched; (2) the *willingness;..of individuals to present, a paper.
and the subject(s). for, a paper. and, (3) coucertis about aspects of
metricatiometrication. .Frora responses it is clear that dimensional - (modular).
Coordination and derived, preferred. sizes are regarded as the principal
issues for the construction community.



1.7,, International Metrication er
-

Close contacts are being maintained the ANMC, USMB, and .standfrrds-/generating-organizations with the Canadian building design; production,
and construction industries to irsitor their expetiences-dpring-.-the

"transition to metric (SI) units.,/and to obtain information on any action
that may assist the United States in ,maki!Ig- decisions on metric cornier-
sion. The Canadian.. building dus try.' planiked". for .an -M-Day of January 1,8/1978, and.. an M-Year of 197 , during which the ;actual changes- in prOdue-
tion and construction would be initiated, .followed by a. transitionVeriod
of a few rears and predominantly' metric new copsftucticin: Try: Dece4er 31', ,....1980 -' .,..4- -..

In addition_, 'infrmation- on approaches . and ..rietric practices dexeloped
during the change; in the construction industriea of'BritalnAustralia$:
and New Zealan8 has been available to guide the United States in terms
of technical/precedent.. But, rather than just following the patterns .
of other Aountries., 'analysia.. of =precedent will indicate trands and

'make it/possible for the United States to make dacisions. appropriate
to its own needs and industrial patterns.
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PART.i CURRENT ACTIVITIES IN PROFESSIONAL AND ,INDUSTRY 'GROUPS AND
STATE GOVERNMENT POLICIES, METRIC' COMMITTEES OR COORDINATORS;
METRIC ACTIONS

2.1, Current Construction Related Metric Activities

In the, spring of 1980, the NBS Center for-Building Technology sent a
letter to 128 professionalsocieties, trade associations, and individual
companies requesting metric conversion information. This section of
the document is comprised 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, organizations were contacted
because they are well known in the construction community.

Following-is a breakdown of inqUiriv 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

Number of.
ResponsesSector

Number of
Inquiries Sent

Design -.- 13 9

Codes and'Standards 19 10
Product Manufacturers - 35 15

Contractors "
!

.9 3
Information 0 0
Real Estate 6 0
Surveying and Mapping 3 2

:-Labor liasion 4 0

. 93 , 39

.*Construction Related Individual CompanieS-

Sector
.

All Sectors

Number of Number of
Inquiries Sent Responses

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-
tion Related National Assciciations and Individual Companies combined:



Has Pub- --

lished Metric Has Metric Has Metric Has Metric

Seetbr- Information Policy Coordinator CoMmittee
r.,

.:Design (10) :: _ .

.tbdesandStandardd.(10)
_ProduCt:.(Mfgs).(26). '

.Contractors (3)
Information (0) :
ReALEstate (0)

., -

'..1qsers..0):
.

.:Huiveying and

';.,,Mapping-(2)

labor-Liaison (.0)

4
.6

3

.2

2-..

4

,. 2
'2..

'10 9 .10. 13

0 f 3 .0' 1

0 43' 0- 0

0 0 .0 0

0 0'. A) 0

2 2 1 1.

0 0 . 0
,

0

21' 17 20 19
-

The following organizations 'responded to the inquiry:

AluMintim Association,. The '.

AmeriCanAssOciation of Cost Engineers
American 'Concrete Institute
ineiican Congress on:Surviyingand Mapping
American Hospital Association_ .
American Institute of ArChiteCts
American Insurance Association.
American... ron and Steel Institute
American Plywood Association
American Society for 'Testing and Materials
AmericanSociety of Heating, Refrigerating and AirConditioning
.Enginedre

American Society of Me6hanical Engineers
American. Society ofPhotogramMetry
American Society ofPlumbint.Engineers
American Standard/U.S. Tlumbing Products
AssociatedGeneralCbntractors od America.
Association of. Walland Ceiling Industries International

. Bethlehem Steel Corporation
Bliss Steel Products Company.
Brick Institute of America.
Building Officials and Code Administrators Internatiollal,

Business and InStitutional Furniture ManufacturersASsociation
Carrier International Corporation:
Concrete Reinforcing Steel Institute
'Copper Development AsSociation
Gypsnm Association . . .

Halsteadand Mitchell-Division of Halstead Industries
lluminating EngineerineSociety of North America.
Interidr'Design Educators Council
International Association of Plumbing and MeChanical.Ofdiciais

International; Conference of :Building Officials
.



flanUfactured Housing, Institute

Mechanical Contractori.Association.of America, Inc: .

MobirResearch and Development Corporation..
Monsantb Company

. .

kational-Association.of Home Builders .

National Concrete Masonry.Associatioh
.

National.Electrieef Contractors Association
National. Forest Products Association'.

..,.i. National Societyof ProfesSionalEdgineers
Portland Cement Association .

,PreStressed:Concrete Institute '

Quaker-Maid - A Tappan.Division
Red-Cedat Shingle and Handsplit Shake Bureah
Society ofAmeriCan.Registered Architects
SoutherpsB ilding Code' Congress International, Inc.

1Tishman Re earCh Corporation
Underwriters' Laboratories,'Inc.
Union Carbide Corporation

.

,.United States Gypsum Company
.. .

Weydrhaeuser Company
.. ..

..A 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.'

The Aluminum Association. The Aluminum industry, through committees of
the Aluminum Association, has been.preparihi'for:metricconversion for
Over 9.yeara.. The AssOCiation servesas secretariat to AmeriCan National
Staidaids Committee B35:,.which haepublished metric standards. The.igSo-
elation-observes prefiried metric'sizes for metals, establiShed under
American National Standatds.CommitteesB32.3 and B32.4... The:AsSoCiation .

has_a. metric committee' which is Chaired by Philip C, Althemi ALCOA,:
.and.T..W.7Bart of The AluminuM Association is responsible for association
metric activities.' It published.a "hard" metric version of its standards:
manual. in 1978.

AmericanAssociation-of Cost Engineers. 'This association has a publica-
tion guide to. authors which requires both customary_and.metrichotation
on all units in-publicationa. Papers' submitted containing'SI units de.
not.requite English equivaleits;Ihowever, the reverse is '.required. .The
Association expects. to 'drop. the use of English units altogether after a.
couple.ofyeats and publish exclusively in S.

.
-.American Cancrete:Institute..:The American Concrete Iiistitute'.1(ACI). has

a:137memberMetricatiOn:Committee;: chaired by 'Clarkson Pinkham,.
Barmesand..ASSociateoS.-Angelaiv-CA. The.:mission_Of thelCOmmittee
4:-.,.:"ToreMain.:abteaSt..:Of.deVelopmehtstelatedte metric :conversion.

- a:32a diMenstenal-,cOOrdination,.to.evaluate the"iMpactOf.thesedevelop-:
ments on thel Institute and':. its : memb ship, to assist : the :'Board in ::
cbotdinating thera..tioushstitUte=,activitieS :ielate(l'to'Metrication



, .

and to recommend to the Board policies and objectives with ,regard
metrication' and dimensional coordination."

In addition, the ACI Board of Directors has' adopted the following metric

..,:0

"It is the polcy of the American Concrete Institute to support
actively, the use of the Internationil System of Units .(SI). Metric
Conversion offers a unique opportunity to achieve greater dimen-
sional coordination. The American Concrete Institute actively. sup-

. ports..the developthent and implementation of a rational system of
.,standard ..dimensions as a part of the processes of conversion to SI."

COligristh. On.turveying and..Mapping. This organizatiOn provided

quite lengthly-response to the inquiry.:. It has been .very active in
th:.Metric .areaand;,-therefore, 'its entire response is included.

Members of -the. surVeying and mapping professiOn have 'discussed -and
written about the conversion to SI for many years. Since the signing of

the Metric Bill by. President Ford, the American Congress on' Surveying
and Mapping (ACSM), under the leadership of Dr. Charles A. Whitten, and
in conjunction with the. American National Metric Council, has prepared

a guide entitled, "Metric Practice Guide for Surveying .& Mapping."

Both. ACSM and ASCE have affirmatively declared it a policy. to assist in
the orderly' transition to ttie metric system. The ACSM. charge for 1980

is:
"Metric Committee i(presidential)"

The Metric Committee establishes and maintains liaison with appro-
priate federal% agencies. concerned with the adoption Of the metric

standard in the United 'States. ThrckIgh ACM. periodical publications

and such .monographS*as the "Metric Practice Guide," the committee
provides up-to-date information on a .continuing tiasis for the ACSM

membership on the status of the appliCation of the metric system in
the, United States, as it affects various aspects of surveying and

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, profeisions

before the ANMC, the:U.S. 'Metric Board, and other agencies. The

'committee will, in coOperatiOn, with other societies and agencies,

recommend a 'schedule of 'adoption; of-linear metric measurements by
survey personnel' and offiCes .- Methods and degree of._ use sh;suld be

considered.

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 Board of Directors..
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"Whefeas, The. President of the United States hastigned the Metric
Convertion Act -(PI.,.94-168) in:1975; and '

WhereaS.'The American National .Metric .Council has supported a
voluntary conversion target date for 1985;-and.

, .

Whereas, U.S. government agencies are in the process of conversion;
and . .

- Whereas, The U.S.. Metric Board has provided leadership in coordina-
ing conversion; and 1

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

'Redolved, That Americah land surveyors have an obligation to prepare
for conversion now;

Resolved,.That lane-surveyors in private practice and .in public
:service are urged to take the initiative in their daily performance
of duties;

Resolved,.That all new land survey plats and plans,beprepared at,a
ratio,scale,whever possible;

Resolved, That a:dna' bar scale.in meters and in feet be shown on
all land survey plats and plans;

Resolved, Thaf,whereVer possible, all areas be shown-ii6v2:or ha,
and that the. equivalent in acres- be added in.parenthesea on land
survey plats and plans; .

. .
. . .

Resolved,.That, wherever.possible, all field surveys be executed
With metric equipment and'be recorded in.metriCflunits;*

_ . . .
. .

_ Resolved, That land surveyors join_their state societies in assist -
inging the public,

.

their clients, attorneYS,.realtors,.'architects.,.and
engineers in all relevant metric conversionMatters."

. ii. .1.

In addition,. theresolutiOn.waiAdopted by the New England Section of .

ACSM at its meeting in May 1980.

The Florida Society of Professional .'Land Surveyors is represented
the Fl ida.:MetriC 0Ouncil. In. 1978.: itpublished the Florid.a. Metric.
Plan.



. The .U.S. Geological. 'Survey has commenced publishingographical
quadrangle: maps, at. ratio 7 scales- :.- showing metric contour elevations in

cooperation with several states..:,

The National Geodetic. Suryey.:0,f NOAA is
state six. -:yors" societies in :adapting
systems to SI.

currently advising and assisting
legalized state plan .coordinate

. .. .

_Many Surveyor's in private practice have' begun to include meter/feet

scales on their draWings. Also; the addition of square meters., to
T'

customary y square footage .anst acreage of land is being added to land sur

vey . plans. A few --surveyor` have . begun to show distances of boundaries
. in-meters. Generally,. it .11aS been agreed that land. title; re-cords be

converted, only When a new survey or subdivision takes place.;

bar

the

ponse concluded:.

. .

"The problem with surveying is that
cOdperation and Consent of. the legal
'industry, architects, engineering' and
longas,.it is a voluntary Method, i
vidual. p ference and 'may lead to u
:various us rs of surveyors', plans."

The organization has a metric committee and
Chairman.

it is. dependent upOn the
profesSion, the 'real estate .

construction clients. As

y become a matter of indi
desirable disputei between

Mr. Gunther GrueLich is ;Its

American. Hosp Association. This association has monitored two aspectS

of metric c version: (1) the impact it -would have on any management or
operational oncern in hospitals, and (2) the effects . it would have on

the health acility. Although it .has issued no material ,or publications -.

to its members, the Anlerican HosPital Association is highly interested
in other Organizations that have developed useful guidance in the metric

. .

conversion subjeCt area.

The AmeriCan Institute of Architects. The American Institute 'of Archi
tects (AIA) nketric coordinator 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' construction 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 "AIA Metric Building and Construction Guide" has been developed and

waspublished by Wiley 4nterscience, Inc. A metric sounding board of

meinbers Interested in --the conversion process 'has been established...

These: memberi are' kept infornied of metric events', and individuals are
asked to'attend and report: on metric meetings affecting the construction
industry:



The Board of Directors at its- May 28-30, 1980, meeting adopted the,

followint policy:

"The- Board. of Directors approves the: -ANMC/CICC Metric Conversion'
..

Timetable 'for-. the , -U.S.. Construction Itidnstries establishing
:January .4 1985 as the date on'.-which metric construction. May begin

_ in the ,.United, States."'
.

-, .

Arne riCan Insurance-Association. American Insurance Associition ties'
no metric . publications;

. however, staff members .have attended meetings
Of the American Nationale Metric Council and it does have an interest in
metric conversion.. . .

American,iron'and-Steel Institute.' The Amer/pan Iron and Steel Institute
(AISI) has'ha Metrication Planning Committee*for some yearS. It has
been 'concerned Primailly-with:metric Issues such as proper use .of units,
qUestions of preCision and training methodsi'Which arise in processing.
'steel'orderedin the metric system through:the plants --from 'order pro-
dessingto shipment. It has published a Metric Practice Guide.'

American Plytr,od 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 voted

.td:recommend panel thickness designation it the lower end of toler-
anceano minus tolerances. Metric equivalencies for plywood sizing
,were also adopted.. Work 'is 'underway. on' metric- thicknesses for sanded
.panels:

.

American Society- for Testing Wand Materials. .The American '!Society for
Testing'and Materials (ASTM) has a Metric Practice Committee--E43---whose
proposed scope is:

The Committee shall Aevelop and maintain standards relating to the
moderii metric system..-(the International System of. Units, SI) and
is use. To facilitaie carrying out this function is 'shall tain-

t; tain a continuing.. surveillance of 'activity and practice in metric
.snceptande and use. The committee will provide advice and coordi-
nation on metric practice 'in standards. and other publications for
Other -ASTM 'teChnical. committees. .-This --committee will coordinite
its work with thir of Other organizations having mutual interests.

The,1Committee Chairman- is John. F.. Corey, Shelby, NC. The ASTM has pub-
liated-seVeral -standards: -;These are included in Part 9 of this report-.

-The hasid ASTM

..that' 51-; units of measurement shall be inCLuded in all ASTM
atandarda',?that ''-do not contain a.,-conipanion st:ndard In 'hard'
metric unita.7 -



In addition to the getteral policy. of ASTM "to include metric (SI) unit,
in all of its pUblications," she main national standards committee in

the United States dealing with building standardsCommittee E6, Perfdr-

"mance-, of Building Constructions--has .established the following metric

0

policy:

":E6 standards (old and new) submitted to SoCiety for approval shall
be written henceforth .1-ith SI units and U.S.. dilstomary" in brackets,
.e.g., 100 mm 13.94 in. I Or Om [1.00 in.]. :18,ard:cr soft. conver,.

s ion remains the prerogative of the subcommittee writing the

standird's."..

_
American Society of Heating, Refrigerating. and .-Air-Conditioning

Engineers. The American Society_ .o'f Hating, Refrigerating and Air-
,. Conditioning Engineers ( ASHRAE)' has. a standing metric committee, which

meets twice- a year 'and is active in educating society. membership on
metric conversion.. All ASHRAE publications will be in dual units. com-
mencing in 1981.. The staff metric coordinator Thimas C. Elliott,

. New York, NY;:. and ASHRAE's metric 'policy is as follows:

."1. All ASHRAE documents ',published after January i, 1976,- shall

be-prepared. using 'only SI units, or shall be prepared Using-
dual: 'units; i.e., SI and-conventional units, with the sequence

of units left to, the .discretion ._of the author or , editdr.
Exceptions in Handbook volumes,- Standards; okand special publi-
cations _may be authorized '13y the responsible ASHRAE Metric
'CoMmittee.

7

.Except where difficulties would be encountered-in achieving
the 'stated purpose, the Handbook Series," starting' with: the

1981 Fundamentals Volume, shall- be published using dual units.

-Chapters presently utilizing metric, only shall remain so.

EXclusive -'.use of SI units shall be required in ASHRAE publica
tions WherCit is determined by the Board of Directors to be in
the best .interest of the membership.. During the transition
period the Metric Committee will continue to disseminate edU-
cational materials to prepare the membership for the e entuil
exclusive use of SI units."

American Society of Mechanical Engineers. ; ,Thef , American Society 'of 'Me-

chanical Engineers tASME). has .no .metric coordinator; however, it. has a

metric" consultant who serves as secretary of its Metri. Study Committee.

The ASME IS the sponsor of the Boiler and Pressure Vessel-Code, 'and pre7

seat ly has_ no plans to publish .a metric edition. Following is ASME Is

metric; policy (as updated in 1977): 7- ;: F

,.

i
.. .

.

.

"The Society uppOrt4 a. coordinated voluntary national . progranriof
conversion to. the International' Syitem of Measurement.. .A.SME will

cooperate 'with other organizations- and societies in implementing

.

22
.



this policy. The ASME interpretatOn of Si is contained in ASME
Guide-SI-1, ASME Orientation and Guide for Use of SI-Metric..

1,-. -..:. All works, papers. and periodicals' published by the ,Society shall

--.;."- require units to -be in the International System-(SI). Customary
-,..-- ---

,-:;..-: units may also- be included... -'

.
.

.

. r . The Council directs:the 'Policy Board, Codes and Standards to assure
.that Codes and Standards shall be published in SI units at the

7i- :appropriate time as determined by industry, .government, public and
-,-*,-, societyneeds'consistent-withhational plans for coordinating and.

4*- 'i,...- managing' development -of SI StandardS.

. .

e:fArcf.rican Socieiy, of Photo &rammetry. Tice American Society of Photogramme---

7.4r 4p),-has-the following statement in the .Foreword to its publication
'-.r.Aide446.-Society of Photogrammetry Usage of.the InternationalSystem-of.

Units'
.,...-:.:...*.,-.....

.clOgz*Ille. policy:of the .American. Society of Photogrammetry to....

promote simplification and .uniformity in usage of units of measure- .
:bent W000peratingmith.other organizations in establiihing common
ouSe.ofiiie'International System of Units (Systeme. International
dlpes) with the abbreviation SI and popularly known as the

,...
.

.
'd ric system,' and to use.this system in all of.itsi)ublications.s.

t't::7,.:Xf-4;S:i:ardard "was 'prepar'ed by .the tandards comMittee Of- the.
. .

,

Ametioan,Society of Photogrammetry to promote ,use of the Interna-

tional SysremOf .Units, to make the policy of the. Society known,

and 'iomake :the rules of use.of the SI units 'readily available to,
the meMberi:o&the Society."

This:standar& is largely based on and generally technically consistent
with Standiiii 1000 of the. International Organization for'Standardization.

American Society of Plumbing Engineers.. This SoCie.:y uses. dual -units .

in its publications entitled, "Data Book, Volume I, Fundamentals Of

.Plumbing:Design," 19791,980 Edition, and "Solar,lhergy System Design,"
as well as an appendix on SI unit conversions. CuStoMary unitS are
shown first. with SI "soft" converted units parentheses. The Society's

metric coordinator is A. J. *males, Sherman Oaks, California.
/- i . .

American Standard/U.S. Plumbing Products. This organization: uses- dual

dimensioning on cataloged products and its metric coordinators are

J.S. Genovese and New Brunswick, N.J. In his response to .

the Inquiry Mr. Bauer. stated; "As a meMber of a Subcommittee.of CICC,
we have agreed to accept.the tentative schedule [:AMC /CICC Metric. Con-

version, Timetable] put forth' by acc."

Associated General Contractors of America. The Associated General Con-
tractors of America (AGC) has..the following metric policy:
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...If-the (construction) industry is to go. metric, a hardconver-
...

sion.is recommended where there is an economic advantage (e.g.,
reduction of number of.sizei). ,This means 'that the sizes of build=
lug prodUctswill9change:'.1a order to insure.sensible change, sizes
will have to be .coordinated and rationalized. A' hard conversion
properly,handled, involving dimensional coordination Is thus nee ez-
siry if the building, and construca.dm-i ry-'is to realize any
advantage ;from metric conversion."

The AGC has taken-no position for or .against metric conversion. The
AGC has had metric conversion committee since -1974 and Campbell Reed,
Washington, to:C., serves .as its secretary. This committee has recom-
meUdedsupOori of and participation In the December 2-3, 1980, Metric
SyMpOsium.

Association .of. Wall and'Ceiling.Industries International.. This asso-
Cia-on has published no 'data in the metric area. It has established
rectlya task group cin metric conversion from within its Technical-
Committees. Mr. Gene Erwin, Washington, D.C.,' is resOonsible_for Asso-
elation metric. activity.-

Bethlehem Steel Corporation. .Bethlehem Steel has the following-metric-.
policy:

"Bethlehem.Steel recognizes that the metric (SI) system is to become=
the-predominant systeM in the United States. We intend to szilig*
netrit-limenSioned products to our customers when it is practical
to -do so-7from 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
is necessary at the best-possible time."

TheCoorporation has had'a Corporate Me#Ication Committee since 1973. It

is chaired by A. G. Oudheusden, Bethlehem,. PA. The Committee is composed
.of'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 qs to supply metric-
dimensioned products when.market deMand dictates.

Bethlehem can accept and supply Metric orders for flat-rolled steel
products. Other products' can be supplied on a soft converted basis,
.i.e.; structural shapes, castings, forging, etc. Structural bolts can
be, supplied to metric ASTM specifications.

The. Chairman.of:the Corporate. Metrication Committee summarized, "...we
have seen little.interest in metric conversion so.far, except for a few
large steel:customers x.with'1worldwide. operation's in the automotive and
equipment areas."



Bliss Steel Products Corporation. The Preiident of Bliss Steel has been.'..involved in activities of the Contruption Induitries Coordinating-Com-mittee of the 1%meriCan National Metric Council.
won

response, hestated "The timing on our metricatiop will depend mi5on the metrication.Of the .entire Building Industry."

Brick Institute of America. The Brick Iustitute of America (BIA)" hasno formal metric policy; Its Engineering and Research Committee is act-ing as its Metric Committee, with Alan-H. YOrkdale, McLean, VA, servingas coordinator. The response from the BIA included th9following:

_ .

"Approximately thr'e (3) years ago, the brick industry 'of the; UnitedStates was surveyed by the Institute. -The general questions related
to inetric"conversion and dimensional-coordination, Along with metricconversion.

The result of the survey indicated a general wait-and-see attitude,:
with approximately 80 percent responding that 'when end ifeConver-sion came about,' they were willing to convert ta' dimensionally,
coordinated metric size units.

It is significant to note that all manufacturers whO are gow makingmodular size stakdard units are, in fact, making 'metric modular'size units, within the tolerances of the material ipeeificationsstandards. All units larger than 'standare size are now mOdUlar
and will also satisfy 'I'metric modular.'

There are, of course, several 'special' sizes, mostly regional in*manufacture and market area."

-Building Officials and Code Administrators International, Inc. The Exe-cutive Committee of the Building Officials and .Code administratorsInternational, Inc. (BOCA) reviewed the subject of metric Conversion inJune 1979. Final action on thIs'subject was to be decided at the,1980
Annual Conference, 'with resultsin the 1981 Editions of the Basis
Building Code, Basic Plumbing Code, Basic Mechanical Code,_Biiicjire
Prevention Code, and. Basic Property MaintenanceCode. The change-will bea soft conversion.

Business and Institutional Furniture Manufacturers Association.. ThisAsseiciation.has.a Metric Conversion Subcommittee which.is a part of itsEngineering Standards- Committee. The uutplilt of this Association couldbe classed as part of the construction industry or the: metal or "woodmantaactUriftg industry.
\

.
.

.

..One of.. the primary.- functiOns.of this Association is the preparation' ofsafetstandards.:. TOdate, it has published dual-dimensiOned standardsongeneral offitechaira,.laieral files,. Vertical 'files, and upholsteredfUrnitUre .flammability requirements. In. the near future it expects to
.

.
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publish standards regardieg desks, office 4panels %and partitions, and

i

lounge furniture in. dual Tits. ." . . - - ..-.

Carrier-International
Corporation. .Sillge 1975, Carrier. Corporation has

had -a metric' policy and pier". responsibility for _control of SI metric

.

--- development and coordination services among divisions within the Corporate

Engineering function. Two divisions of CarrierCarrier International

Corporation:and. the -Elliott Cctmpariyboth have .implemented plans to meet

thedemands for. SI unkts 11 overseas markets. The coordinator in each

of these organization is:.-. Gerald Callahan, 'Corporate Engineering,

Syracuse, .NY; John Grecean,' Carrier International ..Corporation, Syracuse,

NY; \and, Lionel Taylor, Elliott ompany,,Jeannette, PA. ...

t.

Concrete Reinforcing Steel Institute. 'This Institute3 does not issue

Materials standards.- It does pa ficipate in the development of metric

specifications for; reinforcing rs through the American Society for

Testing and Materials. It is expected that the 1983 edition of the

American Concrete Institute Buildin* CodeTfor concrete construction- will

be in dual unitsmetric and_Englis .

. ,.
.

The response included the following statement:

' "Our industry cannot produce m

for same... The U.S.. structure

sizes until: ..(1) the Buildin

(2) the. -Federal. government re

to be in metric sizes and gra

thet; conversion of our in-dnstry

of present sizes from inventory

tric sizes -until it receives orders

engineers cannot design for.metric

Cedes are adopted in metric,, 'or

uires -al construction it finances

es. When er'these'conditions are

will. be quite rapid as substitUtion

is notdifficult.:"

Copper Development Association. Mr. Arthur Cohen, Supervisor of. Stan-

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

point for.metric activities _for. the Association.
.

I

,cl

Gypsum Association. The Gypsum
consisting of 16 members.- The. Co

Des .Plaines, IL. Its Vice Chai

Dallis, TX; and. H.B. Carlsen of E

mittee has developed a listing of

their sizes to metric equivalents.

soft. rather than:.hard conversion o

in the United States. "In respo

Association has a metric committee

ttee is chaired. by -R.P.- Entz, of

n and Secretary ,are D.L. Cook of

anston, IL,. respectively. The Com-

gypsum products and soft converted

It has a position paper opting for a

board products if metric is adopted

e to a U.S.' Metric 'Board call for.

general research. proposals a' recommendation for a. project was developed

with the objective, "To evaluate. pie effect. and primarily. the economic

impact to both producer and applier, alike if panel and tile products ;were

"produced (sized) -based on the 10d mm module as opposed to the present

4-inch module.".

Halstead and Mitchell- - f Halstead' Industries. This orgariza-

tion to date has had. no indentilse to convert to SI units. Its
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. ., -...

"EngineariigDepartvent has had .no difficulty' in handling occasional

Iinquirias'in S units I'he orgariiiation..,belOngs to the Aii-Conditioning

and :Refrigeration Inetieute and this..Institute s standards are published,-
in .. :.th*.t.: watts at present. .. - - .

. ..-
Illuminating Engineering Society of North America: The Illulinating
Engineering- Society (IES) adopted . a policy in 1979- to use" SI units. as v

.
primary units in its new'reports and technical -publicatiOns.. lneh-pound-
units, are shown in' parentheses for soft (exact) conversion and in
'brackets for fiard . (approXimate) conversion immediately _after the St

,

unite. The. IES Lighting Handbock is being:revised (19.s9.) and will, eon-

tain SI units as primary- units and, where possible,' metric values will-

be nominal values.-
1r

Interior Design.-Educators Council. The organization has ;not. taken an
official position on the! use of the :mafric system in. teaching design.
-However, .some of its members do-teach' some cf their design....problems in

the- metric -system. 'The contact person, within this organiiation is

Mr. Curt Sherman, Richmond, VA. 7. .

-. .

International Association of Plumbing -`and Mechanical -. Officials... The.

'. ...International Asssociation of .Plumbing and Mechanical :Officials (1.APM0)'
metric:Coordinator. is John- Meacham, .Los Angeles, CA. The . IAPMO added
metric equivalents- to Ate Uniform Plumbing.Cote in 1977, and they .are. in
the current edition (.1979) of the Code.. In addition, metric equivalents

-' are contained in The Uniform PlUmbin Code Illustrated Trainin: Manual .

and. the Uniform Solar Energy Code.. Other code's will be brought. into line

as time Rermits.
3

International -Conference of Building Officials. The International.:

Conference of Building .Officials. (ICB0) has drafted; for internal' use,

p-idi)osed-r isions. to its codes and standards, in expectation that it

sh ready -to integrate metric units into .the publiCattons when the

onsiinetion industry in general, has signaled. it is ready to 'proceed.

ICBO'-s contact person is Donald Watson, Whittier,

Manufactured Housing Insitute. The ManufactUrel...Hauging Inetitnte. (KM
has taken the following position. relative to metric conversion::

"The Manufactured Frouaifig.-.. .statute (MHI) supports the principle of
metric. conversion but defers to the, site-built housing 'component.
of the shelter' industry in pursuing chingeover. .maT sees no tom-

reasone to expedite -conversion, 'although- there appears

be a consensus that benefits of total. conversion should ,outweigh
the nominal direct costs:"

In addition, the . response included Mars Metric Conversion _Concerns:

"Considerable planning and coordination must precede conversion.' Manu-
facturers 3.71.11 have to wArk 'closely with suppliers .of. raw :.materials and

finished.components: The transition period may, he difficult, for example:
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. There is a tremendous amount of technical documentation that must. be
republished:- .Standards that

to
taken. years to evolve through .the

consensus process will have to go through it again to resolve which
.way to round 'off measurements% The cost of replacing -entire tech1
nical libraries must also be Considered.

.2. The- materials purchased by the industry will not all be available
simultaneously In the metric system. Therefore, there will undoubt-
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.

3. The 'International building module of 100 mm and selected multiples
sounds simple enough; but at some point in time standard jois,t,
stud,, anc,I. 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 plywood, particleboard andceiling panels.

4; The dual dimensioning problem and changeover date Is not just a
problem of purchased Materials .and inventories: It has significant
impact Qp plant 'prodUctiOn. jigs, fixtures, and tooling as well.

;

Retraining 'people will' be
. ..significant task all by itself. Teaching

nontechnical people is sometimes difficult. The- retraining will.

involve not oenly the unskilled workers in. the.'plants, 'but some people
who might be considered as having a reasonable education including
inspectors at all, levels.

N.

6. The Metric Conversion. Timetable comes as somewhat of a surprise.
The dates shown; indicate that the development of- basic metric stan-
dards Is well underway, bUt we have not yet seen any of .them.

,PerflaPs the schedule has.'slipped.'

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

.
q

Mobil. Research and. Development' Corporation. The Mobil Research and
Development ,Corporation - has a. metric committee' and its Corporate. Metric
Coordinator. is: F. E. Ray of Princeton, NJ: . In his response to the in-

' quiry, :the Metric: Coordinator voiced a concern that there were no procesS
plant. constructors . participating in.the Construction' Industries Coordi-:

mating 'Committee of, the American 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;-..in.= some ,cases "Inch/pound" drawings are made to facilitate
installation; in other cases the construction people interpret and
fe.LIOWI'the metric drawings, as supplied: .
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Monsanto does not feel it is its role to idoneer 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 so.

National Association .of Home Builders. The hoard of Directors of the
,National Association of Home Builders (NAHB) passed the following resolu-
tide relative to metricconverison on May 15, 1978:

Construction and Savings'Comdittee

"WHEREAS, all'industrialized countries other than the United States
have adoptedi or are in the process of adOpting, the metric system.
as their sole method Of measurement; and

WHEREAS, there' is increasing discussion from within the United
States and .abroad for the United States tot establish a program
incorporating a timetable for converting from the English system
to the metric system; and

WHEREAS, the .United States GovernMent has enacted the 'Metric
ConVeisionAct of.1975'-:which declares a national policy ofcoordi-
nating the increased use of the metric system; and .

WHEREAS, leadersfiip is needed within the construction. industry to
implement metric conversion When.it occurs; and ,_

'WHEREAS,various Agencies of government are becoming involved in
meirication'which could: possibly lead to taking the :initiative.
away froM'thekivate sector; and

WHEREAS,.. the potential Savings' to. the construction industry are
enormous. by anorderly conversion; '

::NOW; THEREFORE, BE. IT RESOLVED that .NAHB support the American.
National Metric Council's initiative in channeling'and organizing.
.the:ftivate sector's effort to datein making the ultimate change
or the:metriC system an. orderly and beneficial one.".

. .

The NAHB has been involved with metric activities for Several years,
has had representation. on tile Board of Directors of .the ,American
National.,Metric' Council, as well as a number Of. Sector committees.

..
.

The homebuildersAre concerned.-with the lack of documented videnceto
proye'cIaims::-of ;savings to:theconstruction community. There iscon-
cernthatconversiOn:may cost:thelndustry a.siiAble amount of money,
because':ofthecompleXity of' the industry's:make-up.

The NAHB staff perions. assigned responsibility for metric involvement
are Robert Boras.and Milton Smithman, both of whom are located at NAHB
headquartexs in WashingtOn;- D.C.



Mr. Smithman concluded his reply with:

"We sincerely support the conference which to be spons d by
the. National Institute of Building Stiences on the su j t of
[Metrtd,Conversion in the Construction Industry]. We bel eve it
to -he - 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 inc1Ocle4 here- in "total.

. 4t..

Our organization has been against metric conversion TrOm the . .

beginning,,aOd'.the more it is studied, especially with the Canadian .

experience noi.7.-ta progress, our position remains uncbatiged.
.., ."...

is.
,.. -

.- "Slade Our _product . made and sold oftly.,in 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::. sines all the-molds whiCh are 'useil,:for the.
MSnufactUreof collctetieEiSOnIX. FOUld'%have be made anew: There.

are currently aboOt 1500 .41kftrent- sizes and shapes of concrete
masonry being made in the. U.S. , and one :concrete. masonry manufac-
rdring-plant will . normally Make from .50.- to 200 different sizes and
shapes.,

.

-.--.

"Our organization; .prints more: literature on concrete mgsoliry. 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 -7' or its. problem's..

We:find, countries whiCh have adopted metric Sizes: have bad. problems
On:agreeil* ''on."comMon dimensions so ,metric is .not .. 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 principle. 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.

lie will have [a representatiVe] at the meeting in December, but
not as an advocate of metric conversion."

National Electrical Contractors AssOciatidn. The Metric 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:



. .

