Engineering Technical Letter (ETL), 94–8, Design in Metric, establishes he requirements for use of metric measurements in criteria, design , and specification documents for facility projects. This ETL implements guidance in Executive Order (EO) 12770, Metric Usage in Federal Government Programs. 
3–1. Requirements and definitions

425. ETL 94–8, Design in Metric
The requirements in the ETL are mandatory unless the ETL stipulates otherwise. The basic requirements stated in the ETL are as follows:

· Use the International System of Units (SI) in all new or revised publication media to disseminate technical criteria. Use SI units for facility project drawings and specifications starting with the FY 96 programs.

· Use hard metric units when there is no conflict with codes and standards and available products are economically feasible and will effectively interface with non-metric construction components.

· When measurements governed by inch-pound (IP) values are critical, use soft metric conversions of corresponding IP measurements, or conservatively rounded (in the correct direction) conversions.

· Where dual units are needed, present SI designations first, followed by the IP designation in parentheses.

· Do not display unit designation on metric drawings. Dimensions are understood to be in millimeters (except large scale civil drawings, which are dimensioned in meters).

· Military Construction (MILCON) programming documents (such as DD Form 1391) and real property records will remain in IP units.

Basically what this all states, is that any entity engaged in the production of criteria, designs and specifications for facilities must use metric measurements. To you as an Engineering Specialist, this means you need to be infinitely familiar with the metric system. You will be using the metric units of measure in your drafting, surveying, and construction management duties.

Definitions

Hard Metric

Applies to products manufactures to industry-established metric modules and standards, and to metric measurements mathematically converted from corresponding inch-pound (IP) values and logically rounded to whole metric numbers; for example, 600mm by 1200mm.

Soft Metric

Applies to products and measurements that conform to IP modules, standards or other controlling factors and are expressed in metric values which are exact mathematical conversions of the corresponding IP values. Converted measurements will be expresses to the minimum number of significant digits that will maintain the required accuracy in accordance with ASTM Standard Manual E 380–92.

Neutral (Designations)

Identifiers that have no expressed relation either to metric or IP values. For example, American Wire Gage (AWG) designates thickness or diameter, but in itself is neither metric nor IP.

426. Units of metric measurement

Unlike the (former) English system, which may have several different units for each type of measurement (e.g., inches, feet, yards, and miles for distance), the metric system has only one basic unit for each type of measurement.

Length. The unit for measuring distance is the meter.test Seq#=1 Item#=55  Ans=B LO=220 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

Which of these is a metric measure of length?

a. Gram.

b. Meter.

c. Degree.

d. Liter.

 Originally, the length of one meter was established as one ten-millionth of the distance from the North Pole to the Equator measured along a meridian running close to Dunkirk, Paris, and Barcelona. However, in 1960 the 11th General Conference on Weights and Measures established a new standard for the meter. The meter is now considered to be 1,650,763.73 times the wavelength, in a vacuum, of orange-red light of Krypton 86, one of the most stable gases. One meter is roughly equivalent to 3.281 feet.

Area. The unit used to measure area is the are (pronounced “air”), defined as 100 square meters.

Capacity. The measure for capacity (volume) is the liter . A liter is equal to the volume of one kilogram of water at 40° centigrade and at standard atmospheric pressure of 760 millimeters of mercury. Water at this temperature and pressure is considered to be at its maximum density.

Weight (mass). The kilogram measures weight.test Seq#=3 Item#=57  Ans=A LO=220 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

Which of these is a metric measure of weight?

a. Kilogram.

b. Meter.

c. Degree.

d. Liter.

 It is equal to the mass of a cylinder of platinum-iridium kept at the International Bureau of Weights and Measures near Paris, and it’s nearly equal to 1,000 cubic centimeters of water at maximum density.

Temperature. The metric degree measures temperature and is referred to as centigrade—centi being of, or related to, one hundred. Thus 1° is one one-hundredth part of the interval between the freezing point and the boiling point of water.

Time. Would you believe it? The English system used the same unit as the metric system. The year 1900 was chosen to determine the length of a second. One second is considered to be one part in 31,556,925.9747 of the year 1900.

