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\Introduction

Construction Calculations provides the construction, engineering, and project owner community with a single
source guide for many of the formulas and conversion factors that are frequently encountered during the design
and construction phase of a project.

The geometry and trigonometry lessons learned years ago sometimes need refreshing. Construction Calcu-
lations provides a refresher course on some of the formulas and concepts that tend to crop up from time to time.

A book divided into sections devoted to most of the common components of construction makes it easier to
determine how to achieve a Sound Transmission Coefficient (STC) rating of 50, for example, or how to equate
the amperage capacity of copper and aluminum cable of the same wire size.

A detailed index preceding each section makes it easy to locate the answer to one’s question or at least points
the way to its solution.

This one-source volume can prove invaluable for office- or field-based designers and contractors and will
come in handy at project and design development meetings as well as provide assistance in specifying and pur-
chasing materials and equipment.

I have selected material that in my 40-some years in the construction business appears relevant to the many
situations where answers to questions are required, and required “yesterday.”

I hope you will find Construction Calculations a worthy addition to your professional library.

Sidney M. Levy

vii
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A book on construction calculations that includes references to material dimensions, weight, volume, and con-
version factors should introduce the reader to the National Institute of Standards and Testing, generally referred
to simply as NIST.

Founded in 1901 under the U.S. Department of Agriculture, NIST is a nonregulatory federal agency whose
mission is to “promote U.S. innovation and industrial competitiveness by advancing measurement science,
standards and technology in ways that enhance economic security and improve our quality of life.”

NIST maintains four cooperative programs to carry out its mission:

e NIST Laboratories, headquartered in Gaithersburg, Maryland, and a campus in Boulder, Colorado, to
research and advance U.S. technology infrastructure.

e The Baldrige National Quality Program to promote excellence in the performance of manufacturing, ser-
vice, educational and health care industries recognizing excellence in those organizations with its highly
prized annual Malcolm Baldrige Award.

e The Hollings Manufacturing Extension Partnership consisting of a nationwide network of local centers
that offer technical and business assistance to small manufacturers

e The Technology Innovations Program providing cost-shared awards to industry, academia, and key or-
ganizations that meet national and societal needs.

The NIST Handbook 44 was first published in 1949 and is issued yearly at the Annual Meeting of the
National Conference on Weights and Measures.

The Table of Contents of Handbook 44 reflects the type of information contained in this volume, the contents
of which hold much value for the design and construction industry. Copies of the entire handbook can be
downloaded from the NIST website.

I'have chosen to include only Appendix B: Units and Systems of Measurement—Their Origin, Development,
and Present Status, and Appendix C: General Tables of Units of Measurement, which seem to be a fitting start to
a book on construction calculations.

Construction Calculations Manual. DOI: 10.1016/B978-0-12-382243-7.00001-2
© 2012 Elsevier Inc. All rights reserved. 1
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APPENDIX B: UNITS AND SYSTEMS OF MEASUREMENT: THEIR ORIGIN,
DEVELOPMENT, AND PRESENT STATUS

1. Introduction

The National Institute of Standards and Technology (NIST) (formerly the National Bureau of Standards) was
established by Act of Congress in 1901 to serve as a national scientific laboratory in the physical sciences, and to
provide fundamental measurement standards for science and industry. In carrying out these related functions, the
Institute conducts research and development in many fields of physics, mathematics, chemistry, and engineer-
ing. At the time of its founding, the Institute had custody of two primary standards—the meter bar for length and
the kilogram cylinder for mass. With the phenomenal growth of science and technology over the past century,
the Institute has become a major research institution concerned not only with everyday weights and measures,
but also with hundreds of other scientific and engineering standards that are necessary to the industrial progress
of the nation. Nevertheless, the country still looks to NIST for information on the units of measurement,
particularly their definitions and equivalents.

The subject of measurement systems and units can be treated from several different standpoints. Scientists
and engineers are interested in the methods by which precision measurements are made. State weights and mea-
sures officials are concerned with laws and regulations that assure equity in the marketplace, protect public health
and safety, and with methods for verifying commercial weighing and measuring devices. But a vastly larger
group of people is interested in some general knowledge of the origin and development of measurement systems,
of the present status of units and standards, and of miscellaneous facts that will be useful in everyday life.
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This material has been prepared to supply that information on measurement systems and units that experience has
shown to be the common subject of inquiry.

2. Units and Systems of Measurement

The expression “weights and measures” is often used to refer to measurements of length, mass, and capacity or
volume, thus excluding such quantities as electrical and time measurements and thermometry. This section on
units and measurement systems presents some fundamental information to clarify the concepts of this subject
and to eliminate erroneous and misleading use of terms.

It is essential that the distinction between the terms “units” and “standards” be established and kept in mind.

A unit is a special quantity in terms of which other quantities are expressed. In general, a unit is fixed by
definition and is independent of such physical conditions as temperature. Examples: the meter, the liter, the
gram, the yard, the pound, the gallon.

A standard is a physical realization or representation of a unit. In general, it is not entirely independent of
physical conditions, and it is a representation of the unit only under specified conditions. For example, a meter
standard has a length of one meter when at some definite temperature and supported in a certain manner.
If supported in a different manner, it might have to be at a different temperature to have a length of one meter.

2.1 Origin and Early History of Units and Standards

2.1.1 General Survey of Early History of Measurement Systems

Weights and measures were among the earliest tools invented by man. Primitive societies needed rudimentary
measures for many tasks: constructing dwellings of an appropriate size and shape, fashioning clothing, or
bartering food or raw materials.

Man understandably turned first to parts of the body and the natural surroundings for measuring instruments.
Early Babylonian and Egyptian records and the Bible indicate that length was first measured with the forearm,
hand, or finger and that time was measured by the periods of the sun, moon, and other heavenly bodies. When it
was necessary to compare the capacities of containers such as gourds or clay or metal vessels, they were filled
with plant seeds which were then counted to measure the volumes. When means for weighing were invented,
seeds and stones served as standards. For instance, the “carat,” still used as a unit for gems, was derived from the
carob seed.

Our present knowledge of early weights and measures comes from many sources. Archaeologists have re-
covered some rather early standards and preserved them in museums. The comparison of the dimensions of
buildings with the descriptions of contemporary writers is another source of information. An interesting example
of this is the comparison of the dimensions of the Greek Parthenon with the description given by Plutarch from
which a fairly accurate idea of the size of the Attic foot is obtained. In some cases, we have only plausible the-
ories and we must sometimes select the interpretation to be given to the evidence.

For example, does the fact that the length of the double-cubit of early Babylonia was equal (within two parts
per thousand) to the length of the seconds pendulum at Babylon suggest a scientific knowledge of the pendulum
at a very early date, or do we merely have a curious coincidence? By studying the evidence given by all available
sources, and by correlating the relevant facts, we obtain some idea of the origin and development of the units. We
find that they have changed more or less gradually with the passing of time in a complex manner because of a
great variety of modifying influences. We find the units modified and grouped into measurement systems: The
Babylonian system, the Egyptian system, the Phileterian system of the Ptolemaic age, the Olympic system of
Greece, the Roman system, and the British system, to mention only a few.
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2.1.2 Origin and Development of Some Common Customary Units

The origin and development of units of measurement has been investigated in considerable detail and a number
of books have been written on the subject. It is only possible to give here, somewhat sketchily, the story about a
few units.

Units of length: The cubit was the first recorded unit used by ancient peoples to measure length. There were
several cubits of different magnitudes that were used. The common cubit was the length of the forearm from the
elbow to the tip of the middle finger. It was divided into the span of the hand (one-half cubit), the palm or width
of the hand (one sixth), and the digit or width of a finger (one twenty-fourth). The Royal or Sacred Cubit, which
was 7 palms or 28 digits long, was used in constructing buildings and monuments and in surveying. The inch,
foot, and yard evolved from these units through a complicated transformation not yet fully understood. Some
believe they evolved from cubic measures; others believe they were simple proportions or multiples of the cubit.
In any case, the Greeks and Romans inherited the foot from the Egyptians. The Roman foot was divided into both
12 unciae (inches) and 16 digits. The Romans also introduced the mile of 1000 paces or double steps, the pace
being equal to five Roman feet. The Roman mile of 5000 feet was introduced into England during the occupa-
tion. Queen Elizabeth, who reigned from 1558 to 1603, changed, by statute, the mile to 5280 feet or 8§ furlongs, a
furlong being 40 rods of 5> yards each.

The introduction of the yard as a unit of length came later, but its origin is not definitely known. Some believe
the origin was the double cubit, others believe that it originated from cubic measure. Whatever its origin, the
early yard was divided by the binary method into 2, 4, 8, and 16 parts called the half-yard, span, finger, and nail.
The association of the yard with the “gird” or circumference of a person’s waist or with the distance from the tip
of the nose to the end of the thumb of Henry I are probably standardizing actions, since several yards were in use
in Great Britain.

The point, which is a unit for measuring print type, is recent. It originated with Pierre Simon Fournier in
1737. It was modified and developed by the Didot brothers, Francois Ambroise and Pierre Francois, in
1755. The point was first used in the United States in 1878 by a Chicago type foundry (Marder, Luse, and
Company). Since 1886, a point has been exactly 0.351 459 8 millimeters, or about 2 inch.

Units of mass: The grain was the earliest unit of mass and is the smallest unit in the apothecary, avoirdupois,
Tower, and Troy systems. The early unit was a grain of wheat or barleycorn used to weigh the precious metals
silver and gold. Larger units preserved in stone standards were developed that were used as both units of mass
and of monetary currency. The pound was derived from the mina used by ancient civilizations. A smaller unit
was the shekel, and a larger unit was the talent. The magnitude of these units varied from place to place. The
Babylonians and Sumerians had a system in which there were 60 shekels in a mina and 60 minas in a talent. The
Roman talent consisted of 100 libra (pound) which were smaller in magnitude than the mina. The Troy pound
used in England and the United States for monetary purposes, like the Roman pound, was divided into 12 ounces,
but the Roman uncia (ounce) was smaller. The carat is a unit for measuring gemstones that had its origin in the
carob seed, which later was standardized at /us ounce and then 0.2 gram.

Goods of commerce were originally traded by number or volume. When weighing of goods began, units of
mass based on a volume of grain or water were developed. For example, the talent in some places was approx-
imately equal to the mass of one cubic foot of water. Was this a coincidence or by design? The diverse mag-
nitudes of units having the same name, which still appear today in our dry and liquid measures, could have arisen
from the various commodities traded. The larger avoirdupois pound for goods of commerce might have been
based on volume of water which has a higher bulk density than grain. For example, the Egyptian hon was a
volume unit about 11% larger than a cubic palm and corresponded to one mina of water. It was almost identical
in volume to the present U.S. pint.