Electrical 'Contractors Association does not bejleve

that it .4:putition to either: promote' .or to impede 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' Americana National 'Metric Council and participate

in. several sectors of the Construction Industries Coordinating

Committee.." -

-

National Forest Products Association. The National Forest Products

Association published a 'booklet entitled, "Lumber. and 'Wood Products

Metric PlaUning Fackage,". under the auspices of the Lumber. and Wood

Products Sector Committee of the American National Metric ZOuncil. In

Ills response, the Vice. President Of Technical Services. of the Forest

ProduCts Association' stated. that the wood industriei 'steadfastly lheld.

to -a 'policy of non-advocacy of metric conversion throughout the devel-

opment of' this booklet. After its completiien, the Sector_committee and

its components .decIded to adopt a holding action pending a 'poditiVeafidi--

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 coaefged With the professional,, rather than

technical, aspects . of 'engineering;. therefore,. its .. primary role ['with

respect. to conversion- to the .International System of (metric') Units--

SI, hag been. that of encouragigg orderly transition and furnishing

InforMation to the membership via the Society's publications..

The Society has adopted the. following professiOn41-poliCy:
.

"PROFESSIONAL POLICY NO.' 102-C

METRIC SYSTEMCO*ERSION TO

The National Society of Professional Engineers, iecognizing the;.

advantages, inherent in use of . the.. Metric :systein- Uf:ipeatureMent,

endortes die principles embodied:: in. the 'Metric Conversion Act .of

.
. .

. _

In impleMent ing the. 4"ft, NM' supports full conformance with the.:-
Si Metric:* standards 7,Of...'the.:Intergat ional *Bureau:* of Weights and.

Measures and ,In spelling with the .
standards of the

consortium -of English:Speaking countries pf.thd world.: -

..41SpE_urget It members, 'r chapters, and state- societies: to: provide

:aiiratsistance:lt;. can..±67 further the rapid conversion to the metric

..sySlugy174iihin : the United Statet."-

Portiand 'CeMeht,-Association. Pariland.Cement Association (PCA). has

aletric Committee whose principal. objectives are to:. :



rpvide.----7'snch technical' assistance, 'tile Canadian Portland Cement
AssdciitiOn. as M-ay. from time to time be requested to implement their
metriC.: needs;

keep- -informed 'on the various activities directed to proMoting U.S._
Metric conversion, and, when deemed... necessary., notify our member
companies- on:Current events and important issues;

evaluate.-the :probable impact on .PCA. operations which may eventually'
result-. from U.S.- metric conyeiSlon;.-and, -

4. ve=plan programs within..PCA . to implement metric conversion., but only
at such time as. the-..nation- voluntarily decides to-',convert and a
national M7dSte.has been. established and accepted.

The PCA resPonse-included the fdllowing note:

It must clearly undersood; however, that PCA dOes not in any
wk iettic.piliCies for the.. industry, nor it
'represeneitafMemberi;:CallectiVely or sever111 n
concerning `metric conversion. .-Metric policies, planning .an pra

the - resPonsibility. of each : cement_ producergrams :are strictly
acting:';independently for its own interests, and,_ 4there
consensus ..-towards metric conversion has not. been
established..

The ,pcA has reSearched and-,. prepared . several hard metric publications
and design aids- .for the.....Canadian -cement interests. A11,.. publications.
written since 1978 contain soft conversion of .English

Prestressed Concrete Institute. The Prestressed Concrete Institute (PCI).
has a'.Metrication. Committee, --chaired by Douglas. C. jeffordi of Nashville; . .

TTY. Mr. aniel P. .Jenny of , Chicago, IL is PCI's MetriC Coordinator...

PCI has -the following .metric policy, dated January 1978:

"Thee Prestressed Concrete Institute endorses. metric conversion to
-the :"SI .,:system of :measntements. It, is imperative that the cOnVer7
sion be. :clone :in wellr_ planned,. orderly fashidn in order: to.' mini
mize the difficulties.: that will 'result.- from th' conversion, as

to assure that `.the various standards adopted for use: in
the-, preStressed....industrY are logical and .compatible.. Hence, it is
the policy-of::thednStitute- ro _continue to Monitor. the .steps being.
taken:toward. :metriCation , the construction industry with the
view assisting :'the.'` conversion and achieving .reaSonable and
;workable .Standards."

In- hiS response; tfie Metric Coordinator Included the following "Initial
Steps for -Implementation of the PCI Board Policy on Metrication:



1. All nevi.PCI -publications including PCI, periodicals will have. soft
conversionS,..i.e., 'metric equivalents. in parentheses, metric scales
on graphs where feasible, and metric conversion charts:

..When existing publications are revised they shall, have a soft
cdeversion. .

3. PCI shall. adopt.. the 100 'millimeter module as a basic unit (approxi-..inately 4 inches).

4. PCI: 'shall adOpt a basic panel size of 1200 x 2400 millimeters
(approximately equivalent to 4.0 x 8:0 feet).

5. 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

ryboth hard, exact) metric units and customary (English.) units.

PCI shall 'expand its educatioial activities to assist the members
in evaluating ad . understanding metric conversion, and the' SI system
of measurement.

7. The~ Metrication Committee shall be responsible- for develbping a '
hard conversion metric plan and' 'schedule and recommend the appropri-
ate time for implementation.,

. ,
Quaker Maid.- A Tappan Division. This organization is'' awaiting, the
resolution of differences between the paneling plywood industry and
gypsum paneling industry. One industry is ready to convert to a 1200 x
2400 mm panel, -while'the other wishes to maintain the 4' x 8' measure-
ment. Until these differences are resolved, the cabinet and appliance
industry cannot proceed, as -many cabinet dimensions have developed over
the,years to efficiently use plywood paneling.. .

Red Cedar Shingle and Handnplit Shake Bureau.. . To date, the 'extent of
this organization's metric activities Is the inclusion of metric units
on the labels of bundles of shingles and shakes, i.e.,

. -16" x. 5/2"
24" x 3/4-

(400 mm x 5/50 mm)
(600 mm x 19 tam)

Society of. American --Registered Architects. This Society responded
saying that for -.several' 'years a representative has been attending
meetings of _ the- Design- 'Sector of the Construction Industries

.

Coordinating Committee of the American National Metric Council.
Bernard Frislukua, Silver Spring,.'ND, -is Coordinator and Representative
for. the Society. 1

. Southern- iluilding-',Colie.--'-,CongreSS'...-International, Inc. -- -The. -Southern \;
:Building:.'COdeCongrees,--Internationnl;: Inc. (SBCCI) ,has no :formal_ time-

. .

.

''.:;t.ble-for ::-Convereli:in.'t6-2Si.:-:,:.Unita;',nUd::-feels the indUetry-itielk -.'should.
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proVide information. and _guidance on Which units it will convert to. A
metric conversion cha.rt is included in all 1979 editions of the Standard
Code'S, and SBCCI iS beginning -to incorporate metric units in Research
and Compliance Reports" it issues on products and materials. The SBCCI.
Board is considering including soft converted units for -.00nindustry

dimensions in its "1982 'StandardStandard Codes; e. ; stair dimensions, heights
and areas, door widths, etc.

Tishman Research Corporation. The Tishman Research Corporation his

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

Underwriters' Laboratories, Inc. In 1972, Underwriters' Laboratories,
Inc.-began including SI metric equivalents to-the stated customary units
in its ..Standards for' Sifety. Most standards include. soft converted
units; 'however, when the involved industry expresses the need, hard
converted values' are used. ,

-Union Carbide Corporation. Union Carbide's Metrication Coordinator
C.S. Hines ; :South Charleston, WV. It has a metrication Steering Commit

tee Which includes contacts. in all divisions and functional- groups... The, . .

`Steering Codmittee meets twice'a year and maintains close contact other-
.

wise by telephone and Metric Bulletins issued by the Coordinator: Some
of, executives hive had overseas iexperience and are famiiiar with
international use of metric. Union-Carbide produces and sells some prod-.

ucts in metric in the bnited- States and is preparing to do so in- many-
remaining products. Markets demand and other considerations determine
the timing of implementation'of Union Carbide's metric conversion plans.

United. States Gypsum' Company. 'This company has a major- concern with
the replacement of the 4-inch module with the 100 mm module. It is
'Opposed to- hard conversion of panel; tile, and block products. , It
Opposes neither 'soft conversion- nor "hard conversion" of non - rigid
.p,roducts which are- sold in bulk and/or packaged in bags, boxes, cans or
similar volumetric 'units".' .4*

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

\-

"United States Gypsum Company recognizes the apparent inevitability.
of the. proposed use of metric (SI) units as a replacement for those
units such. as inch, pound, and .fqot., generally. employed in the
United.Statei.

. .J . .

- The conversion of rigid materials to "hard- metric sizes based .on
the 100 ,mm module is not believoad 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 ram-module, would .result in Smaller sizes don are
presently produced with the 4-inch module and therefore' a foss of:



manufacturing capacity, an increased use of energy, and a require:-

mentjoriaddifional labor'for installation. Therefore, it will be.

COMpanypolicy to supportchange on a "soft" conversion basis only

on rigid;: products. 'In anticipation of such change, labels and

literafure will have metric. values added at suCh- time as revisions

are made normally.'

Conversely, 'hard' conversion of products sold byweight or volute

suctvas building lasters, joint :compounds, fluid, paints, and

adhesivei would have little effect, on'.capacityand therefore could

readily be;:conVerted at such time as metric is accepted is the

United States. Company policy, will be to accept 'hard' conversion

.of measurements for such products."

The Company czcries dual, labeling on a large percentage of its pyoducts,

much-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.

Weyerhaeuser Company. Mi.. 'jack Firkins; Tacoma, Washington; is .the

Matrid Coordinator for Weyerhaeuser. The company has issued a Weyer.

.hieuserMetric Practice Guide. Its Senior Management Committee adopted

thollowing-.policy in 1976.

"In:recognition -of. increasing international trade, the. national

Policy of":increasing metric use and the 'Jongterm ..benefits of

metrication,-it.ia the policy of Weyerhaeuser Company to sUPport

theadoptiOn of metric units ofmeasure known as the International

System Of Units (SI): It is our-desire that metrication should be

essentially, complete. by 1982.. However, our adoption pace 'will be

established considering our internationalpioduct:involvement, new

product introduction and.the metrication activity and Progress..

"`nationally and within oui-industry Segments.

Section 6,. Item 4 of the Metric Conversion Act of 1975 instructs_...:_.

the U.S. Atettic :Hoard to 'encourv's activities of -standardization'

organizations to. develop, or . revise, as rapidly as praCticable,

engineeringstan on a metric theasdrement--basis, and to take

ad4antageof opportunities. to promote..(A) rationalization or simpii

fiCation?of 1*-1440rishiPs, (3).A.mprOemments design, (C). reduC7
economy, and (E) .where

feasihiethe efficient use. of energy. and ..the conservation of

,natural resources.' fla 'companY policy: to be actively involved
. .

is the development and. revision, :of. standards and codes relevant to
the;ProdUctSWe4roduce.ThisiCtivity Shall he.dOordinatehronsiL_.

...appropriate industry.:asdotiations and the American National Metric

To minimize costs and:, maximize -theh:benefits associated with
metricatiOnthoughtfuI. and coordinated "planning:is: essential.

.
_



Withinthe,,corpOrate policyand'procedures frameWcirk, each business
'.-shali-estebligh:jetrication:Objectives (soft conversion, hardcon7.
:TersiOn4,:rationelizationi.:tptimization) forite products and busi
ness practices, and outline a.prpgram for achievement. Manufactur
,ingand,:support groups shall similarly establish metrication.objec
14"cm-S:and activities. that_ directly. supportthe business. Each
manager: shall incorporate. Metrication-'-activity plans in his annual.
statement:13f :goals and program and standards. of performance and
communicate them to the. Corporate Metric. Review Committee."

. .

2.2 State Construction Related Metric Activities

:,_------
Thefollowing'construction related information conce-rnin-state metrida-
tion.:attiVitywaseXtracted-frOm the 1978, 1979, and: '1980 Editions of
the MetriclYearbOokpublished by .1.:4.Keller and Associatee,
145 W Wisconsi3venue, -Neenah, WI 54956. Also. noted are'thoSe states.

urith.metric committees,

Arizona - has a` Advisory 'CoMmittee:and has passed legislation
concerning. therecording 'Of land in metric measurements.

California.- has.a MetriConversitn Council to coordinate changeover to
the metric. Sysiem and.to keep in step with the national effort. There is
a licenSecl'contracior On tbe-COunCil. Two of the Council'smajor objec-
tives:are to encourage standardination,'and to identify.Fediral, state,
and local laws and codes requiring aMendment for metric - .conversion.

. . .

- -
Colorado 7 as 4 Metric. Advisory Board.

Connecticut 7- haw.'a Metric -Coordinating- =Committee. The state is a
Inemberof, the.WOrtheast Metric Coordinating Council which is comprised
of si,c'''New. England states, In 1979, :the State Legislative Research..

.Committee wea'actively researching all. ;the measurement-:sensitive por7.-
tiens of 'existing:statutes so that proper legislation can beAtmended
which will propeky effect.the.change-over at one-given time.

. .
. . .. -

Delaware - All plans done in the Delaware Department of Transportation
include metric equivalents.

.-

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. bile 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 voluntary metric conversion'are removed."

Indiana c, Senate Bill 224 was introduced 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 met the
same fate, as other bills in this subject-area--inaction for the remainder
of the session.



Iowa the, .,RighWay Division : of the Iowa Department. of TranSportation
,

.

!_has:'ametric.task force concerned with conversion of the.- highway system,
including signing, maintenance-, ,.Stationing . and. construction contracts.

- . : .

Maine ". has -a Governmental Metric Policies. Committee.

Massachusetts - is a member of the New England Metric Coordinating
-Council and has established a Northeast Metric Resource Center at the
University of Massachusetts,

Montana - has an Intergovernmental Metric. Task Force.
7P-

Nebraska - a. Nebraska Metric Board is currently in the proceis of
for sing, with representation from industry, agriculture and education.

Nevada - . .has a Nevada Metric: Committee: The Nevada Department . of
Transportation established a timetable for completing' a metrie:cOnstruc-
tion project; but the. timetable is, not being followed currently .due to_

.

-the: interruption 'in the metrication .activities at the state and federal
level, according to the metric, coordinator for that' Department.

New Hampshire - 'is 4. member of the New England Metric Coordinating
Council..

New York has a Ne14 York State :Metric Council. The, state enacted .a
law 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
kdeclares that voluntary and :--orderly conversion, to the metric Syitem of
1.7eights. and Measures of -;,,vital importance ,to the economy of the
state. It is hereby -declared' to bethe ,publie policy of this state to
encourage , the ,gradnal' implementation of the metric system throughout
the.state s government, - indUstry,;:.cOmMerce, business, education, and
agricultuie.t..The New ,York State Metric Coundil conducted .a study of
State-.1ii.is to determine how often customary measurement units °appear

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

:Dakota- p.Arts of the.North - Dakota Code _are replaced, metric
egnivalents ate inserted:1n'. the replacement sections. Future :legisla
is 7ipserted. 1979, ...its.:legislat

... ..

-enacted Senate I.Conenriene, 'Resolution.- No. 4010,, urging:: the United S t tes

C oigre SS not to p asst anylegiSIation mandating conversion to t4e metric
system in Thlai,:concurrent . resolution the- . .

- ,

,

Senate on ,an unrecOrded.:,VoteandpasSed .the Ronse by a- vote of 46-. to 45-
requireCopaiir.rett:-.reSolu4int:: not. : legislation and- thus does. not.reqn.ire a .

. _ , ,

constitutional:rmajoritT:to pass.



,e Ohio --the Ohio"Department of.TranspOrtation Prepared/a report on highway
metricatiOn.liating.a"five-phaSe.experimental prograM.Which consisted of

two(I)DeSign,:of tw metric highway, Projects; .Construction of these

two projects; (III)'.Public Use andAdoption ofHighway.Signi; (IV) Public

Information; (V) Public Reaction. In a speech.the Ohio Department of
/rensportation Director stated,.."...a true conversions to metric cannot
be done at the-local level...ailieustry would haVe to Convert to have
the V.S.:-become truly metric." In-addition, he stated, ."The primary
cost of conversion would : not be as expensive, as originally Conceped."

Oklahoma 7 in Oklahoma the metric system. has been jointly-recognized with
the customary system.for. sometime'and can be used any commercial

_ . .

purpose:'
.

.

Oregonthe metric systet.haS been jointlyrecogdized with the cust ry

systeM and can be used for commercial purposes. A project of the .Or on

DepartMent of Transportation involved design and preparation of contract
':ddcuments utilizing the metric systeM for a highway improvement project:
Two bridges have been comPletectusini:theitim measurements.

"In 1979, another metric 'construction project was completed successfully

by the Qregon Department of Transportation. This small effort included
'replacing an antiquated bridge with a Mulvert.-

In addition, a- field survey has been completed on a metric bridge
rePlacement Prdject and it is. now inthe design. stage. The Department.

of Transportation has also been involved. n .prparation of right 7o -way

dOcuMents for a metric highwayiMprovement:project.i

South'Carolina-- has a Metric Advisory domMittee:

Tennessee - has a Metric Conversion Committee,

Texas - has a Metric System Advisory Council./ Two infOrmation sttveys
haVe.been completed, One-dealing with a computer search of Texas statutes
for 'frequency of occurence of measurement unlia..._to. determine how much

.adaptation Would-.-he necessaly to effect metric. - conversion of existing

statutes; and a survey of colleges. and universities to-determine whethei

they had metric eouns.az-in progress. ,

Vermont -.has a, Metric Coordinating Counci1.1 Its 1979 work plan indiuded

as a goal the preparation of a .10-year- state plan for the conversion

to Metrics for the State of Vermont and included.actions appropriate. for

the-executive and legislative brancheS of State'sovernment;as well-aS

the.Vermont Metric Coordinating. Council. 1-The COuncii:tas a subcommittqe

on Buildingand"Conitruction.

Wyoming .According to state bridge engineer inthe Wyoming -.State .

"Highway-Department, "The .only metticsMtivity.-we-have Undertaken in 1979

As to include soIt.metric conversion in our for Road .and:
. /

°



A

Bridge Construction" which will be ,published- in 1980. We have shown the
metric equivalents in parentheses. after the U.S. units, and the metric

,equivalents are in accordanc.,. with ASTM E380 -76."

9



--,-.TECHNICA4-IMPLICATIONS OF 'METRIC CONVERSION IN. THE

CONSTRUCTION INDUSTRIES -

9

.

General Aspects

What: i88§e iy ea__ "metric" is a comprehensiVe measurement system
with a decimal baSe derived from the metric system, which was developed
in Prance during the/last decade. of the eighteenth century to replace a

variety.of non-standard "primitive" measures. The modern metric system

which 'known: as "SI," far. the French ,terni. "Systeme International

,fixed by .inte.rnational agreements which include the U.S.

tes,a signatOry. SI includes units for every physical quantity: Metric

usage has been legal ` the' United States since 186 , and all customary

units used in the United States have been defined in terms of metric
units since 1893. SI units are already. widely. used in some engineering

, .
disciplines, such as -electrical engineering, illumination engineering,

and ,acoustical`engineering.
,

The -America.n _Society for Testing and Materials '-(ASTM) standard ASTM
E380-79. [I], and the Institute of Electrical, and Electronic_ Engineers (IEEE)

Standard 268-1979 [2], both titled ."Standard for Metric Practice," are

recognized as . key. standards. -two- -standards_ !formed __the

::basis' _American National. Standards Institute (ANSI) Z210.1, "American

_-National .Standard for Metric Praetice. However,' the 1979 editions

differ marginally; so neither has been endorsed as an ANSI standard: .

The- construction community has its -own suppienientary standard to ASTM
ANSI/ASTM E621-78 [3], :'Standard Practice' for the Use of Metric

(SI)-Unfts in, Building Design .and Construction.' This standard sets

out rules and :recOMMendatiOng for theuse of SI units in deSign and con-
, ,

strUction, discusses special considerations in the selection- of units,
provides :tables of preferred and acceptable units for various disCipline

groups, including exainples Of. typical applic,ations, and contains a set
of conversion factors for the most common units used.

The availability of these standards ,makes. it possible to select correct
SI units for data presented in.. metric units only, ox dual units, and
enables values to be converted` with an appropriate degree of precision.

.

The matter of selection of "preferred" metric values is addressed in

detail, in.. NBS Technical Note 990,- "The ,Selection of Preferred -Metric
'VA.Ines:for Design- and Construction" [4]. The Technical Note provides

-a rationale for .pteferred numerical.-malues, gives guidance on conver-

sion. ons, and includeS a methodology for "manual or automated
. .

conversion of values in standards and 'technical documents. =4...
41.



3.2 A- Comparison of Features of SI and. U.S. .Customary Units

When,ipPraising the merit of alternative- measurement systems in practical
use, especially, .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 anion ,supporters of. SI, and in the popular domain
among people Opposed to- change from U.S. customary unitswith little
exploration of common ground.

The metric system, despite its new and foreign names= -.even in Fraricew
adopted by one country after another,. not bY -force, .but ;because of it
intrinsic featured simplifying .communications, .specification; calCu7
lationd, measurement, -and control. The founders. ,of the 'system had taken
heed of their' brief-to develop a :universal 'and 'permanent" system, hised
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, decimalization, and the
designation of absolute, reproducible standards, all of which have
remained featurea o _SI, the modern metric .aystem...-.. . . .

.
4

4 :From a construction.._industry viewpaint, the key features in SI arre the
_

reduction in the number of units of 'measurement, coherence (one-to-one.
relationships) between.- units,:, and the. availability. of decimal prefixes
to select working units Which preserve- simple nximeiical..vilues... .
3.3 On Units .and Numbers.

To- undepstand the implications of a measurement system, it is important
to appreciate. the role of units and numbers, because it is. in this
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 refdrence quantity :but would
make little sense on its own, while the number' indicates, the 'multiple
of the reference quantity, and, _again makes little sense on its
(An exception occurs In tabulations or drawings, where a general state--
ment of the reference quantity' makes it possible to represent numerical
vaiues by a number only; e.g., all dimensions are in millimeters-.)

U.S. customary units for length, capacity-, and mass date from the. middle
ages, where an "additive system" of multiple ,uni.ts mias -used t5 indicate
magnitudes; for eniample,4a precise statement requinailLyounds and ounces,,.
or ffeet, inches, and fractions. (The 'additive item goes ..back to

" "antiquity and is still in- use-in-mnits_ior liealm-:month.,.__Weelt:,___day,,
hour, minute, and .second] and plane angle , [degree, mite; and second . a
arci.)
While. an additive -system can be "used- to measure _precisely, any mathebat-
icaV- opeFation which is performed' on the .-numbers,*). becoties complix.'*.
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Table 3-1: Concepts in Measurementf Comparison of SI and U.S.
Customary Units

CONCEPTS - SI (METRIC) UNITS . U.S. CUSTOMARY UNITS' '

1. Completeneis

&
.

SI has a unit for every physical Multiple units exist for most phys -
tcal'quantities, but are supple-
mented by metric or SI units in.-
many fields:

y.quaniit
..

. .

. Uniqueness
,

. .

- :

. -

SI has odly.one recognized unit A variety of units exist fOr.phys -
ical quantities.often for special
applications only.. for example,
without counting:superseded or spe-
cial units, there .are 9 units for
length, 5-for miss, and 7 for vol
ume.or capacity' ,

for any onephysical..4uantity%
(For praOtical reasops,a'num-
ber of non-Stunits or multiples
are accepted 7- unit* 'for time,
angle, and multiplet such as
hectare, liter, metric ton.)
4 .

,

3. Coherence

.- ..

.

SI unituare,a1I coherent, that
it, they hfve,a one-to7one re-
Zatinnship to:each other, based
on their unit derivation accord-

. .

ing to the laws'of physics,

% : '' .:'."

Customaryunita have only limited
coherence, andiesult in the intro-
duction 'of factors other than 1,
when to

another; for example, 3,4,6,8,
..9,12,26,20,22,24,27, etc.

.' Decimalization

. . .

.

SI uses standard decimal prefixes Laige orumall.values are trans -
fOimed Into-a different, nen-
decimal unit, except for the mil
'(1/1000"), the. square (1001ft2).,
and the kip (1000 lbf).,,-The ratio-

.between units,_orfactar, alters
the numerical values in.,71cula -
Lions. , ,

. .
.

(powers of 10):to alter the mag-
nitude Of the.rference-quantity.
These' prefixes merely'change the
position' Of-the decimal, point,

:^not the digits In a number. The

prefixes are internationally
dused and understood.

-v.

5.. bnit.Names
.

f-

'

-...

.

SI unit names, except. for, iradi:-
. ? ,

tionalmetriC names taken-from
Greekor Latin words,:arede .

riveckfrom the names of great
scientists; which are-thesame
in alllanguages.

.. .q

Customary units.have ;lanes based. on_

words in the English language,'- AI

:These words have no meaning.in other
languages. In some instances, the
,same name is used for'different
magnitudes. et. .

.
-

Ymbolization
and Rules

.

.,

.

-

SI.units'and piefixes are repre-
ented by internationally ":
'agreed letter symbols; which
have the.same meaning regardless
of surrounding language or
scrApt. SI has agreed rules'
foi the use of units,'symbols,
and. numbers.

. .-

Unit names can be represented by
symbols.(ft, lb, qt), signs (", ',
0), or abbreviations (f0s,"psi, .
cfm)..-Theiruse relates to-the
Engk:Sha language context`only.-
Ther re few formal rules on.unit
use. . 4- .

- .

7. Reproducibility SI' units are scientifically 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. .

. .

8.

.

Universality
.- n

.

SI units are "internatiOnal"'
and representthe official .

measurement system of most na-
tionscpf the world. An inter-
national governing body (Cd..M)_
maintains the system and Us-
rules; Including periodic -

0
review.

.

U.S.'customary units represent a na-
tional measurement system, not used '

outside theUnited States. -

'

. .

.
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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" = 58") 'or else decimalized (e.g., 4'-10'1 .--=
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
factor" frequently occurs in,siairs, 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
syseem,.indeed,-occurred in,the Unitedtates where decimal currency was
introduced some years before the metric system was conceived and final-

.

.ized in France. Metric is "decimal," and the originators of thesystem
even tried unsuccessfully to decimalize time and angular measurement.

From a productivity point of view, metric operations-would be simpler,
quicker,and less error-prone, because. units follow the decimal number
pattern ty, having decimal relationships only.

In all other nations that have changed to metric,units, proponents and
opponents have Contrasted "a national metric system" and "a familiar
customary system." People as well as.computeri work better with decimal
`units than with. compound (additive) valuet, and this may explain why
those groups whOse work predominantly involves computations or measure-
.ment decision, such as building designers and engineers, have been sup-
porLive 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

All units in SI are "coherent," that is, 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 teven base units representing fundamental physical quanti-

3 ties (length, bass, time, electric current, [thermodynamic] temperature,
amount of jmolecular] substance, and luminous intensity) and, in some
cases, also from two supplementary units (Plane, angle and solid angle)..
Five .of the' nine units are already in .usein the U.S. customary system.
Derived units are formed by multiplication, 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 purposes of illustratidn, coherence can be understood
better when. the relationships of the already familiar unit for power and
-heat flow, the watt-(W), are examined:

44
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Electrical power: 1 W 1 'T.A.'

Heat flow, energy, or
work per unit time:

-Work or energy per J.4W = 1 N /S
unit time:

Is

ExpresSionan'terms
. of SI basre'Units.:

1 W = 1 kgm2/s3

(1 watt = 1 volt' x-71 ampere).

.(1 watt = 1 joule per second)

.

(1 watt = 1.newton mete= pet -
second)

(1 watt = 1 kilograli meter--

squared per second cubed).

System coherence not only facilitates calculations,. but simplifies. corn-7
13-7,i/sons; .for example, 'the watt (W).would be used in SI for of

ower and heat flow, ,thus, allowing direct cOmparisons between alterna-
tives_ or systems.. The watt will.remain where it is now used; and replace
e* following .U.S. customary units: Btu/h, Btu/min, Btu/s, ftlbf/h,
ft/bf/min, ftlbf/s; horsepoWer (boiler), horsepower (electric), horse-
power (550 ft/bf/i), horsepower (water), and the ton (rerigeration).

.3.5 Decimalization

:The decimal number system, which uses the base ten, is in worldwide use,
and its number symbols are understood regardless of language..ot sur-
roundingfounding script. Each symbol has an absolute value as well as a value
of position. so that numbers can, be written as a'linear combination of
powers of ten; for example: .

.

123 456 [one hundred. twenty -three thousdnd.fouthundred fifty -six] really
means:. 1 x 105 +'2 x 104 + 3 x 103 +.4 x 101 + X 101 + 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 longer necessary to express fractions by.meanS of a
numerator and denominator, but as a decimalized value; for.example,-one
sixteenth-(1/16) becomes.0.0625, one tenth (1 /10> becomes 0.1. The pron
found merit Of.decimalization.of'fractions was grisped very quickly. and
mathethatica and physics advanced significantly; for example; making
possible the expression of logarithms..

.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
needed. The concept- of decimal prefixes (words and symbols signifying
the mUltiplication of a Unit by apower Of ten; -for examplekilo (k)
for 103, or milli (m) for 10-3) .provides simple numbersinstead of
.2500 grams, 2.5 kliogratha can.be used; or in 'lieu -0.0l0 mPter, 10
millimeters can be used. Decimal prefixes (or factors) do not change. 1



o,'

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.

building design activities,. decimaliz'etioncombined-:with coherent
Wait greatly facilitates calculations and decision-making. The value
of detimal'unitsAhas-alsO, been recogniZed.in U.S.:customary measurement;.
whereinthe mil represents one thousandth of an inch.(0.001")'and is used
in precision measurement; the building square represents 100 square.feet
(ft4).; the kip. represents 1000 pound-force (lbf), and the -chain: of

fet,.or 4'rudb-had.been divided into 100 links fot ease of dalculatibn.

3.6 Metric Practice - or, Rules for :the .Use of SI
- .

Iricontrist to customary measurement which harm explicit book of rules
fpr the selection' and use7ofunitsi their presentation and symbolization,
and numbers used in:.con5unction. with units, SI is. accompanied..by an
nterriationelly.agreed set of rules and recommendations. to ensure con-
sistency and.tb. avoid misunderstandings. hese rules are mostly common-
sense.prescriptiobS whidh; with a -Iittle''practiCal application,' are
easily learned.

. \

ANSI/ASTM Standard E6.2178, deals with "rules and recommenditions for
the.presentation-of 'SI units and symbols", in table_ 5,'and with the
presentation:of- nutherical values with:SI" in .table 6.

A number of metric pTactice guides for specific-. disciplines has been
prepared by professional societies or .industry adsociations, as :well as
individual corporations. These are i luded .in Part -9 of this report.

The surveying and mapping comm, ty has 'developed e comprehensive and
thorough "Metric PracticeGuMe for Surveying and Mapping" [5], issued
in March 4978 by the Amirican CongreSs on Surveying and Mapping.,

3.7
The Practical Application of Measurement

Meesurementun4s,are used-in a number. of,different ways, from.ep.proxi
orations to very precise measurements. The Impact of metrication, corre-
spondingly..would have different overtones. .

,//'

3.7.1 rEstimation- of Magnitudes. Estimating magnitudes in terms of
reference-quantities 5.S: a "learned"'aspect of measurement and.pribci-
pally'involves memory ancijedgment:. For example, if one hundred piOple

.."are asked to estimate the length of a dollar bill,.in inches, a normal
distribution is'ilikely.toresult, with some estimates stating. a length
that is far too. short, and some fir too long. Estimating temperfure
or:speed is more difficult, and that of forcepressure, or poWir almost
'impossible Without some form of measuring instrument. In estimating,
weise""mental images" or recognition' points, such as one's own height,



reach, or fingerspan, and the main task in metrication -would be to
Ipnerate a-new:data bank ,oflearnednames, relationships, and magnitudes

.

for.:.meaningfut-aisessMent of physical faOtors. The need to "relearn"
causes objection to change bysonle.

3.72 General Communication of Measurement. Information. The communica-
tion of::MeatureMe data can involve either estimates or approximations,
or highly precise eithetHcommutication, the receiver
'Of:themesg4elmust position :to assimilate and process. the
mestagn.*.meaningful:way. FOr:exaMple, if temperatuies are given in
degreet:CelsiU0':(°C) :Only; an association between numerical value and-.:
sensation of comfort (cold, cool, mild, warM,:hot) would soon be
obtained. However, if-both-a-lamillar:reference-(in-deirees Fahrenheit)
AndA metric -reference. (in degreet Celsius) aie given, the' Unfamiliar
value.would-be selectively:blockedout:WithHalmost no long term memory.
Where the precise communication of. measurement infOrMation is essential
.to a teak; such as-calling out values obtained by measurement to a person
who records.thel,,.it.is essential that bOth.the-measurerand the recorder C,

are fully familiar with the units and values that are used.,

. 3.7.3: Descriptive Information in Written, Typed, or Printed Data. *De-
scriptivei.nformation in "software," such as standards, technical data
sheetS, textbOOks, drawings, And the like, requires compactness, lack of-
ambiquity,And consistency in presentation. 114-most Instances; . metric.

-data'wOuld.be-Advantageout.

The largegt part of initial activity in metric conversion would Involve
softward, 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.

. -

3.7.4 Calculations and .Computation. As already indicated, Metric
measurement was designed for, greater productivity all mathematical,
processei involving measurement decisions. The concepts of unique units,

-coherence, and decimalization combine to give greater speed and fewer
errors. Engineering calculationt, 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.- .

\

3.7,6 PracticalMeasurement in Production and Construction. .To measure?
,magnitudet cf physical-quantities such as thickness, mass, thermal:prop-
erties; electrical properties, etc., any measurement system will.suffice.-
However; if comparisons are to be made with international standards, or,
requirements set out inmetric terms, the use of,metric measuring devices
would be-preferable, ,rather than the usei of non-metric devices and
subsequent conversion.



