




































































































































































































































































































































































































































































































































































176

The TMG does not specifically endorse or recommend any par-
ticular method for determining the number and locations of ATRs.
This is because decisions generally are based on local conditions.
Hence, a method that may be deemed suitable for Florida may
not necessarily be suitable for another state. The main reason for
walking through the various procedures and methods that were
explored before arriving at what Florida considers to be an ap-
propriate method for determining the number and location of
WIM sites in Florida is to provide the reader with a wide array
of methods to choose from should the need arise. As implied
earlier, some of the methods that may be considered inappropriate
for Florida may be useful elsewhere.

In arriving at the decision to utilize the damage factor by func-
tional class sampling strategy and hence 96 sites, a number of
factors—some of which were other than mathematical and statis-
tical—were taken into account. Florida noted for instance that,
based on local data, the TMG model failed to provide the 95-10
condition stipulated in the TMG. Florida also noted that a cluster
analysis in its purest mathematical form is of little or no use in
grouping the state’s CWIM and portable WIM sites and associated
damage factor values. Florida further observed that the utility of
other more rigorous methods tailored along the lines of the TMG
model was significantly diminished by their inability to generate
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a sizable number of locations. These observed phenomena are
plausibly attributable to the rather small sample size dealt with in
the study. It is possible that where a larger sample size is available
or for other possible reasons, some of the strategies considered
and rejected in the case of Florida may find utility elsewhere.

CONCLUSION

The 96 WIM sites appear to be the best choice in being affordable
and meeting the stipulated precision level. On the basis of known
truck travel behavior, truck weights, and the resulting pavement
damage factors, Florida believes 96 sites can be reasonably dis-
tributed throughout the state and are adequate to generate sample
damage factors for the 18 groupings by region and functional class
of highway in accordance with the 95-10 precision level recom-
mended by the TMG. Florida does not contemplate adding more
than a few more continuous WIM stations to the 13 continuous
WIM stations now available. Therefore, it is likely that most of
the 96 stations would be operated 1, 2, or 4 weeks per year de-
pending on the importance and stability of the truck flows at the
station. In one aspect this would be similar to the 90 WIM sites
recommended by the TMG over a 3-year period. In another aspect

TABLE 4 Projected Number of WIM/SHRP Sites by Region and Highway Class

Region  Class. Dam. Fact. AD AD/ADtot Stations
M.A. P.A. HWYS
Panhandle M.A. 0.6512
0.6657 0.4143 0.1285 7
P.A 0.6579
0.6809
1.7537
0.6579 0.1352 0.0419 5
North M.A. 0.9935 0.0793 0.0246 4
P.A. 0.9560
0.9642 0.1127 0.0350 4
East M.A. 1.1203
1.0652 0.0199 0.0062 4
P.A. 1.1349
0.6997
1.3581
1.1455 0.0118 0.0036 5
Central M.A. 1.2986 0.2258 0.0700 4
P.A. 1.2746 0.2018 0.0626 7
West M.A. 1.4133 0.3405 0.1056 6
P.A. 0.9300 0.1429 0.0443 5
S.W. M.A. 1.2986 0.2258 0.0700 4
P.A. 1.4050 0.3322 0.1031 11
S.E. M.A. 0.8961 0.1767 0.0548 3
P.A. 0.9522
1.0986 0.0474 0.0001 2
1-4 1.4133 0.3405 0.1056 9
1-10 0.8845
0.8540
0.9221 0.1860 0.0577 5
1-95 0.9424
1.0069
1.2563 0.0043 0.0013 5
I-75 1.3139
0.9753
1.3391
1.5691 0.2265 0.0703 6
Mean: 1.0728 32 39 25
Std. Dev.: 0.2800
.. ADtot: 3.2235
Opt. Size 78 TOTAL: 96
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it is different because of the length of data collection, i.e., 1 to 4
weeks instead of 2 days per year.

RECOMMENDATIONS

In future work, assuming that stratification by region and func-
tional class is able to group highways with similar damage factors
and reduce the number of samples required, then the overall pop-
ulation mean damage factor of 1.0728 should not be used in Equa-
tion 3, but the mean damage factor for each stratum will be used
in determining the sample size of the stratum. Further, the size of
the TDVMT reflects the importance of a highway and should be
used to allocate the 96 sites in a manner similar to that done earlier
for the 32 sites.

Because of the large variability in damage factors among sites
and those adjacent to each other, it is recommended that project
WIM data be collected for the design of a major improvement.

Ultimately, the decision on how to group WIM stations in any
state or locale falls under the purview of professionals who should
use their experience and judgment. In this case, geographic region
is the underlying common attribute by which the sites are grouped.
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Although Florida finds a purely scientific clustering procedure un-
suitable, it is possible that another state may find it otherwise.
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Objectives and Content of AASHTO
Guide to Metric Conversion

DANIEL S. TURNER AND JAY K. LINDLY

In response to congressional action and an executive order AASHTO
formed a task force to investigate metrication. In its report, the task
force recommended development of the AASHTO Guide to Metric
Conversion. The guide, a document prepared to help steer the Amer-
ican highway industry through metric conversion, was prepared by
the University of Alabama, through a contract with NCHRP. Chapters
in the guide introduce the reasons for conversion, give examples of
conversions by other nations, outline the steps in forming an agency
conversion plan, give hints and suggestions, and provide checklists of
suggested activities. Appendexes provide tables of metric conversion
factors, critical geometric design criteria expressed in metric units,
and case studies that list conversion activities and estimated costs for
two branches of highway agencies. Example materials taken from the
- guide are discussed to illustrate the content of the document, which
was published by AASHTO in 1993.