The stone, quarter, hundredweight, and ton were larger units of mass used in Great Britain. Today only the
stone continues in customary use for measuring personal body weight. The present stone is 14 pounds, but an
earlier unit appears to have been 16 pounds. The other units were multiples of 2, 8, and 160 times the stone, or 28,
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112, and 2240 pounds, respectively. The hundredweight was approximately equal to two talents. In the United
States the ton of 2240 pounds is called the “long ton.” The “short ton” is equal to 2000 pounds.

Units of time and angle: We can trace the division of the circle into 360 degrees and the day into hours,
minutes, and seconds to the Babylonians who had a sexagesimal system of numbers. The 360 degrees may have
been related to a year of 360 days.

2.2 The Metric System
2.2.1 Definition, Origin, and Development

Metric systems of units have evolved since the adoption of the first well defined system in France in 1791. Dur-
ing this evolution the use of these systems spread throughout the world, first to the non-English speaking coun-
tries, and more recently to the English speaking countries. The first metric system was based on the centimeter,
gram, and second (cgs), and these units were particularly convenient in science and technology. Later metric
systems were based on the meter, kilogram, and second (mks) to improve the value of the units for practical
applications. The present metric system is the International System of Units (SI). It is also based on the meter,
kilogram, and second as well as additional base units for temperature, electric current, luminous intensity, and
amount of substance. The International System of Units is referred to as the modern metric system.

The adoption of the metric system in France was slow, but its desirability as an international system was
recognized by geodesists and others. On May 20, 1875, an international treaty known as the International Metric
Convention or the Treaty of the Meter was signed by seventeen countries including the United States. This treaty
established the following organizations to conduct international activities relating to a uniform system for
measurements:

(1) The General Conference on Weights and Measures (French initials: CGPM), an intergovernmental con-
ference of official delegates of member nations and the supreme authority for all actions;

(2) The International Committee of Weights and Measures (French initials: CIPM), consisting of selected
scientists and metrologists, which prepares and executes the decisions of the CGPM and is responsible
for the supervision of the International Bureau of Weights and Measures;

(3) The International Bureau of Weights and Measures (French initials: BIPM), a permanent laboratory and
world center of scientific metrology, the activities of which include the establishment of the basic stan-
dards and scales of the principal physical quantities and maintenance of the international prototype
standards.

The National Institute of Standards and Technology provides official United States representation in these
organizations. The CGPM, the CIPM, and the BIPM have been major factors in the continuing refinement of the
metric system on a scientific basis and in the evolution of the International System of Units.

Multiples and submultiples of metric units are related by powers of ten. This relationship is compatible with
the decimal system of numbers, and it contributes greatly to the convenience of metric units.

2.2.2 International System of Units

At the end of World War II, a number of different systems of measurement still existed throughout the world.
Some of these systems were variations of the metric system, and others were based on the customary inch-pound
system of the English-speaking countries. It was recognized that additional steps were needed to promote a
worldwide measurement system. As a result the 9th GCPM, in 1948, asked the ICPM to conduct an international
study of the measurement needs of the scientific, technical, and educational communities. Based on the findings
of this study, the 10th General Conference in 1954 decided that an international system should be derived from
six base units to provide for the measurement of temperature and optical radiation in addition to mechanical and
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electromagnetic quantities. The six base units recommended were the meter, kilogram, second, ampere, Kelvin
degree (later renamed the kelvin), and the candela.

In 1960, the 11th General Conference of Weights and Measures named the system based on the six base
quantities of the International System of Units, abbreviated SI from the French name: Le Systéme International
d’Unités. The SI metric system is now either obligatory or permissible throughout the world.

2.2.3 Units and Standards of the Metric System

In the early metric system there were two fundamental or base units, the meter and the kilogram, for length and
mass. The other units of length and mass, and all units of area, volume, and compound units such as density were
derived from these two fundamental units.

The meter was originally intended to be one ten-millionth part of a meridional quadrant of the earth. The
Meter of the Archives, the platinum length standard which was the standard for most of the 19th century, at
first was supposed to be exactly this fractional part of the quadrant. More refined measurements over the earth’s
surface showed that this supposition was not correct. In 1889, a new international metric standard of length, the
International Prototype Meter, a graduated line standard of platinum-iridium, was selected from a group of bars
because precise measurements found it to have the same length as the Meter of the Archives. The meter was then
defined as the distance, under specified conditions, between the lines on the International Prototype Meter with-
out reference to any measurements of the earth or to the Meter of the Archives, which it superseded. Advances in
science and technology have made it possible to improve the definition of the meter and reduce the uncertainties
associated with artifacts. From 1960 to 1983, the meter was defined as the length equal to 1 650 763.73 wave-
lengths in a vacuum of the radiation corresponding to the transition between the specified energy levels of the
krypton 86 atom. Since 1983 the meter has been defined as the length of the path traveled by light in a vacuum
during an interval of wss of a second.

The kilogram, originally defined as the mass of one cubic decimeter of water at the temperature of maximum
density, was known as the Kilogram of the Archives. It was replaced after the International Metric Convention in
1875 by the International Prototype Kilogram which became the unit of mass without reference to the mass of a
cubic decimeter of water or to the Kilogram of the Archives. Each country that subscribed to the International
Metric Convention was assigned one or more copies of the international standards; these are known as National
Prototype Meters and Kilograms.

The liter is a unit of capacity or volume. In 1964, the 12th GCPM redefined the liter as being one cubic
decimeter. By its previous definition—the volume occupied, under standard conditions, by a quantity of pure
water having a mass of one kilogram—the liter was larger than the cubic decimeter by 28 parts per 1 000 000.
Except for determinations of high precision, this difference is so small as to be of no consequence.

The modern metric system (SI) includes two classes of units:

base units for length, mass, time, temperature, electric current, luminous intensity, and amount of sub-
stance; and
derived units for all other quantities (e.g., work, force, power) expressed in terms of the seven base units.

For details, see NIST Special Publication 330 (2001), The International System of Units (SI) and NIST
Special Publication 811 (1995), Guide for the Use of the International System of Units.

2.2.4 International Bureau of Weights and Measures

The International Bureau of Weights and Measures (BIPM) was established at Seévres, a suburb of Paris, France,
by the International Metric Convention of May 20, 1875. The BIPM maintains the International Prototype
Kilogram, many secondary standards, and equipment for comparing standards and making precision measure-
ments. The Bureau, funded by assessment of the signatory governments, is truly international. In recent years the
scope of the work at the Bureau has been considerably broadened. It now carries on researches in the fields of
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electricity, photometry and radiometry, ionizing radiations, and time and frequency besides its work in mass,
length, and thermometry.

2.2.5 Status of the Metric System in the United States

The use of the metric system in this country was legalized by Act of Congress in 1866, but was not made
obligatory then or since.

Following the signing of the Convention of the Meter in 1875, the United States acquired national prototype
standards for the meter and the kilogram. U.S. Prototype Kilogram No. 20 continues to be the primary standard
for mass in the United States. It is recalibrated from time to time at the BIPM. The prototype meter has been
replaced by modern stabilized lasers following the most recent definition of the meter.

From 1893 until 1959, the yard was defined as equal exactly to ***s meter. In 1959, a small change was
made in the definition of the yard to resolve discrepancies both in this country and abroad. Since 1959, we define
the yard as equal exactly to 0.9144 meter; the new yard is shorter than the old yard by exactly two parts in a
million. At the same time, it was decided that any data expressed in feet derived from geodetic surveys within the
United States would continue to bear the relationship as defined in 1893 (one foot equals %57 meter). We call
this foot the U.S. Survey Foot, while the foot defined in 1959 is called the International Foot. Measurements
expressed in U.S. statute miles, survey feet, rods, chains, links, or the squares thereof, and acres should be con-
verted to the corresponding metric values by using pre-1959 conversion factors if more than five significant
figure accuracy is required.

Since 1970, actions have been taken to encourage the use of metric units of measurement in the United
States. A brief summary of actions by Congress is provided below as reported in the Federal Register Notice
dated July 28, 1998.

Section 403 of Public Law 93-380, the Education Amendment of 1974, states that it is the policy of the United
States to encourage educational agencies and institutions to prepare students to use the metric system of measure-
ment as part of the regular education program. Under both this act and the Metric Conversion Act of 1975, the
“metric system of measurement” is defined as the International System of Units as established in 1960 by the Gen-
eral Conference on Weights and Measures and interpreted or modified for the United States by the Secretary of
Commerce (Sec. 4(4)—Pub. L. 94-168; Sec. 403(a)(3)—Pub. L. 93-380). The Secretary has delegated authority
under these subsections to the Director of the National Institute of Standards and Technology.

Section 5164 of Public Law 100-418, the Omnibus Trade and Competitiveness Act of 1988, amends Public
Law 94-168, The Metric Conversion Act of 1975. In particular, Section 3 Metric Conversion Act is amended to
read as follows:

“Sec. 3. It is therefore the declared policy of the United States—

(1) to designate the metric system of measurement as the preferred system of weights and measures for
United States trade and commerce;

(2) to require that each federal agency, by a date certain and to the extent economically feasible by the
end of the fiscal year 1992, use the metric system of measurement in its procurements, grants, and
other business-related activities, except to the extent that such use is impractical or is likely to cause
significant inefficiencies or loss of markets to U.S. firms, such as when foreign competitors are pro-
ducing competing products in non-metric units;

(3) to seek ways to increase understanding of the metric system of measurement through educational
information and guidance and in government publications; and

(4) to permit the continued use of traditional systems of weights and measures in nonbusiness
activities.”

The Code of Federal Regulations makes the use of metric units mandatory for agencies of the federal
government. (Federal Register, Vol. 56, No. 23, Page 160, January 2, 1991.)
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2.3 British and United States Systems of Measurement

In the past, the customary system of weights and measures in the British Commonwealth countries and that in the
United States were very similar; however, the SI metric system is now the official system of units in the United
Kingdom, while the customary units are still predominantly used in the United States. Because references to the
units of the old British customary system are still found, the following discussion describes the differences be-
tween the U.S. and British customary systems of units.

After 1959, the U.S. and the British inches were defined identically for scientific work and were identical in
commercial usage. A similar situation existed for the U.S. and the British pounds, and many relationships, such
as 12 inches = 1 foot, 3 feet = 1 yard, and 1760 yards = 1 international mile, were the same in both countries; but
there were some very important differences.

In the first place, the U.S. customary bushel and the U.S. gallon, and their subdivisions differed from the
corresponding British Imperial units. Also the British ton is 2240 pounds, whereas the ton generally used in
the United States is the short ton of 2000 pounds. The American colonists adopted the English wine gallon
of 231 cubic inches. The English of that period used this wine gallon and they also had another gallon, the
ale gallon of 282 cubic inches. In 1824, the British abandoned these two gallons when they adopted the British
Imperial gallon, which they defined as the volume of 10 pounds of water, at a temperature of 62 °F, which, by
calculation, is equivalent to 277.42 cubic inches. At the same time, they redefined the bushel as 8 gallons.