Precision. in measurement is -7a .function of the following: accuracy', of

.
-'the measuring inatrument,- accuracy of the operator (reader) and/or trans-

criber;' .and-', the graduation of the ;instrument. 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. interpolated by

. judgir:ent. 'Normal 'steel tapes for construction measurement aie graduated

; iniaul:tiples of 1/16", s?- that measurement can be laid out or read to

the nearest. Similarly, metric construction tapes are graduated
in millimeters, so that measnrement.. can ,be effected to the nearest milli-

meter :(mm): The metric graduation will' encourage. more precise measure- .

dent and would .be likely 'to lead to. fewer 'deviations in additive Measure-
ment during .production, layout, or construction. Comversely, temperature

readings can be made with- greater precition7 oa:the Fahrenheit (.°F) scale

than on tize Celsius scale (.°C), 'due to 'the finer graduation of the
Fahrenheit .scal.e. a

.
In production and construction, measurement, the use of metric units
oculd generally increase 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 liiits; that is, fall within permissible

,'.tolerances. In general, the use of millimeters for the measurement of

' length, width, depth,. thickness, diameter or. radius, .warping or twisting,

and squareness ..would facilitate quality control operations.

5.
.

A high percentage of testing and laboratory work in product manufacture
. already is carried out:*in: metric 'units..-

. .

3..8 Metric Units for Use by Tradesmen and Site Personnel

Considerable 'attention has lbeen paid: to metric (SI) units for building
designers and. other professional. groups. However,. most practical tasks,

for mesiirement in troduction" and construction are carried . out by

skilled and unskilled workers, to whom_the change of measurement. units
..may be a cause for -some concern.

'e
.

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

will reduce,.. so that the leg-nine' situation 'is not as. great as imagined

at firSt sight. 'Precedent lias indicated that there is' little merit in
"ove;training" personnel, especial.ly 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 it puts metric
concepts into .a practical perspective..'

Table 3-2. shows the -most common metric units that would' be used in various
Construction-related activities.



Table 3 -2r Key Metric Units' for Use on the Job'

QUANTITY UNIT(S) SYMBOL(S)

BLOCK AND BRICK
MASONRY ,

Linear Measurement'
Area
VoluMe (of mortar)
Mass (weight)

millimeter, meter
square meter
cubid meter
kilogram .

.

=9, le

m2

M
3

.

kg

CARPENTRY
.

Linear Measurement
Area

.

'millimeter, meter
square meter .

=. 3.
,2

CONCRETE WORK
.

Linear Measurement
Are, A .

Volume
.

Temperature (of ingredients)
Masir'NelghtMof ingredients)
Capacity (water) ,

Cross-section (of reinforcement)

millimeter, meter
square meter '

cubic meter
degree Celsius
metric ton (1000 kg)
liter
square.millimeter

=, m
m2
m3
'C

t

L
mar2,

ELECTRICAL SERVICES

.

*already in common
use

.

.

.

Linear Measurement
Frequency . .

Power
Energy
Electric Current 8

Electiic Potential
Electric, Resistance

.

millimeter, meter
*hertz, kilohertz
*Watt, kilowatt :

megajoule, *kilowatthour (3.6 Mj)
*ampere
volt, kilovolt
*ohm, kilohi

=. m
Hz, kHz
W, kW
M.1,kUll
A..
V; kV
0, k2

EXCAVATING Linear Measurement
Volume
Mass (weight). ,

meter
cubic meter

.metric ton (1000 kg)

m
m3. .

t

GLAZING

a

.

Linear MeasureMent
Area' .

Mass (weight)

.

millimeter, meter
square meter
kilogram

.

= to
m2'

LAN D SURVEYING'

.

.

Linear-MeaSurement
Area

.

.
.

.

meter, kilometer
square meter, hectare (10 000 m),

square kilometer

to, km
m 2- ha
km1

MECHANICAL SERVICES

,
'Capacity

.Linear Measurement
Volume.

Airflow (Velocity)
Volume Rate of Flow

. .

Temperature
Force
Pressure, Stress
Energy, Work

millimetermeter
cubic meter
liter (I m m 1000 L)
meter-per second
cubic meter per second,
liter per second

degree Celsius .

newton, kilonewton
kilopascal, magapascal
kilojoule, megajoule

mm, to

a3
L
m/s
m3/s
L/s
°C
N, kN
kPa, MPa
kJ, MJ

PAINTING

.

Linear Measurement
Area
CapaCity (of paint)

meter, millimeter
square meter
liter, milliliter

tax = .
al:4

L. mL

PAVING; PLASTERING,
TILE LAYING

Linear Measurement
Area

millimeter, meter
square meter

mm, al
,2

PLUMBING (See also:
Mechanical
Services)

.

Linear Measurement
Capacity
Mass (weight)
Presdure .- -

meter; millimeter..
liter - .

kilogram, gram
kilopascal ,

m, mm
L
kg, g
kPa

ROOFING
.

Linear Measurement
Area
Slope

.

.

. .

millimeter, meter,
square meter
millimeter per meter (.,,......n.a maw)

=, to
m2 '.

mm/m

SEWAGE DISPOSAL,
SITE DRAINAGE

Linear Measurement
Area ,

.

.

Volume
Capacity
Slope .

meter, millimeter
square meter,, hectare (10 000 a)
cubic meter.
liter

. .

.

millimeter per meter (.........mi.aricto

m, mm
m2, ha
m 3

L
mm/m

STEELWORK
.

.

Linear Measurement
Mass (weight)'

. .
.

millimeter, meter
metric ton. (100C kg), kilogram '

=, to
t, kg ,

TRUCKING
,

Distance . .

Volume
Mass '(weight) .

kilometer . ,

cubic meter'
metric ton (1000 kg), kilogram

km
m3
r, kg

49.
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Metric. Measnring.Instruments
- ;

.0na-of,the real costs of metric conversion is the purchaSe of metric
measuring instruments, such as drafting. scales, .steel tapes, weighing

deirices:<icaleS), gauges:And dials, levels with graduations. Or markings,

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

or performance measurement. :The.cOst of procurement can only be reduced

if'normal, replacement cycles are used to acquire' metric rather than

customaryinstruments: . In some instancea,it would be more practical to

effect.a ixartial replacement; for example, the purchase of a blade with

metric.graduations for a steel tape rather than purchasing the, entire

new unit, or a metric dial for'a pressure gauge rather than a new gauge.

Although not preferred in the long run, tapes, scales,. and gages may be

obtained with a dual readout' for use in a transitional period; for
example, steel tapes are commercially available now with graduatiOns

both in inches and fractions on one edge of the blade, and graduations' ,

in millimeters on the other.

, .

Special care :should be exercised ,in purchasing decisions to make sure

that the "metric". instruments feature correct units anastandard gradua-

tions.: For example, tapes graduated in centimeters (cm) are widely sold

for general use, while the 'construction community probably would use

millimeters (mm);' the purchase of- the. wrong :measuring devices could

create. confusion. rather than ,simplification:' Siiilarly, a 'variety of

gages imported 'from traditionally metric countries are calibratedin

non:' unitt, such as. the-bar, millibar, atm (standara.atmospheres),

kgf/cm2, etc., rather than in. paScals (Pa) 'or kilopascals (kPa).

Aininformed purchasing Could cause ,confusion, apart-from waste of .money.

At this time there are no national standards that outline preferences

for metric 'drafting scales, steel tapes, surveying -instrnments,cmass

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, dqes46.1ist metric sieve desi 'ations as' standard sizes

corresponding tro those recommended by ISO, d also includes alternative

designations.

A number bf American multi - national cbrporatio .produCe preferred metric

measuring instruments in other .countries and e well equipped to serve

the needs of ,the U.S. construction communit .during a transition to

metric measurement..

3.10 Metric Standards

The Metric Conversion Act of 1975 specifically addresses the subject of

metric standards and states in Section 6:



..."In carrying out this program, the [United States Metric] Board
shall--(4) encourage activities of standardization- organizations
to develop or revise, as rapidly as practicable, engineering sten-

on a metric measurement basis, and to take advantage of oppor-
tunities to promote (A) rationalization or simplification of rela-
tionships, (B) improvemenfs of design, (C) 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 policies to use-or include mefric (SI) units in their
standards, although not necessarily as niard-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
1

There are no fully metric building codes-or model Codes available in the.
United States although some. major code-developing organizations have
deoided toInclude metric equivalents in future- editions. There are a
number of Options, ranging from the use of dual measurement units (with
varying degrees of 'rounding and rationalf.zJtion), ta 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 controllers
but is likely to require considerable investigation and inter-industry
discussion to arrive at preferred values.

3:12 Technical Reference Material, Handbooks, and Textbooks

At present, technical 'information for professional and other personnel
in the construction community is predominantly in U.S. customary units,
although some professional 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 presentation.

The .American. Institute-. of Architects, in conjunction with Wiley
-Interscience, has prepared the "AIA Metric Building and Construction
-Guide" [7], -a comprehensive and thorough basic reference document for
buildinedesigners and other? interested, in the application of _SI in

.construciZon.

A number of engineering textbooks dealing with the change .to metric (SI)
units have been published. "Meiric.UnfEs in Engineering--GOing SI," by
Professor CorneliUS Wandmacher [8] provides a.useful 'and comprehensive
sgeneral.text to acquaint. engineers, and engineering students with the
concePts, relationships, and practical application of SI.

.

A comprehensive metric bibliography is provided in Part 9.
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Standard for Metric Practice,, ASTM E380-79; American Society for
Testing and Materials, Philadelphia, PA; 1979 ;.42 pages.

2. Standard for Metric. Practice, IEEE Std. 268-1979; Institute of

Electrical and Electronics Engineers, New York, NY; 1979; 47 pages.

3. Standard Practice for Use of Metrici(SI) Units in Building Design
and Construction, ASTM E621 -78; American Society,'for Tes ng and
Materials; Philadephia, PA; 36 pages. .

4. The,Selection of Preferred. Metric'Values for Design and..Constructio
NBS TechnicalNote 990; National Bureau of Standards, Washington,
D.C.; December.1978; 83 pages.

5. Metric Practice Guide for Surveying and Mapping; American Congress
on Surveying and Mapping, Falls Church, VA; March 1978; 12 pages.

Wire-Cloth Sieves for Testing Purposes, ASTM- E11-70 lreapprovved
1977),_AMerican.Society for. Testing and Materials, Philadelphia, PA;
1970;.5 pages.

"7. AIA Metric Building and ConstruCtionGuide, Wiley Intersclence, Inc.;
New York; NY;. 1980, 154'pages.

8: .Metri.f.: Units in Engineering--Going SI, Cornelius Wandmacher;
Induszrial Preis, Inc., New York, NY; (1978); 302 pages;



PART 4 - METRIC COMM(); AND DIMENSIONAL COORDINATION IN BUILDING

4.1 Dimensional Coordination: -:-Background

In'an industrY where most tasks involVe dimensional control of products,
components, assemblies, and building elements, as well as their combina-
:tion and fitting to form buildings and structures, diMensional standard-
ization is an essential ingredient of cost - effective operations. The
alternative of random sizes would involve extensive cutting or make-up
activity, and result in: waste of materials as well as low productivity.
Dimensional coordination-simply is'a rational appidach to the determine--
-Tion and selection of preferred sizes for-building products, and of pre-
ferred.dimensions.for spans and spaces, based on a mmon denominator,
the "building module" or basic unit of. size. For th s reason, it is
'also referred to as "modular coordination."

In historical building activity, many components were custom made or
_shaped, or produced in small quantities;- 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 values were those that formed a
simple doubling series, for example:

4"

3"

8"

6"

16i>

W-41
i>

12"

(y-01

32"
(r-r)

64"
(5.-41

24" r;8'1N.
(v-o) (4'-0-)

96"
.(8'41

Q .

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 ot (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 construe-
tion fitting- on- site.. Some miior inconvenience was caused.by.having-to
work with essentially three measurement units: feet, inches, and common.
fractions of inches.

With increasing industrialization of the 20t11 century, proposals emerged:
in the 1920's and 1930's for a comprehensive and rationalized approach
to design and construction dimensions, and yelated building product
sizes. .The best known pioneering work was done by the American indus-
trialist Albert Farwelf;.Bemis (1870-1936),.who proposed a 4-inch module
as basic unit of size-for buildingSas,well as building components, and
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who developed-A4"-Comprehensive 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 ofM were :preferred

for all dimensions. , The system also included a modular.grid, with

inch grid interIal, for..the.preCoordina,tion . and positioning of building

elements and components. AfterBemis' untiTely death, his ideas became_

the basis for a national standards effort in "the coordination of'dimen-

sionsin building,". and a series of national standards became available

after 1945. Masonry unit's,. such as. clay brick, concrete block, and clay

flue linings.were. in- the forefront of 'the change to modular:dimensions

based on the 4 -inch module.

'4.2 Metric Dimensional Coordination and the InternationalBuilding
Module

The ideas. of modular coordination were picked up'in post -World War'II.
'Europe, and they became the basis of the industrialized reconstruction
program in a. gigailtio demonstration of how greater productivity can be

-achieved by the .use of'standardized 'dimensions rather thad random

choices. European nations used a 100. mm (10 cm) building.module.and
found-this.basid.and.decimal'unit to be of a near-optimum size to reduce

variety -while simultaneously retaining. simplicity of numbers. The

European efforEs in both Western and EaStern European countries were
followed-by extensive adoption. of the principles in South and Central

America and-Asian metric countries: 'Subsequentlyv the 100 mm module was.::

tised'as the basis of. international (ISO) standards,, prepared within the I's'

iSO Technical. dOthmittee 59, BdildiniLConstruction,'whichWas 52 member '

nations and_ 32' actively participating in the 'work: The. international

building module.adas 'given further emphasis When all English-speaking..
.Ccmntties.that changed to metric in the 1960's and 1970's adopted this

modAle and.selected mutliples in.the deiermination.of7their dimensional

-preferences in building [1]..

4.3 -Metrication and Dimensl'onal Coordination

Although' a separate issue from metrication, dimen4onal coordination in

the construction'industry becomes like.a Siamese twin:- without at least

a partial -adoption of,modular and preferred sizes during the change, one

of the...greatest 'opportunities of. metrication 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 considerable
of respondents did not give a definitive reply.

Question 14.h in the GAO Report, CED-78-128 [2], as part of a question

"dealing with "advantages frequently attributed to conversion with the

metric systemi" stated:

"Conversion will provide an opportunity for implementing or expand-

.ing 'dimensional or' modular coordination'," defined in footnote

three 'as -Wdireot relationship.betwden the dithensions selected for
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the design of a building and the sizes of.components-used ill its
'construction. 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." N

Four
Disagree;
percentage

response categories
1. Does not
responses are

Group of
Respondents

were used in Question 14: . Agree;

apply; and, 4. No basis to judge.- The-following
shown on page 16-27, of the report;

2.

Overall Responses
Agree Disagree Does nott No basis

apply . to judge

.

All' Associations 38% 13% 7% 42%'
4

Designers r 39% 12% 15% 33%

Contractors 44% 7% 9% 41%

Labor 44% 11% 44%

Manufacturers . 32% 18% 8% 43%

Distributors. 42% 5% _______,_______--5-3t------:-

Codes & St
/

state
s:----67.---

22% .11%

-- - 40%

6% 61%

It is 'interesting to note that, if one considers only the definite
responses "ay.::e." or "disagree, .nearly three-quarters (74.5 percent) of
all associations concurred with the question asked, ,ranging from 64 per-
cent Of umnufacturersto 100 percent of codes: and Standards. However,,

it is also significant that almost half of the respondents ,;9 percent)
selected the:.neutral choices "does not apply" or "no basis. to judge."
Inthe latter category the range is from 33percent of designers to
61 percent, of real estate.

All the definite responses to the GAO Study- reinforce the

previous findings and statements by many leaders of the construction
community that "metrication would be an opportunity for'implementing or
expanding dimensional or modular coordination in building."

4.4 The-Metric Building Module Compared with .the Traditional 4-Inch
Module

The advantages of metric dimensional coordination in building are derives
to a large extent from the mathematical and technical features of the
metric building module'of 100 mmi, 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 Amen widely used in the sizing of
building products and design approaches in the U.S. construction

ndustry. Therefore, metric modular dimensions and. sizes would differ
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onlyslightly--theywo4ld be 1.6 percent
smaller and, in many 'instances,

remain within 'existing tolerances. The principal advantages of, the

metric module are outlined. below.

4.44 Metric Modular Dimensions are ,Directly Visible. Any dimension,

in millimeters, with two zeros (00) at the end is always a modular dimen-

sion, that is, Ja-whole-.Multiple of the 100 mm module. But much 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" multimodularvalues at a glance. . For example, 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.compa-Ason, 4800 mm, or 48 modules; has superior

properties of divisibility--it pis a' whole multiple of the following

"modular_ dimensions:" "2400, 1600, 1200, 800, 600, 400, ,300, 'and 200zmm.

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

almost invariably be better off with 4800 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 be recognized,asa-"modular"- dimension,

that is,divisible by A inches, put after a little mental arithmetic it

.

becomes clear that the multiplier is a less. preferred 47:-

Sin another example, NeNfoot-incii.equivalent of 64 modules-is 21'-4",.

which. is not immediately recognilable as .a whole multiple of 8" and

16",.so common in standrd- o Sizes and spaCing of ;structural'

members. Quite a few designers, without thinking, might prefer 21,-07

or 22'-0" for building spaces or spans. There would be no such diffi-

cult)? with 6400 mm, the equivalent of 64 Metric modules,. which can

'immediately be distinguished, for ita ...-divisibili.ty:.by'.3200,,J600, 800,

400, and 200 Mmt-

4.4.2_, The Modular Square --.AUseful AId-An''Calculations: The modular

square of .100: mm x which' provides the basid two-diMensional

'grid,- has.an'area.of.exactly.-0.01 in.,(one hundredth of a .square'. iietei).

This:relationshi0 is Very neeful'in all formS 'Of calculftionsinvolving

area,-snchas in. functional properties (structural, thermal,. acoustic,

etc.).- AC. "mojduidr." area-in metric.junitS Simpli*is the prodUct'of the

two multipliers; lor'eXample, adoor of '800 mm'x 2200 'mm his an area of

176 modular sqUares x 22), which can be':Converieid.directlytO'Squate--

.
meters bydividing by 100) so'that it would r4resent'an area of 1-.76 m2.

If the &or had been 2000. mm (or 20 modules)Oliih, the calculation could.

have been done in the mind. By comparison; a modular square with,4"

.
sides represents.1/9th Of .a square loot or 1/81st, 'of asquare yard,, so

that.caldulations, are much more awkward. A customary. door of 2'-8" x

_71-4", which haS176-,cmstomary modular squaies, requites -a -1:).ngthy

-cuiation and .rounding to: establish its area, because there are no'decimal

relationships. : ,



The direct relationship between the metric modular square and the square
',meter (m2) becomes even more significant in _calculating costs of build-

ings,. builaing elements, or building comPonentsr, where any .cost in $/m2
has the same numerical value in cents per square module. For example,
a cost of $6/m2 also.represents a cost of 6i per square module. This
enables more accurate costing of modular buildings and modular. building
Products, as well as tighter ..-cost codtrol.- In computerized building'
'design andi.documentation, the cost of design alternatives could be fac-
tored into thedecision piocess without much difficulty as part of metric
modular coordination.

4:4..3 The Modular Cube. The-modular cube,of 100.mm x 100 'mm x 100-mm,
'which is the basic unit in athree7dimenSionalmodular'epategrid, repre-
sents:a

-
voluMe.of exactly 0..001-'morone thousandth-of a cubic meter) and

:a,Capcity'of. 1 L (one liter).:,This-relationshfp greatly. simplifieS all
calculations involving

.

_volume or. rapacity, such :-as room or building
es,.cut:and fill cbmpuEetions,.HVAC,design, end load-estimates bieed

on s'per unit volute of materials. The-capacity as well' as :mass of

the ontents of rectangular storage tanks'with modular dimentions'can be
,calc! aced with.ease,-based on-direct unit :relationships that can be
traces right beak to' the ,riginal'coliceptS-pf the metric Syste4 of the

.17901s. The Units ;H: capec.:t7) ass maps.werntelated On* one7
to-one. hasis-in'the ',.:11o,Ang sequence:. 1. cubic decimeter (nowa. .cubic
module, as well) equals laiter;. 1.1iter of water at its maximum density
has a-Mass of. kilogram.. This relationship is still very useful; for
example ifthe specific gravity of a materftl-is knoWn,*the numerical'
value -also indicates the mass of!a-moduldr cube -of that material. In

unreinforced ,:oncreteigithaspecifiC gravity of 2.3 (or a-mass density
of.2300 kg/m3) a modular cube would have' a mass kgi. in

with a:sPeCific gravity-of 7.85 (mass ansiiy of 7850 kg/mi) it mould.
be 7.65i etc..

.44.4 An Example of. Calculations" with Dimensions. ',P,';practical

example will illustrate'the Advantages'of.these.relationshiPs in a met-
ric modular concept, A' reinforced, precast concrete 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 properties:

. . A

Area:
Volume:
MaES:
Force:

121001-x 32[00] = 384. square modules =-3.84 m2
1[00] x 12[00] 32[00] =, 384 Cilbi modules = 0.34 m3.

x 32 x. 2.4 =921:6 kg':- .''

[mass x 9.8 m/02] = 921.6 x 9.8 = 9032 N = 9.032 kN.

.Thus area canbe.COmputed'easily for'fhnctional properties or costing;
volume,for quantity' of concrete tequiredi mass for transportatidn of
the panel; and force for lifting. and structural load calculations.

r- - :
.

*:4:4.5-Metric-Drewing Scales and the Building Module. -:Because of the
decimql.relationships_that extend right through metric-measurement appli-
cations., the .100 mm building' module has Alio .or,fleic. major adVantagesin

-measurements it is represented. directly as a scalar division on,4611
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F. drawing scales from 1:1 (full size) to 1).100; and it repi.esents a major,
marked-graduation obi construction tapes.

The scale instruments .(hand scales or ,machine scales) prominently
identify 100mm and its multiples for ratios from 1:1 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
1:100, the 100 mm building module is represented' by. 2 mm and 1 mm, re-
specavely., . Therefore, the desiwi working on ddtail drawings is con-.
stantly reminded of the "modular" dimension as a preferred value. This
is not so in customary, scales, which emphasize the foot (3 modules) and
often the 6" and. 3" subdivisio, rather than the 4-inch module.

Figure 4-1: Examples of Drawing Scales with Modular Dimensions Emphasized

ilphill11111111111111i101111111111

1:1 . 0 10 amp 20 30. ..40 50 N JO N

m11111111!r1111111111111111

I 100 110 .120

1111111111n11111111111111111111111111111111111My111H1111111111111:111111:111i1111 11111111111111111:,

1 1

1.11
1:2 0 20.00 40 60 80 100 120 140 . 160 180 200 220 240

':1..
..

V V V V
111,1i11.11111;1111111i41111111i1r1111.1111111111111111411111111111.f111111111111111:111111111111111111111111111111111
I 1 ,.

. . 1

. 1:5 ,itii so no 300 400 500 600

' . y V-
11111111.i 11111111111111111111.1111111 1111111111111111111T1 11111111 111111111 1111111V111111111111111111111111T11111111

.. .1:10 0 103 no 200 300 400 500 NO 700 070 :900 1018 1103 1208

II 11.1 1ILill1111 IIIIIIIL1I11II111

1000 IXO "1400 1600 1800 2003 2203 2400

-de

',The er,i4ngles`haire been added to point to locations of whole multiples0

bf the 100 =module on detail scales. They give a direct indication
.ofthe scale factor, and the subdivision of thescale; for example;
each mat represents an it crement of 1 mm.at-1:1; 2. mm at 1:2; . 5.mmat

tran at 1:10; and 20 mm at 1:20.
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Construction steel tapes for, use in building layout. andmeasurer- nt of.
building products' are the principal measuring instruments on-site. U.S.

customary tapes are graduated in feet, inches, and fractions. Many tapes
also shaw a special marking for all multiples.of 16 inches to facilitate .

layout at 16 inch centers: . Howeyer, modular increments' of-4 incheS are
not marked in any special 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 min_.(or-0-.1 m), thus emphasizing the4netrtc -builaiug inodule 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-iillimeter) .

. , ..
tapes are. shown in figure 4-2.

Figure 4-2: Customary.(Foot-Inch) and Metric Construction Steel Tapes,

a- Section of 12-ft .pocket steel tape graduated in feet, inches, and
sixteenths ofari inch

ArvitI tit

.41

,

I

3
I

111 II 11 1r

35 7 3G8 s 44 0
riLlinit

1
1iill111111h

b. Section of 3'm pocket steel tape graduated in meters and millimeters
(100, 10, 5 and 1)

I I I ! I LH I I
i I 1

I I. I .1 .1. I I
I. 1111 .1°1:1'1

80 90 900 10 . 20 30 :40. 50 60 . 70 80 .90 lm 10 20

c. Section of 30 m precision steel tape graduatedin meters and
millimeters

0

. .

4.4.6 Endorsement of the 100 mm Metric Building Module. The 100 Tam

metric building module has been.endorsed in publications or information
released by major industry organizations in. the United States such
as: 0

. The American Society for Testing and Materials"(ASTM)
The American Institute of Architedts (AlA)
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The ANMC Construction "Industries COordinating Committee
'and. its Sector Committees

The- National Association of Home Builders (NAHB).

In addition; as Outlined isc-Part 2, a
societies have developed metric policy
recommend the conversion to preferred
hard conversionrather than the use of
dimensions. or sizes --a soft conversion.

(ANMC/CICC)

number of major associations or
statements or 'guidelines which
metric dimensions and sizes -a:
metric. equivalents for customary

4.5 The Practical Application of Dimensional COordination in Building
- 2

Dimentional coordination ''in. 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-
cation; dimensional coordination is a matter for cooperative effort

rather than. mandate. The establishment of a successful. program requires
the cooperation of, designers, manufacturers, and many other parties to
the building process,- to set down general rules and conventions for the

use of preferred dimensions, including guidelines for joints, tolerances,

and limits of fit.

Basically, there are few diffgrences in the stated "aims, principles,
or practical application" of dimedsional .coordination based on a 4-inch
module, and dimeniional coordination based on a 100 mm module:- In the

latter case, international redommendations and guidelines have been

established, but the- resulting\ conventions could be used with either

module.

Recent trends worldwide indicate overwhelming support .for the 100 mm
module and, the derived sizes, and many of the developing nations have
choaen to adopt. the content of ISO standards, in 'full or with minor vari-
ations, as their national standards. . The trends also show a move away

- _from the rigid application of moddlar 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-
tr011ing dimensions," and-these are normally selected from preferred
multiples of the building module.,

C

On plait,_ such controlling dimensions can occur in two ways. They may
either be taken between the -"coordinating (or nominal) faces of build-.

ing elements, in which case they are referred to as boundary controlling
planes, or they may be talc& from axis to axis of -structural. elements,

__ in. -dase..tfiey are referred to as axial control ng planes. Either
eapproach has -"advantages. Normally, boundary contjol s mor .useful in

buildingswithmany structural elements and si-Sdivisio into small spaces,:

for example in most residential type structures., Axial control, gener-
ally, is more apilropriattNin larger buildingS or structures, with long
spans and open plans",, such -as industrial type structures. '.



na

The s approaches are illustrated graptidi-1 y <in figures, 4-3

and 4714-

Preferredsdimensions. -for horiiontal, control 'have been established in ISO

standards,: and:: diMensions : which -axe" .,whole multiples of .300 mm, 600 mm,

1200'imni; ;3000Tram.; and 6000 t favoKed , with a limited' applica-

tion:J(3f: 1500. mai asHan additionS.L.:Preference. -.The absence of U.S. repre-.

sentatioa in -ISO: has meant--,-that-;the typical U.S. preference for four

modUles (Or. 400 Mm) traditionally' used in spans, .-spacings, and' many

product-sizes-. (16" increments.) is., not in4udedi dxcept in the multiples

1200-iain and 6000 Mm. °

n-section, control ng dimensions occur betwee- controlling- planes at

floor level, ceiling leVeI, and:roof level. The, are generally referred

to as floor-'-to-flOor height (story height), floor-to7-ceiling 'height (room

..height) -ceiling-to-roof height or flo*oi-to-roof height, as appropriate.

Multiples of 100 :mm, .300 mm, and 600 mm have been suggested as preferred
diMensions for vertical control in international proposals, with the use
of such increments- specified..for -particular ranges of dimensioht. The

typical, U.S. ipreferefice for twO.:Todules (or 200' ma) traditionally used in

.masonry. products (8" vertical' control) -, is not specifically mentioned..

Additional intermediate, acintrolling: occUr at door head and window
.head height, and at ;window: 4.11 'level::: These 'dimensions ideritity the

_vertical component of preferred opening sizes.

Vertical controlling- dimensions and intermediate controlling: planes are
shown in- figures. 47-5 and



.

Figure 4-5: Yertic.al Controlling
Dimensions

Figure 4-6: Intermediate
Controlling Planes

. .

A .fUrther refineMent is:, the designation, of supplemedtary spacei, or
"zones, "..to accommodate structural elements and non - usable= sPaCe. These =--

... zones may be imodular (contiolling -Zones) or non-modular (neutral zones):;
7 . O :

4.6 The- Choice- -of .Preferred Dimensions
. . ,

The:; principal aspect. of dimensional 'coordination in building is the
selection, ..by' industry .,conienSUs., :Of "preferred" dimensions for the
,deSign-coorrifir+Pt4inOf ,buildings;!... and the sizing of. building products.
With Citifill..chOiCeind:--;;ZOOierEion between all major groups affected,
inUch-rg;f-StSr-74iMensional'hatincoSY chan is.: known today--;

.

without.dny:;'*acrifice ;of: cutstomary sizes were developed in.

_responSkto ,,needs±,;at4:-,p-attieular points time either unilatfr-a 11 y -lor. by
consensus: sizes Are compatible: with modular
CObid4ation, .andithi;-.:siMktatifty in;..cus6MarY andmetric modules should.

:7114e);;It5:POsSible' pkOdfretiiint, in. the. same faCility and with
the' 7, same., eguipthent; albelt.-modified inr-some instances.

What. then are ,:iiefeire& dimensions? As -construction is an additive'
any. dimension 'Which can be"., further divided into Whole modular.

%.- = t'a : , ; . -



subunits is defini'relY preferred. This is where-multipliers such as 6:
(divisible by 1, 2," and 3);.:12 '(divisible by 1, 2,. 3, 4, and 6); .and 60

(divisible by 1, 2 3 4 5, 6, 10 12 15, 20 and 30) lave decided! .!

advantages. In a -metric modular context, dimensions such as 600 mm.
modules),. 1200 mm: (12 Modules), and 6000 mm (60 modules) have long

been recognized as preferences, independently ot.their close similarity
to customary dimensionsfóf 2 feet (6 modules), 4 feet (12 modules),.
and 20 feet (60 modules).

In fact, metric preferencei combine the benefits of decimalization, in
the feria of a 100-mm basic module, with highly divisible numbers, and,
therefore, would provide some%additionilbenefits. This is easily illus-
trated by a bcomparison of the customary. .godular dimension of four keet
(equal-to 48.inCheS, or 12 modules) and the metric counterpart of 1200 mm
(12 metric modules). Tble 4-1 lists divisibility irtowhole subunits,-
in modular as.well as Aon-modular 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, in Mosaic' .

.,patterns.

Table 4-1: Comparison of Divisibility

Divisor

'4

.Non-
modular
Size

1200 mm [12 modules].

IlOdUlar.SiZe:
Non

120.0 ;um.

2
3

2 '-0" 600 mm'
400 mm

4 1!-70" 300 mm
5

6 200 mm
8
10
-12

It 100 mm

16.

20
24 2"*
25

,0240. mm.

150"mm
. 120 mm

80 mm
75
60 .113111

50 -mm*

48 mm-

30 mm
25 mm*
24 Ire:7-

32 11/2"

40
48
50

Total 6

* indicates a submodule

Similar comparisons may be made for_each,"pair" of customary and metric
moelles.



4:7 Issues'in Production - Sizes-of Modular Building Producers and
Components.

Tbe manufacturing industry"is unlikely to produce metric modular products
until a. demand emerges., Such a demand is unlikely to develop before a
construction industry M-Day,.and may only build up slowly after that-, as
Contracts for metric buildings are-let'. Initially, some.metric.modular
products are likely to enter the market as additional productlines, but
aprolonged transition period would probably create more problems for the
manufacturer theit the customer as a result of dual inventories. For this
reason if 'is essential that "consensus deCisiors" be reached-throughout
industrywithout a commitment the safest course Might be to remain with
traditional sizes and to let others hazard "metric experiments."

The lessons from other countries do not bear out predictions of gloom.
They are particularly interesting in a lo al approach to the estab-
lishment.of "iodustry'preferences" for b ding componentand,assembly
sizes, based on the.. 100 mm module and se cted multiples.

A "metric preferred size selection ma -le. is shown in table. 4-2. The
purpose of the matrix, which was also included on page 54 of the AIA
Metric Building and. ConstructionGuide [3],. is to facilitate the identi-
fication of size preferences in four product categories, ranging from
small com2onents to very large components. 1

In the sizing of uiodular products, it must be remembered that -"coordi-
nating dimensions" are ideal dimensions, taken from centerline to center-
line of adjacent cOmpotents; that is, they include half a jdint width on
each side. For example, the ,standard (or specified) size for modular
masonry units with coordinating dimensions'of 100 x' 100'x 300 mm, would
be one joint width less, or 90 x 90 x:290 mm for the standard 10 mm mor-
tar-Joint. This is the same as in traditional practice, where a modular
masonry unit of 4" 2C4- m:.'12" with a 3/8" joint would have.standard
dimensions Of 3-5/8" -.:5/8".a'11-5/8", except that whole millimeters
are used - instead, of inches' and fractions. Similarly, -:in the case of
building or wallboard, the joint width is normally considered
minimal-and part of the tolerances alloWed for production irregularities,
so-that a "coordinating size" of'' 1200 x 2400 mm (or the customary4'-0"
x 8 -0") would also be the-standard (or specified) size.

. .

--Tolerances_for metri6 product sizes will be expressed,. in millimeters
rather ,than in fractional-urits; for examp , a ceiling tile might be
shown am 300 ae-600 mm, with' tolerances of -2 imm, -41 mm, coMpared with.
a custOpary ceiling tile' of 12" x 24", with tolerances of--1/8",'.1-1/16%
-(These.values are:shown only for illustrative purposes;)
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Table.4-2: Metric Preferred Size Selection Matrix

CATEGORY

A:: Small Components
(under 500 mm) '

TYPICAL EXAMPLES OF
COMPONENTS AND

--ASSEIOILIES

;Brick block, tile,
paving units

nanntsiorw.'PlOVERENCE

First'

200'
300

. 400

50'
75

150
250

B: Medium-size
:. Components:aad.

Assemblies -
*(under 1500 mm)

Shemts, panels, partition
units,.doorsets, 'window,
slabs

'600. . 500
800 .700
900 -1000.