The United States is converting to the metric system of weights
and measures. Metrication was mandated by congressional legis-
lation and by an executive order. This change reflects two signif-
icant factors: the move toward a global economy and the fact that
the world’s measurement system is now metric.

As of 1991, the United States was the only industrialized nation
in the world that had not converted to metric (/). Congress, in
adopting the Omnibus Trade and Competitiveness Act of 1988,
amended the Metric Conversion Act of 1975 to require the federal
government to convert to metric. Executive Order 12770 was is-
sued on July 25, 1991. It required federal agencies to convert to
metric under the leadership of the Secretary of Commerce within
a fixed period of time.

In response to the congressional legislation and the executive
order, FHWA formed a metric conversion plan that was approved
on October 31, 1991. The plan called for an orderly series of
conversion activities, terminating with a requirement that, after
September 30, 1996, all direct federal and federal-aid construction
contracts must be in metric.

PURPOSE OF PAPER
This paper was written to chronicle AASHTO’s response to the
federal metrication initiative and to introduce the AASHTO Guide

to Metric Conversion. The objectives and content of the guide are
covered in the remainder of this paper.

AASHTO ACTIONS

AASHTO’s Standing Committee on Highways selected a metri-
cation task force in 1991 that was chaired by Robert L. Clevenger,

Civil Engineering Department, University of Alabama, P.O. Box 870205,
Tuscaloosa, Ala. 35487-0205.

of the Colorado Department of Transportation. The task force was
asked to work with FHWA to address the effects of converting to
the metric system. '

The task force identified three primary issues for early attention:
(a) timing—meeting the conversion schedule adopted by FHWA;
(b) cost—looking for cost-effective approaches; and (c) public
relations—having a public awareness/information program. After
assessing the overall situation, the task force obtained a budget
from AASHTO that allowed it to take several decisive actions:

1. A resolution was prepared (and sent to the AASHTO policy
committee) requesting the U.S. Department of Commerce to de-
velop and implement a public awareness program.

2. A consultant was engaged to review the Canadian conversion
experience and to prepare a summary report. The consultant also
arranged a meeting between the task force and members of the
Ontario Ministry of Transportation.

3. Requests were sent to all AASHTO subcommittees request-
ing that hard and soft conversions be reviewed and that conversion
factors be developed in each subcommittee’s area of expertise.

4. A second consultant was engaged to prepare a comprehensive
metric conversion guide report.

The task force continued to function throughout 1992, periodically
reviewing the work of its consultants and otherwise helping po-
sition AASHTO and the American highway industry to move
smoothly forward with metrication. The metrication guide was
approved by the task force in early November 1992 and forwarded
to AASHTO for review and printing.

DEVELOPMENT OF AASHTO GUIDE

In March 1991 NCHRP issued a contract to the Civil Engineer-
ing Department of the University of Alabama to develop the
AASHTO Guide to Metric Conversion.

The objective of the project was to develop a comprehensive
guide document on metric conversion that could be considered for
adoption by AASHTO. It would provide guidance to AASHTO
and to national, state, and local transportation agencies on the
planning, procedures, and actions necessary for conversion to met-
ric. Materials were to be included to emphasize aspects of cost
minimization—that is, methods by which unit costs and total
costs could be reduced and possibly absorbed into the existing

" budgets of transportation agencies.

Under the guidance of the NCHRP Project Panel, the university
developed a draft outline of the proposed guide. It included a main
report text providing an overview of factors to be considered, the
planning to be accomplished by the various departments within
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agencies, and the sequential steps necessary for a smooth conver-
sion. The planned report was also to summarize previous studies
on metric conversion, to include several case studies on the con-
version of branches of modern state highway agencies, to include
flow charts or critical path method (CPM) charts, and to transmit
any of AASHTO’s new metric criteria that might be adopted by
the time the guide was published.

Preparation of the guide was accomplished under the guidance
of the NCHRP panel using the following work steps:

1. A literature review was conducted, using automated and tra-
ditional search procedures, telephone calls to knowledgeable ex-
perts, and interviews.

2. An outline was developed for the proposed report. It was
annotated to show important topics and subtopics, and where pos-
sible it identified materials that could serve as source documents
for preparation of each portion of the guide.

3. The NCHRP project panel reviewed the draft outline and
offered suggestions and improvements.

4. The university prepared a list of key items for consideration
for conversion. This list was organized by level of government,
type of agency, highway functional area, and type of activity. The
purpose was to begin developing categories of information for the
guide.

5. The university developed the first draft of the guide using
the list of key considerations, the annotated outline, and the lit-
erature review.