In the customary British system, the units of dry measure are the same as those of liquid measure. In the United
States these two are not the same; the gallon and its subdivisions are used in the measurement of liquids and the
bushel, with its subdivisions, is used in the measurement of certain dry commodities. The U.S. gallon is divided into
four liquid quarts and the U.S. bushel into 32 dry quarts. All the units of capacity or volume mentioned thus far are
larger in the customary British system than in the U.S. system. But the British fluid ounce is smaller than the U.S. fluid
ounce, because the British quart is divided into 40 fluid ounces whereas the U.S. quart is divided into 32 fluid ounces.

From this we see that in the customary British system an avoirdupois ounce of water at 62 °Fhas a volume of one
fluid ounce, because 10 pounds is equivalent to 160 avoirdupois ounces, and 1 gallon is equivalent to 4 quarts, or 160
fluid ounces. This convenient relation does not exist in the U.S. system because a U.S. gallon of water at 62 °F weighs
about 8% pounds, or 133% avoirdupois ounces, and the U.S. gallon is equivalent to 4 x 32, or 128 fluid ounces.

1 U.S. fluid ounce = 1.041 British fluid ounces
1 British fluid ounce = 0.961 U.S. fluid ounce
1 U.S. gallon = 0.833 British Imperial gallon

1 British Imperial gallon = 1.201 U.S. gallons

Among other differences between the customary British and the United States measurement systems, we should
note that they abolished the use of the troy pound in England on January 6, 1879; they retained only the troy ounce
and its subdivisions, whereas the troy pound is still legal in the United States, although it is not now greatly used. We
can mention again the common use, for body weight, in England of the stone of 14 pounds, this being a unit now
unused in the United States, although its influence was shown in the practice until World War Il of selling flour by the
barrel of 196 pounds (14 stone). In the apothecary system of liquid measure the British add a unit, the fluid scruple,
equal to one third of a fluid drachm (spelled dram in the United States) between their minim and their fluid drachm. In
the United States, the general practice now is to sell dry commodities, such as fruits and vegetables, by their mass.

2.4 Subdivision of Units

In general, units are subdivided by one of three methods: (a) decimal, into tenths; (b) duodecimal, into twelfths;
or (c) binary, into halves (twos). Usually the subdivision is continued by using the same method. Each method
has its advantages for certain purposes, and it cannot properly be said that any one method is “best” unless the
use to which the unit and its subdivisions are to be put is known.
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For example, if we are concerned only with measurements of length to moderate precision, it is convenient to
measure and to express these lengths in feet, inches, and binary fractions of an inch, thus 9 feet, 4% inches. How-
ever, if these lengths are to be subsequently used to calculate area or volume, that method of subdivision at once
becomes extremely inconvenient. For that reason, civil engineers, who are concerned with areas of land, vol-
umes of cuts, fills, excavations, etc., instead of dividing the foot into inches and binary subdivisions of the inch,
divide it decimally; that is, into tenths, hundredths, and thousandths of a foot.

The method of subdivision of a unit is thus largely made based on convenience to the user. The fact that units
have commonly been subdivided into certain subunits for centuries does not preclude their also having another
mode of subdivision in some frequently used cases where convenience indicates the value of such other method.
Thus, while we usually subdivide the gallon into quarts and pints, most gasoline-measuring pumps, of the
price-computing type, are graduated to show tenths, hundredths, or thousandths of a gallon.

Although the mile has for centuries been divided into rods, yards, feet, and inches, the odometer part of an
automobile speedometer shows tenths of a mile. Although we divide our dollar into 100 parts, we habitually use
and speak of halves and quarters. An illustration of rather complex subdividing is found on the scales used by
draftsmen. These scales are of two types: (a) architects, which are commonly graduated with scales in which
$2, %, ¥, Ya, %, 2, %, 1, 112, and 3 inches, respectively, represent 1 foot full scale, and also having a scale grad-
uated in the usual manner to %s inch; and (b) engineers, which are commonly subdivided to 10, 20, 30, 40,
50, and 60 parts to the inch.

The dictum of convenience applies not only to subdivisions of a unit but also to multiples of a unit. Land
elevations above sea level are given in feet although the height may be several miles; the height of aircraft above
sea level as given by an altimeter is likewise given in feet, no matter how high it may be.

On the other hand, machinists, toolmakers, gauge makers, scientists, and others who are engaged in precision
measurements of relatively small distances, even though concerned with measurements of length only, find it
convenient to use the inch, instead of the tenth of a foot, but to divide the inch decimally to tenths, hundredths,
thousandths, etc., even down to millionths of an inch. Verniers, micrometers, and other precision measuring
instruments are usually graduated in this manner. Machinist scales are commonly graduated decimally along
one edge and are also graduated along another edge to binary fractions as small as 1/64 inch. The scales with
binary fractions are used only for relatively rough measurements.

It is seldom convenient or advisable to use binary subdivisions of the inch that are smaller than %. In fact,
Y32-, 6=, or Js-inch subdivisions are usually preferable for use on a scale to be read with the unaided eye.

2.5 Arithmetical Systems of Numbers

The subdivision of units of measurement is closely associated with arithmetical systems of numbers. The
systems of units used in this country for commercial and scientific work, having many origins as has already
been shown, naturally show traces of the various number systems associated with their origins and develop-
ments. Thus, (a) the binary subdivision has come down to us from the Hindus, (b) the duodecimal system of
fractions from the Romans, (c) the decimal system from the Chinese and Egyptians, some developments having
been made by the Hindus, and (d) the sexagesimal system (division by 60) now illustrated in the subdivision of
units of angle and of time, from the ancient Babylonians. The use of decimal numbers in measurements is
becoming the standard practice.

3. Standards of Length, Mass, and Capacity or Volume
3.1 Standards of Length

The meter, which is defined in terms of the speed of light in a vacuum, is the unit on which all length measure-
ments are based.
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The yard is defined' as follows:
1 yard = 0.914 4 meter

and the inch is exactly equal to 25.4 millimeters.

3.1.1 Calibration of Length Standards

NIST calibrates standards of length including meter bars, yard bars, miscellaneous precision line standards, steel
tapes, invar geodetic tapes, precision gauge blocks, micrometers, and limit gauges. It also measures the linear
dimensions of miscellaneous apparatus such as penetration needles, cement sieves, and hemacytometer cham-
bers. In general, NIST accepts for calibration only apparatus of such material, design, and construction as to
ensure accuracy and permanence sufficient to justify calibration by the Institute. NIST performs calibrations
in accordance with fee schedules, copies of which may be obtained from NIST.

NIST does not calibrate carpenters’ rules, machinist scales, draftsman scales, and the like. Such apparatus, if
they require calibration, should be submitted to state or local weights and measures officials.

3.2 Standards of Mass

The primary standard of mass for this country is United States Prototype Kilogram 20, which is a platinum-
iridium cylinder kept at NIST. We know the value of this mass standard in terms of the International Prototype
Kilogram, a platinum-iridium standard which is kept at the International Bureau of Weights and Measures.

In Colonial Times the British standards were considered the primary standards of the United States. Later,
the U.S. avoirdupois pound was defined in terms of the Troy Pound of the Mint, which is a brass standard kept at
the United States Mint in Philadelphia. In 1911, the Troy Pound of the Mint was superseded, for coinage pur-
poses, by the Troy Pound of the Institute.

The avoirdupois pound is defined in terms of the kilogram by the relation:

1 avoirdupois pound = 0.453 592 37 kilogram.”

These changes in definition have not made any appreciable change in the value of the pound.

The grain is Yo of the avoirdupois pound and is identical in the avoirdupois, troy, and apothecary systems.
The troy ounce and the apothecary ounce differ from the avoirdupois ounce but are equal to each other, and equal
to 480 grains. The avoirdupois ounce is equal to 437.5 grains.

3.2.1 Mass and Weight

The mass of a body is a measure of its inertial property or how much matter it contains. The weight of a body is a
measure of the force exerted on it by gravity or the force needed to support it. Gravity on earth gives a body a
downward acceleration of about 9.8 m/s*. (In common parlance, weight is often used as a synonym for mass as in
weights and measures.) The incorrect use of weight in place of mass should be phased out, and the term mass
used when mass is meant.

Standards of mass are ordinarily calibrated by comparison to a reference standard of mass. If two objects are
compared on a balance and give the same balance indication, they have the same “mass” (excluding the effect of
air buoyancy). The forces of gravity on the two objects are balanced. Even though the value of the acceleration of
gravity, g, is different from location to location, because the two objects of equal mass in the same location
(where both masses are acted upon by the same g) will be affected in the same manner and by the same amount
by any change in the value of g, the two objects will balance each other under any value of g.

1. See Federal Register for July 1, 1959. See also next to last paragraph of 2.2.5.
2. See Federal Register for July 1, 1959.
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However, on a spring balance the mass of a body is not balanced against the mass of another body.
Instead, the gravitational force on the body is balanced by the restoring force of a spring. Therefore, if
a very sensitive spring balance is used, the indicated mass of the body would be found to change if
the spring balance and the body were moved from one locality to another locality with a different accel-
eration of gravity. But a spring balance is usually used in one locality and is adjusted or calibrated to
indicate mass at that locality.

3.2.2 Effect of Air Buoyancy

Another point that must be taken into account in the calibration and use of standards of mass is the buoyancy or
lifting effect of the air. A body immersed in any fluid is buoyed up by a force equal to the force of gravity on
the displaced fluid. Two bodies of equal mass, if placed one on each pan of an equal-arm balance, will balance
each other in a vacuum. A comparison in a vacuum against a known mass standard gives “true mass.” If com-
pared in air, however, they will not balance each other unless they are of equal volume. If of unequal volume,
the larger body will displace the greater volume of air and will be buoyed up by a greater force than will the
smaller body, and the larger body will appear to be of less mass than the smaller body.

The greater the difference in volume, and the greater the density of the air in which we make the comparison
weighing, the greater will be the apparent difference in mass. For that reason, in assigning a precise numerical
value of mass to a standard, it is necessary to base this value on definite values for the air density and the density
of the mass standard of reference.

The apparent mass of an object is equal to the mass of just enough reference material of a specified density
(at 20 °C) that will produce a balance reading equal to that produced by the object if the measurements are
done in air with a density of 1.2 mg/cm? at 20 °C. The original basis for reporting apparent mass is apparent
mass versus brass. The apparent mass versus a density of 8.0 g/cm® is the more recent definition, and is used
extensively throughout the world. The use of apparent mass versus 8.0 g/cm® is encouraged over apparent
mass versus brass. The difference in these apparent mass systems is insignificant in most commercial
weighing applications.