1200 1400
Vote 2

Earge-sSze
-..:-Coinponents and

(up to"3600 tic).

-Precast floor units, pre-
cast' vaL1' units. panels,
door assemblies, window
assemblies, -precast
stairs, }precast ducts

1800
2400
3000
3600

In x 300)
1500 .
2100
2700
3300

x 200)
1500
2000
2200
2600
2800
3200
3400

."Note 2

:rtriery Verge.
Components and ,
Assemblies

I:tower '3600 um).

-.Prefabricated
e.lements, -precast floor.
and roof sections,

9600,
;10 800
12 000

(r: x1500)
4200
6600
7800
9000

10-200
11-400

(r. z150q)
4500 .

.7500
10 500

Vote 3
. .

SCCES7.* 2. Por.thepscriosee ofzatiorsalieriiion;>C9MareatZtiplee of 100 ma;
. above -2000: which :ccre..prime s: :(e.g., 1200,.1300, 2700, 1900,

...2300, '.2900,; A. constitute a Ismer order:of preiezunce and should
P77.1eidered.where *Nola' 1.7mqUirmeente...exict:,'- -

second preferenoes 'are thorms; for nertical dimensions
the:use of rairtip7as of 300 res, partiosaagy unction with -

J. aZtesmative second priferenbes are Amos; for some projects it
will 'be more crpproprisrte to size Zama components or.aseasnies in
asultiples of 1500 wt.

'4.8 Construction -.The Trade-off Between Design Dimensions and Product

Sizes

Efficient construction involves the positioning and assembly of a variety

of building.components from different sources into an organized and.func-

tional wholewith a minimuiof cutting,titting,.or other waste of effort

and iatetials. Nodular construction has.long been looked at as a means

of obtaining greater efficiency in construction and, thus, siabilizing

buildingcosts.

Efficient construction, to some extent, depends on the harmony of design

dimensions and buildin-product sizes, as anz.mismatch requires cutting

and/or fitting' of materials. Obviously, some cutting will always be

needed around openings, projections, or corners, but the intelligent :use-.

can reduce its amount without resulting in stereotypes.

rThis.applies regardless of the measurement system used.
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However, for reasons discussed earlier, the visibility and divisibility
of metric preferred dimensions would offer opportunities for. savings
right through the building design and construction processes. A trade-
off .matrix for preferred designdimensions and product _sizes was devel-
oped in Australia, and has been refined for U.S. use.. The matrix is an
original "metric decision aid," but it could be duplicated in customary
dimension's, based on the 4-inch module.

The matrix, in table 4-3, shows on the horizontal axis a selection of
'dibienSional preferences for building products between 100 mm and 1200 mm,
and on the' vertical axis.design dimentions 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 dimensions. The summary columns list the total divisibilitY of
modular design dimensions as well as the two non-modular dimensions
included. It gives a very clear indication why,.for example, 3600 mm is

-4 bettei designdimension than its neighbors, 3500 mm and 3700 mm, since
it represents a whole muliiple of many different modular product dimen-
sions. All prime.nuffiber modules, such as 3700 mm, have been shown in
italics to indicate that they offer more limited value in modular coordi-

nation. The matrix can be expanded, and readily adapted for computer
design decisiohs.

4.9 Modular Drawing Practice

Modular drawing practice has relied heavily on the use. of modular grids
to control dimensions,sizes, and position, using either the basic module

o'ilmultimodules as grid intervals. Grids are also used in.metric dimen-
sional coordination to facil1cate precoordination decisionsin.designs,
but more emphasis is placed on controlling lines, such as floor or ceil-
ing plalies, which are shoWn with a little circle at the end. An open
45-degred arrow replaces 'solld arrows in the identification of modular

.controlling or coordinating dimensions.

4.10 The velopment of Standards for Dimensional Coordination in
- , Building .

The United,States has the distinction of having had the first national
standards committee on "the coordination of dimensions in building,"
namely'Project.A62 in the Americam Standards Association in 939,- which.
prepared a-series: of four national standards based on a_4-inch.module,
between 1945 and -1957 [4].. Another burst of modular standards 'activity
took place after the American Standards Association changed its name
to USA Standards ASSoCiation and;, a. little latex,td the present name.
Americ.ih ational - ..Standards Institute (ANSI), kith 'four 'additional

standardioin theA62 series issued.between 1968 and 1971 [5].
,

In. 1974, the're'sponsibility for the development' of, standards dealing
with'dimenslonaf coordination-was transferred from ANSI to the American.
Society for Testiatand-Materials (ASTM), and a new ;Subcommittee E.6-62
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Table 4-3: Matrix of Modular 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 Modular Other
Multiples

-
1
_
1

100 150 200 250 300 400 500 600 700 .800 900 1000 1200 -Multiples

2
2
3
2

.200
300

. 400
500

2
3
4
5.

1

2 .

2
1

1

600 6 4 3 2 1 4
700.

.800
900

1000
.tioo

7
-.8
9
10-
11

6

-

3 1

2
4

.3
4
1

-

1

-
1 ._ 1 : 6' 4 3 2 1 6
.2300

1400
1500'
1600-
1700.

13

14
15

.16
17

-10.
7

.8-
6 5

4
3

2

2

1 -

3
3
4
1.

,..,.,, NIMIFEINEEME11MIIM
2900
2000
'2100'
2200
A:,

19
20
21.

-22
23

.

14
.10'

11
--

7. 3

.

1

5.
; 3.

2 .

1

1

1

' -
-

4 INI11121111MIMMINNE=IWM
2500

9 2600
2700
2800

[ 2900

25

26-
2T
28
29

18
13

14

10

9
7

5

-
4

2
3
4
1

13
3100
3200
3300
3400
3500

31.
32
33

34
35

22
16

17
14

11

1

4
2

2
3

.

-
1

-
1

. 4 3
.3700

3800
3900
4000
4100.

4200
4300 '
4400
4500
4600

_Ere

37

38
39
40
41

42
43
44
45

46
47

.26

28

-30

19

20

21

22

23'

16

18

1

. .

'14

-n
15

10.

7'1- 6

.'. -
2 -
2
6
1 - -

5 1

1' -
3 -
4 I .2

1 .:
7 i-

4900

5000
5100 .51
5200
5300
5400
5500
5600 -56--
5700
woo
.5000

49

.50

52
53

54
55

----
57
58
59

.

34

36

_28-
38

25
.

26

27

29
.

20

22

17

18

19

13

14

10

11

.-

5

..

2

4
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-.was oeawith, "CoordinatiOn of Dimensions for Building Mate-

dr:U.Systems,":'under the jurisdiction of- ommittee E.6, Performance

Of4ulidingConStrUCtions...

T'o date,.. ASTM .CoMmittee.E.6. has issued' only one.standard, ANSI/ASTM
E577-'76, Standardfor.Dimensional Coordination of Rectilinear- Building

.Partsand Systems [6]. .
It, uses a novel appFoach of designating dimen-7

sional preferences by the syTOO1 "U" (for unit dimension), and assigning'
values'to.U:in-bothmetric (SI) and U.S. customary' units. The U repre-

sents bOth.100 mm in metric wits .and 4 inches' in U.S.'customary units,

as the Standard increment and the standard spacing in:a. modular, grid.

-!; The standard. implies that at some future date dimensional. coordination

basedon a 100 mm module is likely to take over from dimensional coordi-

nation based.on the 4 -inch module, and that-the general .prinCiplevnaY be

.
applied.regardleSs of unit choice.. But the duality could lead to prob7.

- .
lems-in,production and construction, sincemodular metric products-will

not lie interchangeable with modular customary. products, and vice - versa.

TheMandard is under' review, -and it has been suggested.that it should'

q:replacedby a companiOn standard in .two separate issues, one entirely

in metric units, and the other entirely in. U.S. customary units.

ASTM,Committee E.6 bas Undet'contiderition a. proposed standard on

"Di*nsional coordination -of Structural Clay Units, Concrete' Masonry

Units, and Clay .Flue.:Linings," as "companion, standards with .Separate

metric and customary versions., The ideas advanced in the -draft standard.

are not new; much of the:Content is based on material contained in for-

.mer ASA (ANSI)" standards A62.2- 1945;.,A62.3 -1946, and :A62L4-1947... The

compatison standards are discusSed in more detail in 5.3.' r
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PART 5 - P6PHRTIES AND 'SIZES OF METRIC:14-BUILDING PRODUCTS -- PRECEDENT,
I

, CHANGES PROPOSED, AND CHANGES'21ADE'
.1 ..

1

.5.1 -Metrication and Building; Products Some General ObservatiOns.

A change' to metric (SI) units in construction would require the review

of the dimensions- and physical properties of most building materials,

components, and'ass.emblies.'.; -Before selecting. new sizes, lit would be

desirable to assess the impact of. metrication, diffiCulties associated

with the' change =over: opportunities' for raltionalization and variety

reduction, and alternative strategies 'for conversion, ; .

%
,.

. .,
\

Initlally, many products would. require:. no change other than their.

`description in metric terms and/or adjustment within existing Production

tolerances.. .Thi s M'etric veneer is termed: a "soft conversion" to equiv-

alentMeErie.. values withirm toleranceS, since :the . only changes ,'that

WolatiTbe 'made would occur on paper --in' the loftware. Where dual label-

ing is used,' it would not even be necessary to keep separate inventories.

.In a soft conversion, a manufacturer' would seek Out :"convenient" muse;-:
r.icai values; --rather. than preterred metric' values; . for example a 12 inch

length- (304.8 mm) would simply be shown as; 305 mm. _Generally, a soft

conversion allows_ producers .to postpone- changes. to new and preferred

sies..or' pFoperties until' the next redesign or new product development.
i,.

..
.

.

.
.

- On the other hand, to take advantage of "preferred metric diMensions or
-sizei;".. other Troducts'.,would, require a "lied cOnve r si on , , that . is ,a

...

' change to new and noir-interchangeable size§; to 'fit in -with indusfrY :.

. : preferences or to reduce variety. The term "hard conversion" ..is used'

not only because such a change is often.. more4ifficuli, but because the

hardware is changedso that, separate inventories. would have. to be kePt:.

Atypical hard conversion would. involve a chanie froi multiples of 4'jnehes

.

(101.6 mm) to multiples of 100 mm; for example, a 12 inch .(304.8. mm)coM.

poneat would be, replaced by a 100 acm component.

'Metric changes could . be :attempted.' one-at-a-time, or- simultaneously;

with all changes tora p-roduct occurring it the same- time. in the first

case, the .cdsts may be ,spread over a 'greater period of time; however,

it could require ' successive revision ',of technical data, which, may

reduce ips cost--effectiveness.
,

,..

''The. princiial theme assOciated with change. should be "rationalization

ihreugh metridation," This means= that product ranges should be review*..

for functional and economic effiiiency, for example, whether the range

carried presents an optimum ranger whether the steps within sa r

ft

ange-

ar really the. best or, only exist' because of tradition and. historical'

actors.. A change to metric_ prochiCts couldlend itself. to the pruning' of

products, hat have been 'liabilities, either as a result of long

'life and slow sales 2
or poor contribution to. profit. In some lusiances,

\ koduc t lines could be reduced without costs to the producer, designer,



or user, 1,....*: with gains to the producer, distributor, or contractor.
SoMe examples ':,*a diseased 'in the..assessment....of specific Oauct
groups..

. . . .

. -

Metric production .considerations are .discussed in Section 4,' of am
Special Pubfication 530 W.1,--dealing with, "Managerial and Economic
Considerations in the Change to, a "MetricTroduction Environment. ". Guie-
anqe on ccmvetdon strategies. -and the.selection of convenient and pre-,

.

-ferred merie values is given in NBS Technical Note 990, "The Selection '

of Preferred-Metric Values for DedIgn and Construction" [2]. . -
_

5.2 International Precedent as a Guide

.., ..
Although the U.S.: Construction community' has a larger turnover than *.
that of any other country= the precedent of metric production aecisions .

from other,countries%offers Many useful suggestio-rs of how :to .adapt to
metric with ,a minimum of cost and disruption, and of 'the jitfalis that
should be avoided.

. .

. _

Precedent from Britain,' South Africa, New Zealand and Australia: is
already dated by time, and many of the,people who. madebthe decissions'or
managed the resulting changes' have aiready. retired. In any.case,
dian_precedent.is the most.releyant 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 exchange of technologi-
cal-ideas and researchfindings. In Canada.is geographically
closest and is now in the transitional- of metric conVeirsion in
the construction industries the Canadian M-004 for construction was on
January 1, .1978-so that ft presents an.ldeal learning model for -the
United States. -While it has been suggested that, due t..( the much larger
U.S. =economy, Metric adaptation costs and. problems would be greater'
than elsewhere, (in the case of the concrete block industry the relative
size of Canada and the. United States has been used as a factor in cost.
estimates). These predictions of cost have tended to ignore three
aspects that would facilitate a change in the..United States:..

1. -A larger economy all*. a "progressive change" with manufacturers
changing when it'is economicallymost advantageous, and not all at

-.the same time. As metric demand builds up, more and more
organizations would change.

.

2. Lead-times now available allow for optiatim planning of -equipment
obsolescence and. replacement decisions.

, .--
.

; With vaKiety reduction, larger and longer production runs are
possible, which would reduce .unit costs. ...

4 I
C'

e
. .;

.

In the discussion of metric progress and proposals in various industry
segments, Canadian- -precedent kill

'

serve as an illustration oft "metric :

P
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trailblazing," particularly as Canadian industry is now producing products
based on joint United States/Canada proposals. -

6 .

5.3 Metrication and MasorTry. Products

Masonry-units,mat from fired clay or concrete, have traditionally been
of modular siies. -The masonry products industry has not taken a defini-
tive stand on metric dimgnsions and sizes, .but some Mesonly.industry
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 beAeterminea early on:and be
a#ailabIewhen needed. Early predictions* of' greater 'costs "associated
with the change' have not materialized in other countries, becauSe the
available lead-time *as tised to minimize costs by taking advantage of
planning obsoleIcence in production machinery, and normal replacement

cyclesfor extrusion dies and molds. Also, some products now produced
are within toldranceS -;of metric sizes.such as the 7-1/2" brick.

1

As noted in 4.10, .the AMericap.Society for Testing and Materials.(ASTM)
Cpmmittee E.6 is in the 'process of,,developing a standard for "Dimen
sional Coordinatian of Structural Clay Units,. Concrete Masonry Units,

and 'Clay 'Flue Linings," to, be issued in two non - interchangeable cam_
panion documents, one inSI units and the other in U.S. custOthary-UnitS;-
The metric version .will have preferred dimensions-based on -the 100 nun
Module. 'A significant difference is that the metric standard proposes
onlytwo standard joint thicknesseS, 10 mm and 5..1m, 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.

r

5.4 Metriciatior and Building Lumber

The lumber and wood products Industry has studied metric issues for the
past five years as pirt of the.work of the ANMC Lumber and Wood Products

Sector Committee and its ten Subsectors. The industry has relaxed its
early activities based on the assumption that most issues have been
resolved and that there,is no great pressure for conversion within the
industry or on the_industry. A general statement of the industry's
metric position in mid-1978- is contained .in "Lumber-.and Wood Products
Metric Planning Package" [3], issued by the National Forest Products
Association.

On page 4, the/document proposes a soft conversion of existing widths
and thicknesse*s-of softwood building lumber, with marginal rounding down
in the'larger'ssizes. (Tables 1-5pages 12-16.) Widths and thi'eknesses

will be designated in millimeters (mm) and in net dimensionstraiher than

current nominal sizes.. Lengths will be hard converted in multiples of

600 mm,.coordinated T7ith proposed building dimensions based on the.100 mm

module and proposed metric sizes of panel products.7.-
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lu marketing and costing, lengths will be shown. in meters (m). The
proposed sizes would probab...i be reevaluated during and after an actual
conversion, when both producers and users" realize that greater ratio-
nalizatiou is possible with preferred sivls that suit the needs of the
industry, and facilitate the design and coastruction Processes.%

5.5 Metrication and Concrete -

. .

The concrete industry would likely .be a lead. sector in anymetrication
effort as it has been other countries that have made the change.
Modifications necessitated by the change to SI are not extensive, but
the potential for variety reduction and rationalization is Considerable.

.5.5.1 Bulk Materials. for Use in Concrete,' Constituent taterials used
in the manufacture of concrete:would not represeht major problems in a
change- to. metric (SI) units. . Sand ancPaggregate could be delivered by ,
the metric ton (t) instead of the U.S. short ton.,-.Where.:.volume-is. pre-
ferred, such.as in paving, the cubic meter (m3) could replace the cubic-

.
yard (yd3) ,and cubic foot (ft3).'-Water could be measured in ternmt'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 aPowder andwoUld not
require any modificationS.-in the manufacturing process; -However, bulk'..

cement could be:sold:by the ;metric ton (t), while bagged cement. would
probably:be shipped in 40 kg bags (25 bags per metric ton), replacing ,1
the 'current 94 lb. bag. .( +.12-1.6 kg). .

-5:5.2 ReadyMixed.Concrete. Ready. mixed concrete could be delivered by
the cubic meter (m3),. apprOximately.J.3 cubic-yards,- but increment steps :
for orders could be a matter for local determination within broad overall
guidelines. Concrete strength grades 'could be.exptesedlin megapascals
(MPa) Instead-of psi, in a regular. progression with fewer steps than at
present.' It is likely that 5 MPa steps would be used, such .a0. 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 strengthg:,.inCreinents of
10 MPa would likely be preferred- .

5.5.3 Concrete Reinforcing. Steel. A change. to metric (SI)units would
present an opportunity_ for the review and rationalization o: reinforcing
steel sizes'and ranges. This, fact is well recognized by the Concrete
Reinforcing...S.eeel Institute (CRSI), which has been involved.-in detailed
studies and discussions with Canada-to bring.about a new,ana ratiSnalized
range of reinforcement in Forth Aterica..

,

Progosals are based on- preferred sizes derived-from the principal design
criteriorA cross-sectional-area, and the use of sizes, in select multiplies

of.100 mm 4. The'iletric sizesi.which'are the-sUbject-of a standby standard
prepared within AST% are already in :use ip..Canada.. They inliolve.a reduc-
tion.in range from the 11 current sizes to 8 metric sizes; 4ALthetefore
simplification of production; distribution, fabriCation, and design
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activities. Five of the eight new sizes are within Weight tolerances of
existing bars, which,means that roll changes are needed for only three
bar sizes:

- ,

Two Canadian standards provide-details of the geometrical and other
properties of the new range: CSA Standard 00.12-M1977, Billet--Steel
Bars for Concrete Reinforcement [4]; and, CSA Standard G30.16-111977,
Weldable Lbw Alloy Steel Deformed Bars for. Concrete Reir.coreerient.[5].
Table 1 in both standards is Identical and has been reproduced for

information:

/

Table I

Deformed Bar Designation Numbers, Nominal
birneritionst, ttnit Idassas,and Deforination Requirements

-

am
Ottognstion
Number

. hIcrennaiDienennIons
.

.

Was
Moon
Pet Unit

. Lingth
Win

Deforninnon.Requwetnnts

Goer
Sectionel .

Arast
nue

01;istwiter Per Weft,
Mainnturn
Average
SOOng

Ananurn
Annege
NMI It

MumiumCm,
Chord 01 12.5
Per Cant at
Nonwnat noncombat

10 % 100 11.3 35.5 0.785 7.9 0.45 4.4
15 200 :6.0 50.1 1.57 11.2 0.72

0.98
6.3
7.720 300 19.5 61.3 2.355 13.6

25 500 25.2 79.2 3.925 17.6 1.26 9.9
30 - 700 29.9 .93.9 5.495 20.9 1.48 11.7
35 1000 35.7. 112.2 7.850 25.0 1.79 14.0
45' 1500 43.7 137.3* 11.715 30.6 2.20 17.2
55 2560 56.4- -. 177.2 19.625 39.4 2.55 22.2 .

Bar numbed are based on the number of millimetres included in the
nominal diameter of the bars. s .

t The nominal dimensions of .a deformed bar are equivalent to those of a
plain round bar halving the same mass per metre as the deformed bar.

1,
^

O

The cross-sectional areas. for .conventional bars 1#3 to i'18] aie given
for comparison Ourposes.and metric.replacements are shown-below:

Customary
.Designatior

-Area inmm?'

MeericlArear
Designation

n
Lii5 #6
r

12§I 1200 284

200 300-100

#7 #9 ''f#10

387 1510 645 8.19 1006

: 1 [7
- -500 700' 1000 1500

#18

2581

- .%-t- - .

The 100 rara2 rebar:rep/aces both #3 and #4; :the 700 me-
;

tg bar :replaces
.

both #9 and #10. only .#7 (7./.87 0) had no metric equivalent., and'ats

use should be invited as the tran:-.1tion period approabhea--to. evoirl the

,possibility non- availability after a change' is implemented: Some
.

buildings be built: during ; the change from one range to . another,..

and forek wledge of met/1:d proposals will minimize adaptation problemb:.

.75i.
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5.5.4 Precast and Manufactured Concrete Products. Whilein-situ concrete
construction in metric units would be a matter of fairly simple dimensional
-adaptation by' setting formwork to metric spans,.spacings, or other design
dimensions, manufactured concrete products made in forms.or on casting
beds to foot-inch dimensions could present 'more adjustment problems.

.For,example, prestressed structural sections,'suCh as 1.--beaMs.or double.
T=beamS, could be produced to metric_ preferred lengths- without' much'
.diffiqp44hci4evernominal width preferences Wouldrequire a definite
change from-foot-inch width to metric widths. 'In the:caie of.a typical
section with a coordinating width of 8'120", a change to.a metric width'
of 2400 mm would require a reduction of 1-1/2" (or, 38 `-mmj'overall, or'

1/4".(191wn) on :each side. This might be accomplished, by the insertion
of.a .3/4" filler piece on:each side, if the. sides of the form are'uot
adjustable. Otherwise, the. profile.-would probably remain unaltered
until the forM_is replaced:tenewed, or poSsibly superseded by a new
design in metric preferred diMedsions. ;..

. . .

Lead-times availabba.now could be well used by identifying lifecycles
of casting forms, otential new designs, and.alteknative adaptation
sttOtegies to enabl a cost - effective adjustment to a metric building

environment.

- .

-5.5:5 Concrete Design Data' and Technical information. -The Ameri
Concrete:Institute (ACI) and the ,Prestressed Concrete. Institute CI)

haVe endorsed metrication, laCed on an orderly and planned approach.---In
view of their international constieueies, hoth.institutes-are actively
engaged in developing A7-metric 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 bard metric version of the key-
.

technical.:IocUment prepared by Committee 318, Building Code'BeqUirements
:for Reinforced. COncrete" [6], by.1983,' with thet,parallel publication of
related standards by that time.

5.6 Metrication and.Metal Products

5.6:1 Structural Steel Sections. The principal ANSI/ASTM standard for
structural steel products, A6-78F, "Standard Specification-,for General
Itequirements for. Rolled Plateti4ShaPes, Sheet Piling,. and- Bars .for

Structural Use7 [7], contains metric equivalents and metric dimenaions
and properties for standard shape profiles in the Atinex. -.A more exten-.
sive.11iting of properties is contained in the Canadian standard CAN3-
G312.3-1478, "Preferred .Metric Dimensions. for Structutal Steel W and'HP
ShaPes, Angles, and'Hollow Structural Steel Sections" [8].

Whereas tie- Canadian Standard uses the same sizes and designations for
.
Wand HP Shapes, ,eqUar leg-angles and unequal leg angles have been

rationalized in metric Al9ehsions andthicknesses; as tabulated below.
-

t

I .
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CAN3 G312.3-178,. Table 3.. CAN3 - G312.3478,. Table 4.

Equal Leg Angles [Metric] Unequal Leg Angles' [Metric].
, -

.

e
N

.
-- Thickness (mm)

. .

Size
: Thickness (mm)

Siz
!mm) 3 4 5 6-8 10 13 16 20 2(5/30 I (mm) 3 4 5 6 8.40 13 16 20 25 ..

-

l

25x13 _ x x x I., 45x30 x x x x
35x35. .x x x .x

-
.55x30 x x x x-

45x45 xxxxx / j .65x50 .xxxx.-'
/ 75x50..55x55_ x x x x x x ..x50 X X X

65x65 x x'x x / 80x60 .x x x k
75x75 x x. x x x 90x65. x x. .x x

°90x90 x x x. x 90x75.. xtxxx x
100x100 : x x x x x4 ti 100x75 x x x x
.125x125 x x x x it:-.. 100x90 x`x x x

.4 150x150 x =x x x - 125x75 - x x x x.

200x200 xxxxxx 125x90- x x x x
150x100.. x x x x

./- 200x100
. x- x x x.

/ 200x150 x x_ x x .

Total Range: 5Q, . Total Range: 56
. /

The steel industry has: identified metrication as an .opportune time to
mak some changes and to rationalize product lines for more efficient
operations.. .For example, the 43 .. sizes for . steel plates in customary
units, have bedh replaced with 28 metric sizes, -a reduction in variety by
35 percent, which will' fccilitate pioduction, distribution, 4fabrication,

/////
-and design detailing once a transition 'has been made.

A range of , American National . Standards [9] and identical Canadian
Standards [10] exists which provide.guidance on preferred sizz.c fcr metric,
steel products other than structural. shapes and other 1,:.!%; products:

- ,

ANSI .B32.371977 ?referred. Metric Sizes for ?lit Metal Pr.:-
ducts-- (Corresponding Canadian Standard is
CAN3'-0312.1-75)

. . ANSI B32.4-I977 Preferred"Metric Sizes for Mound, Square
and' Hexagon Metal Products (Cokresponding
Canadian Ttandard is CAN3-U312.2-76) '

ANSI B32.5 -1977 Preferred -Metria Sizes for Tubular Metal (

Products Other Than - .Pipe b

ivalents of Inch Sizes
fox Tubular-'Metal. Product s.Other Than Pipe

.

/



Most.steelistandards issued by 4STM now have dual dimensions, and a fe.t.

lave-a separate, haed converted metric version designated by the suffix.

"IM" after the standard identification number; forsexample:

.ASTM A56814-77 Standard Specification for Steel, Carbon-

and High Strengtr Low Alloy Hot Rolled'

Sheet an& Cola Rolled Sheet--- General

:Requirementi (Metric) (11i

5.6.2 Fasteners. The fasteners industry is. on the way to a single

system of. fastener standards. The Industrial Fasteners

'Institute (IFI), in. Cleveland, Ohio, has conducted extensive, studies

into an optibum 'system of metric mechanical fasteners and fastener
application engineering; and has foundthat significant economic and
technical 'benefits .cari`be shared.by users and:Troducersof 'fasteners if

advantage is taken of technical improvement opportunities, more effi-

cient use of .materials,, and "reducticidk in the number of different

parts.

After five,yearg of research and 'technical .investigation as well as

liaison with ISO technical committees, the Industrial Fasteners Insti-

. tute published aseries. of, "Metric Fasteners Standards" '[12] in 1976,

which provided for significant product rationalization. Screw threads

were based on the ISO bagic thread profile shown in. Figure 5-1, and the

standards allowed for only Jone series of diameter-pitch combinations,

rather than "coarse" and "fine":.threads.

Figure 5-1: ISO Basic Thread Profile

P (pitch)

0.125P

BASIC MAJOR. DIAMETER

so°

90°

60°
0.54127P

O

SCREW THREAD AXIS
.
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Of particular interest 'to engineering and construction may be standards
for bolts, screws, nuts', rivets, and other fasteners. .IFI Standard 526
[12] deals with "Metric High Sttength Structural Bolts, Nuts and Washers,"
and covers nominal lengths from 45 mm to 300 mm, in the following
increments:

45 mm to 100 mm: Incrementallengths of 5 mm
100 mm to 300 mm: Incremental lengths of 10 mm

Nominal bolt sizes are designaied by a capital M: followed by the
nominal body diameter (e.g.ir. M20 for 20 mm) and an indication of-thread
pitch in millimeteri (e.g., 2.5 for 2.5 mm). The following combinations
are listed:

45 and 55 mm: M16x2
55and,60 mm: M16x2, M20x2.5
65 and 70 mat:. M16x2, M20x2.5, 1M24x3
70 arid 75 mm: M16x2, M20x2.5, M24x3, M30x3.5 .

70 to 300 mm: M16x2, M20x2.5, M24x3, M30x3.5, M36x4

This abbreviated listing is indicative of the simplicity., of the metric
range.

.

The IFI Metric Fastener Standards are inisthe process of being revised,
and a new edition is anticipated in the first quarter uf 1981. , Some

'modifications have been, made to bring the entire metric fastener systeM
into line with ISO standards. .

Metric fasteners are being used widely in industrial applications,
particularly in the automotive industry.

5.6.3 Steel Tubes and. Pipes. It. is likely that most steel tube and
,pipe products will initially be, "soft converted" to equivalent metric'
sizes.

However,/the Tube and Steel Company of America °[Tascoa], of New York,
indicated in a May 1980 new release [13], that the company is leading
the way to metric sizes and that hard metric sizes are available for
the following tubing:

Squares
..- .. .

30 mm x 30 mm 25 mm x 50 mm
40 mm x 40 mm .40 mm x '80 mm .

50,mm x 50)11m. 50 TIm x 100 mm.
60.mm x 60 mu. - 7 \ - 60 mm x'120 mm

100 mm x.100 mm .80 mm x,146 mm
120 mm,x 120mm 100 mm x 180m
125 mm x 125 mm . 150 mm x 200 mm

4. . . .

.,The'release further stated that 'additional sizes'..Of 150 mm x 150 mm an
".''17.,5 mm x 175 mm would be added to the range, and that with EheA)lanned

Rectangles
v-
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addition of a new mill in April 1981, production ;2apabilty of "hard"
metric sizes would be increased.

5.6;4 Other Metals A....,minum, Brass, Copper, Lead,.and Zinc. Planning
for metrication is well advanced in the aluminum industry. Throughcom-
mittees of the -Aluminum Association,_ the industry-has Ieenveparing for
metric conversion for nine years. In 1978,--it issued a :hard metric"
version. of itsbasicsreference doCument; "Aluminum Standards and Data" '

114], using logical metric values for long-term use rather than restating'..
customary'values in metric Cerms by the use of 'conversion factors.

The Aluminum Company of America (ALCOA} recently published preferred
metric sizes for its aluminum sheet and plate products, in line with
ANSI standards; and details are a7ailable'through ti-e AlumfnumAssocia'
tion...1 the..National Association of Aluminum DistributorS, or the American
National Metric.Counci,l. '

' .
,

At the national 'revel,- the Mctals Sector Committee of the ANMC=Mg.tdriale
Coordinating Committee.has developed an outline plan and schedules for
the Change to SI in the'mptals industries. Timing ofmetric prodUktion,e
generally, Is complementary tothe reconpended construction industries
metric conversion schedule. ' , i -

. .

- . .
. . .

5.7 Giass'Products

A,change to metric (5I),units wOuld. permit some dimensional ritiona11ia-'
tiOn af'glass thicknesses; with metric designations given in millimeters
(mm) ana whole numbers - rather than fractions. A system of permissible --
tolerances on thickne'ss:,would mean that some of the existing glass

, thicknesses would be fully interchangeable with new metric thicknesses.
.

Additionally, tolerances for length and width of cut sizes have been
related to glass thickness, so that 'a metric, accuracy- systeM could
likely lead to better fit and functional performance of glazed elements.. .

The st'andards adopted by the Canadian glass industry [15],provide;.a good
guide to the direction in which the metric change, could head,especially
as one of the prtnciparglass'suppliers in Canada,PPG Industries Canada
Ltd., is :affiliated with PPG IndustrieS in the' United States. The

princ/pal metric standards include:
0

CAN2-12.1-M79 Glass, Safety; Tempered
CAN.2712.2-1476 Glass,--Sheet,or Laminated; Flat, Clear
CAN2-12.3-M76 Glass, Polished Plate 'or Float; Flat; Clear
CAN2-12.4-M76 Glass, neat Absorbing .

06:N2-12.8-M76 Glass; Insulating Glass Units
-CAN2-12.9-M76 Glass, Spandrel
CA.N2-12.11176 Glass, Light and Heat Refl

Construction.
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CAn-712.-;13-'179 Glass, P t.terned
." , -

- -,The princiPal,dimensional et, ndards for sheet or laminated,_ polished
plate or float, . insulating: glass units, ar.d spandrel glass are shown

' .in table.5-I.

CAg2-12.11-M76 'Glasi; Wired; Safety-
CAN2712.-T2-=M79 .Glass She s, nastic,:Safety

_ -

Tagie 5-1. P\rincipal'Dimensional Standards -Glass Products

Nominal - ',Thickness Cut Mae. Canadian National Standard
Thickness Tolerance. Length ,and Width CAN2-Series

(mni). Toldraftte (mm) 12.2M 12.3M 12.81 I2.9M
. '

'7 : ,s:-.0:01.-3 + 2.0
- - + 0.5 s +2.0

x
x x x x--..

2
.

-4:-. + 0.5' - -.`7F 2.0' ''- ° x x x x
-5 - + 0 :.5. "T- 2.0 x x ., x x
6- - +0.5 21.. +2.0 x -x x x
8. 7'0.8' -° 7-,2.5 x x x

T- 2.5-
4

i0.--% ---7-'1:d:, :. x x
' , r2 --. T-.1.0 .; -T 3.0 x x. x

, IS ,- "." ,7-:1:0.:. 1- 7- 4.0 x x
'19-' - =1-?-1.01- +,5.0 x x ,-

25 .-..' __.+-- t, 3

.

.T.6.5 x
--,-

22-- , '. +,1.0 -T 6.0 x

4.. . ,
..

,-*

Wired Safetr,gl4S'comes-in:O.inm. thickness (--F-1.5; -0) and 10 mm thickness

(+GO; .1.5): .7` ; -- -. .. . - ' ' ..: c,7-,.
.

.5.8 'Panels,-Sheets, and Tile '-
e

'Rigid-or-flexible sheet and. tile. materials for use on vertical and
horizontal surfaces :in: 'buildings are dimensionally significantinas-
Much as they generallY bear a .relationship to preferred aimensions.
CUstomary.products have nominal sizes related to.. multiples of feet, or
inches,-and there7is. a general ,fiX. with the 4 -inch building module,
except for floor And wall. tile. .

. . .
°S.

