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Roadway Design’s Conversion
Charts

Metric Unit Abbreviations on Highway Plans

As per Inter-Departmental Memorandum dated November 25, 1997 from John B. Pickering

The rules for writing metric unit symbols and names require the use of lower case letters and superscript
numbers. Since most people utilize half-scale size plans, the use of lower case letters and especially the
superscript numbers makes the units difficult to read.

Because it is necessary to use abbreviations on plan sheets at times due to space limitations, Roadway
Design Division has developed permissible abbreviations for use on plan sheets. Since standardization is
important, the following topic, “Metric Abbreviations,” indicates the acceptable abbreviations that may be
used on plan sheets. Letters and other papers still must adhere to the standard MDOT policy for writing metric
symbols and names.

Metric Abbreviations

The MDOT established standard metric units of measurement quite some time ago. Roadway Design has a
need to abbreviate these units on standard plan sheets. The Summary of Quantities sheet(s) will continue to
use full unit names; however, it is permissible to use the abbreviations when space is needed elsewhere in
the plans. For standardization, abbreviations have been established as follows:
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STANDARD METRIC UNITS AND ABBREVIATIONS
ITEM UNIT S5YM. ABBREV.
Distance:
Foot & ard reter 1y 1y
hile kilometer km km
Station {1000 m ) station -- Sta. or STA.
All other dim. rmillirmeter rrm I
Andgles deqg. min. sec. CR ER
AREAS:
Canstruction square meter i 20.m
Drainage: Small hectare ha ha
Large suare kilometer k2 s, km
Volume: Const. cubic meter m3 CU. 1M
Liguids liter L L
Mass (pound) kilogram ko ko
Mass tam metric tan (1000 kg 1 t
Speed kilometers per hour kmih kmih

English to Metric Conversions

The following charts give conversion factors to use to convert English Units to Metric Units or vice-versa.
See the FACTOR NOTE for conversion rules.

AREA
English Unit Metric Unit Factor (See Note **)
* acres hectare (ha) 0.404 687
square feet square meters (m2) 0.092 903 040
square feet square millimeters(mm?2) 92 903.040
square inches square meters (m2) 0.000 645 160
square inches square millimeters (mm2) 645.160
* square miles square kilometers (km2) 2.589 998
square miles * square meters (m2) 2 589 998.471
square yards square meters (m2) 0.836 127

* See Footnotes
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LENGTH

English Unit Metric Unit Factor (See Note **)
* engineer chain (100 feet) kilometers (km) 0.030 480
* engineer chain (100 feet) meters (m) 30.480 061

* feet kilometers (km) 0.000 304 801
* feet meters (m) 0.304 800 610
* feet millimeters (mm) 304.800 610
inches meters (m) 0.025 400
inches millimeters (mm) 25.400
* miles kilometers (km) 1.609 347
* miles meters (m) 1609.347 219

ards meters (m) 0.914 400
* See Footnotes

MASS

"English Unit Metric Unit Factor (See Note **)
"ounces kilograms (kg) 0.028 350
"ounces grams (g) 28.349 523
pounds kilograms (kg) 0.453 592
pounds grams (g) 453.592 370
pounds metric tons (t) 0.000 435 592

ons (short,2000 | bs)

metric tons (t)

0.907 184 740

VELOCITY

"English Unit

Metric Unit

Factor (See Note **)

"miles per hour

kilometers per hour (km/h) or (kph) |1.609 344

Roadway Design Metric
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VOLUME

"English Unit Metric Unit Factor (See Note **)

"cubic feet cubic meters (m3) 0.028 316 847

"cubic yards cubic meters (m3) 0.764 555
VOLUME (U.S. LIQUID)

"English Unit Metric Unit Factor (See Note **)

"cups liter (L) 0.236 588

cups milliliter (mL) 236.588

gallons liter (L) 3.785 412

gallons milliliter (mL) 3785.412

ounces (fluid) liter (L) 0.029 574

ounces (fluid) milliliter (mL) 29.573 530

pints liter (L) 0.473 177

pints milliliter (mL) 473.177

quarts liter (L) 0.946 353

FACTOR NOTE **

To get Metric Units: Multiply the English Unit by the factor shown in the Factor Column.

To get English Units: Divide the Metric Unit by the factor shown in the Factor Column.

Footnotes

From ASTM E380-93, footnote no. 13, says the following:

"The U.S. Metric Law of 1866 gave the relationship, 1 metre equals 39.37 inches. Since 1893 the U.S. yard
has been derived from the metre. In 1959 a refinement was made in the definition of the yard to bring the U.S.
yard and the yard used in other countries into agreement. The U.S. yard was changed from 3600 / 3937 m to
0.9144 m exactly. The new length is shorter by exactly two parts in a million.

At the same time it was decided that any data in feet derived from and published as a result of geodetic
surveys within the U.S. would remain with the old standard (1 ft = 1200 / 3967 m) until further decision. This
foot is named the U.S. survey foot.
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All conversion factors for units of land measure in these tables referenced to this footnote are based on the
U.S. survey foot and the following relationships: 1 fathom=6 feet; 1 rod (pole or perch)=16 1/2 feet; 1 chain=
66 feet; 1 mile (U.S. statute)=5280 feet."