427. Basic unit multiples and subdivisions

As we said, the beauty of the metric system is that it uses base 10 to increase or​ decrease the basic unit. All you have to do is multiply or divide by multiples of 10. Multiples of the basic unit are identified by these prefixes:

[equation, align equal signs vertically

Basic unit times 10 = deka

times 100 = hecto

times 1,000 = kilotest Seq#=1 Item#=58  Ans=B LO=221 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

Which of these prefixes means 1,000?

a. Milli.

b. Kilo.

c. Centi.

d. Deci.

times 10,000 = myria

[end equation

Example: 10 meters = 1 dekameter

Subdivisions of the basic unit are identified by these prefixes:

[equation, align equal signs vertically

basic unit divided by 10 = deci

divided by 100 = centi

divided by 1,000 = millitest Seq#=2 Item#=59  Ans=C LO=221 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

Which of these prefixes means 1/1,000?

a. Deci.

b. Centi.

c. Milli.

d. Kilo.

divided by 10,000 = micro

[end equation

Example: 1/10 meter = 1 decimeter

428. Converting between English and metric systems

As a member of the Air Force, you’re subject to being stationed in many parts of the world, most of which use metric measurement. If you drive a car whose odometer is graduated only in miles, you’ll have to convert mentally to kilometers per hour. You’ll buy your gas by the liter and measure the air pressure in your tires in kilograms per square centimeter. As an Engineering Specialist, you’ll be drafting for construction projects, and you may have to show all dimensions in both English and metric systems. You’ll need a quick, easy way to convert between systems.

There are many preworked tables for this, some of which are printed in the supplement to this book. Unfortunately, most of the quantities used in site development are too large to appear in these tables. You’ll have to convert between systems by using equivalent quantities—by either multiplication or division. We’ll look at examples of converting length, area, volume, weight, liquid, and temperature.

Length. The equivalents of the basic units of length are:

[equation, align equal signs vertically

1 millimeter (mm)
= 0.03937 in or




= 0.003281 ft

1 meter (m)

= 3.281 ft or




= 1.0937 yd

1 kilometer (km)
= 3,281 ft or




= 1,093.7 yd or




= 0.6214 miles




(Notice the shifting of the decimal place from mm to m 


to km)

1 inch (in)

= 25.40 mm or




= 0.0254 mtest Seq#=1 Item#=60  Ans=A LO=222 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

One inch is equal to 25.40 millimeters. How is that expressed in meters?

a. 0.0254 meter.

b. 0.254 meter.

c. 2.540 meters.

d. 25.40 meters.

1 foot (ft)

= 304.8 mm or




= 0.3048 m

1 yard (yd)

= 914.4 mm or




= 0.9144 m

1 mile


= 1.609 km

[end equation

To convert from metric to English, multiply.

Example 1: Convert 2,000 mm to feet.

Solution 1: 1 mm = 0.003281 ft ( 2,000 (mm) = 6.562000 ft. 

To change decimal feet to inches and fractions of an inch, check the tables in the supplement or:

0.562 ft ( 12 (in per ft) = 6.744 in. and 0.744 in (16 (1/16th per in) = 11.904 or 12/16” (to nearest 1/16) for an equivalent of 6’6 ¾”

Example 2: Convert 73.75 km to miles.

Solution 2: 1 km = 0.6214 miles ( 73.75 (km) = 45.82825 miles

To convert from English to metric, multiply.

Example 3: Convert 8.5 miles to kilometers.

Solution 3: 1 mile = 1.609 km ( 8.5 (miles) = 13.6765 kmtest Seq#=2 Item#=61  Ans=C LO=222 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

Since a mile is equal to 1.609 kilometers, what is your approximate metric speed (in kph) at 62 miles per hour?

a. 38 kph.

b. 76 kph.

c. 100 kph.

d. 120 kph.