,

As part of A:,:61-Klge to metric dimensions, these products probably Would
change to:whole multiples -of millimeters, and, as new productS'are'intro-
duced pr:product lines nationalized,oto metric-preferred sizetofnciding
with whole- multiples.of the 100 mm. building module. ',Same: producing :
sectors hove indicates their r,..t.ommeeded prefet-i-elr-glies. For example, .

the metric. advisory committee of .the AmericanPlywood Association recom7

_ mend<a.metric- panel size- of 1200:x 2400 mm.fotsheathing grades of
plYwOOd;,4ihuspermitting a directrelationshivbetweenpreferred spacing
of-structural members and'the sizeof plywood.



CO4cerns have ::been. expressed by segments of gypsum board .industry
,that -a "hard-cogiTersi6n" to a metric board size of 1200 x'2400 mm would
%causeosses'in productivity and outputs ana that a soft conversion of

existing.sizes t, metric s1ze of 1200 x 2440 Mm (or 1219 x 2438 mm)

wouibe preferable.

A soft conversion of existing sizes, without any change or changes.

within production tolerances, could be an interim solution which may be

7 supplanted by genuine "hard" metric sites should' building designers
begin to specify such products-and contractors demand them-for use in
metric building projects. The concern 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 assets any equipment obsoles-
cence, so that replacement machinery could be introduced to coincide with

a change to metric sizes. In Canada, 1200 x 2400 mmc1200 x 3000 mm, and
1200 x 360G mm gypsum wallboard-or ceiling panels, and 600 x 2400 mm and
1.200 x 2400 mm gypsum sheathing board are now being supplied by Canadian
Gypsum and Westroc Industries.

c."

5.9 Roofing,

Roofing materials include metal decking, shingles, tile, bituminous felts

'and a liaiiety, 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.' .

a

Due to the variety of origins and the relative simplicity of, site

modification by cutting or adjustment tof overlap'or projection), there'

has been no strong dimensional discipline in traditional roofing ma.terials'
and systems. A change to modular metric dimensions would peri..- a

reappraisal of approaches and provide an opportunity for rationali ,n

. of sizes, spacings, and overlap. 4

.

.3-

The first. indnsiiial segment ,ofthe roofing induAtry to hw.re.assessea
the opportunities of metrication in the wake of:the Canadian-experience
is the aSphalt.roofing shingle segment. "Metric ghingles," approxi-

nately 18 percentlarger than custOmary.shingles, are in produCtion in
..California (Thagard.Oil,CompanyY and in New England (Reynolds Aluminum

.
Building Product's Zomparty), add have gained-Wide-acceptance: The shin-.

,gles are 1000 mm.(39-3/87) (i meter) long,and 156,mm"(13.25") wide, and

are produced on thelsame manufacturing plant, 5equiring very fittie.new'

equipment. Reports .the.production, use, and acceptince.7of.7theke

- shingles are contained-.in ANMC lietricReporter'issueS of March 2'1, 1980,

and juIy.r,%1980 f161.

.
.

-
Proposalshatre'also been made in the metal roofing segment .i& introduce

1

.a.metriCiprofile for rollformed metal .decking, with:aneffective-9over . .

wiAtti,t 1000 nint(39-3/87) to take the place orthe,treditforial width':

OfNjiches.(915 mni), an effeCieffective -ftt'11377-
-4

.. 4 0
, -, <: ,... .

.
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nine percent. The length of metal roof. decking repr!.sents no major
problem in the longer term, as stock 'length could be adjusted to''.-suit
metric preferences, and special lengths would be available on lee&
order quantities in th76 same manner as now.

5.10 Construction Assemblies .Doors-; Wineow Partitions, Skylights,
etc.

Composite building ag'semblies, Such as.doors (induCing frames), windows,
partitions= and skylighti, could be designed and :nanufactured to suit
dimensionally coordinated openings in walls Or roofs. It is important
to.tealize that-in a metric building envirbrudent the size of_ the open-
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 toz fit into a standard range of preferred openings,
variety reduction can take-place-in manufacturing while simUitaneodsly
ProViding the.designer-with alternative,hough standard, choices: Ti4s
approach could lead to better products- and containment of construction
cost. Special requirements in prestige buildings or unusual structures

Ng_could
be.catered for as is done now-by individual or bitch production

of special'assemblies. "

A change to metric preferred dimensions could be a unique point iriltime
at which tp reappraise-standard details, or to develop standard details
where` none exist. If precedent is any guide, the ,use of a single '.unit
of measurementthe millimeter (mm)--for the layont of openings, the

manufacture of components, and the specification of tolerances. leads
to better accuracy in buileihg. o 1

5.11 Stairways and Built-in Elements

. .

The standardization of floor-to-floor heights (story heights) in buildings'
makes, it'aitractive to standardize stair design and detailing, in concrete
ag.well as steel or wood. This could enable'a higher degree of prefabri-
'cation, especially as the early availability of stairs on medium or high.
rise bUilding projects facilitates.construction activities and improves/

. on-site safety. .The use of millimeters for, the geometric layout and
detailing of stair.,'S (overall dimensions as wellas rise arid- run) would
facilitate design,.manufacture, and- coristructibn, and make it -possible .

to avoid or reduce inaccuracies,- especially uneven _riser hei.ght,, and

thus impove stair safety.

Preferred horizontaf, arid vertical dimensions in-'building . facilitates
the integration (of large, precast or prefabricated components and ele
ments: Again, the'elementAl,dimensions would be expressed in the same
measurement .

units as the tOlerances and clearances for psitioning and
-fit, thus reducing the likelihoo of mismatch. Overall, metric design
.and,coristruction could likely lead to neater solutions.. ,(=

I
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5.12 Ser vices Systems: Electrical, Lighting, Air-Conditioning,
Plumbing, etc.'

A transition to -Metric" 'dimensions ',and configurations in building
.services would likely bea tlo:4 and gradual one, characterized by-rario7
nalization of sizes and ranges wherever. practicable. If ehe industry

.

determinet.an ,M-Day, new product development is almost certain to be

carried out 'inmetric units,` and to metric preferences. Electrical
'wiring sizes may.change following z:research evaluation of Present'sizes
'and the potential for :optimizatior to benefit designers, producers; and

. users. Plumbing pipes -unlikely would require more. than a soft conversion
'of'-nominal"--desigiatioUs,-eiCeprlor the chance--io.clasiify all alterna-
tives according -to the same prilictples, possibly internal)diameter or
cross- sectional area. Airconditioning ducts may change with new sheet

'metal sizez,.andsome preferred' metric duct configurations have been
`indlcate'd in American ,SoCiety Heating, Refrigerating and
Conditioning Engineers (ASHRAE) documents.

Fix- turet,:fittings, and accessories could be changed to metric preferred'

. size's-Where this is essential- to their "coordination," b6t '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 geiling.systems, such as fluorescent
lamps for use in modular :buildings, and air-conditioning grilles or.

..diffusers- .

Considerable investigation has been carried out in the United States and
other countries: to:.arrilie at a. "metric fluorescent lamp," for use in
meteic modular CobstruCtion, which would.be able to use existing ballast
and tupporti7tyst.edt: A lamp of 1160 gum length has found wide support in

withih the International Electrotechnical. Commission (IEC).
The__IEC is. the international standardization body_inithe field of elec-
tricitY.-a-ndeleatriCal- applications. (It is noted.that the current 4-
foot flUorescent lamp is actually toorlpng for-end-toLend mounting' of
lighting fixtures in modular construction based on a 4 -foot ceiling giid,
so that designers. have had to-either Modify- their..layout)or select a.
larger ceiling module, such as 4'-1-1/2", or 4'-2".):

jot'
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PART 6 - BUILDING SERVICES AND METRIC CONVERSION

6.1 Ovr:.rAew

Modern buildings are :.designed to provide a physical and functional
environment is terms of indoor climate, electrical services, light±ng,
hydraulic services, and mechanical equipment, which, in- combination
account for a substantial part of the total building cost. Rapid
-escalation in energy Costswhich 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 dollar
spent.4t

It is suggested thatimetric design for energy donservation_and utilization
will be simpler thanin U.S. customary units because only a few, coherent
SI units ried to be used, thus making alternatives more diectlY compar-
able. Since,all 'units for electrical applications are already SI moils,
metrication would- simply' complete the change for other forms of energy.

. .6.2 Coherent Design for Energy Utilization and Conservatian

Tbe use ofimetric (SI) units would make the understanding of thermodynaomno
and mechanical engineering easier. ra line "caeh- laws of physics, onam
one mat,- the joule (J), represents all forms of energy, whether =eche:ad-
cal (work), thermal (quantity of heat), electrical, chemical, nuclear, ate
;even molecular, thereby reglacing'a wide variety of unrelated customary
units.

The pivotal role played' by the joule is shown in.figure For example,
a force of one newton (N) applied for a distance of one meter (111;) will pro-
duce one joule of energy :Or heat. In tnesaMe manner, one matt .(10 of
electric power' applied for one second (s) will produce oriejakle of 1 4-

or energy, (1 ..r= 1 Nm = 1 Ii7s)., More interestingly, the )amale remathem
the .numerator in all compound- units, which,-. in a coherent syStemmith one-
to-one relationships, will. greatly simplify calculations ad reduce
errori.

It'is easy to appreciate the direct relationship between coherent units,
when it is compamed.with.the traditional situation; .where such units as:
Btu, therm, horsepower7hour, foot, pound-force, and kilowatt-hour are all
Used.for energy. One Sr unit, the watt (W), which is'related on a one
to -one 'basis,..to,the joule, would replace such variety Tora pow- or heat-
flow as:,, 34u /s, .Btg/hBtu/d, ftlbf/s, ftlbf/min, ftibf/h, harsepdwer,
and ton of refrigeration, quite, apart from the fact that there are differ7

,ent 'Values for the Btu and the horsepower, depending upon defimaitions,
-context, or referende values.
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T*Ertre 6-1: The "joule" (J) as Pim:It:albeit for Energy Design,
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If the ball.c cammegrao of enemy areript --clearly defined and dndela=orna: it
becomes very dilEffccat to esesagin. rational design=for' energy urq11:9-sr-ion
an* cessermartisee- use of 35/ units would 'clarify- -may. hitherta)-waiescare.
rell,,wreetapts_ALT, moms of absolute units and system-coherence:

6.33 Electric.il mk- 111-nraymaton Engineering

Medi ical units asatc1 tiilfziited States have been metric unfits ,se.ce
clic-7,mm first deMned between 1860 and 1900. The practical. units for
resistance (ohm), -potential '.volt), current (ampere); charge (cco/cmh),
and capacity (fad were introduced at the International ElectricalCongress in Paris. 981, and the ,:.it for inductance (heszry) .c as
"edited at am Congress tin Chinago for 1ab3. It can be said that "edam--
erce- ea pmt of wit system .mss- fiist appreciated in electrical and
electzomagnetic ibr the use . of -ampere es Tim fourth
famdasentalpraperry--or as a unit--was preeldel in 1901, ashen the
Ira-32mi profess= mad physidisx Cliovaalli. Giorgi -proposed a system. which
laclaudoil "The Soffecoal Unkts .12.ectrogmagnetise." IT_itIe of his paper
in 111151.] - En ERA, the .Giorgi (lor-IIKSA) system Aims adopted by the Inter-eaticeal Assac5atiou,- and it played a prominent part in
the ereatfax in -1910, of the Internatiohal Sty.:stem .of Units.

'Me aarjor breakthrough in SI the unification- cc mechanical and
eellectrieal ant= through the .morr. lialf=d/s = VA) and Jrze joule = Nra =

-whit:* It farMamate_ts- most linetroareations, as indicered- in figsre 6-1.
Electrical =its imm been in --nc:.inded in the figuxL=: to illusrmte tin
coherence oaf SI;" fanreetamirke, tie ohm (S/) could be nefeined as 1 V/A, or
I 111/A2 or I/S, baE =me _fin:1st --'el--ellettton is the one mast commonly shown.

Vecatrical..mrgineening in the Irri4ined. States, thereFore, represents a
discipliuo ArEch_talan a hybrid syszera al SI units for X1.1 electromagnetic
properties, and customary 5ar -length and moss, as their deri-
vatives. A1 change r, SI Asollirl int---mhice a .minor change in the units
already -i3X use, law =placing the "aba" (reciprocal annt) with the -sie-
mens' (S),- and the mycle per second its) with the hertz" (Hz = 1/s)
bath on a acne-to-rem-basi-s, so that -numerical values waled not be .affected.
A change to SI Neselai introduce a majer change by giving,. electrical and
elecinv>nica engineers a fully coherent system to work-with...when, customary
units aze abandoned- This could .inerease productivity,- especially in
lhesigilk. cad. pow. The Institute 0E-Electrical and. Electronics Engi-
-mem kilr"N-) has-Aunt...an active interest in metrication, and has used -SI
made& in oast of it---publica:tions.

stgabarar, falimenation engineers in tie United_ States -have worked with a
layireeldi spine% of:SI units for basic illmmination properties, and customary
laultsifec length, and compound emits. SI unixs,_such as the candela--
Ina. Imam Cd sr) and -lumen per watt (1m/W) are -already in, general
ete,,nam6 rim otely significant changes needed would be the replacement of
theamen. aer aware foot (In/ft2) With the lux (lx. = 1m/m2), and, the
trandella pow square. foot; _lambert, and_ footlambert with the candela per
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square meter:(cd/m?) The.change to 817units only, again, would simplify

.calculations and lighting .design. The premier professional society for

illUminatiOncngineers. in North America,. the .Illuminating Engineering

Scciety-(IES)4 has. decided to isgue_ the eighth edition of its major-

.referenCe- docUMent,:the IES Lighting Handbook [1], -with Si units

primary units and had conversions,..-It is expected to.be published late

in 1980 or early in 1981.

Whilk.the.01ange in units represents few complicatiOU's,'..7a "har&.conver--

sion" of elecrical equipment and lighting fixtures and lamps; would be

more,complicated and, in.most instances, UUwarranted..' Should new

or designans be required as part of a "metric range," such ranges

shoult,bedeveloped''.. a.s. 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 In:'power output would yteldfewer.modelS than .,

step 1ncrements.of 0:5 hp (electrical) (0.373 kW). A.2-hp motor .(1.492 kW)

,would be -interchangeable with a 1.5,101 motor;siwaarly; a 4-hp motor
[2.984:1W].'would be interchangeable-with a.-3_kW.-motor, and:Lithe Inter.

.mediate,steps of the range two metric sizes would replace three customary

sizes, for an overall Variety,reduition of 25Perceat. Fluorescent lamps

in customary sizes are already too 14ng"for end-tm-end installation of

-fixtures .using the -gamernoMinal cusomary.designations. For ceiling

systems using metric modulardimensions such as 12007mm; a_ new and'ihorte

lamp of 1160 inm length would be needed. MajOr.manufacturera have already

conducted extensive research and trial production, but the 'metric raver

Will take some time to emerge as- 80 perCent of all production goes into

lamp reRlacemeni:in existing. customary fixtures. - \

Research into optimum metric sizes, as. well as improved design (for
eXample, the type of end pins used in fluorescent lamps) is regarded as

.a'desirable part of the metric change. which 'would :best be carried out

in the lead-time, available before an .M-Day and theAcommencement .of

orders for-metric products.

HVAC Heating, Cooling, Ventilating, and Air Condfitonin&
\

The design 'and integration of heating, cooling, ventilating,

air-conditioning systems in building is an area where the change to-metric

units and metric Sizes has been viewed as being of little advantage while.;

-7.4.--.curring some costs. However; many HVAd,design engineers. appreciate that

ccherent units-and decimal relationships will facilitate calculations,

as shown in.6.2. -

Tbe major advantage of the change-to 'metric occurs in the use of one

unit for pressure and 'stresS, the pascal (Pa), and its deCimal matiples,
-,

replacing. such a variety of uhitss:' . .

4.



pressure: 'psf [lbf/ft 7-88 Pa
inch H2O (4°C) = 24*.Pr.- Pa
-foot H2O (cs!C) = 29135...98-- 41 --4tPa
inch Hg (0°C) 33BEr-.38f_Es 1,. ,.tea
inch Hg (60r)- 33764p-i. ata-
psi- ilbf/in2.1 =- 65479%,- 19)-.495 lea
aEtmospheie (std)"

For stiess: psf [lbf/ft2]
psi [lbf/iii2]
tonfift2-
Acsi [kipiin2r

1.M 325.00 10111,115

INEK-76 Bs 6.8115 isea
. 95-360.52 y5.2EE vea

KG.894 76 xx 11)1V ftit == 6..895 11Pa
[13-739-51 Dl° P 413-790 tiPa

A major _profsional Society: in this, e1d,. r inseria Society bf
Heating, ..Refrizgerating- and Alr---Conditi:ozrIng Ea-*Lemele SAE) had been
actively engage& in--educating its mersbershi-p7crnmisetlEr- tissues, _and will

- have all its-publications in= =dual united by :MI., knchartag' the Handbook
series. During the: transitional periqd, the fiSilliRAE Tetrie L'ommiitee. will
continue : to disseminate educational materiaa.: ltazt pcsepare the merabetship
for the eventual exclusive use of St uni-t-s.-

. -

_ .

_ Many of the major TIVAC. equipment maraxEactarers limeys seibs1;dia:ries- Or
affiliated companies in metric. countries, and bar it kcal experience
;With production to metric standards- and .preffetried seetses- '71t-ts-likely
that metric procticts would be introduced. cagy: whop Raklar redesign of

.

'product lines takes: plade', and:: that; some _110sone *icir as pipes, would
remain, unaltered. The traditional sfze .desiges s of gip_es_. were, in

,most,inttances,,f-noininal....si-zes,. 'and'. the metreor -19 Age would -Offer an
opporttmity-to 1itroduce -standard designation p- mss, such as speci.
fication- of internal: diameter and .thickness,, 14131. automatica- lly.yield the external diameter.....

6.5 Hydraulic Design and Plumbing
: -

H3idraulf-c design is concerned with, the flol,r-!v-
substances into and out of buildings. It

,Collection and_ drainage.

In Metric "units, hydraulic calculatbms would
I of reasons: ,

1. For each .pliySical ivantity: theme nlEr
presdure; .

:0-
Units` are COherent;
from .one quantitY to
from a prefiied.: to a
vice versa;9and,'

gatef kid. water-based
ac]ndes surface water

mplified for a number

-,-anitespecially for

that is, they re criime no factors in going.
another, except -dmedsda factori when going

non--prefixed unit, and:tier -prefixed unit, or
A



=3. There is direct,rZationsidP .between the SI unit for volume, the

cubic metj and the =moo= unit for rapacity- ("liquid volume), the

liter (L )here ame his- meter is equal to 1000. liters- (The

conversionlftom.cniakc feet'ito gallons may be a difficult to- remember

conVersiamodactor4

a

Water pressurenoillti xoo lamer aequire ,pressure unit of its awn, ..bot

expressed ±o pascals,. low -ware commonly,,, kilopascals (kPa), -F01%

-example, a. -head -of water. olE-larmeters 4'50 m) represents a pressure of:

x 9.8* ==49TVIEPa

[50 m"3/0 = 511.0011115:04 -= 50 0011.x."..11* WW2 =430 000 N/m = 490 -kN/m2 = 490 kPa

';In an absolutee;system, staticaaxedi be multiplied by gravitational

acceleration m/s2] to gaam :-.lsolnote force in newtons (N). The

factor /9.8 is n approxinazt:3-ms ce tome internationally standardized.

value of 9..8066 m/sz...

DeriVed calculaitons are also, elifted by coherence between units.

For: example, if pump is requiirmirto a flow rate Of five liters

per 'Second --(5 14) at a preSsms of 500 kilopascals (500 ..kPa), what

_PUMP power is required:

5 xq0-3 x 500 x 101 = [5.m 500 000 N/m2 = 2500 Nsm/S = 1°500. J/s =
' 1000:- -

-2500 W = 2;5 dcW 2500 WIT

The Tower of the pump motor-, In kilowatts (kW), can - be 1 established

direCtly.if ,the transmission efficiency factor (in percent) is known.

For. example, the:. power with a transmission efficiency of 90 percent

for. the above pumii-.would, nem*_ to be 2500/0.9 W..= 2778 U = 2.778 kW. A

=three kW motor would besuitUale anaHhave some spare power,-
. ,

. .

-These,calculationi are -very -loch -simpler than, those- in customary units.,
because they are- coherent unties that follow -the laws of physics _directly-

:For a comparison, an example:, trallar to the above would be using flow.fLo

rate in gallons, per hour (g 3, water pressure in feet':(ft H20), ?res

. sure in pound -force per square Inch .-(prsi), power in foot pound-force
per second (ftlbfis), and motor power in horSePower (hp).

Another significant advantage of metric. units .occurs in- calculations

involviA4 drainage, run-off, or- _irrigation. Here, the decimal relation-

.ship of the liter (L) to the 6rit of -.volume, the cubic- meter (a3), pro-

vides significant shortcuts in Fof example, one)411imeter
-'of water distributed over an ams of one square_ meter represents exactly

one liter (1 mm x 1 4 = 1 1:1- This facilitates the. calculation of

gutters, channels, and downsp.orgsz for run-Oft. For example, thi, run-off

from a. roof with 200 square nmeers (200 m2) df-_area and a rAinfall of

ten mm In five minutes 020. mmtgo' will be: 40 x*200 = 2000 L.

92
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Airmmbering that one alter of water memesiiits _a cubic -volume equal- to
Ahmcof a cube with 100 aim -sides, the seftbolig of gutters and dOwnscouts
4,fteleammets. much simplem- titan in cusroiaary yoult=r--

-
31f0-:same ..prInciplet. can be used in. revue for example, _in deciding on
watmil-requirement--FiTr- irrigation or sprammiLar systems. am- much water
isAmpiquired to irmligate. an area of One ire (10 000 m2, to the equiv-
gasser of five baq1+==fers *of precipics=idn? - , The answer is easy:_

IMO :X 5 = 50 00EL I- j
_

as pipes eh:lane-1s 'ate concernema it is not -red that new
ppenicc' roducts will energe rapiday; matEEE;- as :pas deieloped,

-fiiely to be developed In -hard=seirric sizes. -Mere is little
memisommenr most domestic or commercial pEumbilag to ehange,
'emempEr_ -,T.Dr their AeignatiOn. Curreht sizes are rarely Aeiactly those
timar=stre- used for convenient designation.:. The exceptiams.- are "built--is ftparsv such as baths, sinks, or shower bases, wismch should. be

f .teiamd-Odirectly to the dimension 'of ng spaces' ..o" which - they
a me

6.6 Amonstical Engineering

The fence of 'acoustics uses-- me qic equipment - and metric units for
alabomPitory and site measurement but in.-acoustic design the -square- foot"

,
for .:-.53a and the cubic foot for volume.-are commonly applied.

The libel - (dB). is a- dimensionless unit, or ratio, with a logarithmic
bastand it would not change:. The reference quantities for soind power
lemma- (in watts), sound . intensity level (in watts -per square meter),
AhtEsound pressure level(in iascals), have always been is metric _Units._ .

lbel=AlcoUstical Society of. America (ASA) has preSented:technical Informa-
tion and -standards .in SI units fog. a number of years,. and most AP6US tiCal
engine-Prs do not regard the change to metric measurement as a problem.

EEERE.NCE

1. IES Lighting Handbook, 6th Edition, Illuminatirig Engineering' Society,
New Xork,- NY; (to be published in Winter-of 80-81). -
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PART - DEVELOPMENT ABV.REEISSUES IN FETHICATION

7.1 Investigation and Reiemccir

'Themetric.conversion prmmem-a=m1- be described -..: an "applied research
and_developmental exercisimmolving--change; namely, the transition to"
theuSe of adifferentzmeammmement system:mith-different values in-most
processes of designrprodoctbmi and court croon. In.thecase of the

constructiaiicommazderuilderstamiang of the issues involved
thange cda be. Obtaisme*-tor,the exam±machaa and study of.precedent

Li-other CouitriesindbuRnmmAes (invesitigntivau), and the indepth analy-w
-sis of particular'issues- ciE_idustry-wide Jar sector:concern (research).
Thereilyw -also be a reed fox- the trial_ of alternative approaNes
(demelopmeni) to find aptbsertecinicalsolvtions.;

Tf no inves6igktion, rescuirdrfroar7development were to be carried out, time:
coasuMing and-costlyerrorsigftht.-bemadein'the initial phases o3.7 a metric
transition, and industry -mod be locked into suboptimal approaches. by
:neglect. Further, -suaillatemar actions or decisions -- in'; one area ':could
adversely affect-the opts of other segments.- As the tonstruction,.._,
community represents aMOilki-discipltnry activity, involving -both soft-
wateE''(technical informatiloa, standards, drawings, -etc:);. and'hardware
(bltUdixtep,rodticts, matedials,-and built elsaments) it would.be advanta-
geonsin most instances tort-conduct studies hymeins of multi-disciplinary
grcups representing all...asey viewpoints, except for very specialized and .

specific- research topics- Foreiample,'"iasitfixices" might beestablished
by industtY tonsemt to mundy'imetric issues and concerns, and= to report
theirfindingS to t1 a imaustr?4at large. MIS would-avoid a situation
whereflecisions would be arttmei'-at withcat considering. both Producers
aad_users,7 for example, in the- aeterminatiOn Of optimut 'product size
ranges. *

Precedent and-international of ,Metric Conversion

A thangeto7metrie-units would-make the 0.S. constructift community part
Of the metric building world. Thiswoad have domestic as well as inter-.
mational-iMpiications. A tbqtaugfriniestigation of. precedent ir.'netrica-
ti.aa in other English-speaking countries may provide shOrtcuis, eve
general guidance on how to dealwith specific problem areas, asd may point
out which approaches are likely to lead to .benefits for the construction
community. It may also point out those which coulerlead to confusion and,
therefore would:best be avoided. Anl.nvestment.in "'monitoring and evalua-
tion" of -metric developments and precedent, particularly: in Canada, could
be recdUped many times over in savings.of time and costs of conversion.
It has been argued that -the United Stales differs from -other-eountries
that have, recently changed:to metric units in the construction industry
blcUuse of its geographic. sizelarge population, giant industry turnovers
special techniques, and particular -form of building control. However,

..precedent4.s worth examining because design procedures, production pro-
cesses,,and construction-techniques :hive become more4nd-more similar the

'-,world over.



developmentsense, a --change tir.metric_units w ould make it_more
"iMpOrtanttp interact atthe:international. level; particularly ''in
dardevelopment activities.: This has been recognizedin Section- 6:
'.(6)- of theMeetic.conversionifAct4of 1975, Which deals with international,

consultatioh'and cooperation. . - 41,

`The assessment -.of international standards -in national standards-related
activities'is.heavly promOted Title. IV of the- Trade Agreements Act'

of :1979- jIJ, as is the intent make- U.S. viewpoints known at the
'International level. Section 1+02:(2). of the Act deals with "the :Use of

'Interriational.Standards" and pieScribes' that "each Federal. agency; in

developing standards, shal take into cOnsideratiam international' stark-.
ards- and 'shall,- if appropriate;.- base the standards on- international

standards."Mnre significantly, 'the Act 'state§ in Section 403, on

"State and l'riVate Standards-Related Activities," that "It is the sense

of- the '2ong;.ss.that-no State agency and no private person [defined to'
include any corrioratIon,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
Presidnt shall taks such reasonable-action as may be available to pro-

.

%mote the' observance by-State agencies and private persons,' in carrying.,

. out _standardS-related activities, ofrequiriments equivalent' to those
imposed on'-Federal agentieS under Section 402, and.: of procedures that

-provide:fornotification, participation, and publication with respect to
such activities."

In -the longer
.

run, therefore, ignoring the existence of interrational
propOsals and standards -could have serides-consequences .indus-

try and industry" organizations whether An the provision of .technical=
. -.data. or .services outside Or withK.the United States, the. sale of
_products..As metric conversion offers a unique chafice'to.harmonize
rlOtiptic and inrational approaches, it is recommended that the. impli-
cations-of worl wide. trendsbe studied fdlly,7'so that 'where. appliOpr;.ate;
thercan be takeu advantage of should the construction 'community 4ecide.
on.conversion.

,

7.3 Basic Metric Issues ,

e fundamental'is§deS in'a change to another measurement syStem revolve
Pn1 the selection -uf suitable 'units and .numerical values-'-which will

zethe opportgnities that come with change and minimize any

dis ovation, confusion, and cost.'

While ample information ongooa.metriC:'praCtice is already available, a,

numt4tr of, aspeCts:of unit use in building design have. not :, been resolved:

These'require detailed, study. Some examples of the topics which should'
.

be assessed are:



-
. -

1... What metric..units are 13.6 used in the field of meisturapor)
. ... -movement thriiugh bui/ding materials-and Condensation in btildingT

In thermal design, 'what' could.t0.e:the place of the degree day and
. .-traditional.-R-valqes? :

_. .
. . - . *

. Is there any need-to replace the.unit sabin in acoustical.calculations,
-and, if-so,-with.what form..of unit?:

4 r ' ,

_-
,,Afio. -What. Woad be appropriate units todescribe flow rates for..a.vaiiety

of ApplicatiOns, as well as in compound'utnits, such as air
1 : infiltration, water .consumption; etc.? - -' '

..,

The .Rajorconcerri innetric onversion.occurs in relation tc:.the seletiOn.
.Of "preferred" and "conven ne numerical values.. Such values,are impor--.
tent in a "hard .conversion, that is; where a deftnit&change is - proposed,..

.
By comparison, a "soft conversion" 'simply. requires reasonably- ronndet..

_ jmetric equivalents and, where possible, convenient values. Research
,studieswould bidesiralile to identify:. ' ,

-- -

. e -
.,. 4

a :A.methodology for the ,presentation of dual unit-stateMents-in:whfEff
a lia6:1-Conversioii" can be distinguished from a :soft conversion"
and, which,can be applied on an industry-wide basis. :* v

. -

- -b. General .guidelines for conversion, rounding, and rationalization,
wlth practical examples -of "preferred.

.

.

_
values," number series, and

variety reduction, .
. .-,

.. - . .

. - .

A-classification system for r-bUilding products according to the degree
cf.conversioh.that would. be- required or desired, ranging from no
dhange to- extensive change.. ,

. -, .

,.-;*% .7 -7. . ..

7.14 User Studies to Determine-Suitable. Metric Design Dimensions.

c.

A chlingeto preferred metric values in building-would alter-many of.-the
traditionally "accepted dimensions in building design and production for:.
example?, a room height -(floor-to=ceiling height) of 8 felt (243s8 mm)...,

could be eplaced- by a metric diinension of 2400- mm, .which is 38 mni or
1-1/2" less;'or,.2500 ihmt which is 62 mm or 2-7 16" mare. Examples of
'functional: dimensions in building are numerous:- Such as clear heights,
vertical clearances, porizontal clearances, mini um room widths,,", clear
opening widths, -heigqbeof work planes, height o guard rails, geometry
of stairs and steps, design dimensions for.the ha dicappeA, ett. Studies
which have led to "convenient" or "preferred" customary values should be

-reappraised.-to ascertain their validity in a metric context, and to deter-
Mine whether metric preferred values would give equivalent:safety, con-

-jrenience, 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 baals of numerical convenience rather than functional

,..iyquiremenes, or:by.a Mixture of the-two. 4, .
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A number of- specific -- research studies-are este& for consideration: .,

. ..er.4 .4

1. Research into anthrOpometiic.facors -of .he American population, to
give metrip-design guidance based on urs.p::--date statistical inforina-

.

tion on human dimensions of various profiles of the population sukh
as' children, adulis,-ancrthe _eldprly; with differentiation. of male
and female:'dimen:iions ands five percent, 50 percent, and 9) pefcent

.

ranges. -.most -data now available were obtained, many years ago; and 4
it is possible- that 'changes have occurred. .$ "I

e ...
. a,. . a

2. Research intp hu amti space needs (based-on up-to-date anthropomeiric
-

data) and.the design -of functional spaees, especially in dwellings,

N.
.
to .whetbor' minimum standards. are approPrlate- and what:
"metrie_minimum standards" might be: :0

.10. . .
3"..- Research into the -functional-validity-Of ;width of egress dimeniiorjs

.

... ,(hallways, corridors, stairs, and exitways.),- based. on .22 "-[5.59' mm]

4ifiltiplez, which have been used in-many bpiidift cote requirementS.:
This research wiuld,shpw whether .arithmetfd or geomefric iprogres-
sions should. be use in ehe'-selection:.of' egress dimensions,. and..

"le give guidance.in the selection of the dostsuitableAetric
replacement !rallies. - %

. ..-

.
. ....

In-addition, user studies might be -expanded to take into 'account room
- areasand/or volumes.

7.5 Dimensional Coordination Research
r ,

Considerable research has been carried lout in the United States and-
wprldwfde into.tbe principles and practical. aPplipition of a system Of
'dimensional coordination. in. building. Broad agreements -have been reached-
at the international level-on a -basic module ofi100mm.and certain pre-
ferred multipleg fOt bui4dingand building produkt dimensions. Bowever,

international preferences do not. inciude erm metric equivalent.1 of the-
.

traditional U.S. dimension 64 16 inches (404,mm) or 4 modules-400 inmas
a direct multimodulae ipreference. It s-probable that..U.S. :-redommenda--
,tions for metrtc..:diriensfonal coordination wbuld .be somewhat diffArent

from international recommendations._ .
.

A number of research projects are needed to deal with specific as?ects-
%,pf (meirp) dimensional coordination, such as: -;.

u .

1.-Whit will 'be the impact'- of the .100 mm module, as a substitute for

...-
. the 4-inch module, on buildintdesign, ana design standards;- building-

_ .

ts... codes and minimum requireients; ffuilding-products and -thariufacthting
.

. 9

.. .,
L.Otutesses; and, on-site layout and assembly procesSes. -

*,

-4 -\ - .

,
. .

,.
le

,

-:2. What itoilld be the optiT dimensions -for functional spaces and spans
1m:12Uildings, based on t :100-rm module? Where :could, traditiopalx

.N.

1.t. .

..---
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.'
. .

.

srecommendations be reduced and where-could they. be enlarged advanta-_
geously? .- Where 'can nchanges-- arising fram4.energy' considerations beconsi,

-7,-coupled -with -changes resulting from.: of...required -by - Metrioation?
. , .

.... ... -. . .

3. -Illosucouldfproduct'rangeS be,tationalized, eSing'preferred (modular)
sites as- basic sizes, and non - preferred sizes as .sPectalo.sizes?