A full discussion of this topic is given in NIST Monograph 133, Mass and Mass Values, by Paul E. Pontius
[for sale by the National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161 (COM
7450309).]

3.2.3 Calibrations of Standards of Mass

Standards of mass regularly used in ordinary trade should be tested by state or local weights and measures
officials. NIST calibrates mass standards submitted, but it does not manufacture or sell them. Information re-
garding the mass calibration service of NIST and the regulations governing the submission of standards of mass
to NIST for calibration are contained in NIST Special Publication 250, Calibration and Related Measurement
Services of NIST, latest edition.

3.3 Standards of Capacity

Units of capacity or volume, being derived units, are in this country defined in terms of linear units. Laboratory
standards have been constructed and are maintained at NIST. These have validity only by calibration with ref-
erence either directly or indirectly to the linear standards. Similarly, NIST has made and distributed standards of
capacity to the several states. Other standards of capacity have been verified by calibration for a variety of uses in
science, technology, and commerce.
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3.3.1 Calibrations of Standards of Capacity

NIST makes calibrations on capacity or volume standards that are in the customary units of trade; that is, the
gallon, its multiples, and submultiples, or in metric units. Further, NIST calibrates precision-grade volumetric
glassware which is normally in metric units. NIST makes calibrations in accordance with fee schedules, copies
of which may be obtained from NIST.

3.4 Maintenance and Preservation of Fundamental Standard of Mass

It is a statutory responsibility of NIST to maintain and preserve the national standard of mass at NIST and to
realize all the other base units. The U.S. Prototype Kilogram maintained at NIST is fully protected by an alarm
system. All measurements made with this standard are conducted in special air-conditioned laboratories to
which the standard is taken a sufficiently long time before the observations to ensure that the standard will
be in a state of equilibrium under standard conditions when the measurements or comparisons are made. Hence,
it is not necessary to maintain the standard at standard conditions, but care is taken to prevent large changes of
temperature. More important is the care to prevent any damage to the standard because of careless handling.

4. Specialized Use of the Terms “Ton” and “Tonnage”

As weighing and measuring are important factors in our everyday lives, it is quite natural that questions arise
about the use of various units and terms and about the magnitude of quantities involved. For example, the words
“ton” and “tonnage” are used in widely different senses, and a great deal of confusion has arisen regarding the
application of these terms.

The ton is used as a unit of measure in two distinct senses: (1) as a unit of mass, and (2) as a unit of capacity or
volume. In the first sense, the term has the following meanings:

(a) The short, or net ton of 2000 pounds.
(b) The long, gross, or shipper’s ton of 2240 pounds.
(¢) The metric ton of 1000 kilograms, or 2204.6 pounds.

In the second sense (capacity), it is usually restricted to uses relating to ships and has the following meaning:

(a) The register ton of 100 cubic feet.
(b) The measurement ton of 40 cubic feet.
(¢) The English water ton of 224 British Imperial gallons.

In the United States and Canada the ton (mass) most commonly used is the short ton. In Great Britain, it is the
long ton, and in countries using the metric system, it is the metric ton. The register ton and the measurement ton
are capacity or volume units used in expressing the tonnage of ships. The English water ton is used, chiefly in
Great Britain, in statistics dealing with petroleum products.

There have been many other uses of the term ton such as the timber ton of 40 cubic feet and the wheat ton of
20 bushels, but their uses have been local and the meanings have not been consistent from one place to another.

Properly, the word “tonnage” is used as a noun only in respect to the capacity or volume and dimensions of
ships, and to the amount of the ship’s cargo. There are two distinct kinds of tonnage; namely, vessel tonnage and
cargo tonnage and each of these is used in various meanings. The several kinds of vessel tonnage are as follows:

Gross tonnage, or gross register tonnage, is the total cubical capacity or volume of a ship expressed in register tons of
100 cubic feet, or 2.83 cubic meters, less such space as hatchways, bakeries, galleys, etc., as are exempted from mea-
surement by different governments. There is some lack of uniformity in the gross tonnages as given by different nations
due to lack of agreement on the spaces that are to be exempted. Official merchant marine statistics of most countries are
published in terms of the gross register tonnage. Press references to ship tonnage are usually to the gross tonnage.
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The net tonnage, or net register tonnage, is the gross tonnage less the different spaces specified by maritime
nations in their measurement rules and laws. The spaces deducted are those totally unavailable for carrying
cargo, such as the engine room, coal bunkers, crew quarters, chart and instrument room, etc. The net tonnage
is used in computing how much cargo that can be loaded on a ship. It is used as the basis for wharfage and other
similar charges.

The register under-deck tonnage is the cubical capacity of a ship under her tonnage deck expressed in register
tons. In a vessel having more than one deck, the tonnage deck is the second from the keel.

There are several variations of displacement tonnage.

The dead weight tonnage is the difference between the “loaded” and “light” displacement tonnages of a
vessel. It is expressed in terms of the long ton of 2240 pounds, or the metric ton of 2204.6 pounds, and is
the weight of fuel, passengers, and cargo that a vessel can carry when loaded to its maximum draft.

The second variety of tonnage, cargo tonnage, refers to the weight of the particular items making
up the cargo. In overseas traffic it is usually expressed in long tons of 2240 pounds or metric tons of 2204.6
pounds. The short ton is only occasionally used. Therefore, the cargo tonnage is very distinct from vessel
tonnage.

APPENDIX C: GENERAL TABLES OF UNITS OF MEASUREMENT

These tables have been prepared for the benefit of those requiring tables of units for occasional ready reference.
In Section 4 of this Appendix, the tables are carried out to a large number of decimal places and exact values are
indicated by underlining. In most of the other tables, only a limited number of decimal places are given, therefore
making the tables better adopted to the average user.

1. Tables of Metric Units of Measurement

In the metric system of measurement, designations of multiples and subdivisions of any unit may be arrived at by
combining with the name of the unit the prefixes deka, hecto, and kilo meaning, respectively, 10, 100, and 1000,
and deci, centi, and milli, meaning, respectively, one-tenth, one-hundredth, and one-thousandth. In some of the
following metric tables, some such multiples and subdivisions have not been included for the reason that these
have little, if any currency in actual usage.

In certain cases, particularly in scientific usage, it becomes convenient to provide for multiples larger than
1000 and for subdivisions smaller than one-thousandth. Accordingly, the following prefixes have been intro-
duced and these are now generally recognized:

yotta, (Y) meaning 10% deci, (d), meaning 107"
zetta, ), meaning 10*' centi, (0), meaning 102
exa, (E), meaning 10'® milli, (m), meaning 1073
peta, P), meaning 10'° micro, (W), meaning 10~°
tera, (M), meaning 10"2 nano, (n), meaning 107°
giga, (Q), meaning 10° pico, (p), meaning 10~'?
mega, (M), meaning 10° femto, ), meaning 10717
kilo, (k), meaning 10'3 atto, (a), meaning 10*’18
hecto, (h), meaning 102 zepto, (2), meaning 1072
deka, (da), meaning 10" yocto, (y), meaning 10~
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Thus a kilometer is 1000 meters and a millimeter is 0.001 meter.

Units of Length

10 millimeters (mm)
10 centimeters

10 decimeters

10 meters

10 dekameters

10 hectometers

centimeter (cm)

decimeter (dm) = 100 millimeters
meter (m) = 1000 millimeters
dekameter (dam)

hectometer (hm) = 100 meters
kilometer (km) = 1000 meters

Units of Area

100 square millimeters (mm?)
100 square centimeters

100 square decimeters

100 square meters

100 square dekameters

100 square hectometers

1 square centimeter (cm?)

square decimeter (dm?)
square meter (m?)
square dekameter (dam?) = 1 are

1 square hectometer (hm?) = 1 hectare (ha)

square kilometer (km?)

Units of Liquid Volume

10 milliliters (mL)
10 centiliters

10 deciliters

10 liters

10 dekaliters

10 hectoliters

centiliter (cL)

deciliter (dL) = 100 milliliters
liter' = 1000 milliliters
dekaliter (daL)

hectoliter (hL) = 100 liters
kiloliter (kL) = 1000 liters

Units of Volume

1000 cubic millimeters (mm?)
1000 cubic centimeters

1000 cubic decimeters

cubic centimeter (cm?)

cubic decimeter (dm?)

000 000 cubic millimeters
cubic meter (m?)

000 000 cubic centimeters
000 000 000 cubic millimeters

Units of Mass

10 milligrams (mg)
10 centigrams

10 decigrams

10 grams

10 dekagrams

10 hectograms
1000 kilograms

centigram (cg)

decigram (dg) = 100 milligrams
gram (g) = 1000 milligrams
dekagram (dag)

hectogram (hg) = 100 grams
kilogram (kg) = 1000 grams
megagram (Mg) or 1 metric ton(t)

1. By action of the 12th General Conference on Weights and Measures (1964), the liter is a special name for the cubic decimeter.
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2. Tables of U.S. Units of Measurement?

In these tables where foot or mile is underlined, it is survey foot or U.S. statute mile rather than international foot
or mile that is meant.

Units of Length

12 inches (in) =1 foot (ft)

3 feet =1 yard (yd)

16% feet =1 rod (rd), pole, or perch

40 rods =1 furlong (fur) = 660 feet

8 furlongs =1 U.S. statute mile (mi) = 5280 feet
1852 meters (m) = 6076.115 49 feet (approximately)

= 1 international nautical mile

Units of Area®

144 square inches (in?) = 1 square foot (ft?)
9 square feet =1 square yard (yd?)
= 1296 square inches
272" square feet = 1 square rod (rd?)
160 square rods =1 acre = 43 560 square feet
640 acres = 1 square mile (mi?)
1 mile square = 1 section of land
6 miles square = 1 township

= 36 sections = 36 square miles

Units of Volume®

1728 cubic inches (in?) =1 cubic foot (ft’)
27 cubic feet =1 cubic yard (yd®)

Gunter’s or Surveyors Chain Units of Measurement

0.66 foot (ft) =1 link (i)
100 links =1 chain (ch)
= 4 rods = 66 feet
80 chains =1 U.S. statute mile (mi)

= 320 rods = 5280 feet

2. This section lists units of measurement that have traditionally been used in the United States. In keeping with the Omnibus Trade and
Competitiveness Act of 1988, the ultimate objective is to make the International System of Units the primary measurement system used in the
United States.