Example 4: Convert 2l’7 ½” to millimeters

Solution 4: 1 ft = 304.8 mm (21(ft) = 6,400.8 mm

and 
 1 in = 25.40 mm (7.5 (in) = 190.5 mm

and
 6,400.8 mm + 190.5 mm = 6591.3 mm

or
 7.5 in = 0.625 ft (7.5”/12” per ft)

and
 1 ft = 304.8 mm ( 21.265 = 6,591.3 mm

Area. The equivalents of the units of area measurement in the two systems are:

1 square millimeter(mm2) 
= 0.00155 in2
1 square meter(m2) 

= 10.76 ft2 or = 1.196 yd2
1 square inch (in2) 

= 0.0006452 in2
1 square foot (ft2) 

= 0.0929 m2test Seq#=3 Item#=62  Ans=B LO=222 Status=A Import=R Learn_level=R Suitability=B Ease=0.750000 DI=0.300000 Resa=N Resb=N Resc=N Resd=N Endid

One square inch is equal to 0.0006452 square meters. How many square meters are in 1 square foot?

a. 0.00929 square meters.

b. 0.0929 square meters.

c. 0.9290 square meters.

d. 9.290 square meters.

1 square yard (yd2)
 
= 0.8361 m2
To convert from English to metric, multiply.

Example 5: Convert 4 3/4 in2 to square millimeters

Solution 5: 1 in2 = 64.52 (4.75(in2) = 306.47 mm2
Example 6: Convert 73 yd to square centimeters

Solution 6: 1 yd = 83.61 cm2 ( 73 (yd2) = 6103.53 cm2
To convert from metric to English, multiply.

Example 7: Convert 3/4 m2 to square yards

Solution 7: 1 m2 = 1.196 yd2 ( 0.75(m2) = 0.897 yd2
Volume. The equivalents of the units of volume in the two systems are:

1 cubic centimeter (cm3) 
= 0.06102 in3
1 cubic meter (m3)
 
= 35.31 ft3 or 1.308 yd3
1 cubic inch (in3) 

= 16.39 cm3
1 cubic foot (ft3) 

= 0.02832 m3
1 cubic yard (yd3) 

= 0.7646 m3
To convert metric to English, multiply.

Example 8: Convert 63.3 cm3 to cubic inches

Solution 8: 1 cm3 = 0.06102 in3 ( 63.3 (cm3) = 3.862566 in3
To convert English to metric, multiply.

Example 9: Convert 7 1/4 yd3 to cubic meters

Solution 9: 1 yd3 = 0.7646 m3) ( 7.25 (yd3) = 5.54335 m3)

Weight. The equivalents of the units of weight in the two systems are:

1 gram (g)
 

= 0.03527 oz

1 kilogram (kg) 

= 2.205 lb

1 metric ton (t)

= 2205 lb

1 ounce (oz) 

= 28.35 g

1 pound (lb) 

= 453.6 g or 0.4536 kg

1 (short) ton (2,000 lb)

= 907.2 kg

To convert from metric to English, multiply.

Example 10: Convert 872 kg to pounds

Solution 10: 1 kg = 2.205 lb ( 872 (kg) = 1922.76 lb

To convert from English to metric, multiply.

Example 11: Convert 12 oz to grams

Solution 11: 1 oz = 28.35 g ( 12 (oz) = 340.2 g

Liquid. The equivalents of the units of liquid measurement in the two systems are:

1 cubic centimeter(cm3) or (cc) = 0.06102 in3
1 liter (1000 cc) = 1.057 quarts (qt) or 2.113 pints (pt) or 61.02 in3
1 (fluid) ounce = 0.02957 liter or 28.35 g

1 pint (pt)
 = 473.2 cc

1 quart (qt)
 = 0.9463 liter

1 (US) gallon (gal) = 3,785 cc

To convert from metric to English, multiply.

Example 12: Convert 8.5 liters to gallons

Solution 12: 1 liter (l) = 1.057 qt


0.5 ( 1.057 qt = 8.9845 qt (now divide by 4 to get gallons)


 8.9845 qt / 4 qt = 2.246125 gal

To convert from English to metric, multiply.

Example 13: Convert 33 fluid oz to grams

Solution 13: 1 fluid oz = 28.35 g ( 33 (fluid oz) = 935.55 g

Temperature. The equivalents of the units of temperature in the two systems are:

1 degree Fahrenheit (°F) = 9/5 °C + 32

1 degree Celsius (centigrade) (°C) = 5/9 (°F ( 32)

To convert from °F to °C, use the formula °C = 5/9 (°F ( 32).