_What would be the economics of dimensionally coordinated (modular),
deSign,:versUS noir7coordinated-deSign? 'Would metric units and pref-=
ex:brides. facikitate compUter:design and 'documentation (or, -does the
computer facaitate coordinated desigh*?.

r
-be the eciSpomics of'prOducing 41mehsionallSriationii;ed
Couldthp:overail productt-range be ieddcedCurithputl-loss
What'would be the advantages. and disadVintage6
transportation? Is there scope for JpProVed-'dbdular.

--./_1

.011
Car

1:

inV.eiztigation of 'these aspectsOf (metric) dimensional
-"Coordinaiion wo::.-d hairs to rely. on theindoment. and opiradni of-.people

design,-prdduction,'and constrlictibn,-At is .importint. that
any reSepichitUdieS undertaken involv&the'actual designerS and :builders
to. yield themost useful` results. 'It may.be_arthwhile to. usecorrelating
groups of people who have'been involved in-the'applicationof (metric)

. ,

dimensional coordinationand.fhose. who have'not.;,to ascertain differences
.

In opinions.. .-
-

.

.

. What :would
..,t'proaucti?.

of ,sales?
- +biition and

paCkaging? ; .-
. i

' :011,
. .

.

4146. What 'would be' the costs and befieffEs of construction layout and. ,

. aSpmb/y, uspg dimensional-coordination .principleS: and coordinated
products? Woad improved'ConstruCtionabcurady result?%

7. What reeducation and training woU)ed beiequired,b increase the use
of,dimenpional..coordination. in.the'constructionindustrieS3..

7.6 Investigation of Design and Documentation.AspeCts
.

. .

The change to SI units would require the reision.of almost-all technical
-- '-data and standards used in building $esig. In. a transition,

approaches could be used to deal with technical information:
- -

1. the conversion of existing dattInd design aids;
. .

_ .2. the-conversion and rationalization of existing data -ane design aids;
arid,

,3. . the developMent of entirely new technical data and design- aids.'
. . . .

Investigative effOrt
,

and research. sfudiei should be-aimed :at- the
identification of technical- data needs. in the design process: so that,
priorities for ConvAsion could.: be allocated. Unlesi design -data and

...
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.

_aids_are available , in- time for metric project- design, . considerable

professional and techniCal 4forts` might. have to be spent in 'developing

'data on a project-by-proje& basis, which could adversely affect the

economics of thetric design. Many of the design .aids 'now in use have

been a developed with
particular reference to U.S. customarytomary (inch-pound)

units to facilitate decision-making; . for -example,. tables, 'charts, mono-

grams, etc. Some of these would no, longer be . required because of the

coherence ,of units in SI; however others would need to be 'revised or

amended. There is ample scope for ethe simplification of. design data

and design aids in metric units, -especially in energy design information.

where fewer and 'coherent units would be used.

'7.7 Investigation of Building Codes and Standards

A. special aspect of the- review of 'technical data during a conversion

would. be the need to develop' metric .versions of building _codes, related

design codes, and building standards. ,
It is widely agredd, 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 wOnid be a major opportunity in 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 codeg and standards dnrin,g metrication." In the GAO Metric

Study, associations representing Bodes and 'standards organizations, labor,

distributors, contractors, and designers all agreed that conversion would

,provide such an opportunity.
.

Rather than .aiming metric investigations and research efforts over the

firoad spectrum of building' codes ..,(a sten aids, selected areas' of con-

cern. or opportunity might be' isolated an tudied in-depth'to develop

optimum metric recommendations.

Among the topics that merit detailed analysis could

r.

Unfits and preferred values for loads and forces acting on buildfngs,

such as live loads; dead loads, wind loads; snow loads; seismic

forces, etc.; based, won uR-to-date data.

. . The research-based
development' of' (metric) performance requirements

for building elemente- and the building environment, - yith particular'

reference tb international.- standards or proposals in this area.

3. The research -based dev _opment of (metric) ,comtpliance tests for

building elements, prbihucts, 4and systems, taking' note o.k

'international recommendations and _standards.

-A 7,..

7.8 investigations into Building Products and. ProductionProdesses

,

.

_

:Metrication implies "review," though- not necessarily wholesale. change:

...'. of .cusromary products (sizes), pfocesses, and procedures, e with a view..

'.,.
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to Obtaining- more coast- effective and functionally efficient metric
.alternatlAres.

117- -

be,changed, As they require modificatiOn within
present Production.tolerances only because' existing standard (orspe!..:i-.
tied)-sizes convert to convenient metric dimensions. Only where ditim-
sionalcoordination impaCts would it be reasonable to make changes. The
research and developmental, decisiond *lug produCers and producing
sectors reVolve around rationalization of. construction Product lines,
that is,'the possible :replacement .existing' ranges 'with.smalle7 or
functionally superior metric tanges.' 'qlesearch' into optimization .pro -
posals requires.an issesSm&itt-:Of' all processes'from the raw materials

'stage.to.-the consumer. The- development"of a production/distribution/

rationalization. -
.

use products groups may yield many useful datafor

It has teeri pointed out that: the rationalization of product lines is. am
opportunity that eiists at-any point in-time.. jlowever,without a fat_
reaching industrywide Change--Sudh as a.change"%.to -metric. measurement--
thereeit no strong catalyst for.change.- is also podsible.thatpro-
potals-would be hamPeredby actions in the marketplace,' with opposition
:fromnterest groups and competing manufacturing interests., The:.lbmber
'industry. provides an insight into the'difficUltychange" without an
.external cause,,duckas metricatjon.. In 1970, the indultry went through
a:majot,andcontroVersial change in softwbod lumber dizes;grading ttan7
darde, and'engineering'design Values, ..tihich represented something akin
tofa';"hard conVersio#.". The project required many yeart of'inter-industrY

. .meetinge, hearings, technical and engineering discustioni, and .research
and developmental activities. The. lessons were that research, early
'planningiUd gooxlCommunication are essential to a smoothchange. ..Based

s, on this preparation; the actual changeovet went .smoothly, quickly, and
easily for imanufactUrerd, .distributors, and Users, despite some minor

,

concerns in the marketplace. ", -

Industry associations are in a key position to play a prominent role in
research.and developmental" activities such as:

thedeterminatiOn of optimum sizes for'products bated. on manufacturing
and user requirements;

2. the assessment of. the impact on standards and standard details,
energy use, and 'end -use productivity;

the development' and distribution of technical information to
facilitate conversion and familiarization; and,

4.t\the .consideration of industry-wide aspects of timing for the change.
, -

The experience of similar industry groups .in metrication, notably that



of Canidiemindustry, may Provide significant guidance in these activi-
ties. (For---vxamPle, the Canadian steel industry is ,now producing some
of the products and:sizesslikelSr.to emerge in the United States if metric
demand increases.) These. research activities,would be desirable, regard-
less of specific target dates for conversion, as the lead-time required
to harness "opportunities" is seldom long enough.

It-is recommended, that investigations be centered on-. "productivity,

.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 determine the difference between profit or loss
from operations. PtoductiVe metrication not only means streamlining

product lines and processes, .but minimizing "dual," production runs and
"dual" inventories.'' Again; the study -of precedent -raay yield useful

guidance on hOw to minimize the costs and disruption, if any, resulting
from duality. PreCedents in 'catalog optimization research" are found
in "metric fasteners";and "Metric reinforcing steel'," and the approaches
taken in these segments of 'the metals industry may provide useful models
for Other industry segments.

7.9 Investigation of Metrication-in Construction and. Maintenance -

/
;:

The role of the contracting' industry ininetrisation has been described as
apassive one in the early. stages of conversion,- until such time is
designers begin to prepare .metric, documentation. and producers .gear up
for metric production. This assessment ignores the significance, of
measurement-based operationS on cOnstruction.prodgctivitye The use

:decimal measurement ,to replace. the variety,. of units
and

in use would
facilitate estimating, layout, nurchasing.deaiions,. and general on7Site
construction:ectivity.

',Cc

Ideally;' investigations should have commenced to identify all areas where
improvements in, on-site operations might be affected in tandem with ,a -

conversion; for example, in :layout, use of materials, positioning and
assembly of components, and maintenance of construction accuracy.

Specific areas for investigation, and research' might be:.
'

. .

1. What. are the most' common causes of on -site error or inaccuracy in.
current.construction, and are there opportunities' o avoid such occur
rendes in metric construction by altering techniques of measurement
or assembly? -

Z. Haw can metric dimensional coordination be: facilitated-in.construc7
time 4Whet,,techniques might be used, altered, or developed? .What

la,-
equipment is essentialand what is-heIpfUl? '

What xrainingAz.failtliarization of site personnel is required? What -

types of training aiffs and documents are. needed?

e

eta



Met :role of 'construction unimns in metric research has primarily be
tel:Atett-to the concern that7construction personnel might not be able :to

cope-with'metric work unless given =extensive training, as well .as

.
tance with the tePlacement of tools: The investigation of experiences
in.other sectois.of the economy (such as the 'automotive industry), and,-
other-Countries(particularly, Canada) would be useful. to.deterkinethe.

thextent;:of thcse.problem.S. Some reports dealingwith'acenal metric work
. .

.41Xperience in -other. comtries stress.'that construction'personnel, once
involved in metric operations, prefer to remain with metric units and
not switch back to customary units thereafter.

Some concern haS been expressed by designers. -and building 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
inothercountties iii the field of building maintenance and rehabilita-
tion. The repair.and,rehabilitation.induStrThas developed -an ingenious
capacity-to deali4ith situations.involving'non-aVailability-of Materials
and parts, and many lessons can .beIearned.from current practices in
non-mettic units. The. entire subject area:represents a major "applied "`

reseatch7project.

7.10' 'Adaptation of Materials During A Transitional Period'

A similar aSpect,Ofachange to metric measurementwould.be the adaptation
of building products. and materials during' the transitional- period.
that of customary sizes to fit with metric building designs and, Second,
that of metric sizes to fit with non metric building dOigns. .Both/woula.'

occur. The. advantage of new construction work is that decisions can.be-.:.
made, or amended, before the building is irretrievably constructed.'-For-
example, if ihesize. of reinforcing steel should change-'to new metric'
Sizes during the' construction project,',4 design 'check and,

.possibly, Someminor changes in spacing may. be:needed. Ifi llowever, a

building designed. in customary units' is to be built at the end.of the

:transitional period, some customary products may nxilonger ie available,
and'metric products would need to be adapted.' 'Othet industries have
coped sucCessfully with..Such a:transition,-sO that there is no reason .to

.'."suspect that the U.S. construction 'community would he.unable to do.so.
It would be desirable to undertake investigations early so as tdidentify
and analyze areas where."Adaptation'prohlthe might arise.

7.1.1 Research Into Legal implications, Contracts, and Agreements

While the metric .system- by public law, has been permitted to be. used in
the United States for over a century, there are many existing statutes,
regulations, and ordinances which state requirements expressed exclusively-
in U.S. customary units.' Stich laws or regulations could provide barriers

to the 'selec'tion and use of alternative, -hard converted!' (preferred)

metric values,especially, i5 'they establish minimum or maximum acceptance
levels that would preclude the choice of a preferred metric alternative.

.
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For example, a minimum-requirement of 4 feet ;(1219 mm) would' preclude
the use of 'a modular preference of 1200 mm, /or a maximum pressure of

.
251111 Bofflt2 (11.97___kPa) --would 'preclude the use of a preferred 12 ,kPa, at

desagn criterion.

The identification of critical laws or regulations .which have a measure-

_ men= impact on tietign,' production, and construction represents a major

task. Within _this task, there is the research. activity of determining
any critical valuesFor requirements that might inhibit the use of "hard

- metric" alternatives, necessitating, -a study of the basis of traditional

measurement Yalues and their amenity to _change.

Another research area involves- the implicatiOns of product- unavailability
and substitution,- including .methods' of!aompensation for extra costs, if

of obtaining specified-products. Substitutions, as well -as extras, .

. have always -been' a feature of construction contracts, and sateguards

would to be established to ensure that neither the _contractor" ,
nor the building client beacimes the victim of "metric" costs that were -

-avokdaitle- either.:by design decisions or by purchasing decisiOni. A.7

:special metrl_c contract clause may be desired during a ransitiOnal

period.
7,

Labor,
_ .

agreements and -Tawards_-,..conta±n-...some, measiirenient-related clauses,

and these . _woul-&-.-rteed--- to" 756._ --id-en-Eliied . In some instances , they may

need. -to be amended 'to' coincide with a new measurement environment. In

general, a change should .neithet reduee awards 'nor increase' labor costs,

so -that: a conversion would _need-to-be--effedted within a -fair and equiv-.
-,

= al,ept range: HoweVer,. a give-and -take approach may prove, to. be more
eConomical in 'the longer =run, and alternatives should be researched by

employer-as well as emplOyee groups, 'preferalily by a. joint task force: ,

. 4

7.12 :Research- and- Development in Perspective

It has been suggested by=,Inetric experts in other countries that have:

completed, Ehe Change, - SI that metrication representk, one.-, of.,the

greatest ".review' opportunities. of 'modern times -=ono' eitablished
-beuChmark, or -practice is sacrosanct!. However, ''judicious nipaagement is
requIredto .prevent ication ti uui becoming the greate= ` "research
exercises of maOdern. : times, :with. indUstries and organizations . waiting

for, the 31:'-u.-.11=s-,,-of' researcir before embarkipg on any-.,change.,

A changmo...S-1=epresentsopportuni-ty to analyie traditional approaches .

and theix-v-a.liclIty in "a modern technalagiCalenyiromnent. The:opportunity

to change to=preEerred valTstet- and -rationalized ranges must be duly con-

sidered, -scheater. economy. and -productivity is to result froin such

Chan 0- TS=tisstrsr-this..arearthat thorough research rather than shperficial

, Ate.- "sirillE1 be needed.

The erittre,.conedaruction. community can perform a major role by developing

a. coordimared:Ilist of :metric, research projects, .so.:that. the



research resources 'available to the industry can W/harnessed and used
Say.

. Trade:;AgreementS ACt -of _1979,- Statements
HOuSe DocUment:_No.-9671:53; part: ii,;96th
Printing Office; 'Washington, .D.C.; 1979;

.

of Administrative Action,
.CoUgress; U.S. Government
Titie:11T-pp. 211-233.

.



FART: .

-TIMING OF .METRIC CONVERSION: IN THE 'CONSTRUCTION INDUSTRIES --AN
ASSESSMENT OF CRITICAL ACTIVITY ITEMS

8.1 Key Features of a Timetable for Cohversion ,

. .

A timetablefor conversion' should 'show "what need's to be dcine" (the key.
action items in conversion),. "when it shouldr 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):

In the United States there is no formal national commitment to metric
conversion or* a national time frame for the change. It is left to indi-
vidual sectors and industries to determine- whether or not to convert,
when' Ito convert, and what mode to convert (soft it, hard conversion).

The Construction, Industries Coordinating Committee (CICC) of the American
1NationalMetric (ANMC)has examined metric issues and developed

a plan for voluntary conversion. The plan _includes a "Construction
IndUstriesMetric .Conversion Timetable."

. .

ItThis timetable,. shown in Part . 1 (figure 1-1)-, goes beyond' the timetables
developed. in. other countries, by. indicating whix:h., sectOrs would have a
"lead' role," as well as °which other sectors wanT4 be involved' in each

. action item. This allows. industry sectors, assaddiactions, and individilal
organizations to plan: specific and general respammesi and to concentrate.
on those areas Where they would be primarily ±avolmed.

. .

The ANMC/CICC Constrtiction .Industries !Metric Conmersion Timetable "repre---
seats an attempt b4i, private sector gr4ups to develop a schedule for a
voluntary:conversion; in- the construction .indust=tes.; The...:timetable. is
the .outcome of lengthy inveStigation and planning' activitries, and has
been submitted. fora public Scrutiny and comment. Like any-..taetable it

- cis a ."best guess" of the time scale necessary for conVersion by people
familiar with industry. activities who haire also studied -relevant metric-
issues. As -it provides time periods-,.for each activi-ty item, it would

- alLw early and late; starts. in :actual impIemen=ation, but within :a ,
framelsOrk, relationsh4s to .ether prOgram

The timetable .shows a series'. of ,calendar'`' years during Which conversion
aCtiviry-...woUld.-take alsO uses the commits .,ot an "H -Day" :as a ,

reference poistitTrin'tthne:--to- Signify the-lcky-,e vemerssa- in the inclms try ;
namely; the change:-.froin7CUstomary'units to.- -meimrIc the production
of mate'-ta:Ls an4::the., construction of bnildi 'Tbeingslimy,/ is. the thresh-

in. -the' program .Mhere:. -1*t.d8are.. -..metriames AIM disecome- .avallablat
:.and :,can-:be,::111cened' to'- "noon" ,as.;4..:pciint time ..mhdich- divides "r-dnte",.

"'post". An ..industryagreed metric'
manageinent:de-disions-at any. partiCtilar.. date thesse .fsp-,clear indication
of lead=tiiiie left to the point of' tiansiEtion..



In ptactice, conversion activities in a sector would take place over periods
of time, rather than instantaneously. IndiEdual organizations would prob-
ably phase in their changeover wheiriVre time.....for conversion is at an optimum.
Some organizations may attempt to 't early, 'others may wait until the
bulk of the industry has converted. 11 fi1a means -that each action 'item will
have-a- "transition period" of some Y any int up to a number of
years. The timetable uses a grap method to illustrate "phases" in
the change.

Figure 8-1: Graphical LU.ustratic "Phases" in a Change

Schedule Code: 'Preliminary Metric Conversion Aftivity.
More andleore-mganizations become incolved

Intensive,ftetric Conversion Activity
Most ofittwrequired ehanges are made

DecreasingEMetric Conversion Activity
Any remaimng changes are made

a I `Mefteic Activity
measurement has become- predominant

7 -
-,.

An underatanding of the timetable and its intention is of great importance..

As part of the4 nning. process, ANMC/CICC prepared sniiplementary metric
conversion. Schalles, or timetables, for individual; sehtors1 The -supple-
tentarY schedules amplify certain items but are Tcitherx-iise in .full

-FUll details are contained in ANMC publication "-Metric Conversion
to the :Constrimition IndustriesPlanning, 'Coordination, and Timing" [1].

S. :a Action Items in the ANMC Construction Industries Metric Comierkion
Timetable :

Sze ANMC/CICC Conatruction Industries Metric: Convetsion: Tinietable, shown
in figure- 1-1, lists,.23 action items. _An understanding :Of the :meaninrand
general -intent of these .action items is .desirahle to ensure the. -best
phasing corporate research, .developThenral, production, and educational
activities .in compliance. with industry- agreed time phases. No specific
description of the scope of individual action items in the timetable has



been provided by ANMC/CICC, although--mure detailed subdivisions of .'action
iXems are given in activity descrIptions prepared by the individual CICC
Sectors. These activity. descriptions have been relied upon in the discus... .`sion of the technical content or-scope of each action item._

8.2.1 Publish MetricM:actice Guide for Construction (and Reviz.e)
Preliminary Phase 1978/79

. Intensive Phas 1980/81
Residual Phasex 1982

A metric .practice guide is the major teclircical "desk reference doctimcat" for
the transitional. period. Its intended 'to provide technically correct
information on.converstomaPproaches and. procedures, including the selection
of prefeered values: (rationalization) and rules for writing sand .documente-
.tion..(drawing practice) is metric (SI) units. Supplementary-tetric -practice:
guides'for specific sectors and subsectorS would be based on. the general
metric practice guide.for. construction.

While no comprehensive metric practice gUide for the building 'community has
been prepared,' parts of metric' practice guides have .emered thrOugh national
standards-7.generating organizations with broad general ag:reenient on -rules
and7reC6mmendations. Some such organizations' are the,American Society or
Teizting and Materials.,...(ASTM), I American .Society of. Mechanical Engineers
(ASME),..kaerican Scicieti%..of 'Heating', Refrigere.ting. and. Air-conditioning
EngEne'eiss (4SFERAE),"InStitute of Electrical and Electronic -Engineers (IEEE),
andEalluoinatitg.Engineering Society. (IES)., 'The raOst--comprehenSive document
orr=he. use ."of SI units. ,ctirrenstly available to the, industry is _the' ANSI /ASTM
3tandard E621-78:, '"Standard 'Erect:ice for the .IIse of Metric .(SIYiJnits in
Baffraing -Design .and Construction" . (2].

.

.Another reference document *rich provides, a. comprehensive set of metric
practice guidelines., is the '"ATA Metric *Bulitling, and. Construction' Guide
[31

ir..2..2 Develop Necessary Basic Metric Standau:ds
Preliminary Phase: 1978/Mfd-1979
Intensive Phase: Mid-1.9791198I
Residual Phase-: 1982//41d-1983

7-
.11tie :task of ettablishinerrt Hof -;st:andar.ds oldecti'Ves, idenfifidatiOn. of new-..
staildards..needed and e?tts17ting standards, reelthring onvers on, . as well as
-7d:re...overview of .. the .development. basfc... L Standards required in.,the
xxniiti-trction community (i-nandin----prioritles- -for .t,develoPment 10D, cornier-

on), IS a key;: function of the -.Constructlon: Codes_ and stipdards' SectOo,
emost. active ..-SeCtOr .".ANMC$CIECC. The "Sector and Suhsectors are

e-volved_ in the standa:rds identedEEcation,phas, although a. varying de tee
conversion and raticinal-f-tiort4act:Lvity-king 'Place in most national

.ds-generating organizations. --, r



Key standards' include doduments dealing with design loads; structural
desigs in concrete, steel, -masonry,' and timber; dimensional coordination
of buildings, building materials,' and systems; building services design
conceists (EVAC,. plumbing, etc.); performance
aspects Of major building-materials Or components; design for special
occupancies (handicapped, elderly children, etc.)F4and, space standards

'for building occupants, equi-pment, and vehicles. .

..8.2.3 Determine" Product Sizes -in Metric Units.
. Preliminar; Phase: 1978/Mid-1980
Intensive Phase: Mid-1980/1984
Residual Phase: 1985ongoing as normal metric activity

The determination of metric product sities is a prerequisite to the
production of genuine metric "materials, components, and systems: The

: process of 'deciding on suitable' and preferred' sities 'involves -

ndustry meetings and 'discussions, the' preparation of draft' proposals and
draft -standards,, and the finaLiz:atiOn of metric prodUct standards.

Considerable .effort already has been in determining product
sizes fiar - steel products, reinforcing'- materials, Masonry. units, building
lumbe-a.r.-11-,glass. More detail on this is given in Part 5.- The existence
of dimensional preferences, outlined in. L- 6, will 'assist induetry
sectors to arrive' at preferred metric product sizes and ranges.

8.2,4 Produce Metric Measuring Equipment .

Preliminary Phase: Mid-19791,1980
Intensive 'Phase: 1981/ (inclusive)
Re=sidual Phase: 4 1985ongoing as normal metric -activity

This actbari item' is shown in seventh -place in the ANMC/CICC Timetable,
but; chronologicmcaly -and logically might, be. shown earlier. to maintain the
interns] sequence and 'relationsh4s f3f the timetable. For this reason,
it is discusses at this point. .

Metric.-measuring equipment- will be --needed for design and documentation,'
production (incIncling research.; developments and testing), and 'on-sitd.
const:pici=Lon.':Ftfre eqUipment- lamollied ranges from simple scales for ,mass
(weight),,, ga!iges for measurement 2tE"..preseure or stress; and thermometric.-
devic:es. A wide -mange of eqtrbpment metric (SI) . units is ;already
available =and *ed in laboratory. and other work., in other,Jpartially:
metric ±rithistries, and in the Canadian marketplace.' As With cbtsitrction
'product-c-, it is_deeirable to develop national standards for metric measur-
ing.. 'the :use.of' correct unite, suitable graduation
or scales .-or .::(11:41s; and tests- for accuracy of . "the measuring device.

8.2.5 Decision to Build Metric. Building
Preliminary Phase: 1980/Mid-1981

Mid-21981/1984'.
Residual Phase: 190-i-ongoing as a normal metric action

. Inten4ve Phase:
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The accomplishMent of conversion is dependent upon decisions hy clients tot
ipliild metric buildegs in accordance with_. an. IheutrY-agreed timetable.

-.Clients nee_d_to_be-.:assured-thaf-jA metric building will:I.:not inc_iir Addi-
tional construction costs or -time. The building: decision,AO 7a 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 a, building and,2 thus,_ tight_ not b_ a in
the best interest of the building client. Lt. would be expected that most
new: construction after the M-Day :would be carried out in metric measure-

,- --meat, as would all new design. .

--- 8.2.6 Award Design Contract [for Metric Design]
. Preliminary Phase: 1981/Mid-1982

Intensive Phase: Mid-1982/1985
Residual Phase: 198.6ongoing as normal metric- activity

This timetable action 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 bUildinge outside the United States'

,have-been 'awarded to U.S.: design organizations fOr some time. HoWever,
this item would relate specifically to. design work within the United
States. _

8.2-.7 Begin Conceptual Design 'in Metric
..1

u-

Preliminary sPhasec 1981 .

34, Intensive Phase: ".1982/1985
Residual Phase: .1986ongoing as normal metric activity

,

This action item is shown in eighth place in the ANMC/CICC Timetable,
but chronologically and logically falows 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..uPon the availabiliti of key reference dacuments setting out
space requireients and . acCe]itable..(minimum) standards . for activity areas
and accessibility ,in metric dithensions. Conceptual .design will also be
aided_by agreed dimensional coordination guidelines..

8.2.6 Develop -and' Distribute Metric: Product Literature
_Preliminary Phase:- Mid-1980/Mid-1981
-Ilifensive Phase: Mid-198/1985
Residual Phase: 1986-ongoing as n'ormar-metric 'activity

While shown ih sixth place in:rthe. ANMC/CICC Timetable 'this action item is
:highly dependent-'%Upon the .deteemination of 'pro.71,uct siz s metric units
(8..2.3) and decisions. by rindustry: segments or individual companies to

:market. or foreshadow: Metric-product-a': (A number of metric 'roofing -prod-
ucta are already...available) as indicated in 5. 9.-) Some.- inetric product
-infOria.tion may .also hive been developed for external -markets, such -as
Canada. -



i7-Insome instances, one product-line'with two sets of product literature

.--mapbeall.that is .needed to accomplish conversion, and the steel industry
-provides some vseful precedent with the description'of steel- sections and

shapes.in:both U.S. customary units and metric units: In -other product

groups, produCtIiteriture.needa to"be:distinguished clearly andcarefUlly
toAifferentiate between non-metric and metric products. During a tran-7.

sitional period, product literature will' be. a major source of technical
information,arid it is important. that it be- developed.in correct ST 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 retrieval:

8.2.9 Publish Model Codes in Metric ....

Preliminary -Phase :' HI&4980/1981
. Interisive Phaset 1982/1984 ...

Residual Phase: 1985-,---ongoing as normal metric.activity.:
,

.Metric units in model. codes:can'takethe forM of" ducal values, either as
direct eqnivalents or as alternative values, or a metric Supplement (as
used initially in the National.Building Code of Canada),- or as a separate

metric edition. .EacIle appioach has _some Advantages and `.some, drawbacks,

In,general,:-the further the Change 'has -advanced, the more need there is
to: incorporate preferred. mettYc values. 0- ..

.

. . . . . ,

"One of,,;, the.strategies for a-smooth transition is to -work towards a- "hard"

metric verSiOninsuccessive editions.. This can be accomplished by select=

in -convenient-alternative metric,Nal s inall cases where ull-inter-
Oa geabilityis, not required and .whe e.no industry standards have been .4

dra.ted oi issued. However, it shoul .be done with the provisp that -any
metric values shown can only 'be used iiith.metric docuthentation ',and Cannot-
,be reconverted to;.U.S. -customary units to obtain: a' more advantageous

compliance value. In'this manner- both customary-: and metric preferred .

-.dimensions:can be 'accommodated in o.rie. document. This approach would ,

eliminate many'"nuisante-values" from model, codes and subsequent statutory.

..,;(1;:ments based upo'hthem. -. :

. . . .

-8.2.10 Enact Enabling:Legislatiowqfor,Metric Requtrements] -'

-Preliminary-Phaset 111d-r19t30/9.81 :

Intensive Phase: 1082/M1d-1983.

.4 -.:Residual Phase: .... Hid1983/1984 .-

. .

.
. . .

.

This action -item- is shOwn'in eleventh Place in' the,ANHC/CICC Timetable,.

'but chronologically and logically might be-shown. directly after _the -.

.publication-of. model codes,- asq.Jt is, designed. to Provide--the legal basis

for the enactment of metric (b4ilding) requirements. The _enabling legitla-

tion.need: not indica.pe specific values- in either measurement systeM, but ...-

rather preScribe-theMaximumextent.of permissible mOdification to require- ,
ments.to.facilitate -their acceptance at state or local: government levels:

.
The enactment. might also stipulate certain dates for acceptancetoOdocuments.:
submitted entirely in metric units and, possibly,a target date after whiCh

metric :documents w1.11'he.preferred... . . .-

.

...., 112'7 ..1

if



8.2.11 _Conduct -Land' Transac`'.oits in Metric
,Preliminary. Phase: h2d-1980/1981
Intensive Phase: -1982/1983 .thiclusiveY
Residual Phase:. . '19847-ongoing- as normal metric activity

e

This action item is 'shown in twelfth .PlaCe in the: ANMC/CICC Timetable,.
but might be shown directly aftetr the enactment of enabling. legislation,
as such legislation may be required before la& transactions and regis-
tration" can take place in metric units.' .Precedent has indicated that
the -least e. pensive ransition-. 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
.Opeitations, target dates should be set at the local level to Minimize .

transitional: difficulties.
-.-°

8.2.12 Produce Property Surveys in Metric Units
Preliminary Phase: id-1980/1981 ,
Intensive-Phase: . 1982/Mid-1984

Re;idual phase: Mid-1984/19857-ongoing:Ss normal. metric
P activity

.

This timetable item,. is closely.related to the :donduct of land transactions
. 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,' topographiCil quadrangle maps With.
ratio Scales and metric contour elevations have s. been published by the
U.S.. Geological Survey in' cooperation with several states, and state plan
coordinate systems are being adapted to SI with the 'assistance of the
National Geodetic Survey of the National Oceanic and, Atmospheric Adminis-
tiraVoin (NOAA): ,

8.2,13 Develop. Metric Estimating System .
l'reliminary Phase: Mid-180/1981
'Intensive Phase: 7 1982/1984. (inclusive).

_ Residual Phase-. 1985 .- . .
-

.

40.

e.lakeygli:Opment of a metric estimating System 1.11 building is Shown as the
tenthritem- in the.-Netc/cicc- Timetable; but might he shown .in dater action
item, .:Since it repients: the first. activity, in which ..the: contracting
community will.._ significantly sector..-. The
coherent. relation.ships:, betweeri SI Units and .mettic dimensional coordiriat
tion3should: faCilitate the. -deVelOpmeUt :and: maintenance ;of a metrio:esti-=-,
mating: data bank - and thUs assist rcontra6torS; --designerar"prOducers, and:X
users::: The preliminary phase might be use to develop- suitable computer \
programs.

8.2.14' Begin .DeSiin:Veire/Opinent and. :Engineering in Metric
Preliminary; Phase 1982 /Mid-1983;
Intensive- e:Phas Mid 1983/1985
Reaidual.Ehase:; . : 1986-Ongoirig as normal metric--sactivity. '

-

"



The development of :detailed' architectural designs" and engineeripg calcula-
tinns in inetrie. units represents ,the first major",:commitment ,.to.a.- metric
mode of bdflding. ,Design development and engineering a re - somewhat .depen-4,
:.dent -upon.,:the availability of standards and Product information, -as -well'. ..

as general agreements on metric product availability.. The objectixe- of ....%
metric-'design should be to Minimize the amount of new non-metric constrzin-71:-
ticirr after the construction. industry 11-Day-tthat is, if the deSign is

:;,expectele to go .iniothe field in 1985, or.. thereaf ter; Set_ would be ,idvisable
to usemetiie (SI) 'units. .

. -
, ..

. .
8.2.15. Estimate .and Bid on Metric Documents

- Preliminary - Phase: 1983 -,.

.. InfettsiVe_.Phase:'-' 71984/1985
-Residual'Phase:. 1986ongoing as normal metirc activitY.

If the ANMC /CICC Timetable is adopted by the constructio communitYy
construction contractors. are fikefiT, to be' face& with metric documents from
1983 onwards.. ThiC4epresents- the, first test. for the metric estimating
system developed by contractors and subcontractors. 'Whereas---bidding on
early prnjects may be more difficult than competing for nonmetric work,
it will build -up metric judgment and expertise and is "likely to ar ;pay

-"dividends later ,when major clients wall look for organIzatioris with.,proven-
-:metric; capability. . ., \ .

a.2.16 Award -Metties:"COnStruction Contract :-

'...:4'.. PreliminarY-:Phase: 1983 \
lxitensive 'Phase: 1984/1985
Residual Phase: : 1986ongoing.a* normal metric activity

. .
.

The award. of a metric construction contract represents- the second major
Commitment to a metric mode of building. It will give a building:clienti
a-structure wit".11,minimum built7-in obsolescence, -compared with a ,non-metrics-
building carried:out at the -Seine time. .The. -- construction. contract
to include. Safeguards for all parties in the: event oe unfordieen--idiffi-tgFzr,
culties. It 'would be' unreasonable to hold contractor
all non-availabilities; -similarly; it would -be 'urireaeonable to have - he

- client pay forz.z. substitutions- or extra work thaE could clear/y' have been
avoided. Preeedent has indicated that early. Metric 'jobs are..--;gener4
_better planned and managed to avoid pitfalls;:- therefore; --exttas."1 :ar
less-rather than more likely".to occur.

-.
8.2.17 Accept Plans in Metric and Issue Building Permits

Preliminary Phase:. Mid-1983/1984
InteniiVe Phase:, 1984/1985
Residual Phase: 19864-ongoing .as ncirmal_metrid activitf

- Metric construction activity cannot eventuate without appioval of metric
plans and 'the issuance of a building permitl- IdPally, plan -approval:
sltould be based on statewide or regiOnal agreements and target dates . to:
minimize:disruption..



8.2.18 Obtain Laboi-"Agreements- in. Metric.
a. Preliminary Phase: Mid- 1983 /End -1983

Intensive Phase: 1984/Mid-1985:
Residual.` Phase: Mid-I985/End -1985

The ejdentifiCation---of measurement, pn.Sitive labor agreements and their
review' and .restatement. in ...sensible. :metric -terms is. one of the - shorter
activity items 'in the ANMC/CICC Timetable. It should be fully accomplished
within a Pe.riod of one year from the"proposed M-Day. -7.-

x.2.19 Begin Construction of Metric Buildings*,
Preliminary .Phase: 1984- . .