3. Squares and cubes of customary but not of metric units are sometimes expressed by the use of abbreviations rather than symbols. For
example, sq ft means square foot, and cu ft means cubic foot.
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Units of Liquid Volume*

4 gills (gi)
2 pints
4 quarts

=1 pint (pt) = 28.875 cubic inches (in*)
=1 quart (qt) = 57.75 cubic inches

=1 gallon (gal) = 231 cubic inches

= 8 pints = 32 gills

Apothecaries Units of Liquid Volume

60 minims
8 fluid drams

16 fluid ounces

2 pints

4 quarts

=1 fluid dram (fl dr or £ 3)

= 0.225 6 cubic inch (in®)

= 1 fluid ounce (fl oz or %)

= 1.804 7 cubic inches

=1 pint (pt)

= 28.875 cubic inches

= 128 fluid drams

=1 quart (qt) = 57.75 cubic inches
= 32 fluid ounces = 256 fluid drams
=1 gallon (gal) = 231 cubic inches
= 128 fluid ounces = 1024 fluid drams

Units of Dry Volume®

2 pints (pt)
8 quarts

4 pecks

=1 quart (qt) = 67.200 6 cubic inches (in®)
=1 peck (pk) = 537.605 cubic inches

= 16 pints

=1 bushel (bu) = 2150.42 cubic inches

= 32 quarts

Avoirdupois Units of Mass®

[The “grain” is the same in avoirdupois, troy, and apothecaries units of mass.]

27" grains (gr)
16 drams

16 ounces

100 pounds
20 hundredweights

=1 dram (dr)

=1 ounce (0z)

= 437, grains

=1 pound (Ib)

= 256 drams

= 7000 grains

= 1 hundredweight (cwt)”
=1ton (t)

= 2000 pounds”

4. When necessary to distinguish the liquid pint or quart from the dry pint or quart, the word “liquid” or the abbreviation “liq” should be used

in combination with the name or abbreviation of the liquid unit.

5. When necessary to distinguish dry pint or quart from the liquid pint or quart, the word *“dry” should be used in combination with the name

or abbreviation of the dry unit.

6. When necessary to distinguish the avoirdupois dram from the apothecaries dram, or to distinguish the avoirdupois dram or ounce from the
fluid dram or ounce, or to distinguish the avoirdupois ounce or pound from the troy or apothecaries ounce or pound, the word “avoirdupois” or
the abbreviation “avdp” should be used in combination with the name or abbreviation of the avoirdupois unit.

7. When the terms “hundredweight” and “ton” are used unmodified, they are commonly understood to mean the 100-pound hundredweight
and the 2000-pound ton, respectively; these units may be designated “net” or “short” when necessary to distinguish them from the corre-

sponding units in gross or long measure.
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In “gross” or “long” measure, the following values are recognized:

112 pounds (Ib) = 1 gross or long hundredweight (cwt)”
20 gross or long hundredweights =1 gross or long ton
= 2240 pounds”

Troy Units of Mass

[The “grain” is the same in avoirdupois, troy, and apothecaries units of mass.]

24 grains (gr) = 1 pennyweight (dwt)
20 pennyweights = 1 ounce troy (oz t) = 480 grains
12 ounces troy =1 pound troy (Ib )

= 240 pennyweights = 5760 grains

Apothecaries Units of Mass

[The “grain” is the same in avoirdupois, troy, and apothecaries units of mass.]

20 grains (gr) =1 scruple (s ap or )

3 scruples = 1 dram apothecaries (dr ap or §)
= 60 grains

8 drams apothecaries = 1 ounce apothecaries (oz ap or %)
= 24 scruples = 480 grains

12 ounces apothecaries = 1 pound apothecaries (b ap)

= 96 drams apothecaries
= 288 scruples = 5760 grains

3. Notes on British Units of Measurement

In Great Britain, the yard, the avoirdupois pound, the troy pound, and the apothecaries pound are identical with
the units of the same names used in the United States. The tables of British linear measure, troy mass, and apoth-
ecaries mass are the same as the corresponding United States tables, except for the British spelling “drachm” in
the table of apothecaries mass. The table of British avoirdupois mass is the same as the United States table up to 1
pound; above that point the table reads:

14 pounds =1 stone

2 stones =1 quarter = 28 pounds

4 quarters = 1 hundredweight = 112 pounds
20 hundredweight =1 ton = 2240 pounds

The present British gallon and bushel-known as the “Imperial gallon” and “Imperial bushel”—are, respec-
tively, about 20 % and 3 % larger than the United States gallon and bushel. The Imperial gallon is defined as the
volume of 10 avoirdupois pounds of water under specified conditions, and the Imperial bushel is defined as
8 Imperial gallons. Also, the subdivision of the Imperial gallon as presented in the table of British apothecaries
fluid measure differs in two important respects from the corresponding United States subdivision, in that the
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Imperial gallon is divided into 160 fluid ounces (whereas the United States gallon is divided into 128 fluid
ounces), and a “fluid scruple” is included. The full table of British measures of capacity (which are used alike
for liquid and for dry commodities) is as follows:

4 gills =1 pint

2 pints =1 quart
4 quarts =1 gallon
2 gallons =1 peck

8 gallons (4 pecks) =1 bushel
8 bushels =1 quarter

The full table of British apothecaries measure is as follows:

20 minims =1 fluid scruple

3 fluid scruples =1 fluid drachm
= 60 minims

8 fluid drachms =1 fluid ounce

20 fluid ounces =1 pint

8 pints =1 gallon (160 fluid ounces)

4. Tables of Units of Measurement (all underlined figures are exact)

Units of Length—International Measure®
Units Inches Feet Yards Miles Centimeters  Meters
1 inch = 1 0.083 0.027 0.000 015 2.54 0.025 4
333 33 777 78 782 83
1 foot = 12 1 0.333 0.000 189 30.48 0.304 8
3333 3939
1 yard = 36 3 1 0.000 568 91.44 0.914 4
181 8
1 mile = 63 360 5 280 1760 1 160 934.4 1609.344
1 0.393 0.032 0.010 0.000 006 1 0.01
centimeter 700 8 808 40 936 13 213712
1 meter = 39.370 3.280 1.093 0.000 621 100 1
08 840 613 3712
-

8. One international foot = 0.999 998 survey foot (exactly)
One international mile = 0.999 998 survey mile (exactly)
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Units of Length—Survey Measure®
Units Links Feet Rods Chains Miles Meters
1 link = 1 0.66 0.04 0.01 0.000 125 0.201 168 4
1 foot = 1.515 152 1 0.060 606 06 0.015 151 52 0.000 189 393 9 0.304 800 6
1 rod = 25 16.5 1 0.25 0.003 125 5.029 210
1 chain = 100 66 4 1 0.0125 20.116 84
1 mile = 8 000 5 280 320 80 1 1609.347
1 meter = 4.970 960 3.280 833 0.198 838 4 0.049 709 60 0.000 621 369 9 1
Units of Area—International Measure’
Units Square Inches Square Feet Square Yards
1 square inch = 1 0.006 944 444 0.000 771 604 9
1 square foot = 144 1 0.111 1111
1 square yard = 1296 9 1
1 square mile = 4 014 489 600 27 878 400 3 097 600
1 square centimeter = 0.155 000 3 0.001 076 391 0.000 119599 0
1 square meter = 1550.003 10.763 91 1.195 990
Note: 1 survey foot = %53, meter (exactly)
1 international foot =12 x 0.0254 meter (exactly)
1 international foot = 0.0254 x 39.37 survey foot (exactly)
Units Square Miles Square Centimeters Square Meters
1 square inch = 0.000 000 000 249 097 7 6.451 6 0.000 645 16
1 square foot = 0.000 000 035 870 06 929.030 4 0.092 903 04
1 square yard = 0.000 000 322 830 6 8361.273 6 0.836 127 36
1 square mile = 1 25 899 881 103.36 2589 988.110 336
1 square centimeter = 0.000 000 000 038 610 22 1 0.0001
1 square meter = 0.000 000 386 102 2 10 000 1

9. One square survey foot = 1.000 004 square international feet
One square survey mile = 1.000 004 square international miles
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Units of Area—Survey Measure

9

Units Square Feet  Square Rods Square Chains  Acres
1 square foot = 1 0.003 673 095 0.000 229 568 4  0.000 022 956 84
1 square rod = 272.25 1 0.062 5 0.006 25
1 square chain = 4356 16 1 0.1
1 acre = 43 560 160 10 1
1 square mile = 27 878 400 102 400 6400 640
1 square meter = 10.763 87 0.039 536 70 0.002 471 044 0.000 247 104 4
1 hectare = 107 638.7 395.367 0 24.710 44
4 ™
Units Square Miles Square Meters Hectares
1 square foot = 0.000 000 035 870 06 0.092 903 41 0.000 009 290 341
1 square rod = 0.000 009 765 625 25.292 95 0.002 529 295
1 square chain = 0.000 156 25 404.687 3 0.040 468 73
1 acre = 0.001 562 5 4 046.873 0.404 687 3
1 square mile = 1 2 589998 258.999 8
1 square meter = 0.000 000 386 100 6 1 0.000 1
1 hectare = 0.003 861 006 10 000 1
- %
Units of Volume
Units Cubic Inches Cubic Feet Cubic Yards
1 cubic inch = 1 0.000 578 703 7 0.000 021 433 47
1 cubic foot = 1728 1 0.037 037 04
1 cubic yard = 46 656 27 1
1 cubic centimeter = 0.061 023 74 0.000 035 314 67 0.000 001 307 951
1 cubic decimeter = 61.023 74 0.035 314 67 0.001 307 951
1 cubic meter = 61 023.74 35.314 67 1.307 951
N /
Units Milliliters (Cubic Centimeters) Liters (Cubic Decimeters) Cubic Meters

1 cubic inch =

16.387 064

0.016 387 064

0.000 016 387 064

1 cubic foot = 28 316.846 592 28.316.846 592 0.028 316 846 592
1 cubic yard = 764 554.857 984 764.554 857 984 0.764 554 857 984
(Continued)
9. One square survey foot = 1.000 004 square international feet

One square survey mile = 1.000 004 square international miles
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Units Milliliters (Cubic Centimeters) Liters (Cubic Decimeters) Cubic Meters

1 cubic centimeter = 1 0.001 0.000 001

1 cubic decimeter = 1000 1 0.001

1 cubic meter = 1000 000 1000 1

Units of Capacity or Volume —Dry Volume Measure

Units Dry Pints Dry Quarts Pecks Bushels

1 dry pint = 1 0.5 0.062.5 0.015 625

1 dry quart = 2 1 0.125 0.031 25

1 peck = 16 8 1 0.25

1 bushel = 64 32 4 1

1 cubic inch = 0.029 761 6 0.014 880 8 0.001 860 10 0.000 465 025
1 cubic foot = 51.428 09 25.714 05 3.214 256 0.803 563 95
1 liter = 1.816 166 0.908 083 0 0.113510 4 0.028 377 59
1 cubic meter = 1816.166 908.083 0 113.510 4 28.377 59
Units Cubic Inches Cubic Feet Liters Cubic Meters