Temperature

Conversion Formulas
The formula to convert degree Fahrenheit to Celsius ( °C) is:
[(Fahrenheit - 32) * |1 0.555 555 556] = Celsius

The formula to convert Celsius ( °C ) to Fahrenheit is:
[(Celsius * 1.8000) + 32] = Fahrenheit

Celsius temperature ( °C ) is more commonly used than Kelvin ( K), but both have the same temperature
gradients. Celsius temperature is simply 273.15 degrees warmer than Kelvin, which begins at absolute zero.
For instance, water freezes at 273.15 K and at 0 °C; it boils at 373.15 K and at 100 °C. To move between
Celsius and Kelvin, add or subtract 273.15.
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Graphic Temperature Conversion Chart
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Metric Criteria

Transportation Projects - Introduction

NOTE: Currently the Mississippi DOT has terminated using Metric units on all new projects. Some Metric
Projects that were in progress will remain in Metric until completed. The following information given in this
document was retained for those projects.

The Mississippi Department of Transportation (MDOT) hereby adopts the international system of
measurement known as the metric system for all transportation work in the State of Mississippi. This system
is named Systéme International d'Unites (System International) and is abbreviated SI. Throughout this
document the use of the terms metric and metric system shall mean SI.

The MDOT hereby adopts the AASHTO's A Policy on Geometric Design of Highways and Streets, 1994. This
publication is the official design criteria of the American Association of State Highway and Transportation
Officials (AASHTO).

All MDOT construction projects awarded to contract after September 30, 2000, will be metric only. During
the period from now through September 30, 2000, the MDOT may award some projects in the current
Imperial (English) system and some projects in the Sl (metric system.)

The Metric Conversion Act of 1975, as amended by the Omnibus Trade and Competitiveness Act of 1988,
established the metric system as the preferred system of measurement in the United States. Presidential
Executive Order 12770, July 25, 1991, mandates each Federal agency and Federal program convert to the
Metric System. The Federal Highway Administration (FHWA) requires all Federal highway construction
projects to be Metric only by September 30, 2000. (NOTE: The FHWA originally set September 30, 1996, as
the required implementation date; however, the National Highway System (NHS) act of 1995 postponed the
date to the year 2000.) This document is the MDOT criteria to be used to meet this requirement. The MDOT
will use metric only for all projects (Federal and State). Because surveyors, designers, inspectors, etc. can't
effectively and accurately use a dual system the MDOT has decided that no Imperial (English) units will be
used (except for dual units shown on certain public documents as described later in these criteria).

Included in this document are the approved MDOT criteria for use in the planning, design, and construction of
all transportation facilities in the State of Mississippi. The rest of this document is divided into three (3)
sections:

I. MDOT Metric Criteria

Il. Metric conversion techniques

[ll. AASHTO Design Guide

IV. MDOT Implementation Schedule

This Criteria Document is not intended to be the complete standards and specifications for all transportation
construction. This document describes adopted units and criteria. The MDOT will provide other publications
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that establish Design Standards, Standard Drawings, Construction Specifications, Standard Operating
Procedures, Materials Testing and Sample Collection values. These other publications are in various stages
of completion.

Section I. of this document includes criteria for roadway traverses and design.
Criteria are included for:

Precision and Units

Roadway stationing

Selecting and describing horizontal roadway curves
Cross sections

Drafting scales

Elevations and slopes

Environmental Documents

Right-of-Way plats and deeds

Materials and testing

Road, Street, and Construction Zone signs
Construction pay item units

Structures

The criteria will be used for all MDOT engineering, design, traverses, plans, testing, reporting, mapping, etc.
It is considered absolutely essential that all offices use the same criteria for transportation purposes in the
State of Mississippi.

There are two types of metric conversion: Hard and Soft. Hard conversion is the changing of criteria to a new
standard based on logical metric values.

Hard metric conversion can be illustrated by design lane widths. Until now roads have been designed
with 12 feet lane widths. The new metric criteria is 3.6 meters (11.81 feet.)

Soft metric values are the use of conversion factors to change an existing Imperial (English) value to
its metric equivalent. For example: 500 feet = 152.400 meters.

The MDOT will use Hard metric conversion where criteria have been established by AASHTO or FHWA. Soft
conversion will be used for all other values.

The MDOT has adopted the symbol / logo shown below to denote metric documents.

All SI (metric) specifications, plans, project documents, reports, and any other S| material produced or printed
by the MDOT shall include the logo prominently displayed. Metric construction plans will contain the logo
near the title block (or near the right margin for plan/profile sheets) of all plan sheets. The MDOT metric logo
is not to be used on any document that is not metric. The logo is available in several graphic computer
formats and is distributed free of charge. Contact the MDOT Metric Coordinator for available formats and
copies of the logo.
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SECTION I: MDOT Metric Criteria

Precision and Units

Conversion of all numbers to the metric system must retain at least the accuracy and precision currently in
use. Usually, this means showing metric values to one decimal place more that has been used for Imperial
(English) units.

Example

The meter is the unit of length for the metric system; therefore, the meter must be measured to the third (3 rd)
decimal place (0.001 m) to retain the same accuracy as one hundredth of a foot (0.01 ft.)

When a measurement has in the past been shown to the nearest 0.01 feet the new metric value is to be
shown to 0.001 meters.

NOTE: While 0.001 m is more accurate than 0.01 ft. the use of 0.01 m would be less accurate than 0.01 ft
and therefore precision would be lost. (Actually 0.01 ft = 0.003 048 m).