6. The NCHRP panel cnrculated the draft widely, gathered re-
view comments, and offered constructive criticisms.

7. The university modified the draft document and provided a
manuscript in a format suitable for publication by AASHTO.

8. The NCHRP panel balloted and approved the manuscript.
Likewise, AASHTO balloted and approved the manuscript. Fi-
nally, the guide was published and assimilated by AASHTO in
the spring of 1993.

The timetable for production of the guide was extremely com-
pressed. The contract was issued in March 1992. The goal of the
university was to have a first draft ready in time for review before
the AASHTO annual meeting in October 1992. This meant that
the majority of the project work had to be completed within 6
months. This somewhat constrained the number of activities that
could be conducted and the amount of materials that could be
placed within the guide. For example, the case studies were lim-
ited to states already deeply involved in metric conversion, and
those within reasonable travel distance from the university. It also
made it very difficult to collect and publish new metric criteria
adopted by AASHTO. Most of the committees and task forces
that were charged to develop metric criteria could not finish the
experience and submit their results for balloting before publication
of the guide.

CONTENT OF GUIDE

The guide is organized to make key pieces of information easy to
find. The material is arranged topically, with each chapter devoted
to a separate subject. The broad topic areas include reasons for
making the change, procedures for forming a plan, hints and sug-
gestions, and extensive checklists.

Chapter 1 contains an introduction to metrication and enough
historical and background information so the user can understand
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why conversion is necessary. Important legislative and govern-
ment activities are also introduced. Chapter 2 outlines the metric
conversion experiences of other nations. The successful conver-
sion of Canada in the mid-1970s provided a good example for the
United States.

Chapter 3 lists the major steps in forming a metric conversion
plan. Each step in the process is discussed sufficiently to guide
agencies in forming their own plans. Practical hints and sugges-
tions have been grouped into Chapter 4. These are useful in choos-
ing strategies to enhance cost-effectiveness, improve timeliness,
and avoid pitfalls. Chapter 5 contains extensive checklists of pos-
sible conversion activities. These are grouped by general process
and by highway functional area.

The appendexes include a list of state highway agency metric
coordinators; a review of metric units, terms, symbols, and con-
version factors; example flow charts for conversion activities; in-
terim AASHTO metric criteria for geometric design; two cases
studies of conversion plans for branches of state highway agen-
cies; and a bibliography of metric references.

Chapter 1: Introduction

Chapter 1 provides background information for metrication of the
United States highway industry. It starts with an historical over-
view. The metric system started in France at about the time of the
French Revolution (2). Over time it was improved and standard-
ized, and in 1960 the General Conference on Weights and Mea-
sures adopted the International System of Units. This version of
metric is known by its abbreviation SI and is now the most-used
measurement system in the world.

Chapter 1 goes on to explain the necessity for conversion. With
all of the world’s other nations working in metric, U.S. businesses
are at a distinct competitive disadvantage. This disadvantage will
grow larger over time if the United States does not convert.

Several benefits of metric conversion are discussed in this chap-
ter. These include international acceptance of metric, conversions
already under way in the private sector, simplicity of use and
calculations, and the opportunity to ‘‘rationalize’’ or redesign op-
erations during the conversion process.

The majority of this chapter is spent outlining the legal basis
for highway conversion. The Metric Conversion Act of 1975, the

~ Omnibus Trade and Competitiveness Act of 1988, and Executive

Order 12770 are explained. Department of Transportation (DOT)
metric conversion planning guidelines and FHWA conversion ac-
tivities are also reviewed.

Chapter 2: Conversion Experiences of Other Nations

Chapter 2 draws from the conversion experiences of other nations
to illustrate some of the aspects of metrication. A large number
of nations made the conversion in the 1960s and 1970s. America’s
neighbor Canada had a conversion experience that was almost
uniformly positive. The Roads and Transportation Association of
Canada (the equivalent of AASHTO) let this change. The Cana-
dian experience provided many positive examples for America,
including the following:

® Architectural and engineering firms found that it took less
than 1 week for staff members to learn to think and produce in
metric. Most tradespeople were able to adapt within hours.
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© The changeover of highway signs turned out to be the biggest
“‘non-event’’ in the entire conversion experience (3), thanks to a
thorough public awareness program.

® The highest cost area was conversion of signs, followed by
conversion of computer programs, then staff training, and public
information.

® Thorough planning and a good public awareness campaign
improved the success of the metrication program.

This chapter of the guide concludes by emphasizing three pri-
mary lessons found in the metrication of other nations: (a) met-
rication was not difficult once the decision was made to proceed,
(b) the process should begin early because there is never too much
time, and (c) strong leadership must be established at the top.

Chapter 3: Forming a Metric Conversion Plan

Chapter 3 establishes the broad general steps that are used to form
metric conversion plans for individual agencies. Whether an
agency is large or small, the same general steps are used, includ-
ing the following:

® The agency leadership demonstrates metric support.

® A metric coordinator is named.

® A metric committee or work group is formed.

® A study is undertaken to identify activities and programs sub-
ject to conversion.

® An agency conversion plan and timetable are formulated.

® Conversion responsibilities are assigned to mdmduals and
sections of the agency.