Example 14: Convert 79°F to degrees Celsius

Solution 14: °C= 5/9 (79°F ( 32) = 5/9 ( 47 = 26.11°C

To convert from °C to °F, use the formula °F = 9/5 °C + 32.

Example 15: Convert 98°C to degrees Fahrenheit

Solution 15: °F = 9/5 ( (98 + 32) = 176.4 + 32 = 208.4°F

Converting by division. We said earlier that we could convert from one system to the other by either multiplication or division, yet—as you may have noticed—we solved all our examples by multiplication. We had a reason for this. As a general rule, it’s much easier to multiply than to divide. Just in case you prefer division, we’ll work a couple by that method.

Example 16: Using the same problem as example 1, convert 2,000 mm to feet.

Solution 16: 1 ft = 304.8 mm, 2,000/304.8 = 6.561679 ft

Example 17: Using the same problem as example 9, convert 7 1/4 yd3 to cubic meters.

Solution 17: 1 m3 = 1.308 yd3, 7 1/4 yd3 / 1.308 = 5.54281 m3
NOTE: The answers for corresponding problems vary slightly beginning at the third decimal place because the equivalent values have been rounded off.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

425. Requirements and definitions

1.
What document requires the use of metric measurements in facility design projects?

2.
What does the term hard metric refer to?

426. Units of the metric system

1.
Briefly define each of these metric units of measurement.

a. Meter.

b. Are.

c. Liter.

d. Kilogram.

e. Degree.

f. Second.

427. Basic unit multiples and subdivisions

1. Match each metric value in column A with its prefix from column B.

Column A

Value
____(1) 100 meters.

____(2) 1/1,000 meter.

____(3) 1,000 grams.

____(4) 10 liters.

____(5) 1/10 meter.

____(6) 1/100 liter.

____(7) 10,000 liters.

____(8) 1/10,000 meter.


Column B

Prefix
a. Deka.

b. Hecto.

c. Kilo.

d. Myria.

e. Deci.

f. Centi.

g. Milli.

h. Micro.



428. Converting between English and metric systems

1. Convert these quantities to the indicated system, rounding your answer to the nearest hundredth.


a. 4,300 mm = in


b. 72 miles = km


c. 52 m = yd


d. 52 m = ft


e. 6 ft = mm


f. 23 ft = cm


g. 43.6 cm = in


h. 436 mm = in


I. 9,000 in2 = mm2

j. 100 ft2 = m2

k. 100 yd2 = m2
l.  6,452 mm2 = in2

m. 83.61 m2 = ft2


n. 47 m3 = yd3

o. 105 cm3(cc) = in3

p. 7 1/2 yd3 = m3

q. 7 1/2 yd3 = mm2

r. 43 oz = g


s. 21 kg = lb


t. 0.42 metric ton = lb


u. 21 lb = g


v. 6 liter = cc


w. 6 qt = liters


x. 3.5 gal = cc


y. 50°F = °C


z. 50°C = °F

Answers to Self-Test Questions

425

1.  ETL 94-8, Design in metric

2.  Applies to products manufactured to industry-established metric modules and standards.

426

1.  a.     Meter: the basic unit of length, roughly equivalent to 3.281 feet.

b.  Are: the basic unit of area, equal to 100 square meters.

c.  Liter: the basic unit of capacity (volume), equal to the volume of one kilogram of water.

d.  Kilogram: the basic unit of weight, nearly equal to 1,000 cubic centimeters of water.

e.  Degree: the basic unit of temperature, one hundredth of the interval between the freezing and boiling points of water.

f.  Second: the basic unit of time.

427

1.
(1) b, (2) g, (3) c, (4) a, (5) e, (6) f, (7) d, (8) h.

428


a.  169.29

b.  115.85

c.  56.87

d.  170.61

e.  1,828.80

f.  701.04

g.  17.17

h.  17.17

i.  5,806,800

j.  9.29

k.  83.61

l.  10.00

m.  899.64

n.  61.48

o.  6.41

p.  5.73

q.  5,734,500,000

r.  1219.05

s.  46.30

t.  926.1

u.  9,525.6

v.  6,000

w.  5.68

x.  13,247.5

y.  10

z.  122