1 dry pint = 33.600 3125 0.019 444 63 0.550 610 5 0.000 550 610 5
1 dry quart = 67.200 625 0.038 889 25 1.101 221 0.001 101 221

1 peck = 537.605 0.311 114 8.809 768 0.008 809 768

1 bushel = 2150.42 1.244 456 35.239 07 0.035 239 07

1 cubic inch = 1 0.000 578 703 7 0.016 387 06 0.000 016 387 06
1 cubic foot = 1728 1 28.316 85 0.028 316 85

1 liter = 61.023 74 0.035 314 67 1 0.001

1 cubic meter = 61 023.74 35.314 67 1000 1

Units of Capacity or Volume—Liquid Volume Measure

Units Minims Fluid Drams Fluid Ounces Gills

1 minim = 1 0.016 666 67 0.002 083 333 0.000 520 833 3
1 fluid dram = 60 1 0.125 0.031 25

1 fluid ounce = 480 8 1 0.25

1 gill = 1920 32 4 1

1 liquid pint = 7 680 128 16 4

1 liquid quart = 15 360 256 32 8

1 gallon = 61 440 1024 128 32




The National Institute of Standards and Testing (NIST)

Units Minims Fluid Drams Fluid Ounces Gills
1 cubic inch = 265.974 0 4.432 900 0.554 1126 0.138 528 1
1 cubic foot = 459 603.1 7660.052 957.506 5 239.376 6
1 milliliter = 16.23073 0.270512 2 0.033 814 02 0.008 453 506
1 liter = 16 230.73 270.512 2 33.814 02 8.453 506
/
Vs
Units Liquid Pints Liquid Quarts Gallons Cubic Inches
1T minim = 0.000 130 208 3 0.000 065 104 17 0.000 016 276 04 0.003 759 766
1 fluid dram = 0.007 812 5 0.003 906 25 0.000 976 562 5 0.225 585 94
1 fluid ounce = 0.062 5 0.031 25 0.007 812 5 1.804 687 5
1gill = 0.25 0.125 0.031 25 7.218 75
1 liquid pint = 1 0.5 0.125 28.875
1 liquid quart = 2 1 0.25 57.75
1 gallon = 8 4 1 231
1 cubic inch = 0.034 632 03 0.017 316 02 0.004 329 004 1
1 cubic foot = 59.844 16 29.922 08 7.480 519 1728
1 milliliter = 0.002 113 376 0.001 056 688 0.000 264 172 1 0.061 023 74
1 liter = 2.113 376 1.056 688 0.264 1721 61.023 74
\ /
~
Units Cubic Feet Milliliters Liters
1T minim = 0.000 002 175 790 0.061 611 52 0.000 061 611 52
1 fluid dram = 0.000 130 547 4 3.696 691 0.003 696 691
1 fluid ounce = 0.001 044 379 29.573 53 0.029 573 53
1 gill = 0.004 177 517 118.294 1 0.118 294 1
1 liquid pint = 0.016 710 07 473.176 5 0.473176 5
1 liquid quart = 0.033 420 14 946.352 9 0.946 352 9
1 gallon = 0.133 680 6 3785.412 3.785 412
1 cubic inch = 0.000 578 703 7 16.387 06 0.016 387 06
1 cubic foot = 1 28 316.85 28.316 85
1 milliliter = 0.000 035 314 67 1 0.001
1 liter = 0.035 314 67 1000 1
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Units of Mass Not Less Than Avoirdupois Ounces R
Units Avoirdupois Ounces  Avoirdupois Pounds  Short Hundred-weights  Short tons
1 avoirdupois ounce = 1 0.0625 0.000 625 0.000 031 25
1 avoirdupois pound = 16 1 0.01 0.000 5
1 short hundredweight = 1 600 100 1 0.05
1 short ton = 32 000 2000 20 1
1 long ton = 35 840 2240 22.4 1.12
1 kilogram = 35.273 96 2.204 623 0.022 046 23 0.001 102 311
1 metric ton = 35 273.96 2204.623 22.046 23 1.102 311
N J
/Units Long Tons Kilograms Metric Tons A
1 avoirdupois ounce = 0.000 027 901 79 0.028 349 523 125 0.000 028 349 523 125
1 avoirdupois pound = 0.000 446 428 6 0.453 592 37 0.000 453 592 37
1 short hundredweight = 0.044 642 86 45.359 237 0.045 359 237
1 short ton = 0.892 857 1 907.184 74 0.907 184 74
1 long ton = 1 1016.046 908 8 1.016 046 908 8
1 kilogram = 0.000 984 206 5 1 0.001
1 metric ton = 0.984 206 5 1000 1
N /
Units of Mass Not Greater Than Pounds and Kilograms )
Units Grains Apothecaries Scruples Pennyweights Avoirdupois Drams
1 grain = 1 0.05 0.041 666 67 0.036 571 43
1 apoth. scruple = 20 1 0.833 3333 0.731 428 6
1 penny weight = 24 1.2 1 0.877 714 3
1 avdp. dram = 27.34375 1.367 187 5 1.139 323 1
1 apoth. dram = 60 3 2.5 2.194 286
1 avdp. ounce = 437.5 21.875 18.229 17 16
1 apoth. or troy oz. = 480 24 20 17.554 29
1 apoth. or troy pound = 5760 288 240 210.651 4
1 avdp. pound = 7000 350 291.666 7 256
1 milligram = 0.015 432 36 0.000 771 617 9 0.000 643 014 9 0.000 564 383 4
1 gram = 15.432 36 0.771617 9 0.643 014 9 0.564 383 4
1 kilogram = 15432.36 771.617 9 643.014 9 564.383 4

N
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Units Apothecaries Avoirdupois Apothecaries or Apothecaries or h
Drams Ounces Troy Ounces Troy Pounds

1 grain = 0.016 666 67 0.002 285 714 0.002 083 333 0.000 173 611 1

1 apoth. scruple = 0.333 3333 0.045 714 29 0.041 666 67 0.003 472 222

1 pennyweight = 0.4 0.054 857 14 0.05 0.004 166 667

1 avdp. dram = 0.455729 2 0.062 5 0.56 966 15 0.004 747 179

1 apoth. dram = 1 0.137 1429 0.125 0.010 416 67

1 avdp. ounce = 7.291 667 1 0.911 458 3 0.075 954 86

1 apoth. or troy 8 1.097 143 1 0.083 333 333

ounce =

1 apoth. or troy 96 13.165 71 12 1

pound =

1 avdp. pound = 116.666 7 16 14.583 33 1.215 278

1 milligram = 0.000 257 206 0 0.000 035 27396  0.000 032 150 75 0.000 002 679 229

1 gram = 0.257 206 0 0.035 273 96 0.032 150 75 0.002 679 229

1 kilogram = 257.206 0 35.273 96 32.150 75 2.679 229

o /
Units Avoirdupois Milligrams Grams Kilograms
Pounds

1 grain = 0.000 142 857 1 64.798 91 0.064 798 91 0.000 064 798 91

1 apoth. scruple = 0.002 857 143 1295.978 2 1.295978 2 0.001 295978 2

1 penny weight = 0.003 428 571 1555.173 84 1.555 173 84 0.001 555 173 84

1 avdp. dram = 0.003 906 25 1771.845 195312 1.7718451953125  0.001 7718451953125

5

1 apoth. dram = 0.008 571 429 3887.934 6 3.887 934 6 0.003 887 934 6

1 avdp. ounce = 0.062 5 28 349.523 125 28.349 523 125 0.028 349 523 125

1 apoth. or troy ounce = 0.068 571 43 31103.476 8 31.103 476 8 0.031 103 476 8

1 apoth. ortroy pound = 0.822 857 1 373 241.7216 373.2417216 0.373 2417216

1 avdp. pound = 1 453 592.37 453.592 37 0.453 592 37

1 milligram = 0.000 002 204 623 1 0.001 0.000 001

1 gram = 0.002 204 623 1000 1 0.001

1 kilogram = 2.204 623 1 000 000 1000 1

N

5. Tables of Equivalents

In these tables it is necessary to differentiate between the “international foot” and the “survey foot.” Therefore,
the survey foot is underlined.

When the name of a unit is enclosed in brackets (thus, [1 hand] .. .), this indicates (1) that the unit is not in
general current use in the United States, or (2) that the unit is believed to be based on “custom and usage” rather
than on formal authoritative definition.
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Equivalents involving decimals are, in most instances, rounded off to the third decimal place except where
they are exact, in which cases these exact equivalents are so designated. The equivalents of the imprecise units

“tablespoon” and “teaspoon’ are rounded to the nearest milliliter.

Units of Length

~

angstrom (A)'°

0.1 nanometer (exactly)
0.000 1 micrometer (exactly)
0.000 000 1 millimeter (exactly)

1 cable’s length

0.000 000 004 inch
120 fathoms (exactly)
720 feet (exactly)
219 meters

1 centimeter (cm)

0.393 7 inch

1 chain (ch) (Gunter’s or surveyors)

66 feet (exactly)
20.116 8 meters

1 decimeter (dm)

3.937 inches

1 dekameter (dam)

32.808 feet

1 fathom 6 feet (exactly)
1.828 8 meters
1 foot (ft) 0.304 8 meter (exactly)

N

Units of Length

1 furlong (fur)

10 chains (surveyors) (exactly)
660 feet (exactly)

s U.S. statute mile (exactly)
201.168 meters

[1 hand]

4 inches

_

inch (in)

2.54 centimeters (exactly)

—_

kilometer (km)

0.621 mile

—_

league (land)

—_

link (Ii) (Gunter’s or surveyors)

3 U.S. statute miles (exactly)
4.828 kilometers

0.66 foot (exactly)

0.201 168 meter

1 meter (m) 39.37 inches
1.094 yards

1 micrometer 0.001 millimeter (exactly)
0.000 039 37 inch

1 mil 0.001 inch (exactly)

0.025 4 millimeter (exactly)

10. The angstrom is basically defined as 10~'° meter.



The National Institute of Standards and Testing (NIST)

mile (mi) (U.S. statute)'’

—_

5280 feet survey (exactly)
1.609 kilometers

—_

mile (mi) (international)

5280 feet international (exactly)

—_

mile (mi) (international nautical)'?

1.852 kilometers (exactly)
1.151 survey miles

_

millimeter (mm)

0.039 37 inch
0.001 meter (exactly)

—_

nanometer (nm)

0.000 000 039 37 inch
0.013 837 inch (exactly)

—_

point (typography)

J» inch (approximately)
0.351 millimeter

—_

rod (rd), pole, or perch

16/ feet (exactly)
5.029 2 meters

1 yard (yd)

0.914 4 meter (exactly)

Units of Area

1 acre’? 43 560 square feet (exactly)
0.405 hectare

1 are 119.599 square yards
0.025 acre

1 hectare 2.471 acres

[1 square (building)]

100 square feet

1 square centimeter (cm?)