® Metric standards are established.

® A public awareness program is planned and conducted.

® Laws and statutes are revised to reflect metric units and to
encourage the conversion process.

® Coordination efforts are conducted with other government
agencies, units of local government, industry, contractors, mate-
rials and equipment suppliers, professional organizations, utility
firms, and others.

® Metric training activities are conducted.

® The plan is monitored and modlﬁed as necessary to ensure
implementation.

The chapter goes on to explain each of these basic steps. For
example, qualifications and responsibilities of the metric coordi-
nator are discussed. This job probably will be a full-time respon-
sibility for at least the first portion of the conversion program.
This individual should have the authority to make most metric
decisions and may need a separate budget and staff members. This
person should have a sound knowledge of the overall operation
of the agency, a good working relationship with people, and a
personal interest in the metric system (4). The primary job of the
metric coordinator will be organizing and leading the conversion.
However, training and dispensing metric information will occupy
large portions of this person’s time.

The remainder of this chapter amplifies the other steps in form-
ing and implementing the plan. For example, metric standards and
criteria must be adopted during the early portion of the process.
Otherwise, it is impossible to revise agency publications, speci-
fications, and other documents to conduct the conversion. Like-
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wise, changes to laws and regulations must begin early because
these are normally time-consuming, lengthy experiences.

An important part of the overall conversion is continuous and
close coordination and liaison activities within each agency. The

" metric coordinator must be kept informed of each step during plan

development and implementation by each section of the agency.
The coordinator must ensure that every work unit is aware of the
conversion plans and current status of every other unit, and of the
agency as a whole. )

It is very important for each agency to develop information
networks to provide coordination with affected groups. Other units
of government (environmental organizations, policy organizations,
permitting organizations, etc.) must be kept informed. Likewise,
contractors’ organizations, utility firms, consulting engineers, and
many others must be aware of the conversion timetable so that
they can plan their own conversions. It would not be realistic to
expect contractors to suddenly begin building roads in metric
without prior knowledge of the desired timetable. Other topics
discussed in the chapter include methods for educating and train-
ing employees on metric issues and monitoring the conversion
implementation program.

Chapter 4: Hints and Suggestion

Chapter 3 outlined the major steps in a typical metric conversion
plan. Application of any step to a particular highway agency is a
matter of preference and degree of emphasis necessary to fit the
needs of that agency. Chapter 4 was written to provide helpful
hints and suggestions to help agencies tailor and fine tune the
contents of their conversion plans.

This chapter contains a sampling of ideas from countries that
already have converted and suggestions taken from current
publications. A total of 15 major topics are discussed:

® Computer programs and data bases,
® Costs,

® Conversion of historical data,

® Discouraging use of dual units,

® Equipment modifications and purchases,
® Granting exceptions,

@ Flexibility of the plan,

® Hard and soft criteria,

® Materials,

® Metric pilot projects,

® Conversion of publications,

® Rationalization,

@ Screening for errors,

® Metric highway signs, and

® Timing.

For each of these topics, enough discussion is included to pro-
vide a rationale for forming a strategy. Reasons are often given
why one type of conversion activity might be preferred over an-
other type.

An example is the discussion on discouraging the use of dual
units. The natural tendency for people is to prefer that dual (both
U.S. and metric) units be used whenever possible. Unfortunately,
as long as U.S. units are used (even in dual listings) people read
only the numbers given in U.S. units. They will not convert. It is
best to discourage dual listings. The FHWA plan indicates that
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dual measurements are to be avoided after fiscal year 1993 unless
it is determined to be beneficial in specific instances. (5).

Chapter 5: Checklists

Chapters contains a series of checklists that are provided as con-
venient reminders to those agencies preparing conversion plans.
Two broad categories of checklists are presented: (a) general pro-
cesses and (b) highway agency functional areas. Highway agen-
cies of any size or any level of government may use the checklists
to identify appropriate activities for their conversion plans.

This chapter is the largest in the guide. This allows agencies
ample opportunities to pick and choose from the suggested activ-
ities. The following general processes are covered:

® Awareness and training;

® Contracts;

® Equipment;

® Formats and forms;

® Legislation and regulations;

® Machinery;

©® Manuals and references;

® Materials and supplies;

® Output, communications, and publications;
o Conversion management;

@ Standard specifications and policies;
® Storage; and

® Tools, jigs, and templates.

In addition to the general topics, additional checklists are pro-
vided for the following highway functional areas:

o Computer services;

e Construction;

® Environmental concerns;

® Location, surveys, and photogrammetry;
® Maintenance;

® Materials;

® Management systems;

® Planning and coordination;
® Preconstruction or design;
® Research;

® Right of way; and

® Traffic engineering.

These lists are not exhaustive, but they do include most of the
functions and activities performed in a normal highway agency.
These checklists should be considered only as starting points or
reminders for the agency during preparation of its own unique
plan.