Intensive Phase:: 1985/Mid-1986
Residual Phise: Mid-4986/1987ongoing as normal.metriC. activity

This action item has been -shown in a- heavier ;outline as it represents the
focal 'item--in:-.the Timetablenamely,' the transition 10 the use and assembly
of metric-hardware. Yt is 'Closely . allied to :the produCtion and delivery
of fully metric building materials and eomponents4-

It is
'prior.:.

,anticipated that some trial or pilot projects will be -I: commenced
.

,t
.o the -designated induStry M-"Day, .. and that metric. construction will.

accelerate- .rapidly thereafter. Within two years froth M-Day, all neW.proj-
ects ,should be constructed in metric units as a normal mode of olieration
to minimize the duration transitional period, and dual production ;
lines., dual inventories, etc. :.Metric training ,of construction personnel
can be undertaken either on the' job, or immediately preceding the involye,
meat in metric tasks. r - -

.

Deliver Metric Products to Su pliers and Site
-Preliminary Phase: .Mid-1984/End-1984
InterislAte. Phase: ,1985/1986. . ,

Residual Phase:: 1987.--7ongoini as nortial metric: activity
.

This action item is 'sequential to the..-prOduction:of .;tetric materials and
components, and shows. genera; overlap with metric construction activity.
The availability of metric.: products will .determine the ease with. which
metric. construCtion can proceed,: A 'suitable identification System re-
quired to differentiate metric and noninetric;Produatsfin the transitional
period.

.

8.2.21. Complete Metric Construction
Preliminary Phase: .1985 .

Intensive Phase:. 1986/Mid -1987
'Residual: Phase: Mid-1987/.1988.- =ongoing-'Ongoing as normal metric

activity.

At first. sight, this action seems superfltious,..esPecially as wizh
its accomplishment the point Willt!1--Iie-ereached where all new construction
is carried' out in metric '4nits... HOwever, the timeScale-shoWn indicates a



Jag time 'prone year befWeen activity. items.10 and 21 (begin .metric con-

,E:-.strUcrion and complete metric construction), which may be taken as an
,approximation of "iverageconstruction duration. Individual targets for
commencement azd completion of. metric construction have to be set for

each project, and 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
Preliminary,phase:: 1986/Mid-1987.

Intensive'phase: , Mid-1987/1988
1

Residual Phase: -.1989--ongoing'as normal metric. activity

The occupancy and maintenance of "metric" buildings signifies the accom='

plishment ofilhe.dhangeover. Apart from any clearance or foading ifoigns

therewill be few" direct reminders that a building is a metric building.
Maintenance should,-bic easier as-gene-al repair or maintenance items in

metric 4.zes increasingly' will become _vailable.
.

'8.2.23 Conduct Real Estate Transactions in Metric
Preliminary Phase: , Mid71986/Mid-1987

.Intensive Phase: Mid-1987/1988
ResidualTPhase: 1989--ongoing as normal metric activity

-

The ANMC/CICC Timetable enftsages that real estate activities in metric
units will follow rather than,run in parallel to metric -conirersion-in the

construction industries: To a large extent, the change in Feal'estate is
.

a change in. the descriptions only (that is, the softWareL Which can be
accommodated by means of a soft conversion and/or dual units during a tran-
sitional perioa until such time as estate agents, sellers,.and.purchasers
become familiar with metric units.

' 8.3 Some Comments on the ANMC /C1JC Construction Industries Metric
Conversion Timetable

The ABMC/CICC Construction Industries Metric Conversion Timetable is

Complemented by a number of Sector timetables which show greater detail
in the action items. They include periods for familiarization or training

of construction industry pfofessionals, techriicians, site personnel and

labor; and .office staffc. research and developmental activities; and,

generally, an expansion of items relevant tom the particular Sector.-

.It.is significant that in the review of the, ANMC/CICC Timetable by

committees, individuals and representatives of industry groups, there

seems to- have been no/Concern about the format or the chronology of the
timetable.- However, metric planners have stressed the need for an -industry
commitment date," whi01 would represent an agreement by the bulk of the
construction communi0 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. thewhole industry

'and
P2

escially its clients.
i .

pe
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The ANMC/CICC Timetable with its weLl-structured chronology of "action"
items and an indication of leadership, responsibilities, is a ,practical
reminder of the need. for cooperation" between all sectors-. Its focal
point, relative to which elasped timeél and targets can be measured, is the
"industry 2,H)ay"--a conceptual date indicating the start of metric construc-
tion. The commitment in a timetable is not to spe6ific dates, but rather

' to phases or periods during which certain actions are expected tE.' occur.
' The individual industry Segment, group, or .4organization, therefore, cab

phase into the overall time scale as and when it 'is mostr,advantageous from
a technical and/or economic point of%view.

8.4 International Precedent'in ConstrudtiOn Metrication and.Program Timing
_

Table 8-1 provides a summary` of the approaches and,tiMe,fa6tors in Metric
conversion in the construction industries of Britain, ...South Africa, Austra-
lia, and Canada.. Even though iridustry size and Structure differ.froM the

.' United States, the respective approaches and accomplishments are.of,inter7,j
est. Metric planning, as a manaiemeni-exercise with technical' overtones,'
was basically the same in all Countries; With each nation except Britain

k.
learning from the precedent of others. In general, a period of 3 to-4
years to M-Day was found 'to be adecinatet61-4carry:Out. the key activities
and, at the same time, maintain momentum.

8.5 A Model for the Achievement of a'Decision'on Construction Metrication

Responses to metrication.varyfrom-".leit'S stoptalking and get It,. over and
done with" to "let's deW It until there is an absolute' necessity to
change," with the bulkof-the industry coveging.a middle grOund orwill-
ingnessconvert "if everyone else does.' In the constroction.:.comiunity,

the strongest advocacy has come. froideiigners; who can fdresee'significant
gains in productivity, and the codes and standards sector, in.which design-
ersers are heavily represented as professional. decision-makers. . Both grOtips

deal almost exclusively -With "software.' > Except fpr certain'trodps whiCh
can see very tangible benefits in a:change, manufacturers, distrIbutorsi:.
contractors, and labor have preferred to defer a commitment.

It is widely recognized that the conatruction.commuiiity cannot accomplish
a definite response to the metric issue.withoUt.cooperation- and involve-

of the key sectors and. major parties that make up the inchistry..-'174e
principal purpose ofthe,NIBS Metric SympOingt to Oioyide a fortnefor the
"objective' examination of.metriciOtuesin the .conattOctionindustries--
without letting those in 'favor or those :oPposeedominate--and,*then lo . .

develop suitable industry-wide strategies for future action.

Unlike other activities in the construction industry, metric conversion is
not an oft repeated activity which an be precisely designed; accurately
estimated in terms of cost or time, anci.carried out as-a matter of routine.
It is,the most-difficult assignment the industry has faced for a long
.It is an assignment that cannot befaced unilaterally by individual sectors
of the construction:dommunity, but rather needs to be undertaken by all or
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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:, one-off,exercise, .metrication engenders .resis:ance by
one, and concern- by many. It is up to the industry, collectively, to

assets anddecide. on the claims made both for and against the hange.

This paper offers a-model which might be used in the analysis leading up to
a de....;:don by the construction community on whether 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
shears five major.steps in the decision, process:_

.1. Study of Metric, Issues.and.Concqns
2. -Assessment of Benefits vs. Costs.
3.. Decision on Metric Conversion in Construction
4.- Development of a Timetable for Conversion
5. Allocation of Responsibility for Program .Implementation (National,

Industry Sector or Group, Individual Ofganization).

Much of. the work has already been done. The key stage is item three, the
dPcision on metric conversion. There are no neutral options-:.-in the event

of a ryes," the timing becomes the next step and overriding issue; and the
event of a "no;" the industry will continue to adapt as itl has done to
date.

It must be noted that the "Timetable. for Conversion" presented by the
Construction Industries Cobidinating. Committee of',; the AMerican National

Metric. Council was develoAed-entirely by the. private sector, based on

consensus procedures.. and participation by representatives of nearly. all
major groups in the construction community. Any alternative would duplicate

most of the work. , .

8.6 From Timetable to Implementation-
#

If a time frame for metric- conversion were to be endorsed by the

construction industries, actual metric activities would occur in the tirac-
tical world of designi'prOduction; and construction. Industry,associations

would have a major role to play by widely publicizing the timetable and its
implications.forltheir particular 'constituency, by. assisting with imple-
mentation issues or problems, and by gr_cding members in-reaching common
responeeS: during a transition. In. addition 'to becoming information

resources, the industry associations may alSo engage in metric' training

and/of familiarization activities.
. .

Whereas metric "implementation" would'occur at the task face--the local
level--an'overall advisory mechanism at the national level.would be highly

desirable to give. guidance, provide ..for coordination between diverse

sectors, resolve'problems..br Conflicts,, and, generally mon&tor'progress
or lack thereof. Ideally, theimplementatiOrihase .should 'be coordinated
by a group that -is-representative of all segments of the industry and

respected by all: segments.. No compulsory powers would ever be required
.

;19
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Figure 8=2: A Model for Metrication Decisions in the U.S.: Construction
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.12T.Sucb a .1ronp (or,committee), since its very strength would lie in its
adVieorY'role. The alternative --not- to halieany -overall-.guidenCe=-wont-:.
almost'. 'certainly' prevent 1 ..cost-effective' metric-.conversinn-,,,in, the

industries. .

At thesector level, sup mentary.commitiees would be .needed' to eaI in
. more depth. with sPecific,cementation issues.

1-
. , .

.

At the-brganizationl level,-planning for the change and its implementation.
0111 vary with size. jn:general, the larger the organization,. th4 more
opportunitY exists .benefit from .a conversioQ 'by-using ittO introduce
variety reduction and. rationaliza46hof products, proceseee, .and .proce-

-Aures;.but, at the same time, the greater the chince'of confUsion if.per-
sOnnel_1s- not'propeily briefed Or trained. It. is impOrtant.that'once .a
decision has' been made to change ;*0 metric operations, a. good Metric cll.-
mate- and infOrmkion flow be maintained both Withiri and outside the-
organization! -

. .

(
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.f

ogram, Portland Cement
9`.4"-As'ibrtion, Skokie, IL; 1971..

t-

Alumina= .Standards and Data - 1978 Metric SI, The, .Aluminum,_. lssociation,
''-' 'Irar Washington, D.C;, 1978. A

. .

-7-4,;..
.

AIS tric Practice Guide, "3rd -Edition, Communication and Education
SexDepartment, American Iron and Steel /iptitute, Washington, D.C.;

. 10764r?"

t'
1,

.

.

:AmeritaiVS0cfet of Photogrammetry. Usage-of the International System of
Unite, Wen Society of.Photogrammetry,.Falls Church, VA; 1978.

-
.,,,,,, .:,,q . .

Design Criterxs4or Lighting. Interior Living Spaces,_ Illuminating Engi-
.

11611.I

neering S.4.614gW0d4-York, NY; 1979.
.

-" Guidelines' for Metric data in-Standards for Valves, Flanges, and Fittings,

-7(S/FP-86),,M4qufaCtiliers Standardization,Society of the Valve and Fit-
-tings Industp44Ailington, VA.

Ind.WOoit_Products Metric Planning Package, A Status Retort by
talbei..?'.ancl.ITOda.:4*iducti Sector Committee, ANMC, National Forest Products
Association, UniMington, D.C.; Mid-19784

Measurement of Fire:- Society of-Fire Protection Engineers,
Boston, 'MA;. Draft February 1978.

a

"Metrication --k.Concrete,Opportunity," Hans J. MiltoT5 ACI-Journal;
. American Concrete.lnstitute, Detroit, MI; Noliember 1977; pp. NI3-N21.

Metric Design-Handbook, (SP-20D), Portland Cement Association; Canadian
Portland Cement Association, 116 Albert. Street, Ottawa, Ontario, Canada.

Metric Guide for Mechani I Design and Drafting, Frederick T. Gutmann,
Industrial Press, Inc., Ne York, NY; 1978.

Metric Practice-Guide for Welding Industry, AWS Al,/-7x; by Metric
Practice. COmmittee, American Welding Sodiety, Miami, FL; October 1978.

Metric Practice Guide (SI) - Units and Conversion Factors for the Steel
Industry 1976, Amexicah Iron and_Steel Institute, Washington, D.C: 1976.

Metric Pra=tice Guide for-Surveying and Mapping, American Congrets on
Surveying and Mapping; Falls Church, VA; March 2978.

Metric Zoning Guide., aren,White; ATerican Planning Association,
Washington, D.C.1979:
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_'_The Meter-Part of New 2anorama, "Gunther Greulich, Proceedings of

American Congressrh Surveying and Mapping,-St. Louis, MO; March 1974.

.

.

Use of Customary and SI (Metric) Units: ASAE Engineering Practice, ASAE
..zEP 285.4 (including preferred units), American Society of Agricultural
Engineers,-St. JOseph,.MI. - .

.._

"Use of Metric System in Meter and Bounds Su eys," Gunther.Greulich,

Proceedings of American COngress on Surveying
r-t

and Mapping, Washington,

D.C.; September 1974.

Weyerhaeuser Metric Practice Guide, 3rd Edition, Weyerhaeuser CdmpanY,
Tacoma, WA, 1980.

. 6 .

-.9.3 Handbooks and General Information Issuances

AIA Metric Building and Construction. Guide, Wiley Interscience, Inc.,

'New York, NY; 1980. .

"Metrication: .ControversYand Opportunity," Thomas Clark Tufts;
Progressive' Architecture, March 1979; reprints available from Reinhold
.Publishing Company, Inc.

,
Metric Conversion Handbook, Marvin H. Green, Chemical Publishing Cdmpany,

New York; DEF; 1980.

Metric Units in Engineering - Going'SI, Cornelius Wandmacheri Industrial
Press, Inc., New York, NY, 1973.

Metric Yearhook, 105-1980 Editions, J.. J. Keller and Asgociates, Inc.,

Neenah; WI; 1975-1980.
.

"Our Metric Future," Hans J. Milton, The Construction Specifier;.
February 1979;reprints'aVailable from CongLruction Specifications
Institute, Washington, D.C.

Standard's Handbook for- Metric-Machinery44asteners, J. M. Stockbridge,
The Standards: Handbook Company, Flint, MI; 1977.-

-"Snbdivisioo;Designi.n Meters," Gunther Greulich,.Journal -of the Boston.
Society. of Civil EngineersSection, American Society of Civil Engineers,,

Vol.. 66, no. Boston, MA;1979.

-The-Modernized Metric System ... Explained, J. J. Keller and Associates,
Inc.,:Neenah, WI; (undated). .

.

9.4 : Standards Organizations Issuances.

- ;

American National'--Standard Alloy and-Temper Designation Systems. for
Aluminum;:- ANSI H35.1 .(M) 1978;-American. National,Standards -Institute,

New-York, .NY; 1978:
.
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.

American. National Standard Dimensibawal. Tolerances for Aluminum Mill
Products, ANSI H35.2(M) -1978; American NationarStandards.Institute,

. New[York,_NY; 1978.
. .

.

,

ASTM Standard for Metric Practice, ASTS.E380-79,:AmeriCaltSociety for
Testing and Materials, Philadelphia-PA- 1§80.

ASHRAE Metric'Guide for Heating, Refrigerating, Ventilating and
Atx-Consktioningi Second- Edition, American Society of Heating,
Refrigerating andAirConditioning Engineers, New York., NY.'

AmeriCan;Society_Of-Pluiabing-Engineers, Data Book,.1.Tolume -
Fundamentals of PlumbingDe'sign, 1979/80; American Society, of Plumbing -

Engineers, Sherman Oaks, CA.

American Society of Plumbing Engineers,. Data Book,- Volume Special
Plumbing Systems. Design, 1977/78; American Society of Plumbing Engineers,
Sherman Oaks,.-CA. .

-

American Society of Plumbing Engineers$Olar'Energy.System Design,
American Society. of Plumbing Engineers, Sherman'Oaks; CA.; 1980.

. .

IEEE Standard for Metric,PraCtice, IEEE Std. 268, Institute of Electrical
tiand Electgonics Engineers,New,York, NY; 1979.

. -

:Metrication.7- Managing the Industrial Transition, ASTM Special Technical.;--
PubliCation 574, R. G. Liptai and W. Pearson, American Society for'
Testing and Materials, Philadelphia, PA;

Preferred SI (Metric) Units: ASAE Engineering. Practice, ASAE EP 285.4
(including.preferred units), John H. Addington, Compressed Air and Gas

'Institute,,Clelieland, Off.

S

Standard Practice for the Use of Metric (SI) Units in BuildingiDesign
and Construction, ASTM E621-78, American Society for Testing and
Materials, PhiladelPhia,:PA;.1978. . ,

. .

In addition, the following construction related metric standards are
published by the. American.Society_foriTesting'and.Materials (ASTM
PhiladelPhia,'PA.

A109M-77 Specification%for Steel, Carbon, Cold-Rolled Strip

.A325M7-79 Specificationjor High-Strength Bolts for Stiuctural JOints.

A501M-77 Specification for General Requiremenisfor Witeitods and
Coarse. Round Wire; Carbon Steel

.A568M-74 SpecificatioikforSteel, Carbon and-High-Strength Low-Alloy.
Hot-RolledSheet, Rot-Rolled Strip,andCold7Rolled Sheet,
General. ReqUirement6 '
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A615 779

A623M -78

T-.A6244779'

Specification for-Deformed and Plain Billet-Steel Bars for

Concrete Reinforcement .

gpecificationfordenerairtecimixements-Tformn Mill ProductS.

Specification for. Tin Plate, Single-=#esibiced Electrolytic.

A6264779 'Specification for Tin Plate, Double-4dUZed Electrolytic

A6354-77 Specification for SteeV-Sheet and Strip,' Carbon (0.15 percent

.max)iHot-Rolled mmercial Quality, Heavy-Tfiickness.Coils

(F6rmerly Plate)
. -

A6824777 SpecifidatiOn for Steel, High-Carbon, Strip, Cold-Rolled,
. --

Spring Quality, General Requirements

A749M-77

-'.;8133480.

.B1394-80

B1404-80

B2091-180-

B2104-80

B2114779

8221479
_

-8247480
. .

B248480.

B2494-7

F,250449

B2514-79

.,..)15574-79

.Specification fOr;Steel, Oarbon:and High-Strength,'Low-Alloy
Hot-RolledStilg, General Requirements
-

Specification: for COpper Rod, Bar, and Shapes

'Specification for:;Phosphor Bronze Rod, Bar, and Shapes

Specification for Copper"Zinc7Leed.(Leeded Red:Brass or-
.

Hardware, Bronze), Rod, Bar.and..Shapes: \

Specification fOr Aluminum-Alloy.Sheet and-Plate:

Specification for AlUiinum7Alloy Driwn SeamlessTubes
\

Sgecification for Aiuminum7Alloy\4r, Rod; and' Wire
7--

Specification for Aluminum -Alloy Exttuded Bar Rods, Wire;

Shapes; ansiTubes

Specification%for Aluminum-Alloy Die and Iland Forgings
- \

..' . -
Specification foi-Gen?eral Requirements fox .Wrought\\Copper -

and Copper-AllOy Plate, Sheet; Strip, and ItolledA3if,7

SpicifiCation forZeneral RequirementsfOr Wrought Copper. an

COgper-Alloy.Rod; ,.Bar.ana Shapes.

:

\ :-. .-

specification for General Requirements forWroUght Cogger-411Oy

Wire. .

. ,

.

-.., : \

Specification ,for. General Requirements for Wrought Seamless

Copper and Copper-Alloy Tube` -

Tension Testing-Wrought :and- Cait Almisinum7 and-Mignesinm-AliOy

. ° .
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-,..v.c..-4---..-;-,:-. ..':
-B666M-80 Practice-for Identification /larking ,..-.171f,r...g.. ojim

...- :-..3..-\ _.- ,, -
C14/4-430 -....EpecifIcation for Concrete Sewer: Storm ....1.-i!ert:-/%pe.:4....

.. . .:.: :.--,..:.:-. .....,:r-7; .:- ,,,....- ....,.....
. . s . .. .-;;;':"..":-.::: -

C76M-80 - Specification -for ReinforCed. Concrete cliiigii.:,,`Storm draTh ,--.-----:

-'-- and Sewer Pipe- .

C118M-80

-C361M-.78

C41214-80
rtekQ

Spec.ification- for-Concrete'Drai-n
, ._

Specif ic.alion for Joints 7f Or Circulax -jecr-and
Culirert Pipe., Using Rubber,Gaskets

I

C444*--80 Specification for Perforated-Conerete- Pipe

C478M-186 Specification for Precast' Reinforced CZicreie: Manhole:,:Setakins. l .. .

...
Mfithods Testing Concrete Pipe, Sections. or 'file.

.C50514-80 Spec fi-Cation fOr/gcinkeinforced Concrete:Irrigation,Pipe with
- Rubber Gasket Joints,

C506M-80..
-

:C50714-80

:Speafication for Reinforced Concrete ArCh Culvert, -Stank ,

Drain, and. Sewer Pipe. . - . .
Q

Specification for Reinforced Concrete Eiliptie:nl!CuIvert,
Storm Drain, and SeWer Pipe.

C654147.80: Specification for-.Porous- ConCrete Pipe.

.C655M-80 Specification' for Reinforced Concrete 6-Load,-Culvert,
Drain,..and Sewer Pipe

C7891:1-78

.C$502-1-78

C877M-80

E621-78.

E7.13 -80

Specification for Precast Reinforced Concrete Box Sections 'for
Culverts;- Storm Drains, ancrSewers =

Precast ReinfOrcea.Concrete Box.Settions for. Cuiverts, Storm.
"DrainandSeWers With' less, than 0.6 m'of Cover Subjected to'
Highway Loadings.'

:

.

SpecificatiOnjor External Sealing Bands for Nancircular
Conciete_Siwer 'Storm prainand Culvert Piiie

.

Standard 'Prattice for the' Use of Metricl(SI).-::Units in Building
Deign and -Construction,

.. .

Scales for ''Metric Bui/dingfDrawings
..
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F.467Mt79-8pecificatiodfor Nonferrous Nuts for General Use
4

..:T468M-79 Specification:foi NOnferrods Bolts, Hex' Cap Screws, and Stu4s-

foreneral.yse
- Ai

9.5 American National Metric CouaCir Itruances

Managing Metrication in auSiness and Industry, Americalf,National Metric'-

Council; Marcel Dekker, Inc., New York, NY; 1976.

Metrication for the Manager, John T. Benefict, American National Metric
Council, Washington, D.C..; September 1977..'

Metric. Conversion-in:-the Construction Industries ... Planning,
Coordination and Timing, American National Metric Council,.Washington,
D.C.; 1980.' .

_

Metric Conversion in the-Metals Industry (Metal.Froducts --Ferrous and

Non-Ferrous, 3rd. Edition, American National Metric Council, Washington,

D.C.; April 1979. .

Metric Conversion\Paper #4, Metrication - Problems and Opportaafies,
American NationaI'Metric Council, Washington, D.C.; 1974.

Metric Conversion PaPer. #12,- Metrication of Computer Applications,
Americad;-National'Metric Counci4 Washington,. D.C.; 1976.

Metric Conversion Paper #13, Metrication at Dunlop, American National
Metric Council,JiashingtOn, D.C.; 1976.

'Metric Conversion Paper"414, A Selected Bibliography. for- Metrication. .

in Business -and Industry; American-National Metric Council,- Washington,

'.C.; _1977.

. ,

Metric Coilversion Paper #15-, Metrication: What Needs to be Done - ANMC

Before .the U.S. Metric Board on 18 August 1978, American National Metric
Council, Washington, D.C.; 1978.

'Guide, _Third Edition, :American National,Metric(Counci4
- I

Washington, D. C. -;'.

, . .

SI Training 'Guide, American National Metric. Council, Washington, D.C.;

1979.*

.
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PART 10 APPENDICES

APPENDIX .1 'Extracts from NBS SP 345-12, II. S. Metric Study Interim Report,
Testiniony of Nationally Representative - Groups*

Page 4' of General Summary

THE CONSTRUCTION INDUSTRY

. ::The construction industry is extrem ely complex and any 'conversion
Wbuld require careful coordination in order to minimize probleMs. Most
graUPS see little direct benefit to the industry from conversion, but many feel
that irt7.vould PreSent an ideatopporturiity to advance the concept of modular
construction and thus-achieve important cost savings, A special problem for
the industry would be the need to repair and remodel existing structures
which-would require.dded inventories to be maintained fOr many yea_ rs.'

Page 76 ff. Details of -Construction Industry Responses

VIC CONSTRUCTION

A SUMMARY OF INPUTS

The construction inputs were obtained with the.1 Pecial assistance of the
Construction Affairs Committee -ef the Chamber of- CoMmerce of the
United States. Inputs 1.7_-ere received from 26 construction related groUps.

"A .majority of those groups (ten) eZpiessing.an opinion feel that metrica-
Lion is inevitable arid/or desirable. Only two groups are opposed fo metrica-
tion: 1,4cither express no opinion or state use of measurement syStems

. dOei not affect their activities. .. r .

Almoit alkgroups expressing an opinion on a preferred method of con-
version indicate that any such program should be carried out only under a
nationally cc prograrrt Some want a mandatory program and many
suggest that a :Federal agency take over responsibility fOr coordination. A
10-year transition timis commonly preferred, with the first 5 years used in
converting codes. standards. and catalogs. -

......, .

Cost and Benefit of Conversion

There is some resistance to change, uSually.based on estimates of transi-
tic7 costs with no. foreseeable benefits. Many _feel. that conversion costs
would be moderate, and once behind them th simplicity of metric-usage
would bring continuing savings, opPorninities for more .modular construe-
tion, anclinereasecrexports. .-.. . _

. ' Transiticin.-3Coits would be less than for Manufacturing industries since
most equipthent changes could be made by adjustmenti or by normal main-:

, tenance in I or' 2 years.,-SoMe added costs would be anticipated during ,

transition from the necessary accelerated revision of codeS, standards. ai
,
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desigmtables: added inventories, causing some mix-ups at the job site: and
.

..someworker-inefficiency: adjusting to metric sizes'.
Training-would%not- be a serious problem for the construction industry.

The ;changeover would require new thinking, and unlearning- of long-
established relationships..Vocational and apprentice schools would Wave to

.change instruction to use metric units. but young workers entering the field
with metric 'training would find measurements and calculations easier.to

Some problems would be faced. during and after conversion. in repairing
oldkstructureS built.to customary standards. Dual inventories would have
to be maintained on some materials for many years. and a variety of adapters

. would have to be stocked.-
Modular Construction

. .

More than half of the industry reports comment on the opportunity offered
by. metrication to advance the concept of modular construction and achieve
important cost savings. Llnified codes could reduce the- number of sizes. and
simplify the fitting of components together on the job. Uniformity would
'reduce intermixing and on-site cutting. and save construction time. lb addl.; .

don. .the use of, metric Modules would provide Fiore, Opportunities for
.exChange of Materials and test data abroad.

Metric standards for .wallboard and plywood panelS are only slightly
smaller- than Ouretrby 8 foot standard. Producers could change over to metric

sizes by merely adjuitingmachinery. Metric cement block dimenions are
close to present U.S. sizes, with about 2 3/8 inch difference in thickness:
Since molds have a relatively shOrt fife.*conversion of the machinery could
take.placedurirignormar.replaceinent. A major concern for all
PrOductS niarlUtacturii*duriniany conversion process would be the need to!.

Continue to supply. products Made to inch standards at the same time as new

_ metrio-siied products are being produced. j

Other Items

. The conversion of land title descriptions to metric units is suggested only
.

.

on a -go.for?iard" basis. at the timeiroperty changes hands. No useful pur-
pose would served by converting existing records. Maps could be con-

vened at th;tinr of normal up-dating. .

.. : The ezcpenenceOftheeonstruction industry in. England. which is taking a

itaiiing iolein"metricatiOn there. is cited-by several trade associations as a
good-guidetolhe:proCedures which should belfollowed. All building con -

structionStruction in:England will -become metric. by 1972.. 7 years after the start of
program:their metrication program.



tiab rsurvey, of member &wit indicates thartherris --
orno.Mativatioriordemand eitherfor isiiiittieChange to the metric

metric ation in thrfunni.
lion Insults:in iconiensui ofACRrs General

.

.Committee'tathe effect:that WhikthereAppears to be no motiva.

inetriOaiiiiti at this time:,the iiidustry would. cooperate in any na
inovelbetnetrication,'provided that a realonabk time,

notleithan 10 yemi.

.

mixingOrconcrete vias,replaced by. readygnixedconcrete, the
choiCeaftiits hadlittiejmikation. But the cuniniincrease in precast Con-

." s liaxlinRto.two ;seti itandarili.Orie in the United States'and
0:S.itarididslorreinfOrcing bars are not compatible

and allow le easier incorporation of a standardized dimensional framewor

into the product and dimensional standards 'of the Linked States.
. . . ,

- ,

AMERICAN INSTITUTE OF PLANNERS

Withno planned program for, metrication.lhe greatest problem would

comparability of data. For example, planners use data, sueltas miles; tons

and gallons.'from miny Federal agencies. Changing to the metric iyit;

Would requirithe use of conversion tables and careful descriptioni.orditi

Without-Federal Government coordination and widespread cooperation

privation coidd,be a tremendous undertaking. iiiiwever,Undera nationak.

Coordinated prov am. planners wouldbe affected no more than thegeireil

population.'

AMERICAN -LAND ITIkASSOCIATION

The report of the Amaican Land The Association's based on a girl

of association, =ibis. The survey basically indicatasthat wbrk sora$4,
.vo

, adikepire.theiikily'for eviitui
met the Ameiicut . the' menthes anticipate advantages, such as the efficiency and unuonattiunarm?av,, "theise units in ill ks publications. with that might be ;talked if metrication could be accomplished: the consensm

Tlie.c6c**.2..t
in practicekinditandards,, and this would be an opportune time to convert

to *metric sygem so that 'a separate corriersion at a later date and at a
freatercost;couldbe voided.

nev.Britisli building-code includes.a new

bar sizeSintended to be somewhat compati-

Presentilloingthi:oulhaimiodoiraPid dan8e

AMERICAN INSTITUTE OF .ARCHITECTS

The Board of DirectOrs bf ihe American Institvte of Architects. in April
1970, passed thefollOvimg resolution:

.
. . 1

. liesOlvid,ThartheBixrdojpiretorsof theAmaican Institute of
Architectiurgertherampletionvfstudierauthorized by Public Law
10472,particalarly4 theseitidies'relate to theconstruCtion
try: ,.andfudheritrgeilhatOe.metric. systeM be ,adopiedis the no-

% lionat:stindard of weights, and measures in the United. States of.

An:erica."
. .

,.,.Generally; architectural :projects which are to be construeted in the
,,...;Pnitet,StateS are desigi4 and constricted using the.Custornary. Measure.

system. ProjectiAeSigned for construction out of the are usually
'detigned using the Sisk: Mingeneral use at thelOcatiOn of their construction.

.AnY.coniersioreshOuid, take plact in a planned 10-year period, because
.

under that-program the COnversion: would be-more orderly: take less time.

is that conversion of land title records is unnecesiary iinceland*rieLther

eipOrtesiknorimported. Further, the consensus seems to .bethrit"

change.:1vould be difficult, coilusing, and expensin, to the public

to title companies and would contribute ti. greater error iktideeVideiriana

and insuring. .

The Complexity of convertinglhe huge number of pubkricordinditioc

file in nuMerouaofficei should be carefully considered if landlikmetnca

tion were contemplated.; Thought shOuld be:given thepoisibiT04.FF
vetting land 'title-records go-forward basis if metriliatiiniCoria

changing back.dated public record information to metrieinitiintiotWiriiiiC

offices and title company Bid would mean very high costwitklittfeaPitarrni

-.-, ' 'li

. .

ln 1970, the ALTA Board of Governors adopted a resolutionyhick

in part as f011oWs:

all.
. . .

. "Whereitavirtually.. major .industrial, countries; of this M

hare converted to ihe.. metric' system:: NA', therefore.:` be

resolved that the American Land TitleAssociation sees ndadVintai

in 'Camping land lilies to the metric systeM:. nevertheless; the:A

sociation cooperate in any decision made big the Congielsja

'convert to the metric,s,t,Item. :

AMERICAN PLYWOOD ASSOCIATION

The softwbod plywood industry uses the customary system of weights*

measures. At this time it does not appear there is a significant possibilittt



xiuxhsriwould.voluntaflychingeOier to the metric system' unless all inns-

wig at thedirectigiif the Federal ClOvernment:..

thetopcal Waylo carryout aProgragof planned metrication in

'andinthepinied StatesivoUld beto establish timeta

:timepaiod of perhaps-10 years: or mote. with Sufficient lead

eitiblishedlOr coordination between related: induSiiieS prim; to work

pmu Otiitanda*ciiistrtietiOn Modules; etc.

lG cams: that.,inifUstries be, encouraged to :stay as close t(
. .

present sizes as POssible to'minimize the impact of the change.

I view :the..popular bY:8 foot" pint! size and the. cipaci(y ofexisting

a rimune ;649 bequipmentiw e y 98 inchiwou Id be

'..feasible: Mere conversion tattle nietrielang ;uile does not stem to offer too

veat a 'problem. bueinyvidicalchanges in physical sizes could be chaotic

because *give equipment Would becomeObsilete.' . .

3he greatest problem involved nitricatioi. would probably te that of
.. .

Coordination between indUstriesliat are inter-related and that need to

establishitie standardsihat are compatible with each other:

AMERICAN 'ROAD BUILDERS' ASSOCIATION

THE ASSOCIATED , GENERA!' CONTRACTORS. OF

THE NATIONAL. CONSTRUCTORS ASSOaATION

Baied'on experience. reported by thOritish Metrication Boardin .191:0

1.elatir to Greit Britian's convertionlo the .metric 'system, and on

opinion of members of the associations, increases in, cost or diffiad

due to conversion in the construction industry are foresOli. providing:
Y

That the conversion is orderlY.'pbnned'and gradual in7its elf

Tbe report s bascd.upon asurvey ofselected member rums..