0.155 square inch

1 square decimeter (dm?)

15.500 square inches

—_

square foot (ft)

929.030 square centimeters

—_

square inch (in?)

6.451 6 square centimeters (exactly)

_

square kilometer (km?)

247.104 acres
0.386 square mile

—_

square meter (m?)

1.196 square yards
10.764 square feet

—_

square mile (mi?)

258.999 hectares

—_

square millimeter (mm?)

0.002 square inch

—_

square rod (rd?), sq pole, or sq perch

25.293 square meters

—_

square yard (yd?)

0.836 square meter

- /

11. The term “statute mile” originated with Queen Elizabeth I who changed the definition of the mile from the Roman mile of 5000 feet to
the statute mile of 5280 feet. The international mile and the U.S. statute mile differ by about 3 millimeters, although both are defined as being
equal to 5280 feet. The international mile is based on the international foot (0.3048 meter) whereas the U.S. statute mile is based on the survey
foot (1200/3937 meter).

12. The international nautical mile of 1852 meters (6076.115 49. . .feet) was adopted effective July 1, 1954, for use in the United States. The
value formerly used in the United States was 6080.20 feet = 1 nautical (geographical or sea) mile.

13. The question is often asked as to the length of a side of an acre of ground. An acre is a unit of area containing 43 560 square feet. It is not
necessarily square, or even rectangular. But, if it is square, then the length of a side is equal to V43560 ft*> = 208.710 ft (not exact).
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Units of Capacity or Volume

1 barrel (bbl), liquid

31 to 42 gallons'*

1 barrel (bbl), standard for fruits, vegetables, and other dry commodities, except
cranberries

7056 cubic inches
105 dry quarts
3.281 bushels, struck measure

1 barrel (bbl), standard, cranberry

5826 cubic inches
864 dry quarts
2.709 bushels, struck measure

1 bushel (bu) (U.S.) struck measure

2150.42 cubic inches (exactly)
35.238 liters

[1 bushel, heaped (U.S.)]

2747.715 cubic inches
1.278 bushels, struck measure'®

[1 bushel (bu) (British Imperial) (struck measure)]

1.032 U.S. bushels, struck
measure
2219.36 cubic inches

1 cord (cd) (firewood)

128 cubic feet (exactly)

1 cubic centimeter (cm?)

0.061 cubic inch

1 cubic decimeter (dm?)

61.024 cubic inches

1 cubic foot (ft®)

7.481 gallons
28.316 cubic decimeters

Units of Capacity or Volume

1 cubic inch (in®)

0.554 fluid ounce
4.433 fluid drams
16.387 cubic centimeters

1 cubic meter (m?)

1.308 cubic yards

1 cubic yard (yd?)

0.765 cubic meter

1 cup, measuring

8 fluid ounces (exactly)
237 milliliters
Y2 liquid pint (exactly)

1 dekaliter (daL)

2.642 gallons
1.135 pecks
% fluid ounce (exactly)

14. There are a variety of “barrels” established by law or usage. For example, federal taxes on fermented liquors are based on a barrel of 31
gallons; many state laws fix the “barrel for liquids” as 31%: gallons; one state fixes a 36-gallon barrel for cistern measurement; federal law
recognizes a 40-gallon barrel for “proof spirits”’; by custom, 42 gallons comprise a barrel of crude oil or petroleum products for statistical

purposes, and this equivalent is recognized “for liquids” by four states.
15. Frequently recognized as 1% bushels, struck measure.
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/1 dram, fluid (or liquid) (fl dr) or &) (U.S.)

0.226 cubic inch
3.697 milliliters
1.041 British fluid drachms

[1 drachm, fluid (fl dr) (British)]

0.961 U.S. fluid dram
0.217 cubic inch
3.552 milliliters

1 gallon (gal) (U.S.)

231 cubic inches (exactly)
3.785 liters

0.833 British gallon

128 U.S. fluid ounces (exactly)

[1 gallon (gal) (British Imperial)]

277.42 cubic inches

1201 U.S. gallons

4.546 liters

160 British fluid ounces (exactly)

1 gill (gi)

7.219 cubic inches
4 fluid ounces (exactly)
0.118 liter

1 hectoliter (hL)

26.418 gallons
2.838 bushels

1 liter (1 cubic decimeter exactly)

1.057 liquid quarts
0.908 dry quart
61.025 cubic inches

1 milliliter (mL)

0.271 fluid dram
16.231 minims
0.061 cubic inch

1 ounce, fluid (or liquid) (fl 0z) or fg) (U.S.)

1.805 cubic inches
29.573 milliliters
1.041 British fluid ounces

[1 ounce, fluid (fl oz) (British)]

0.961 U.S. fluid ounce
1.734 cubic inches
28.412 milliliters

1 peck (pk)

8.810 liters

1 pint (pt), dry

33.600 cubic inches
0.551 liter

1 pint (pt), liquid

28.875 cubic inches exactly
0.473 liter

1 quart (qt), dry (U.S.)

67.201 cubic inches
1.101 liters
0.969 British quart

1 quart (qt), liquid (U.S.)

57.75 cubic inches (exactly)
0.946 liter
0.833 British quart

o
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Units of Capacity or Volume

[1 quart (qt) (British)] 69.354 cubic inches
1.032 U.S. dry quarts
1.201 U.S. liquid quarts

1 tablespoon, measuring 3 teaspoons (exactly)
15 milliliters
4 fluid drams
"2 fluid ounce (exactly)

1 teaspoon, measuring /s tablespoon (exactly)
5 milliliters
1% fluid drams'®

1 water ton (English) 270.91 U.S. gallons
224 British Imperial gallons (exactly)

Units of Mass

1 assay ton'” (AT) 29.167 grams

1 carat (c) 200 milligrams (exactly)
3.086 grains

1 dram apothecaries (dr ap or J) 60 grains (exactly).
3.888 grams

1 dram avoirdupois (dr avdp) 27"/, (= 27.344) grains
1.772 grams

1 gamma (y) 1 microgram (exactly)

1 grain 64.798 91 milligrams (exactly)

1 gram (g) 15.432 grains

0.035 ounce, avoirdupois

hundredweight, gross or long'® (gross cwt) 112 pounds (exactly)
50.802 kilograms

1 hundredweight, gross or short (cwt or net cwt) 100 pounds (exactly)
45.359 kilograms

1 kilogram (kg) 2.205 pounds

1 microgram (pg) 0.000 001 gram (exactly)

1 milligram (mg) 0.015 grain

1 ounce, avoirdupois (oz avdp) 437.5 grains (exactly)

0.911 troy or apothecaries ounce
28.350 grams

ounce, troy, or apothecaries (0z t or oz ap or %) 480 grains (exactly)
1.097 avoirdupois ounces
31.103 grams

pennyweight (dwt) 1.555 grams

N J

16. The equivalent “1 teaspoon = 1% fluid drams” has been found by the Bureau to correspond more closely with the actual capacities of
“measuring” and silver teaspoons than the equivalent “1 teaspoon = 1 fluid dram,” which is given by a number of dictionaries.

17. Used in assaying. The assay ton bears the same relation to the milligram that a ton of 2000 pounds avoirdupois bears to the ounce troy;
hence the mass in milligrams of precious metal obtained from one assay ton of ore gives directly the number of troy ounces to the net ton.
18. The gross or long ton and hundredweight are used commercially in the United States to a limited extent only, usually in restricted in-
dustrial fields. These units are the same as the British “ton” and “hundredweight.”
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Units of Mass

1 point 0.01 carat
2 milligrams

1 pound, avoirdupois (Ib avdp) 7000 grains (exactly)
1.215 troy or apothecaries pounds
453.592 37 grams (exactly)

1 pound, troy or apothecaries (Ib t or Ib ap) 5760 grains (exactly)
0.823 avoirdupois pound
373.242 grams

1 scruple (s ap or ) 20 grains (exactly)
1.296 grams
1 ton, gross or long'® 2240 pounds (exactly)

1.12 net tons (exactly)
1.016 metric tons

1 ton, metric (t) 2204.623 pounds
0.984 gross ton
1.102 net tons

1 ton, net or short 2000 pounds (exactly)
0.893 gross ton
0.907 metric ton

- /

19. The gross or long ton and hundredweight are used commercially in the United States to a limited extent only, usually in restricted
industrial fields. These units are the same as the British “ton” and “hundredweight.”
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Conversion Tables and Conversion Formulas
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2.0.0 Executive Order 12770—The Metric Conversion Law

On July 25, 1991, President George H.W.Bush signed Executive Order 12770, referred to as the Metric Con-
version Law, directing U.S. businesses and professionals to use the SI (metric) system as the “preferred” system
for weights and measures.

The designation SI is derived from Systems International d unites, the current international designation for
the standard metric system of weights and measures.

Although engineering, design, and construction professionals in the United States have not fully adopted
conversion to the metric system, the increased globalization of these professions requires familiarization with
metric conversion units.

Avoirdupois units of mass (weight) differ from the Troy system, which is now the accepted weight denom-
ination for precious metals. The Troy pound contains 12 ounces, whereas the Avoirdupois system in current use
today for almost everything except precious metals contains 16 ounces to the pound.

Imperial units such as inches, feet, yards, and miles are similar to customary U.S. units, but there are some
exceptions. The Imperial system uses the term stone instead of pounds—a stone is the equivalent of 14 U.S.
pounds.

The Imperial system also uses long hundredweight, which is equal to 112 U.S. pounds, and it also uses the
long ton, equivalent to 2240 U.S. pounds.