Appendix A: State Highway Agency Metric
Coordinators

Appendix A contains a list of the persons appointed as metric
coordinators for the various state highway agencies. It also in-
cludes as resource persons three Canadian managers familiar with
that country’s conversion experience. The authors recognize that
this list will rapidly become out of date. However, it provides
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names, addresses, and telephone numbers that will be of great use
during the early stages of conversion. It allows the state-level
coordinators to telephone each other. It also provides local gov-
ernments and others possessing copies of the guide access to the
appropriate state highway agency coordinators. This should pro-
vide timely access to information about ongoing conversion
activities.

Appendix B: Metric Units, Term, Symbols, and
Conversion Factors

FHWA has adopted the SI version of metric and has adopted the
provisions of ASTM E380 Standards of Metric Practice as the
authoritative reference to proper use of SI. This appendix contains
extremely useful references to types of units, symbols, prefixes,
pronunciations, and rules for writing metric symbols and names.
It also contains useful tables of conversion factors from U.S. units
to metric units.

Appendix C: Eﬁample Flow Charts

To assist in preparing conversion plans, Appendix C contains sev-
eral typical flow charts. Examples include two flow charts from
the FHWA metrication plan. Several flow charts developed during
the Canadian conversion are also displayed. These range from
very simple overviews to complex CPM charts showing the ear-
liest and latest possible start dates for each conversion activity to
complete all activities within the allotted time frame.

Appendix D: AASHTO Metric Criteria and Controls

Each AASHTO committee and task force was asked to recom-
mend metric criteria for its appropriate area. This appendix con-
tains the interim recommendations of the Subcommittee on De-
sign. These criteria have been approved by AASHTO and are
tentatively scheduled for inclusion in the next version of the Green
Book.

Over time, virtually all AASHTO controls and criteria will be
converted to metric. This will be a lengthy process requiring bal-
loting of the states. Some interim criteria might change as the
states gain experience in using them. Although some of the new
criteria are contained within the guide, readers are reminded to
check with AASHTO for the most up-to-date criteria before ini-
tiating a design.

Appendexes E and F: Case Studies

Two cases studies are included in the guide. The first study doc-
uments the preparation of a metrication plan by the Maintenance
Bureau of the Alabama Highway Department. The second case
study involves development of a metrication plan for the Design
Section of the North Carolina Department of Transportation. Each
case study is presented in abbreviated form.

For both states, a general description is included of the highway
agency and the roadway system. Information is presented on the
size and function of the bureau or section under study. This allows
the reader to make comparisons with his or her own highway
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agency. The steps undertaken during the studies and the resulting
plans are summarized in these appendexes, and both include con-
version cost estimates. Of particular interest is the Alabama pre-
sentation of typical sign conversion costs.

Appendix G: Partial Bibliography of Metric
References

The authors developed a limited bibliography of metric references.
It is organized into categories on professional and technical so-
cieties, government publications, training information, general
publications, and international publications. Overall, there are
more than 100 references in this appendix.

SUMMARY

The metrication of the American highway industry will not be
simple. It will require substantial commitments of time, resources,
and management efforts. This paper introduces the AASHTO
Guide to Metric Conversion, which has been prepared to facilitate
the conversion. The guide is intended for highway agencies at all
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levels of government, for the private sector, and for affiliated or-
ganizations. Its publication will provide an excellent starting place
for conversion activities.
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Can the Highway Community Be
Ready for Metric By 1996?

Jay K. LINDLY, DANIEL S. TURNER, AND DAVID R. GEIGER

Recent actions by Congress and the President are redirecting the
United States transportation industry to design and construct metric
highways in 1996. All federal lands highway and federal-aid construc-
tion projects advertised for bids after September 30, 1996, will be in
metric units. The reasons for making metric conversions, the federal
timetable for conversion, and a general conversion plan that can be
used by highway agencies of all sizes are described. It is recom-
mended that readers obtain a copy of the AASHTO Guide to Metric
Conversion, which was published in 1993. A public awareness cam-
paign by all levels of government is advocated to ensure that a public
backlash to metrication does not occur.

Recent actions by Congress and the President are redirecting the
U.S. transportation industry to design and construct metric high-
ways in 1996. All federal lands highway and federal-aid construc-
tion projects advertised for bid after September 30, 1996, will be
in metric units. Highway agencies presumably will wish to avoid
the confusion of working in two separate systems, so it is assumed
that by that date almost all highway projects will be designed and
constructed in metric units. This paper will describe the reasons
for making the metric conversion, the timetable for conversion,
and the general plan that AASHTO and FHWA urge highway
agencies to use in their conversion processes.

NCHRP and AASHTO are aware of the confusion that may be
generated by the metric conversion announcement. Those organ-
izations worked on the AASHTO Guide to Metric Conversion,
which was published in 1993. The guide contains background
information, conversion tables, a conversion plan that can be fol-
lowed by highway agencies of any size, case studies, and cost
estimates for important conversion steps.

CAN IT BE DONE?

Great Britain, Canada, South Africa, Australia, and New Zealand
all converted to the metric system in the 1960s and 1970s. Their
experiences contained many positive aspects and proved that
conversion can be accomplished at relatively low cost. The Me:-
ric Guide for Federal Construction highlights some of these
findings (7).

- ® There was no appreciable increase in either building design
or construction cost, and conversion costs for most construction
industry sectors were minimal or offset by later savings. (This
comment applies to all industries, not just' highway design
construction.)