Measurement precision criteria are as follows:
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Table I-1: Precision (distances)

"Measurement Item (for all roadways) Criteria Meters
"Horizontal distance, except cross sections 0.001
"Elevations: Benchmarks 0.001
"Elevations: Centerline, Pavements 0.001
"Elevations: Centerline, Subgrades 0.005

"Cross sections: Distances: 0.1

"Cross sections: Elevations on ground: ) 0.05

"Cross sections: Elevations on pavement® 0.005

1 . . . . . .
@ These values are not as precise as the Imperial values in use in the past. The compromise is
necessary due to available equipment from suppliers.
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Standard measuring units for metric use in the MDOT are as follows:

Table I-2: Units

ltem: Unit: Sym.
Distance © rmeter 1]
Bridge Plans: meter m
Plan & Elev @
All ather dim @ millimeter mm
Testing @ centimeter c
Angles degree minute second ar
AREAS: square meter e
Construction
ROW deeds hectare ha
Large Areas square kilometer km?
“olurme const. cubic meter e
Yolurme liguids liter L
Mass 9 kilogram kg
Mass (small) @ gram b
Mass (large) @ metric ton (1000 k) t
Force newt an M
Temperature Celsius "C
Fressure pascal Fa
Tirme: second 5
rinute Frin.
hiour h
day d
Dizcharge cubic meter per secand e
“elacity meters per second mfs
Depths millimeter gl
Intensity millirmeters per hour mmih
Density kilograms per cubic meter kgfm?3
Gravity Const, meters per second squared rnfsd
Speed kilometers per hour kmih

Roadway Design Metric
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@ All distance measurements (and pay quantities that use distance) will use meters or millimeters
without reference to the word "linear.” Previous Imperial (English) units called for "linear feet" but SI will only
use the metric value, example: 20 linear feet of beam would be expressed as 6.096 m.

@) Centimeters are not accepted practice in the MDOT for most measurements. However, some
AASHTO and ASTM test procedures call for centimeter values and will be accepted practice only in those
applicable test methods.

@) Weight is used in the Imperial (English) system to represent a quantity of material. The S| system
uses mass. Grams will be used for ounces, kilograms for pounds, and metric tons for tons.

Table I-3: Prefixes

Prefix | Symbol Order of Expression
Magnitude
kilo k 103 1000
(one thousand)
mega il 106 1 000 000
(one million)
rmilli oy 10-3 0.001
{one thousandth)
rmicrn i 108 0.000 001
one millionth)
nano fn 109 0.000 000 001
(one billionth)

Stationing

Roadway surveys and plans will use the metric kilometer stationing system. The numbers before the "plus
mark” (+) will be in kilometers from the starting point of the highway within a county. The numbers following
the "plus mark" (+) will be in meters and decimals of a meter. Decimals of a meter will always be expressed
to three decimal places anytime a station is written.

Examples
Station 2 + 486.123 = 2 kilometers (km) from the starting point plus 486.123 meters

Station 3 + 000.000 is exactly 3 km from the starting point. Note three zeros are placed following the decimal
point. Other samples:

0+ 110.220
3+ 002.100
10 + 200.000

The kilometer values are to be the elapsed distance from the county line, (or from the beginning of a route if
the route starts within the county) plus one kilometer. The beginning station number at the county line will be
one kilometer (1 + 000.000) instead of zero. This will prevent negative station numbers when a project must
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begin before the county line such as a bridge. All routes are to be stationed from the south to the north for
odd numbered highways and from the west to the east for even numbered highways. Routes that are
diagonal in nature are to be stationed based on whether the route number is even or odd.

Example

MS 19 is an odd numbered route that goes from the Alabama State Line in Lauderdale County northwest to
Holmes County. The stationing should start with one kilometer at the Alabama State Line in Lauderdale
County and proceed northwest to the Newton County Line. The stations should start over at the Newton
County Line with one kilometer and proceed northwest to the Neshoba County Line. Each succeeding county
will then have new kilometer stations starting at one kilometer at the previous county line.

When a new project is started on a route the Project Office or District Office is responsible for determining the
correct station of the Beginning of Project (B.O.P.) Existing plans should be used to calculate the correct
elapsed distance in kilometers and meters from the beginning point in the county to use as the Station for the
B.O.P.

Example

PROBLEM

Determine the B.O.P. Metric Station for a new project on an existing road.
GIVEN

Previous project for an even numbered route has Sta. 1102 + 22.34 in feet, at the West County Line. The
project has an E.O.P. of Sta. 1419+24.64 ft. No equations exist on the project. The new metric project will
begin at the old Sta. 1317+00.00 ft.

SOLUTION

B.O.P. of new project is calculated as follows:

Sta. 1317 + 00.00 ft. - 1102 + 22.34 ft. = 21,477.66 feet from the county line.
Metric distance is 21,477.66 X 1200 / 3937 = 6546.403 86 m

Therefore, the Metric B.O.P. Station number is 6.546 403 86 kilometers plus 1 kilometer added for county line
default: Sta. 7 + 546.404

Equations will eventually be required to correct minor differences and alignment changes; however, no new
metric project should have an equation. If a new metric project is replacing stationing on a road where an
equation exists in current feet stations then kilometer stations on the new project are to be calculated without
an equation.