Ip *gal the surry indicates thatthere$uld be some advantages and

some for thrhighway and .airport construction industry in a na-

bona) Aangenr! to ;th metric system PfFleaurement4n. the

potent>al problems, tbe, industrylio"geklal favors, Changeoviinthe

tional interest ofa more uniform* logical systeniOf measurement.

Moitinegbiri that changeover inevitable and desirable but that

theel4WOuld require close coordination

close cognition 'could OnlYbe'Liffected:bythe Federal government in a

planned' -piigrans of education, eicogagement.- and' perhipi financial

. .

.

and

(2) That simultaneously with the conversion the standards:codes

specifications which now prevail are modified to conform to the

_units of measurement, and that nationally recognized bales,

urged to standardize the results of, their efforts where possible a

local governmental bodies, be encouraged :to adopt model 'oe':-

gional codes.

BUILDING ORICIAil AND 'CODE:

' ADMINISTRATORS' INTERNATIONAL

Some segments of-the highwy' ndustry could change nither*ickly.

'gore slowly.,:lbe timing of a change must be coordinated to 'follow.

'ilitiatiOnS beginning with PinFing and design and

ConstrtigiOn. testing: and maintenance:. Thechange of

itandirdsis ofterla tiniConsirnhig p rocess. and these changeS,

the industries involved ; .

plus reportisbasedon iheorlcorispecial Metrication Committee of the

In 'this country. ther,custoriary syStem of measurement is used exclusiv

in building'code enfoicement: Since the customary system of

has served the necessity purpose3',Nitisfaetorily and the construction and,,,,

latedindustries, use the customary the Motives'. for instigating'

change are based on matters not dirtay read to.but certainly c

this indust4..

The members of BoCA who have epressed an opinion on, this so

favor achango to the metric system because:

A common system of measurement throughout the rigid would int.

prove international trade andcommerceand facilitate Or exchange::

of materials, building teehniques,and stewbetween natiotts,

A .ecommon tent of measurement is imperative

technological innovations between nations.

The metric system is:pitivenientforengineeringioinowations.

Building codes could b!.universally interpreted andadoptee.'

., %BOCA feels tkOossibility Of 'completeMetrication is negligible.' un

mandator :conversion ;roans is adopted., Therefore the membeis,',

Building OffiCials and Code Administrators International.strongli,

mend that the Secretary ofCOMmerce urge the Congress to take im

action toward implementing 2,20yeat plannednietrication program fii:41

sAmeticanSoagioCiol'Engineeii ' .
,United States.

..

*non treating-1876 as faionng a conversion.to the

niany'ASCE;divisions have differeg Oki;big the

sawn to:f P31.1 wonktracir9binie. but none that

be iniimountible;inctin fig,* lead toteri;';irociencies.
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.,

fix. language only) conversion

however.

;appstysIliat there be: nolicirmoin;table proems for theredwood
.

fr. ,

INSTITUTE) FOR' ;MUNICIPAL ENGINEERING,

RUC' .WORKS. ASSOCIATION

duittimet*ahon,

ENGItlEERS: -COUNCIL

rnajoCioicern th.e COlitilting Engineers Council related to metiica-,
)fll he increase iikixonieongt9?uid* incurred

wouldthe metric; system,fltis possible:

ed:carefiitmoiitoririg esPecially is to its of ects on small engineering,con-
rns.lincea 5. .cost. increase could place severe. burdens on/

kto

714:;-

.engineerand, public works official is taulfill his !del
rig. thehuman environment. he must utilize the lie

34116b!s' teapological. iniovations both at home andsbrOad. ThC adOpil;
ortheaiet&System:byalmost

all nations ofthe worlddearly eiahlishe;ras0?e.tiniyeriaAsyternoforasureaient.The
beliefitof teehnical

on ei!'"orks'rnatters-iignitly
diminished by otii..failure tO uttYizeartdr

conversantwith this universal system.
Furthermore.,municipal :.engineers and public. works Uncials haVe4:

pressed a general desire to chame to the Met& system. This iidue priaia
to ! 1),:connplY in Perfornung,necring

catid*ms and its11666-.431ceptance.:as a:,iiniVeritil.,SyStem ,ol, rneasurenient.. Tile. use of diernetri
systen!Tar;sOlving. aianYtn8ineinng and Publi worici:P iiiiiiirl

:With theirspecial*lrialri:woulabe

tric 'ent;,asi more"ioherint _, _."wad.. d ' '.A.planneck
meinnahnh:.________." %...: ...,W00.niPiredid

Wthim others...
'-.. ,- ..: - :/".,

ssiein.' metentOcjime r°ri#'4,t!,21c?
. .. . . - itvIt

apptotrobeximateHcustoinary.y

costofill; public WOdiloperations duringthe cOnversiiii periOckTbiledm
benefits and long run. economms of ths effort..however. would,gread

Outweigh thecOnversioncosts; -. : - i'

mmetncabon: :U BON OF WA4

'stnicturalvalues:" Jesistive.

tran211451/3/1

and many.

- AN'.

iNch,

,)!,,;:r "
AMU' imeasire),:ire used to thil *industry.. the

ol 'cistornary units.

However' 211,',IiitesaictiOns:' of. the

_unit reused rdthe industry, related7to:exPort .or foreign
,

.* now uses metri. c.unitiitstill uses; the foot as

for many ng products. such as fluorescent

a, program for metrication were to

educate the consumersesigiierSihan to industrY.

.

usetrt*Meoicsystem in preserit iiitivitiesis limited in avert'

orway to the reearehpregrgn. Any changes
in :weights

nomenchatirOir the*tirce.mentriad wotild he: dietitici:by thineeasoune
mate* and cOristiiiictiOnJndustrim citherword4ifthinietriiiiItnA

Sistem,WithoiliclitteuitY.:iioWeVer, it is possible thatadViriefie*
...tes# eVOlutiOnar nictitation ioiltiving,thibinefiiifiCOOiriiiga

n , ProOto bewail Fetletal: stale. arld local governments and the-



.thattheinajatity of thememberswOnli initially resist conier;,

noiitithkmetrid,sYSternsiriee the field Personnel are nontechnicaLHow-

'thinietriaiysterois More efficient and practical, the mem-

subicribe to thedringif011Owingatadequate edu-

mioiiiipkogim by ICB0.-.

AW4UFACTURERS. ASSOCIATION.

[TheMobile Herne Manufacturers Association as a group no opinions
.

positi_Oa.to offer.. Present wit usage is predominantly customary, but

theri'..seems titbe link-,doubt that the industry would be able to &Com.

moilateany conversion.without serious consequences.'

NATIONAL ASSOOATION OF HOME BUILDERS

14

',FePor.t:#based upon:a survey of a representative sample of the Na-

hoi*AsSociation of Home_Builders' membership.

would create problems in the reiniiand.

M1!°nenr,,!$
orhomes and apartments already built in this country.

dimensioned 4n inches and feet, would need repairs

of the 'converion to the metric 'system. The intent

titniiiii4tienshould 'be to arrive at workable and easily Understandable
rmeastirdbents

Paiieiperienee .in attempting to introduce modular coordination, has

"shOWnthat unless there is kcoerdinated effort, witlisomepositive means'of

Liii0genef.anevobitionary process wilprobably be unsuccessful. Any

OfPlariiiednietlfcation must take into consideration the fact that the

cin*iiitionindustry is highly cemplei and over. the yeius'has developed

efficient and cConomical metho& for utiIi;ition of, materials..

WOW.. CONCRETE :MASONRY ASSOCIATION

`coocrete .bieckindiistry. :almost exclusively utilizes the "modular

CoUrifriiafidri",coriceg. and Presentli used module is based on thetuste-
4..g.,:.
r.sYs,516:.opersion.to a similar metric ,module would be possiblaut

cause

,,..!!r?,10011eituipmeni Changes would be costly

aid, niodular. metric blocks cannot beim.

die** job without destroying both the modularcon.

it; beany tithe Wall;

..,.:,CorrereteblOkiare Made and Sold strictly fin a local basis with no

in'lhe in market,, the concrete bldck industry sees no

frqin, .

,

NATIONAL ELECTMICAL .CONTRACTORS 'ASSOCIATION

to "think metric" becomes more imperative. Increasing imports of initerialii

is Preseptly *pi; Problems for domestic operators, including on-site per=1

The report is baied on a survey of 'Member firms. The survey

at present the customary system is primarily used, except that electrical!

simnel. . .

units are metric. However, as more firms seek to go 'international, the need::

The lvervrhelMing majority of the Association's members approvelhe....
idea Of converting and express a sense of urgency that it be undertakenisl

..7..;t

soon as possible, following a carefully Planned program.. '. ' .:;'?,',-:

The majority recommends the conversion be concurrent in architecture, ,..1

. design and electrical materials manufaciure and that the government take thei

lead in fostering and encouraging conversion on all fronts more or less cor.'*.-.
-.i,

currently. , ... ..

NATIONAL FOREST.4RODUCTS ASSOCIATION

It is unrealistic to think that the Construction and, building materials in

tries. would permit a trend toward metrication: either volUntarY or stirM4.0

laced, to proceed without, coordination. Such coordination should inv0

architectural planning, modular coordination and engineering design as wel

'as product development and use.

The altitUdes encountered Most frequently inthe forest products inchis

on the,sehject of metrication seem to'be:( I) that the trend isan unavoidab

onei,(2)hat its benefits to most segments of the industryhave not

explained Or understood: and (3) that the total cost over the period4664
. version allay be difficUlt tojtistify interns ofdirect benefits. Reaction range

from enthusiasm through cautious optimism to concern for cost anddiirue'S
. . . . .

. don Of producuon and marketing practices.

It is generally believed that simple conversion of present tneasn,

units to the,metric sistem at the product level could likccompliihed

minimal 'adjustment of equiPment and training of:production perso

4.1P Volumetric determinations of log yiela' and conversion of land

menus to the metric system, however:. ire thought to be significant` co

straws where a dual systemmay be required for some time:

With respect to lumber use in bOildingconstruction; the extent to which

benefits Of metric conversion could, 6e tranilated into simplification

building and demonstrable. 4onitniction economies would,' be

major factor in' determinik the pace:of metrication.and degree to:

,coordination'of the effort would be encouraged andsupported.
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AN OVERVIEW OF THE CONSTRUCTION INDUSTRY'S
UNIONS

.

..
.

s ,

, . . . .

The structure of the construction industry doesnot readily lend.itsek,tc
major, change. ,The industry is highly interr,elated and hoth'fragineatidiii
decentralized with thousandsof Companies participating tosoineexteirt.4

New construction. shotikt not be emphasized. to the excluSibrin(rettO*
tion." remodeling. and repairing:Thesewould each h:tye an entirelydifferil
iipaeras firas metrication is concerned. If we convert to the metrksyerli

' completely inthe next 10 years.it would be easier to construct newbuildm
and .nonhuildings than: to. repit*the ones now in existence. ManY; 'of:*
buildingSrr standing. will be inexistence for-the next Onehindreditii0

. Constricted and:planned on a, stale of inehis.and.feet. they worddpreeiii:
serious renoyatinnand repaimobiems.. :': -

.:. Another major consideration in the construction industryis itsworif
It consists of a.large pool ofpeople:possessing varying degreesor ..., .,,

.., ,

skills': Therilscoristant movement in and;out. of this work fo . .,-,,

geneialliiPeakiag.,.ihere is weak indriiiri attachment.,Ittaki
1.8 pirsolirslatitioneannual job.; r-. -.,:.; :. .: ...- l ... .:'..

Concerning' metrication.. in construction there is little or no' present . .ri.
cation' and no Pest experieir.e. with the metric sysient .ExiitiniexPor*of,
materials areinsignificanfnaw and probably will'eontinUe to beintlielf
The reasons for that itcludethelviight,;bulk. and highcost.of

Actornmodation.'ne eventdaption.:Waidd bebetter than conversion

'Are construction induitry:,Tfie increased *and very 140141;6er
this irldustry.would receive. precludelefficient Conyersion.,Trietrleati.,

shOuldnot affect averall,ConstruCtion activity becausethis.activitY-:iiIt."

to the Costitid iviilibil0cif longterintaiiital:ThepriiFi*** . ..el
,,-..' i

coastruatiot, o'iill,..he , built are;detirinined, through the nceii.,.ar thii*,..: 0,

..' HonsingConitruCtion:conli.6poitparied to give priority toitheioni.",7" .

of:plaits. capital investments:and plarriequipmaii.:.. ';:';;:Y::'
, Another:factor. which overall construction activity,

. quality ofthe'work' force..Training would be needed to Shift; froittk5rit
many Systemio:theinetric s ysten.:T raningis* phahlythe:nost:00 Y .

element in theindustri.lhe capacity of *ing appremicetraiingiyt. .-.;1

. teaching:' aids: teithotiks. and, conversion' materials'46uld*:,:tri, .1, .!

analyzed: whom ,to train atirrhoW:.totrain'Iiiiir would''have..toli7 .. . .

:;.Itecraitinent*ouldhavetio vary' withage and ieog4Ohredistribaii* i 4..]

exalaka.worker Iii;fei.in a rural haitOtrivel.to training .7, .:4, , , 1

:coact*
;on

tk r r r 1

:mr,..,..1,1e..p...r.vae,14-:',,,,T;r2.5"., :re ftr

'.1t4STITUTt.'
/"L

'CluO9n!lairesuneei°f,
in the CJnited oWard metrication

., at best;"as "lukeviatm." Wiu'le tt'accepts.the facttlratthe
js;: .41;

rettatitan Cannousee,ant
gat;

061,,eirv:

cOrtvaliag: It set. er.arp,06^' :tiiiitiariitkn

a is

0).0&!'r,"& .:s
Nita cveriontrawry
p#4.

iiiiidStates"

uotunetnc eland riattietrc

is inn 'table ia3

,wi a

iseit beiccomikshe4;9e:i*riod.:.
duray.

to aceam inetrii,.1ion with a minimum

Auld be hoped ttwt :a, planned, program could result in an industry .

,

reemebt "..44Iewer:iiniber arWhirtiwnid1 be considerstandarti,mefric,
resultin agretment.on Nunx:new.

ii sees
and

soineretooling in thiiidustry. with ibattendant
Peak.

the time spent:could he:coniderable. He should beco
:ated for tirneand transpoitatkin.creatingan additional expense:

Addmonal concerns include, the impact on the .earrungs.of Jou

There would he:a strongpossibility of lost inciiinedue to delays in sched

itriAlso:many.persons who are.either unwilling or unable' to learn.cotild'

forced out of.work. (

"N'"" .



, A

Sten I except the use of present electrical links

I of -ngcrequired tools due to metrication

owever. a shoultt be made between the tools

craftsmen andjourneymen carry as a per-

ualitgOrivenienieie:e;i 7work..idttlitiough.the number ,tools

CriftSirrennatially carrinsignificant
OW tOoli:..,Reiribrirsemer0Vonid..Probabli ie limited to

irker iinfOrturiately.s:woiad havitofund himself the

tooltlraimng is estimated at 30 to.40 hours

OnurrernnTrmd.50'i glitoursiorinstrictors at An undetermined

speiii4CioriVersinn :,thiiii111E; wewld definitely stub= be advantageous.

AND

union Chit with. the inerease of worldwide trade'a

is essentialiThe members have little. 'tiny.

ore: the Meast'iiingtdols and precision

be finajor,. problem:if the metric

and industrial workers,ar).smem-

t Niue of their tools would varyde-

iithe trailer) which they are employed.

'of. 40: hours for the coordinators and in-

Journeyrnen.Classes would be required. An

..program would be needed in.

with the metrie system. '

ISONVINTERNAtIONAL: ASSOCIATION
ATEr AND CANADA

M:'.tiot tied

*ra
. .

temeaicsystem .wouldbecalanntQus tiithe membership.
.

itattbetof man eyentlhenstofthe

andrabsO'nV.:0P.engt°17

fort WhOTailtograSpand master

orintallilOshig;their

ndust amply
.with -the system.

of raog.iibuld Feiplkincomparison, with
54

he itof tlrosena otherarafts.'

Oft

INTERNATIONAL. .:MOTHERHOOD OF PAINTERS.

TheOperience'of ',0i:Members with the use of nieasuresis pnntaniy

' limitedlci linear yid liquid or volume measuring. and most of the.mernbek;

'Ship has, been using the English systeMof measure in their day-to-diriO0
«

experiences. . . : 314

NO members' of the Union have any past experience: with conversion toffi

metric system: most members are probably not even familiar withiC

Furthermore:. there are no.readily apparent,adVantages of cOnversiorkfrOi

the standpoint of.the individual members of the union.

Thelmpact of conversion on members in the building trades, iximati!)

painters: glazier's, and floor.covivers. relates mainly to tool replaceri*rit"

They typically supplymany of their own opts. Among the industrial'wor

kers. rost of the paint makers use employer-supplied equipment. However

the maintenance painteri supply many. of their own tool, kit6ndbeSiO

painting, they are expected to perforM other maintenance finctions whi4

may,involve the use of micrometers And depth gages. Retraining.ii4iti

areas would also be a concern: The amount of retraining would rieceSiaiili

vary according to tradesmen's or industrial .fvorkers present Use

customary system.

SRICIaAYERSt :MASONS AND. PLASTERERS

INTERNATIONAL, UNION: OF AMERICA .4)

If the 'Metric system were adopted:iliere wOuldbe much.resistancetOlo

change:at the outset: However:tile tradesinen of thii unionCotildadaPiiir4
,

o,r1

change with. fewer problems than other trades: Suicessful converSion.Wouli

require coordination ofchanges between:material suppliers, irchitect.

ring engineers. and general arid masonryL cOniractorsthrough.joiritni*iiii

_andefforts.

. Advantages of metric usagb may include its ultimate simplicity in calcine

tion. Also there Mai be same simplifiCation : of processes andf,Onstrictia

if the syStern of.measure were unifiec.I through the metricsystern.qrat

economies through speed ofconstruction could result ifcoordina t

ir

dbuildui

design: building materials: and assembly hn ae rtghtv
rough 11 I

astardardized meaSurgsYstem.

.

Th-e-nrajOrdisad*ta.ge ofnietric would pe costs and delaSCltreA

reeducation. A completc.reeduentio.n " of all .work.''!...04,40,

necessary.:There may be *total rejection by some of the alder ivOrkrneni!

the outset. There would bcsomedifriarlty. in joh planning and'eltina:01

Workeitool.changei4ouldalin berequired.These include aregularfO14

rule. SO 'feet and -100:feetiteel me*ring.taPei..and a framingiquaitT$

cogs of such changes would be minimal:
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U.S. METRIC STUDY -- AGENDA FOR CONSTRUCTION INDUSTRY CONFERENCE

.
-

CONSTRUCTION' INDUSTRY CONFERENCE

. Sponsored.by the
11iNDepartnment-of Commerce National Bureau of Standards,

Gaithersburg, Maryland; October 5-6,1970 a .

.,-.'
Monday. OCtober ,

9:30-1005 Opiait;g Session: Chairman Daniel V.. DeSimone. Direcinr.. US.
Metric Siudy

WelcomeTe National BUreatl:*:..-§iandards and, Its Responsi-
bilities Uilder:. the. Metric StUdY Aat=Lawrence M. .R.Ohner.
Deputy. Direcsoiz.hfatiOal. Bureau ofStandardi

'The Construction Indnitry and the Metric SystenrDouglas Whit-
loelq Whitlock, M;riey ac gait: member, .Metic System Study
Advisory Panel : . '

10:30-12:30 Session..9m: Building' Design, codes; and Standards .
Participants: American Institute of Architects

Coniulting_Engineersi Council of the U.S.A. .

Building:Officials' Cooference of America, Inc. .;'

International Conf of Building-Officials.
1:307:4:30 Session Two: :Building Materials:: oductiOn and Sales

Participants: American Conciete Insti
National Concrete M Association
Structural Clay Products Institute
National Forest Products Association
California Rechvood. Association
American Plywood -Association

Tuesday. October 6 .

to

9:30-11:15 Session Three: General Contractors and Subcontractors
Participants: Associated Gerieral Contractors of Miseries

National Constructors Msociation
Gypsum tDrywall Contractors Ifiternational
International Association of Wall and Ceiling

r Contractors

11:15-12:00 Seaton Four: Building Services
Participants: .National Electrical Contractors 'Association. Inc.

Air Conditioning and Refrigeration Institute

1:00- 2:00 Session Five: Home Builders and Honk Manufacturers
Participants: Natiot.AssociatiOn of Home. Builders .

Mobile .Home ttanufaeturers Association

2:15- 4:30 Session Sic Land Seryiels and Heavy Construction
Participants: Mandan Land Tide Association:

Anterican Society of Civil Engineers
American Road Builders Association



1APPENDIX- :- Listing of Organizations Contacted for, Thiformation Included,

;;--' in Part- 2-- "Current 'Activities in Profession:11 and IndustryGroups and State-Government Policies, Metric 'Colimittees. or.Coordinators, Metric Actions." -

Construction Related. National Associationsf.7

Air dondit-ioning and Refrigeration Institute
AluminumAssociatiOn,.The.
American Association of Cost'; Engineers.
American 'Concrete Inst.itute -
American Conciete _Pipe Institute

Conress on Sur4;reying-a-nd-Ma.ping
American Consul-ring-Engineers Councilmeritn Geophygical Union
Mier/Can Hospital gssociation;:",
American Institute -of Architects .Ainerican Institute of Real EState AppraisersAmerican Inurance AssOCI...ition
Merl Eau Iron and:` Steel' Institute .

.American Land Title. AssoCiation
Asierican National Standerds Institute'
American .Plywood Association - .k

American Society. of HngineeringlEducatio
American.$Ociety for,.TeSting and Materiali

§.American:Society::of Building and Construction In4pectorsAmerican SoCiety. of Civil Engineers: . 7 f . CC

American:SoCiety of Heaving, .:Refrigerating, and Air- Conditioning;Engineers
of LandScepe: ArchitectsAmerican Society of Lighting"Designers

Amerfcan. Society 7 of -Meahanicer Edgineers
.7AMeriCan ::SOCietY, 'PhOtogramSketry
Anatlig44i'SOciety.of Pi:41:44g.
AideriCan.:SOciety, Of PI-Orabing::ErIgitieer
AineriCan-SOCietY:..:Of Inc:.
Ai*;144*;,SOCIety:. o Sanitary, EngineeringAssociated General ;Contractors :of_, AIDerica_

--, .Wail
America

,..and ,
Brick.Institnte of

Building:qfficia.7*And.',GodeiZA4m#4ti7atotsl':i...InternationaI, Inc.Business and Institut oval tittre4fantifaCtUrerSCarpenters, and .Toiners `of America, United =`Brotherhood-='of "Est hors Soil `Pipe Lnstitute y
oncrete: Reinforcing Steel

0i77T14;54tlit.,Association, ,

ouacil. 'of American, Bui=lding Of£i
rdware,



:-.

. . .
.r,,,

as: Applianee..Manufacturers AsSociation
. ..- , , .

dura Association -

:Eklidt,;bod -Plywood Ilatikfacturers 'X'Ssociation
.*-Illnininating Engineering SoCiet§ Q.

InStittitei,:of Ansiness.Designers
--:=*

Institute of Real Estate Management - .' -,

Interibr-,Dedign EducaforS Council .
-,:.

:International Association -of Bridge, Structural, and Ornamental Iron

-Workers - . , .. -
International ASSociation--. of Plumbing and Mechanical Officials
.International Brotherhood ,f "Eledtrical Workers ,

International'Conference of Building Officials
International Masbniy Institute -\

,..

International Real. Estate Federatio\n, American Chapter

-.LaborersInternatiOnals-Union of North America -

Lead- Industries Assbciation:` \ ' -
Mannfactured Housing; Institute
Mechanical' pontractord. Associatioln

- Metal Building" Dealers Association
National. AcadeMy of _Code Administration .7

National -Asphalt Pavement Association 7 . ...

National Association of..ConntY Recorders and Clerks .. .

National ,Association of .Plumbing-Heating-Cooling Contractors

National ASSociation ,Of- HoMe .Builders
--,

ational,Assodiation.-of Realtpsrs ,

.,..NatiOnal'Asgaciation of Home Manufacturers

NationartOncrete Masonr7 Association
*NatiOnalErectricaI -Contractors 4ssi*.iation
Nationa.l Electrical Manufactnrers Adsociation . ,,

Natibnal Environmental Systems Contractors_ Association
National:Fire Protection AssodiatiOn
National:Forest .ProdtictS Association. . ..-

National',-Insuiation Contractors Association, Inc. .

..,
..Nationai;Lumber'and:Building Materials. Dealer's Association '."6;:i! . .

National'Society of.Proiessional Engineers. ---i

.National Utility Contractors Assoctation
Port.lanCtement. Adsociation

. ,.., '---.;;

-Prestressed-Concrete Institute\` ..
Producer's Council,.. The. .

Realtors .National Marketing Institute ...
Red:Cedar-Shingle. nd'HandsplitliShake Bureau

. Sheet:Metal'-and Air-CO-nditionit4 Contractors National "Asiotiation,is-,,;;;Inc.

"..Society. of 'American Regiateredi-A\rchitects -,,,, ,-,k-: it . ..

..-
..! ...

Society Of InduStrial Realtors 1 . , .:.
, .

-' SOO:14Y. of Plastics .Induetrjr . i ' - :;c:. .f.,.
r, . r

Sonthern Building-r'COde.:Congress
ItttefnatVnal, Inc.'." 7SOcietyzof 'Real:Estate : : . 0;.--

.

,..
: Thexiii.i....InsUlatioikrS.,nciustria..1. CbunCil : ,

Tile.=:Contractbrs,ASsiciatiOn.:og America,,. Inc. :.

le:CouiidiI Of Aniet-icae- ':- ."

Truss 'Plate Institute . _.:
-NI

-1
,.../42
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UnderWriters' Laboratories, Inc.-,
-Women's' Council of Realtors.

Construction Individual Companies

American Standard/U.S: ,Plumbing Products-
Ameridan Telegraph. and Telephone
'Armstrong Cork Company
T.R. Arnold and. Associates, Inc..
Babcock and Wilcox

.Bechtel Power Corporation.-
Bethlehem Steel -Corporation,
Bliss Steel Products
Boise-Cascade-Honsing Division'
kaun and Wieder ConstruCtiOn Company
Buick Moisor DiVistori .

. .
: Cahrier"-'s1/4 Publishing 'Company
Carrier International Corporation
Certain -Teed Products Corporation,..
.FleetWood Enterprises, "Inc.
GAF- Corporatieri'

Griace.and CoMpany
Green ConatrUction Company.
4,1Stead`,and Mitchell.' :
IBM. Corporation %,
Johns-Manville World 'Headquarters
KoPpers.COmpany, Inc..
Lockhard Manufaaturing Company
14cGraWHill- enfOrMation Systems

.

Mobil Research, and- DevelOpment. Corporation
Monsanto :COMpariy,_ The :

-PPG.J.ndustries,
QUaker,-Maid, :4 Tappan Division.

AssociateS
..Sti-ncture.s Unlimited, Inc. .

.tiiinu4.i:RiSearnhCorpOration.
Tu Company

..-UniOn,Carbiae-"torporatiOn-
Er..1;:7O*um .:

Meyeihieiliei-Pcimpany.
- _ . _ .

. :-

.4:.?F22=`;irt,r..,::.4,



iilt&itiAiRCV. 2.40 -
-;,11-.2.---pcps: or .coom.41

1311300eRithiteDATA .
.: ; -'SHEEr(See-InitriaitiOns)

-1. PU BLICATION OR
'REPORT NO. ,

"'ICBS;SP 598

2.. Performing Organ. Report No.
. .-

3. Publication Date,
- -

.0ctober 1980 3.-

.

'AL TITLE' ANOSUBTITLE . . -
.

Metriti Conversion in the Construction
. G c...

Industries - Technical Issues and-Status
- -

. ,

.. . .
..

.:

S:AliTHOFt(S)
. .: ;.t,

..--'Harts J Milton and Sarara A. Berry. . . .:':::-.,:. .

S. PERFOR IG ORGANIZATION of joint or other than NBS. see instructions)

NATIONAL DU ItEAU OF.3TANDARDS .,!..,

DEPARTMENT OF COMMERCE .

. WASHINGTON; D.C. 20234. .

.

....Contract/Grant No
..: . - .

IL Type of Report 84 Period Covered

Final ,
3. SPONSORING ORGANIZATION NAME AND COMPLETE ADDRESS (Street, City.. Stat -ZIP)

3-

:
. ' ....

Same as item:6.. .,
. .

-
..-

10. SUPPLEMENTARY NOTES .4-

7 :
1. :

I.ihrary of Congress Catalog Card Number: 80-600173:,
0 Document describes a computer program: SF.485...FIPS Soft;:are Summary, is attached. 4

II.. ABSTRACT (A 200-word or
bibliography or Ilterature survey,

. .

This Publication

less factual summary of most' significant information. If document includes a "significant
mention it bere) ,:

'
4 request

.

. was prepared at the of the - Metric SympbsiuM .

of the National Instituteof Building Sciences (NIBS) . It. is
information-on : technical issues 'and- status- of metric .Conversion
construction industries. r It will be made aTiarible.to attendees
on '"Ifetric_Converdion in the COnstruction Community" to 1:4-

1980, in. Chicago, It. In addition, it will be available to other
the construction community. .

information on planning for the, metric _change, current metric
and industry groups, technical. implications in the

dimensional Coordination- metric building products and
issues, and timing. It is intended to provide assistante for,...,relatiVe to metric conversior6fdi the U.S. constructorir 1

in-the report is a bibliodapiiy of ie.1.ant construCtion
technical"i nnformatio. .

I

1,

- , ' . ,

-, ,
.

.
Planning .Committee
intended to provide
in the United Statei
at the NIBS;; ympoaium
held.rDecember 273,

';affected parties. in
The". report contains

activiti.tiSOI professional
construction industries,

'.. services, research
. in-formed deci:sionmaking

industries. Also included-_industries I metric
.

.

12. KEY WORDS (swam twelve entries; alphabetical. orderi-capitalize only proper names; and separate key words by semicolonli ;?

i
Constrtictinm-industries; dimensional Coordination; metric bibriography;.metric: ..

conVersiOn:=Tmietalile; metric decisictn.;-metric 'Product sizes; metric sydtem.-(SI).

/3..AVAILABILITY'
.21

_
.

-

Liu Unlimited

I

Do. Not Release to NTIS
of Documents, U.S. Government Printing Gffise. Washington.

InfonnajOci.ServiCe (NTIS).Springfield.;.VA: 22.161

. ,

-

14. NO. OF ,
- PRINTED PAGES':

o.

-.NM ror Official.Distribution.
'Order. From Supertntendent

q order-FrOm National Technical

D. C. -' . . .
:15.--Price.;.:, -.-

-- -;"' - ...;:.,_::

''''$5L50
,,,,

A...a.44:7: - .

.1.rscoi.e.4-oc:6043.P80

"CTOVERTeMat:PRI2a124G;a7IC:E198033V-394/.67,7A6



ZIP CODE

III

the monthly
magazine of the Nation-

al Bt.reau of Standaids.
Still feattrred'are 'special ar-
ticles of. general interest on

current topics 40ch as consum-
er product safety and building

technology. In addition, new sec-.
lions are designed to ....PROVIDE

, SCIENTISTS with illustrated discussions
of recent technical developments and

work in progress . . . INFORM INDUSTRIAL
MANAGERS of technology transfer activities in

Federal and private labs. . . RESCRIBE TO MAN-
UFACTURERS Advances in the field of voluntary and

mandatory standArdi. The new.DIMENSIONS/NBS'also
carries complete; listings of upcoming conferences to be

held at NBS and reports on-all the latest NBS publications,
with informatiOn on how to order. Finally, each issue carries

a page of News Briefs, aimed, at keeping scientist a;,:d consum-
er alike,up to date on major developments at'the Nation's physi-

cal sciences and measurement laboratory.

(please detach here)
. -

:=,.. ...
c.baISGRIPTI ON ORDER FORM

. .
.,., . .

.',:En.fer my Subscription To DIMENSIONS/NBS at S11:001 Add S2.75 for foreign .mailing. No additional
:postage is' requiredefor mailing within the United States' or its possessions. 'Domestic remittances .,

.F-stioisfd be made, either by. postal money orders express money order, or check. Foreign remittances
"should be made either by international money order,^draft on an American bank, or by UNESCO.' .

:coupons.upons. -

send: Subscription to: -.
. '" NAME- FIRST. LAST

J1.11-1.1-111' 1.11.11111.11111.111.1'111.1 1
COMPANY NAME OR ADDITIONAL ADDRESS LINE

V111- 111111-H1.11111,1111 illlill

ri 1-111111111-111-111F crry

PEASE PRINT

STATE I

1-.3 Remittance Enclosed
(Make checks.payable
to Superintendent of
Documents)

Charge to my Deposit
Account No.

MAIL ORDER FORM TO: .,
Superintendent of Documents
Government-Printing Office
Washington, D.C....20402



NBS TECHNICAL PUBLICATIONS

PERIODICALS

JOURNAL OF RESEARCHThe Journal of Research of the
National Bureau of Standards reports NBS research and develop-
ment in those disciplines a the physical and engineering sciences in
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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-
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Developed under a worldwide program coordinated by NBS
the authority of the National Standard Data Act (Public Law
90 396).

NOTE: The principal 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 (Ain Subscriptions,
reprints, and supplements available from ACS, 1155 Sixteenth St..
NW, 'Washington. DC 20056.

Building Sciaice SeriesDisseminates technical information
developed at the Bureau on building materials, components,
systems, and whole structures. The series presents research results,
test methods. and performance criteria related to the structural and
environmental fUnctions and the durability and safety charac-
teristics of building elements and systems.

Technical NoteiStudies orreports which are complete 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 performed at NBS under the su nisarship of other
government agencies.

Voluntary Product StandardsDeveloped under procedures
published by the Department 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 a basis for common understanding of the
characteristics of the products. NBS administers this program as a
supplement to the activities of ihe private sectbr. standardizing
organizationi.

. .

Consumer Information SeriesPractical 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 frpm: Superintendent of Docu-
ments. Government Printing Office. Washington. DC 20402.
Order the following NBS publicationsFIPtS and AlBSIR'sfrom
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PUB)Publications in this series collectively constitute the
Federal Inforination Processing Standards Register. The Register
serves as the official source of information in the Federal Govern-
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Pub1;c Law 89-306 (79 Stat. 1127), and as implemented by Ex
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of Title 15 CFR (Code of Federal Regulations).

NBS Interagency Reports (NBSIR) A special series of interior
final reports on work performed by NBS for outside sponsors
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