J. K. Lindly and D. S. Turner, Civil Engineering Department, University
of Alabama, Box 870205, Tuscaloosa, Ala. 35487-0205. D.R. Geiger,
FHWA, U.S. Department of Transportation, 400 Seventh Street, S.W.,
Washington, D.C. 20590.

® The architecture/engineering community liked metric dimen-
sioning because it was less prone to error and easier to use than
feet and inches. Engineering calculations were also faster and
more accurate because there were no unit conversions and no
fractions. :

® Metric offered a one-time chance to reduce the many product
sizes and shapes that have accumulated over the years but are no
longer useful, thus saving production, inventory, and procurement
costs. .
® Architecture/engineering firms in these countries found that it
took a week or less for staff members to learn to think and pro-
duce in metric, and most tradespeople took only a few hours to
adapt.

Those nations have pointed the way to metrication in the United
States. To paraphrase Canadian officials (2): metrication was eas-
ier than anticipated; it was primarily a matter of making the de-
cision to do it, then following through in a systematic manner.

WHY SWITCH?

The United States was the center of world commerce after World
War II. Since that time, the European Community (EC) has over-
taken the United States as the world’s largest market, Japan and
other Pacific rim nations have emerged as fierce economic com-
petitors, and America’s largest trading partners—Canada and
Mexico—are predominantly metric countries. The share of the
world’s product types manufactured in the United States has
shrunk from 75 to 25 percent since World War II (3), and metri-
cating its industries is essential to maintaining economic leader-
ship. A number of benefits that the United States can gain by
converting to the metric system are discussed below.

International Competitiveness

The EC has indicated that it will not import nonmetric products
after 1992. Japan has identified the nonmetric nature of U.S. prod-
ucts as a major impediment to their sale in Japan. All in all, it
has become increasingly difficult for United States’ products to
compete in the international arena.

Conversion by Private Sector Companies

U.S. industries such as IBM and General Motors (GM) already
have converted. GM was pleasantly surprised to find that conver-
sion costs were less than 1 percent of original estimates. The elim-
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ination of dual fastener sizes during metric conversion allowed
IBM to reduce its total number of fasteners from 30,000 to 4,000.
When the liquor industry converted, the number of container sizes
dropped from 53 to 7 (7).

System Simplicity

Design and construction tasks eventually will be performed more
efficiently because the metric system is simpler to use than the
customary system. The metric system is decimally based, and there
is no need to convert from one measurement unit to a different
measurement unit. For example, the area of a billboard does not
‘have to be obtained by multiplying 17 ft 4%, in. by 21 ft 8'% in.

BACKGROUND

Government and industry leaders have been urging America to
switch to the metric system for almost 200 years. For example,
Thomas Jefferson-and John Quincy Adams were among the
founding fathers who unsuccessfully lobbied the nation to convert.
More unsuccessful attempts were made over the years, with the
most recent failed effort taking place in 1975. The current push
for the metric system started with congressional legislation in
1988.

Metric Conversion Act of 1975

Congress passed legislation in 1975 (15 U.S.C. 2056) declaring a
national policy to encourage and coordinate a shift to the metric
system. Conformance with the plan was voluntary, and few in-
dustries made this important change. Additionally, the public vo-
cally expressed its desire not to convert. As a result, no significant
move to metrication took place, and the experience left a bad taste
in the mouths of those public agencies that had attempted con-
version and met public rejection.

Omnibus Trade and Competitiveness Act of 1988

The current move to the metric system was launched in 1988 with
the amendment of the Metric Conversion Act of 1975 (the Act)
by Section 5164(b) of the Trade and Competitiveness Act (Public
Law 100-418). As amended, the Act now designates the metric
system as the preferred system of weights and measurements for
U.S. trade and commerce. It requires each federal agency to use
the metric system in its procurements, grants, and other business-
related activities to the extent economically feasible by the end of
1992. However, conversion is not required when it is impractic-
able, likely to cause significant inefficiencies, or likely to cause
* loss of markets by U.S. firms, such as when foreign manufacturers
are producing competing products in nonmetric units.

The Controller General was named to review the implementa-
tion of the Act at the end of fiscal year 1992 and report to Con-
gress. The report would include recommendations for any further
legislation. '

The obvious objective of the Metric Conversion Act as now
amended is to convert the United States to the metric system. The
buying power of the federal government will be the impetus for
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the change. Because it conducts extensive grant activities, the U.S.
Department of Transportation (DOT) is included under the pro-
visions of the Act.

Executive Order 12770

The President’s Executive Order 12770, Metric Usage in Federal
Government Programs, was signed July 25, 1991 (4). It required
all federal agencies to formulate metric transition plans by No-
vember 30, 1991, to accomplish the metrication aims of the 1988
legislative amendment.

Further, each federal agency is directed to seek the cooperation
of federal, state, and local agencies to implement metric construc-
tion. Thus, state and local highway agencies will be affected
through U.S. DOT and FHWA. As pointed out earlier, all federal-
aid projects must be advertised in metric units after September
30, 1996.