Circular Horizontal Curves

Curves will be selected based on the Radius of the Curve in meters. The definition of curves using a degree
designation is no longer valid. All curves will have the following information shown in the notes and on the
plans:

Delta Angle in Degrees Minutes and Seconds.
Radius in meters.

Length in meters.

Tangent distance in meters.

Metric stations of the P.C., P.I., & P.T.

Long Chord length in meters and the bearing of the Long Chord in Degrees, Minutes, and Seconds.
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All new routes (or where horizontal alignment on existing routes are changed) are to be designed using the
exact metric radius without regard to its equivalent degree of curve.

Metric roadway construction plans for projects on existing roadway alignment will be soft converted. The
exact metric radius will be converted from the existing Imperial (English) plans without regard to Table |-4.
When designing a route parallel to an existing route (which was designed using Imperial (English) units) the
new roadway will be designed using a curve radius calculated to be parallel with the existing roadway. An
exception to this rule will be when the median is not held to constant width but varies. The new parallel
roadway should then use the metric values shown in Table 1-4.

Table I-4: Horizontal Highway Curves

This table is included as a guide for selecting appropriate curves. This table shows the metric curve radius
that has been selected to replace the curves that would have been chosen based on the old Imperial
(English) units. The radius in meters is not the exact radius of the old degree of curve value converted from
feet. The metric radii shown are rounded.

8 e 1BMetric Criteria Roadway Design Metric



Metric Design Approved Equivalent
Radius Range Degree Curve®
Meters (Meters) (English)
20000 095
15 000 o000 007
10 000 0*10"
F000 3000 0°15°
&000 2000 0«21
4000 1000 026
3000 0eas
2500 0°47"
2000 500 052

1500 110"
1400 1915
1300 1921
1200 1927
1100 100 1%35'
1000 1°45"
300 1%6"
800 P CRL
7ol 290
700 2930
Ba0 &0 L
B00 2955
550 351 1"
&00 3e3)"
475 3941
450 25 7957
425 4907
400 4927
75 4939
a0 4969
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325

300

290

2380

270

260

240

240

230

220

210

200

190

180

170

160

1450

144

140

135

130

125

120

115

110

105

100

95

a0

84

80

Fis

70

B5

alll

85

a0

10

5722

ge4y

01

B4’

Ee28'

B3

apale)

A

736

7"k

g1y

844

2411

g2eq

016"

10°a6"

1139

12°03"

12°28"

12786"

13°26"

137a8"

14733"

15%11"

15°53"

163"

17728

18°23"

19°24"

20733

21780

23718

24757

26752

29708

31745

347586
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* Degree-of-Curve in the English system is included for guidance. Values shown are the equivalent Degree-
of-Curve for the metric radius rounded to the nearest minute.

Cross Sections

Cross Section Intervals
Cross sections will be taken at 25 meter intervals.

Also, cross sections will continue to be taken at other locations where required by the terrain. Precision of the
data collection for distances and elevations of cross sections is shown above in the topic Precision and Units.
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Drafting Scales

Table I-5: Scales

Media Previous MDOT
English Scale | Metric Scale
Plans: Rural 1" =100 1:1000
Plans:Ru & Lr 1" =40 1:500
Plans: Lrban 1"=20 1:230
Profile: Rural 1" =10 1:100
Profile: Urban 1"=5 1:50
#-oect, Hural 1" =10 1:100
#-Sect. Urban 1"=g 1:50
Other 1"=1 1:10
"= 1:20
1" =80 1:500
1" =400 1: 5000
Photogrammetry 1" =200 1:2000
1" =a00 1: 5000
1" =1000" 1:10000
1" = 20000 1:20000
Mapping:
City Maps 1" =828 4 1: 5000
1" = BER'
City Maps 1" =1056" 1:10000
City Maps 1" =1220 1:25000
County Maps 1"=1 mile To be
County Maps 1" =2 miles Determined
County Maps 1" =3 miles Later

Elevations

Precision (Benchmarks)

All elevations will be measured and displayed to the nearest 0.001 meter.
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Roadway Centerlines & Grades

All roadway and street subgrade elevations will be measured and displayed to the nearest 0.005 meter.

All roadway and street final paving elevations will be measured and displayed to the nearest 0.001 meter.

Elevations, Cross sections

Cross section elevations will be measured on ground to the nearest 0.05 meter and on pavement to the
nearest 0.005 meter.

Slopes

All side slopes on roadway cross-sections will be expressed as dimensionless units.

The slope will be expressed as a ratio with the vertical distance expressed first and the horizontal distance
second. This is a change from the previous Imperial (English) system.

Previously a roadway foreslope that drops one foot for each four feet horizontally was expressed as 4 : 1. On
all metric plans and cross-sections this same slope will be expressed as 1 : 4.

Environmental Documents

Environmental Documents (Categorical Exclusions, Environmental Assessments, Environmental Impact
Studies, Noise Studies, etc.) have dual metric and Imperial (English) units since April 1, 1994,

These documents will continue to include dual units.

Right-of-Way (ROW) Plats & Deeds

The Federal Highway Administration (FHWA) has approved dual units on ROW plats and deeds.