The Department of Commerce was given the task of coordi-
nating the effort. It was authorized to charter an interagency coun-
cil on metric policy; to issue guidelines, promulgate rules, and
take other actions to implement the policy; and to report annually
to the President about implementation status. On October 1, 1992,
the Department of Commerce recommended additional measures
and legislation to achieve the full economic benefits of metric
usage.

FEDERAL CONVERSION PLANS

The 1988 legislation and Executive Order 12770 set September
30, 1992, as the deadline for each federal government agency to

begin using the metric system in procurements, grants, and other

business-related activities. The Department of Commerce inter-
preted the 1992 deadline to mean that a schedule for conversion
should be in place at that time, and some metric conversion ac-
tivities should be under way.

The U.S. DOT is a federal agency and was thus required to
adopt a metric conversion plan. FHWA is one of nine agencies of
the U.S. DOT, and each one was required to create comprehensive
conversion plans.

FHWA Plan

FHWA'’s Metric Transition Plan was approved by the Secretary of
Transportation on October 31, 1991. It is a 5-year plan to convert
FHWA activities and business operations to the metic system.
FHWA has four major programs, including the federal-aid high-
way program. It is through this program that most of the impacts
of metric conversion will be felt by state and local highway
agencies. It is FHWA’s intent that all federal lands highways and
federal-aid construction contracts advertised for bids after Septem-
ber 30, 1996, will contain only metric measurements. Thus,
federal-aid projects let after that date at the state, county, and city
level will all be affected.

FHWA Timetable

.Table 1 presents a paraphrased version of FHWA’s metric tran-

sition timetable as published in the Federal Register (5). The
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timetable has been criticized by several state and local highway
agencies that totally objected to metric conversion. They indi-
cated a belief that conversion would be ‘‘impractical’’ or likely
to cause ‘‘significant.inefficiencies’’ in the highway industry. They
also object that if conversion must take place, the timetable does
not give them enough time to complete the job. FHWA counters
these arguments by stating its belief that the loss of inefficiencies
will not be long term, significant, or compromising to public
safety. As for timetable length, FHWA states that neither the De-
partment of Commerce nor Executive Order 12770 permits a
longer time frame (5). : :

Conversion Costs

The Federal Register (5) makes reference to several studies of the
cost of metric conversion. An ad hoc AASHTO Metrication Task
Force in 1974 estimated the cost of metrication to federal, state,
and local highway agencies at $200 million. The task force further
predicted that signing changes would compose approximately 30
percent of total conversion costs and would constitute the largest
single requirement of funds. Creating and converting existing
computer programs to metric was estimated to be 25 percent of
total conversion costs. Training was estimated to consume 10 per-
cent of conversion monies. Revising and reprinting existing man-
uals, specifications, and standard plans were estimated at an ad-
ditional 10 percent.

Two states provided more current cost estimates. One state
highway agency from a slightly smaller-than-average state esti-
mated its total direct conversion costs at $9 million. Another state
highway agency from an average-sized state estimated that con-
verting speed limit and distance signs would cost between
$1 million and $4 million.

FHWA Participation

Although Congress has not authorized FHWA or any other federal
agency special funding to provide reimbursement to states and
local highway agencies for metric conversion costs, FHWA can
participate in project-specific right of way, design, and construc-
tion costs. Therefore, FHWA will participate at the appropriate
pro rata share for costs that state and local highway agencies incur
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while changing highway signs to metric units under existing
federal-aid categorical programs. As noted earlier, this is antici-
pated to be the most costly activity.

Other Emphases

The FHWA Metric Conversion Plan emphasizes several other
guidelines, including the following:

® ASTM-E380 is designated the authoritative reference for ap-
plying metric units and conversions.

® Each FHWA region and division office has designated an in-
dividual to cooperate with state and local governments during
their metric conversions.

® FHWA intends to avoid the dual use of standard and metric
measurements during the conversion process.

® FHWA intends to convert historic records and data to metric
units only when necessary for ongoing operations and future
projections.

® FHWA advises using ‘‘hard’’ metric conversions when ap-
propriate and to the extent practical. Hard conversion involves
converting a customary measurement to its exact metric equiva-

lent, then rounding the metric equivalent to a convenient value

for actual use. For example, the exact or ‘‘soft’” conversion of a
12-ft lane width is 3.658 m. This is an.odd number that is difficult
to remember. A better idea is to round this to 3.50 or 3.75 m,
which is a “‘hard’’ conversion. '

® FHWA believes that a campaign to make the public aware of
metrication is imperative to allow it to become a part of the pro-
cess and to avoid a public backlash.

CONVERSION DIFFICULTIES

Because of the involvement of both Congress and the President
and the buying power of federal agencies, the most recent U.S.
conversion effort is far more likely to succeed than the 1975 at-
tempt. However, there are certain stumbling blocks to the con-
version effort. The following list is provided not as reasons to
avoid participating in the metric conversion but as items highway
agency administrators should be aware of when making genuine
efforts to implement the policy:

TABLE 1 FHWA Metric Transition Timetable

Program Elements/Activities

Target Dates
(Completed)

FHWA metric conversion plan.

(Approved 10/31/91)

Initiate revision of pertinent laws and regulations that (1991)

serve as barriers to metric conversion.