The MDOT will use both metric and Imperial (English) units on all ROW plans, plats, and deeds. Property
lines will be shown in standard "metes & bounds" using dual metric and Imperial (English) units. Property
lines will show standard quadrant bearings expressed in degrees, minutes, and seconds with distances
shown in meters followed by feet in parentheses. Metric distances will be to the nearest 0.001 meter. All
metric distances on plats and deeds are to spell out the word "meters" instead of using the abbreviation "m".
This should help other users of MDOT deeds and plats become familiar with the new notations.

Example
N 22°15'30" E 238.145 meters (781.31 ft.)
Area will be shown in either of two ways: square meters or hectares.

For large areas use hectares followed by the area in acres within parentheses.
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Example
Lot Area: 2.235 hectares (5.52 acres)

Area expressed in square meters may be preferable for very small areas. When area is expressed in square
meters then the area in square feet will follow in parentheses.

Example
Area: 155 square meters (1668.40 sq. ft.)

One (1) hectare is defined as 10 000 square meters. Also, one hectare is equal to 107,638.674 square feet
(US survey feet.) To convert from acres to hectares multiply the acres by:

0.404 687

Materials and Testing

Roadway Sub-surface Investigations, Type C:
Determine locations and depth of auger borings, under the following guidelines:
A. Prior experience for locality;

B. The boring depths shall be 1.5 meters below the proposed finished grade for cut sections and
grade points. The boring depths shall be 1.5 meters below the existing ground surface for
embankment sections.

C. Space borings 150 meters maximum, less in critical stratification spacing.

Road, Street, and Construction Zone Signs

All road and street signs will continue to display Imperial (English) messages for speeds and distance.
The FHWA has decided to postpone conversion of road signs until sometime in the future.

No metric values will be shown on any Mississippi road and street signs until the nation decide to convert.

Construction Pay Item Units

The following table shows the adopted MDOT metric pay item units for all road and street construction. The
table shows the Sl (metric) values on the left and includes the old Imperial (English) units on the right for
reference. For all construction pay items that used the unit shown in the Imperial column substitute the metric
pay item unit.
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Table 1-6: Construction Pay Units

51 (metric) Unit Imperial Unit
station * station
bale bale
cubic meter cubic foot
cubic meter cubic yard
gach gach
grarm ounce
hectare acre
hour hour
kilograrm pound

kilarmeter mile
liter gallan
lump sum lump sum
meter yard
meter foot
metric ton ton
millimeter inch
sguare meter square foot
square meter square yard

* metric station = 1 kilometer, which replaces the existing station in Imperial (English) units of station = 100
feet.

Structures

A bridge is defined as any structure, including supports, erected over a depression or an obstruction. This
includes water, highways, or railways, and having a tract or passageway for carrying traffic or other moving
loads. A bridge is also defined as such structure having a length measured along the center line of the
roadway of more than 6.1 m between undercopings of abutments, or extreme ends of openings for multiple
boxes.

When existing structures must either be field measured or converted from plans all dimensions will be
measured in millimeters. This includes box bridges and culverts.

All construction shop drawings, or working drawings, for structures shall be submitted in metric units only. All
shop inspection will be performed using metric units.

All Portland cement concrete used in roadway and structure construction will conform to the following values:
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Table I-7: Accepted Concrete Strengths

Metric Actual Replaces
Criteria Concrete Concrete
{(MPa) Strength (psi) | Strength (psi)
15 2175 2000
20 2901 2500
25 626 3000
30 4351 4000
35 a07E s000
40 5301 BO0O0

SECTION II: Imperial (English) to Metric Conversion
Techniques:

Feet to Meters Conversion

There are two (2) definitions of the foot in the metric system. The International Foot is defined as exactly
0.3048 meters. The United States has always used the U.S. Survey Foot, which is defined as 1200 / 3937
meters. This produces an inexact conversion factor. Because the US Survey foot conversion factor is not an
exact value accurate conversion must use both numbers in the conversion process.

Example
To convert 10,000 feet to meters the results of using the two different conversion values are:

International Factor: 10,000' * 0.3048 = 3048.000 meters.
US Survey Foot: 10,000' * 1200 / 3937 = 3048.006 096.... meters.

Obviously, conversion using the International foot method is adequate for small distances. However, the error
can accumulate if the values being converted represent parts of longer distances. Also, computation of short
distances that will be used in area calculations can make the results inaccurate if the correct conversion value
is not used.

The MDOT adopts the following guidelines for conversion
of feet to meters

US Survey Foot Conversion Method:
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The US Survey Foot method must be used for the following values:

1.Benchmark elevations;

2.Roadway centerlines;

3.Land Area;

4. Traverse (survey) lines;

5.Logmile to log-kilometers;

6.Digital coordinates;

7.All other distances where values will be accumulated to totals larger than 5,000 feet.
Conversion of all above distances in feet must use the following conversion method:
Feet to Meters: Multiply by 1200 then divide by 3937.
Meters to Feet: Multiply by 3937 then divide by 1200.

Note: The factor should be calculated each time it is needed. Otherwise accuracy will be lost. However, if a
memory calculator is used (i.e. Hewlett Packard HP-41C, etc.) then you could enter 1200, divide by 3937,
store in a memory register, then recall the value each time it is needed.

Standard Conversion Factor:

The International Foot conversion factor may be used for short distances (less than 5,000 feet) and items not
a part of those identified above.

Example
To convert feet to meters:
Multiply feet by 0.3048 to obtain meters.

Land Area Calculations:

Conversion from acres to hectares will use the US Survey foot conversion. The following factor is to be used
for acres to hectares:

Multiply acres by 0.404 687 to get hectares

Metric Conversion Factors

The standard for the Sl system in the United States is the American Society for Testing and Materials (ASTM)
publication E-380 titled Standard Practice for Use of the International System of Units, SI , The Modernized
Metric System. This standard has been approved for use by agencies of the Federal Government. The
MDOT hereby adopts ASTM E-380 as the official standard for Sl practice for Transportation in the State of
Mississippi. ASTM E-380 is copyrighted by ASTM. MDOT Districts and Divisions may obtain a copy from
Marlin D. Collier, MDOT Metric Coordinator or the Materials Division. Others may purchase copies for
$23.00. Order from:

ASTM, 1916 Race Street Philadelphia, PA 19103
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Table II-1: ASTM E-380-93 Conversion Factors (abridged

list):
To Convert From To Multiply by:
acre foot cubic meter (m) 1233.49
acre square meter (m?) 4046.87
arnpere hour coulamb (C) Je00
atrmosphere, standard pascal (Fa) 101 325.0
barrel (petroleum, 42 gal) cubic meter (m) 0.158 957 3
board foot cubic meter (m) 0.002 3558 737
chain (b6 ft) meter (m) 200116 84
degree Fahrenheit degrae Celsius (°C) Te=(Te-321718
fluid aunce (1.3 cubic meter (m) 0.000 029 573 53
fluid ounce (U5 milliliter (L) 2957353
foot (International) meter (m) 0.2045
foot (U5 Survey foot) meter (m) 1200 /3937
foot of water (9.2 °F) pascal (Fa) 2958.98
square foot square meter (mé) 0.092 9035 04
ft2/s (square feet per second) sguare meter per second (m? /g 0.092 903 04
ft3min (cubic feet per minute) | cubic meter per second (m= /) 0.000 471947 4
ft3's (cubic feet per second) cubic meter per second (m3 f5) 0.028 316 85
ftfs (feet per second) meter per second (m/s) 0.3048
gallon (LS, dry) cubic meter (m®) 0.004 404 34
gallan (LS. liquid) cubic meter (m®) 0.003 785 412
inch tmeter (m) 0.0254
inch of mercury (32°F) pascal (Fa) 3386.38
kip (1000 Ibf) newton (M) 444322
kipd in? (ksi) pascal (Fa) B 834 757.0
mile (1.5, statute) kilometer (km) 1.608 347
il square kilometer (km?) 25089 088
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mph (miles per hour) kilormeter per hour (km/h) 1.609 347
ounce (weight) gram 28349 523
pound {Ib avoirdupois) kilogram (k) 0.453 592 37
Ib = fiZ (rmoment of inertia) kilogram sgquare meter (kg » m) 0.042 140 11
IbAt2 (pounds per square foot) | kilogram per square meter 4.882 428
(kg/m?)
ton (short, 2000 Ib) kilogram (kg Q07 1847
yof (square yards) sguare meter (im) 0.836 127 4
yd2 (zubic yards) cubic meter (m®) 0.764 554 9

Rules for Writing Metric Symbols & Names

Meter can be spelled either meter or metre. In the United States the spelling meter has been adopted. Most
European countries use metre. Correct grammatical usage of metric terms is important. For example: the
Webster' Collegiate Dictionary, 10th edition defines two words as follows:

Metricized - verb or adjective, Examples: Verb - documents which are metricized. Adj. — a metricized
document

Metrication - noun or adjective (never a verb), Examples: Noun - the perceived urgency of metrication
(object of the preposition). Adj. - metrication effort of the Metric Clearinghouse.

(NOTE: The terms metrification, metricated, and metricating are not proper words.)

Care must be taken to use unit symbols properly, and international agreement provides uniform rules.
Handling of unit names varies because of language differences, but use of the rules included here will
improve communications in Mississippi and the nation.

v/ Print unit symbols in upright type and in lower case except for liter (L) or unless the unit name is derived
from a proper name. (Examples: m for meter, kg for kilogram, Pa for Pascal, etc.)

v/ Print unit names in lower case, even those derived from a proper name.

v' Print decimal prefixes in lower case for magnitudes 103 and lower. Examples: k for kilo (103 ), m for milli
(10-3), u for micro (10-6), n for nano (10-9 ), and print the prefixes in upper case for magnitudes 106 and
higher M for Mega (106 ) and G for Giga (109 ).

v'  Leave a space between a numeral and a symbol.

Examples

Write 45 kg for 45 kilograms, not 45kg, and 200 m for 200 meters, not 200m.
Exception

No space is left between the numerical value and the symbols for degree, minute, and second of plane angles
and degree Celsius. Write N 22°15' W not N 22 ° 15'W and 37°C not 37 °C.