Full metric conversion of FHWA manuals, documents, 1994

and publications.

Full metric conversion of FHWA data collection and 1995

reporting.

Newly authorized Federal Lands Highway énd Federal-
aid construction contracts in metric units only.

September 30, 1996




186

® There is lack of a national awareness of metrication and na-
tional will to metricate. Public awareness campaigns and programs
of public involvement will be required to interest the public in the
conversion process. .

® Highway agency personnel still seem unsure that conversion
will actually take place and may therefore not give their conver-
sion activities a high priority.

® Highway agency personnel are concerned about a public
backlash to conversion, the predictable negative reaction by the
trucking industry, and the cost of conversion.

® There appear to be few benefits to state and local highway
agencies, whereas all benefits seem to go to those involved in
international trade.

As the preceding list indicates, there are many potential objections
to highway metric conversion. All of them are extensions of the
natural human resistance to change. A thoughtful, comprehensive
conversion plan by state and local highway agencies will be re-
quired to ensure metrication’s success.

FORMING A METRIC CONVERSION PLAN

Each state, county, and city highway agency is unique in terms
of its size, personnel, and the amount and type of roadway projects
its constructs. For these reasons, plans may be expected to differ
from agency to agency. Each agency’s plan must meet its own
unique needs. However, any agency must start its conversion plan
the same way, by instilling a will to convert—a determination by
both administrators and field personnel—to make the conversion
a success. Once the importance of the conversion process is un-
derstood, the ease of making the conversion will be greatly
enhanced.

AASHTO’s Guide to Metric Conversion will present a conver-
sion sequence that can be used by highway agencies of any size.
Small agencies may not use all the steps; larger agencies may
enlarge the steps or add further activities. An abbreviated list of
the sequence found in the AASHTO guide follows:

® The agency CEO demonstrates metric support.

® A metric coordinator is named. ‘

® A metric committee or work group is formed.

® A study identifies activities and programs to be converted.

® An agency conversion plan and timetable are formulated.

® Conversion responsibilities are assigned to individuals.

® Metric standards are established.

® A public awareness program is planned and conducted.

® Laws and statutes are revised to reflect metric units and to
encourage the conversion process.

® Coordination efforts are conducted with other government
agencies, industry, contractors, material and equipment suppliers,
professional organizations, and others.

® Metric training activities are conducted.

® The plan is monitored and modified as necessary to ensure
implementation.

® Follow-up activities are conducted.

Several state highway agencies already have recognized that
significant time and effort will be required to make the conversion.
They have learned from Canada (6) that it may take over 4 years
to convert existing manuals, computer programs, and so forth. To
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meet the October 1996 deadline, several states have already begun
their efforts, two of which are used here as examples. The In-
diana Department of Transportation (IDOT) already has taken
several steps. Topographic surveys are being performed already
in metric units, and IDOT is rewriting their nine-volume design
manual in metric units. IDOT intends to start their first metric
design in November 1992.

The North Carolina Department of Transportation (NCDOT) is
another agency that has positioned itself well for metric conver-
sion. One of its first actions was to request the Institute for Trans-
portation and Education (ITRE) at the University of North Caro-
lina to evaluate the impacts of the metrication legislation and to
recommend compliance approaches. NCDOT has appointed a
metric coordinator, formed a metric committee, and expanded ma-
terials from the ITRE study to complete an agency conversion
plan and a timetable that meets FHWA target dates.

SUMMARY

This paper has posed the question, ‘‘Can the highway community
be ready for metric by 1996?7"" The answer to this question is
transparent: the highway community must be ready!

. The experiences of other nations, particularly the recent expe-
rience of Canada, have demonstrated that a large, industrialized
nation can convert its highways from customary to metric units.
U.S. DOT and FHWA have established schedules for completion
of the federal highway metrication in the United States. FHWA is
working with national organizations to convert the needed stan-
dards and computer programs to metric, and they will be working
with state and local agencies to help-them make their conversions.

Although that framework has been established, strong leader-
ship from the Department of Commerce will be required to co-
ordinate metrication in various industries and to provide a much
needed national public awareness campaign of metrication. State
and local highway agencies must be convinced that metrication
will happen and that federal agencies already have begun to lead
the way. Highway agencies must encourage legislators to change
or repeal existing laws and regulations written in the customary
system of units. The task of changing legislation may be quite
large, encompassing such areas as motor fuel tax units, speed limit
signs, allowable axle weights, and commercial licenses.

Everyone must be given time to become accustomed to the idea
of metric highways. The public must feel that it has been given
a choice in the matter or at least has been well informed of met-
rication before it takes place. Contractors, equipment, and material
suppliers, and others directly related to the highway industry must
be given time to make their adjustments. Even hotel and restaurant
associations must be informed so that member establishments that
are located on Interstate highways can modify their printed liter-
ature to identify their location at the new exit number. In short,
education both within and outside the highway construction busi-
ness must begin now.

The experience of other nations has shown that there is never
enough lead time during the conversion to metrics. The time for
U.S. highway agencies to start planning their conversion is now
because 1996 is just around the corner.
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