When a quantity expressed as a number and a unit symbol is used as an adjective, it is preferable to use a
hyphen instead of a space. Examples: a three-meter pole is 3 m long, and use 35-mm film, which is 35 mm
wide.

v' Use a degree mark with Celsius temperature. Do not use a space between the number and the symbol.
Example: 37°C not 37 °C. (If Kelvin is used then do not use a degree mark. Write K, not °K).

v" Do not leave a space between a unit symbol and its decimal prefix. Write kg not k g.
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v" Do not use the plural of unit symbols. Write 45 kg, not 45 kgs. But, do use the plural of written unit
names, e.g. write 45 kilograms not 45 kilogram.

v For technical writing, use symbols in conjunction with numerals (the area is 10 m?); write out unit names if
numerals are not used (example: "reseal is measured in square meters.") Numerals may be combined
with written unit names in non technical writing (i.e. 10 meters.) Never use abbreviations for metric
values. Example: Use the word "ampere" or the symbol "A" and never use "amp".

v Indicate the product of two or more units in symbolic form by using a dot positioned above the line.
Example: kg » m « s-°.

v" Do not mix names and symbols. Write N ¢ m or newton meter, not N « meter.

v" Do not use a period after a symbol (write "12 g" and not "12 g.") except when it occurs at the end of a
sentence.

v" Do not use prefixes that express the powers of 10 such as "deci" for one tenth (i.e. decimeter), and "centi"
for one hundredth (i.e. centimeter). Use only the thousand multipliers shown in the Decimal Prefix table
above (kilo and milli).

v" No space or hyphen is used between the prefix and unit name. There are three cases where the final
vowel in the prefix is commonly omitted: megohm, kilohm, and hectare. In all other cases where the unit
name begins with a vowel both vowels are retained and both are pronounced.

Numbers

The approved decimal marker is a dot (period) on the line. When writing numbers less than one, a zero
should always be written before the decimal marker.

The approved marker for separating the digits of numbers into groups of three is the space. No separator is
to be used if there are only four (4) digits either to the left or right of the decimal point. However, when a
column of numbers occurs where the digits should align vertically the space may be used with four digit
number groups. When there are five or more digits, left or right of the decimal, then a space must be used.
The only exception to this is the use of numbers in financial statements and the use of numbers in
construction plans and specifications where metric units are not involved, such as population. For all values
where metric units are involved the comma is not approved for use with any engineering plans, specifications,
reports, etc. Commas can be used with metric numbers only when used in financial reports and other
specialized data items where other items also are involved using comma separators

Examples
123 456.215 67 m
2345.789 kg
2 345 678.11 Pa
0.123 m
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Base units

Pronunciation

Table 11-2
Prefix Pronunciation [(USA)
exa ex'a(as in about)
. peta ..................... pet - (e e p = R utj )
tera | asinterra firma |
. glga .................... J|g N [| B Jlg oo utj ......
mega .................. asmr‘negaphnne ..........................
R s
hecto | heck'toe |
R s (a S utj .................
R asmrmhtary .................................
R e mmmphnn s
nano | nan'oh (anasin ant) |
. pmu ..................... peek R
e s (fe B ej ........
EoRE R atnmg,r ..............................
Units Pronunciation
candela can dell' 3
Jl]l.llE .................... rhyme BT
P B
. pas[:al .................. rh}fme L
siemens | same as seamen's |

Metric (Sl) Classes of Units

Sl units are divided into three classes:

Supplementary units

Derived units

The metric system is based on seven well-defined units which by convention are regarded as dimensionally
independent (see ASTM E-380 Table I1I-3.)

Roadway Design Metric
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Table II-3 Base Sl Units ASTM E-380

Quantity Unit Symbol
length meter m
Mass kilagram ko
time second s
electric current ampere A
temperature * kelvin K
amount of substance maole moal
luminous intensity candela cd

* MDOT will use Celsius instead of Kelvin. (See the topic Temperature)

Table 1I-4 Supplementary Sl Units ASTM E-380

Quantity Unit Symbol
plane angle radian rad
solid angle steradian sr
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Table 1I-5 Derived Sl Units with Special Names ASTM E-380

Quantity Unit Symbol Formula
frequency (of a periodic phenomenaon) hertz Hz /s
force newt on M ko * mig?
pressure, stress pascal Pa i
energy, work, guantity of heat Joule J Mowm
power, radiant flux weatt W Jis
guantity of electricity, electric charge coulomb C Awsg
electric potential, yolt 4% WL,
electric capacitance farad F Ch
electric resistance ohm £ WA
electric conductance siemens ] Al
magnetic flux weber Wh Womg
magnetic flux density tesla T Wibim?
inductance henry Wb/ A,
Celsius temperature degree Celsius °C Te=Tg-273.15
luminous flux lurnen Im cd e sy
illurminance I I3 It
activity (of a radionuclide) becquereal By /s
absarbed dose gray Gy Jkyg
dose equivalent sievert oy Jky

Table 11-6 Other MDOT Approved Units in use with Sl

Quantity Unit Symbaol
time second g
minute min
hour h
day d
speed kilorneter per hour krnih
plane angle degree "
minute :
second "
valume liter L
mass metric tan t
area hectare ha

Roadway Design Metric
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Table II-7 Sl Prefixes

Factor Prefix Symbol
1 000 000 000 OO0 OO0 000 = 10 ® exa E
1 000 000 000 OO0 OO0 = 10 peta P
1 000 000 000 OO0 = 10 ® tera T
1 000 000 ooO0 = 10 ® giga G
1 000 000 = 10 ° mega M
1000 = 10 * kilo k
100 = 10 2 hecto” h
i0 = 10 ! deka” da
0.1 =10 ! deci® d
0.01 = 10 * centi® c
0.001 = 10 F milli m
0.000 001 = 10 micro T
0.000 000 o001 = 10 hano n
0.000 D00 000 001 = 10 % pico p
0.000 0DOO 000 000 001 = 10 % femto f
0.000 D00 000 OO0 OO0 001 = 10 ~® atto a

% The terms hecto, deka, deci, and centi are to he avoided where practical.

Special Calculations using Derived Units

There are three derived units in the Sl used frequently in structural calculations. These units require special
understanding on their use. The units are:

Table 1I-8: Special Units

Quantity Hame Symbol Expression
force newton I M= kg » mfs2
pressure, stress pascal FPa Fa = Nim2
ERErY joule J J=HNom

Force: Itis important that the distinction between mass (kg) and force (N) be understood. When working in
the "inch-pound" (Imperial) system, the quantities for "weight" and "force" are interchangeable. A block of
concrete weighing 1000 pounds when placed on a beam produces a force of 1000 pounds. In the metric
system there are separate units for mass (kg) and force (N). The familiar law of physics applies. (i.e.
Force "N" = mass times acceleration due to gravity.) The metric acceleration is 9.807 m/sec’ (32.2 ft/sec” x
0.3048 m/ft.) Mass substitutes for the weight of an object. The mass must be converted to force (by
multiplying by 9.807) before computing structural reactions, shears, moments, or internal stresses.
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For example: a simply supported beam 10 meters long with a mass of 231 kg/m would have a total
mass of 2310 kg. However, the dead load of the beam used to calculate reactions, shears, moments,
etc. would be 231 x 9.807 = 2266 N/m. The distinction between mass and force in structural

calculations is very important.

Table 11-9 below repeats some of the ASTM E-380 conversion factors for mass and force. The table is
intended to provide the designer with a "feel" for the magnitude of metric units as compared to "inch-pound"
units. Use of the conversion factors may be necessary for computation during the initial uses of the metric
system. However, it is intended that the use of the conversion factors will disappear as designers become
familiar with the metric system. Conversion factors to convert pounds directly to newtons are repeated here.

Table 1I-9: Mass and Force Conversion Factors

Quantity From To Multiply
Inch-Pound Metric by:
Units Units

mass pound kg 0.453 592 4
mass ton metric tan (1000 ky) 0.907 154
massiunit len plf kg/m 1.455 1k
massfunit area psf kgfmE 4,832 428
mass dengity pef kom= 16.018 46
force b M 4.445 222
force kip kM 4,448 222
farcefunit len kI kM 14,5939

Stress: The Pascal (Pa) is usually considered the unit of stress. However, the Pascal is not
universally accepted as the only unit of stress. Because steel section properties are expressed in
millimeters, it is more convenient to express stress in a derivative of Pascals. This is newtons per

square millimeter (1 Mimm? =1 Mpa))

Energy: Although the joule is a standard metric unit (1), it is typically not used in structural
design. Moments are always expressed in terms of M o m or the derivative kN = m,

Table 11-10: Design Conversion Factors

Quantity From Inch- To Metric Multiply by:
Pound Units Units
bending morment ft-1b M owm 1.355 818
ft-kip ki *m 1255818
maoment of inertia int mm# 416 231 .4
section modulus in3 rmm> 16 387 0R4

SECTION Ill: AASHTO Design Guide

The Metric Committee omitted this section from this Manual on November 1996.

Roadway Design Metric
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From this date forward you should use the AASHTO Manual (Green Book) to obtain any Metric Design
Criteria.

SECTION IV: Implementation Schedule (MDOT)

The FHWA requires all Federal Highway construction projects be metric only after September 30, 2000. The
MDOT has decided that maintaining dual systems, metric for Federal and Imperial (English) for State projects,
is impractical; therefore, all activities in the MDOT will be metric only by FHWA mandate.

The Federal Highway Administration originally required September 30, 1996, as the date when all Federal
construction projects were to be metric only. The National Highway System (NHS) act of 1995 delayed the
mandatory date until September 30, 2000. When this law was passed the Mississippi Transportation
Commission directed the MDOT to continue metric implementation on schedule. The Commission believes
too much has been invested to change course now, especially since the requirement did not change, only the
date.

There will be some exceptions to the metric only provision. The FHWA allows dual units on Right of Way
(ROW) deeds and plats. The FHWA requires dual units on Environmental Documents.

The implementation schedule does not include the metricizing of highway signing. After the FHWA makes the
final decision on signing the MDOT implementation schedule will be revised.

The MDOT began awarding metric construction projects on May/June, 1996. During the period form now
through September 30, 2000, some MDOT construction projects may be awarded using older Imperial
(English) units and others using metric units. After September 30, 2000, MDOT construction project contracts,
and other activities, will be metric only. There may be some Imperial (English) construction projects in
progress past the year 2000.

The MDOT and the Office of State Aid Road Construction have adopted an official policy concerning Local
Public Agency (LPA) projects being accomplished by counties and cities under either the State Aid or Federal
Aid (Surface Transportation Program, STP) programs. This policy states:

All Transportation projects involving American Association of State Highway and Transportation Officials
(AASHTO) construction practices and standards must be metric after December 31, 1996. Project plans
submitted to the MDOT and the Office of State Aid as part of a request for field-reviews prior to this date may
be English (feet - pound) units. Starting January 1, 1997, all projects plans submitted for field-review will be
metric only.
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