Metric to U.S. and U.S. to metric conversion tables in this section provide easy conversion for:

Length, width, and thickness
Area—Volume

Weight

. Temperature

RN

2.0.1 Inches to Feet Conversion Table

Inches Feet Inches Feet Inches Feet Inches Feet
0 0.00 13 1.08 35 2.91 57 4.75
0.1 0.008 14 1.16 36 3.00 58 4.83
0.2 0.016 15 1.25 37 3.08 59 4.91
0.3 0.025 16 1.33 38 3.16 60 5.00
0.4 0.033 17 1.41 39 3.25 61 5.08
0.5 0.041 18 1.50 40 3.33 62 5.16
0.6 0.05 19 1.58 41 3.41 63 5.25
0.7 0.058 20 1.66 42 3.50 64 5.33
0.8 0.066 21 1.75 43 3.58 65 5.41
0.9 0.075 22 1.83 44 3.66 66 5.50
1 0.08 23 1.91 45 3.75 67 5.58
2 0.16 24 2.00 46 3.83 68 5.66
3 0.25 25 2.08 47 3.91 69 5.75
4 0.33 26 2.16 48 4.00 70 5.83
5 0.41 27 2.25 49 4.08 71 5.91
6 0.5 28 2.33 50 4.16 72 6.00
7 0.58 29 2.41 51 4.25 73 6.08
8 0.66 30 2.50 52 4.33 74 6.16
9 0.75 31 2.58 53 4.41 75 6.25

10 0.83 32 2.66 54 4.50 76 6.33
11 0.91 33 2.75 55 4.58 77 6.41

12 1.00 34 2.83 56 4.66 78 6.50




Conversion Tables and Conversion Formulas

Inches Feet Inches Feet Inches Feet Inches Feet
79 6.58 87 7.25 95 7.91 400 33.30
80 6.66 88 7.33 96 8.00 500 41.60
81 6.75 89 7.41 97 8.08 600 50.00
82 6.83 90 7.50 98 8.16 700 58.30
83 6.91 91 7.58 99 8.25 800 66.60
84 7.00 92 7.66 100 8.30 900 75.00
85 7.08 93 7.75 200 16.60
86 7.16 94 7.83 300 25.00
By permission: www.metric-conversions.org
2.0.2 Inches to Centimeter Conversion
Inches Centimeters  Inches Centimeters  Inches Centimeters Inches Centimeters
0 0.00 28 71.12 65 165.1 102 259.08
0.1 0.254 29 73.66 66 167.64 103 261.62
0.2 0.508 30 76.20 67 170.18 104 264.16
0.3 0.762 31 78.74 68 172.72 105 266.7
0.4 1.016 32 81.28 69 175.26 106 269.24
0.5 1.27 33 83.82 70 177.8 107 271.78
0.6 1.524 34 86.36 71 180.34 108 274.32
0.7 1.778 35 88.90 72 182.88 109 276.86
0.8 2.032 36 91.44 73 185.42 110 279.4
0.9 2.286 37 93.98 74 187.96 111 281.94
1 2.54 38 96.52 75 190.5 112 284.48
2 5.08 39 99.06 76 193.04 113 287.02
3 7.62 40 101.6 77 195.58 114 289.56
4 10.16 41 104.14 78 198.12 115 292.1
5 12.70 42 106.68 79 200.66 116 294.64
6 15.24 43 109.22 80 203.2 117 297.18
7 17.78 44 111.76 81 205.74 118 299.72
8 20.32 45 114.3 82 208.28 119 302.26
9 22.86 46 116.84 83 210.82 120 304.8
10 25.40 47 119.38 84 213.36 121 307.34
11 27.94 48 121.92 85 215.9 122 309.88
12 30.48 49 124.46 86 218.44 123 312.42
13 33.02 50 127.0 87 220.98 124 314.96
14 35.56 51 129.54 88 223.52 125 317.5
15 38.10 52 132.08 89 226.06 126 320.04
16 40.64 53 134.62 90 228.6 127 322.58
17 43.18 54 137.16 91 231.14 128 325.12
18 45.72 55 139.7 92 233.68 129 327.66
19 48.26 56 142.24 93 236.22 130 330.2
20 50.80 57 144.78 94 238.76 131 332.74
21 53.34 58 147.32 95 241.3 132 335.28
22 55.88 59 149.86 96 243.84 133 337.82
23 58.42 60 152.4 97 246.38 134 340.36
24 60.96 61 154.94 98 248.92 135 342.9
25 63.50 62 157.48 99 251.46 136 345.44
26 66.04 63 160.02 100 254.0 137 347.98
27 68.58 64 162.56 101 256.54 138 350.52

(Continued)
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Inches Centimeters  Inches Centimeters Inches Centimeters
139 353.06 150 381.0 300 762.0
140 355.6 151 383.54 400 1016
141 358.14 152 386.08 500 1270
142 360.68 153 388.62 600 1524
143 363.22 154 391.16 700 1778
144 365.76 155 393.7 800 2032
145 368.3 156 396.24 900 2286
146 370.84 157 398.78
147 373.38 158 401.32
148 375.92 159 403.86
149 378.46 200 508.0

By permission: www.metric-conversions.org

2.0.3 Centimeter to Inches Conversion

Centimeters Inches Centimeters Inches Centimeters Inches Centimeters Inches
0 0.00 24 9.44 57 22.440 90 35.433
0.1 0.039 25 9.84 58 22.834 91 35.826
0.2 0.078 26 10.23 59 23.228 92 36.220
0.3 0.118 27 10.62 60 23.622 93 36.614
0.4 0.157 28 11.02 61 24.015 94 37.007
0.5 0.196 29 11.41 62 24.409 95 37.401
0.6 0.236 30 11.81 63 24.803 96 37.795
0.7 0.275 31 12.20 64 25.196 97 38.188
0.8 0.314 32 12.59 65 25.590 98 38.582
0.9 0.354 33 12.99 66 25.984 99 38.976
1 0.39 34 13.38 67 26.377 100 39.370
2 0.78 35 13.77 68 26.771 101 39.763
3 1.18 36 14.17 69 27.165 102 40.157
4 1.57 37 14.56 70 27.559 103 40.551
5 1.96 38 14.96 71 27.952 104 40.944
6 2.36 39 15.35 72 28.346 105 41.338
7 2.75 40 15.748 73 28.740 106 41.732
8 3.14 41 16.141 74 29.133 107 42.125
9 3.54 42 16.535 75 29.527 108 42.519

10 3.93 43 16.929 76 29.921 109 42913
11 4.33 44 17.322 77 30.314 110 43.307
12 4.72 45 17.716 78 30.708 111 43.700
13 5.11 46 18.110 79 31.102 112 44.094
14 5.51 47 18.503 80 31.496 113 44.488
15 5.90 48 18.897 81 31.889 114 44.881
16 6.29 49 19.291 82 32.283 115 45.275
17 6.69 50 19.685 83 32.677 116 45.669
18 7.08 51 20.078 84 33.070 117 46.062
19 7.48 52 20.472 85 33.464 118 46.456
20 7.87 53 20.866 86 33.858 119 46.850
21 8.26 54 21.259 87 34.251 120 47.244
22 8.66 55 21.653 88 34.645 121 47.637

23 9.05 56 22.047 89 35.039 122 48.031
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Centimeters Inches Centimeters Inches Centimeters Inches Centimeters Inches
123 48.425 135 53.149 147 57.874 159 62.598
124 48.818 136 53.543 148 58.267 200 78.70
125 49.212 137 53.937 149 58.661 300 118.1
126 49.606 138 54.330 150 59.055 400 157.4
127 50.00 139 54.724 151 59.448 500 196.8
128 50.393 140 55.118 152 59.842 600 236.2
129 50.787 141 55.511 153 60.236 700 275.5
130 51.181 142 55.905 154 60.629 800 314.9
131 51.574 143 56.299 155 61.023 900 354.3
132 51.968 144 56.692 156 61.417
133 52.362 145 57.086 157 61.811
134 52.755 146 57.480 158 62.204

By permission: www.metric-conversions.org

2.0.4 Feet to Meters Conversion

Feet Meters Feet Meters Feet Meters Feet Meters
0 0.00 25 7.62 59 17.983 93 28.346
0.1 0.030 26 7.92 60 18.288 94 28.651
0.2 0.060 27 8.22 61 18.592 95 28.958
0.3 0.091 28 8.53 62 18.897 96 29.260
0.4 0.121 29 8.83 63 19.202 97 29.565
0.5 0.152 30 9.14 64 19.507 98 29.870
0.6 0.182 31 9.44 65 19.812 99 30.175
0.7 0.213 32 9.75 66 20.116 100 30.48
0.8 0.243 33 10.05 67 20.421 101 30.784
0.9 0.274 34 10.36 68 20.726 102 31.089
1 0.30 35 10.66 69 21.031 103 31.394
2 0.60 36 10.97 70 21.336 104 31.699
3 0.91 37 11.27 71 21.640 105 32.004
4 1.21 38 11.58 72 21.945 106 32.308
5 1.52 39 11.88 73 22.250 107 32.613
6 1.82 40 12.192 74 22.555 108 32.918
7 2.13 41 12.496 75 22.86 109 33.223
8 2.43 42 12.801 76 23.164 110 33.528
9 2.74 43 13.106 77 23.469 111 33.832

10 3.04 44 13.411 78 23.774 112 34.137
11 3.35 45 13.716 79 24.079 113 34.442
12 3.65 46 14.020 80 24.384 114 34.747
13 3.96 47 14.325 81 24.688 115 35.052
14 4.26 48 14.630 82 24.993 116 35.356
15 4.57 49 14.935 83 25.298 117 35.661
16 4.87 50 15.24 84 25.603 118 35.966
17 5.18 51 15.544 85 25.908 119 36.271
18 5.48 52 15.849 86 26.212 120 36.576
19 5.79 53 16.154 87 26.517 121 36.880
20 6.09 54 16.459 88 26.822 122 37.185
21 6.40 55 16.764 89 27.127 123 37.490
22 6.70 56 17.068 90 27.432 124 37.795
23 7.01 57 17.373 91 27.736 125 38.10
24 7.31 58 17.678 92 28.041 126 38.404

(Continued)
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Feet Meters Feet Meters Feet Meters Feet Meters
127 38.709 138 149 200 60.90
128 39.014 139 150 300 91.40
129 39.319 140 151 400 1219
130 141 152 500 152.4
131 142 153 600 182.8
132 143 154 700 213.3
133 144 155 800 243.8
134 145 156 900 274.3
135 146 157

136 147 158

137 148 159

By permission: www.metric-conversions.org

2.0.5 Meters to Feet Conversion

Meters Feet Meters Feet Meters Feet Meters Feet
0 0.00 27 88.58 63 206.692 99 324.803
0.1 0.328 28 91.86 64 209.973 100 328.083
0.2 0.656 29 95.14 65 213.254 101 331.364
0.3 0.984 30 98.42 66 216.535 102 334.645
0.4 1.312 31 101.70 67 219.816 103 337.926
0.5 1.640 32 104.98 68 223.097 104 341.207
0.6 1.968 33 108.26 69 226.377 105 344.488
0.7 2.296 34 111.54 70 229.658 106 347.769
0.8 2.624 35 114.82 71 232.939 107 351.049
0.9 2.952 36 118.11 72 236.220 108 354.330
1 3.28 37 121.39 73 239.501 109 357.611

6.56 38 124.67 74 242.782 110 360.892
3 9.84 39 127.95 75 246.062 111 364.173
4 13.12 40 131.233 76 249.343 112 367.454
5 16.40 41 134.514 77 252.624 113 370.734
6 19.68 42 137.795 78 255.905 114 374.015
7 22.96 43 141.076 79 259.186 115 377.296
8 26.24 44 144.356 80 262.467 116 380.577
9 29.52 45 147.637 81 265.748 117 383.858
10 32.80 46 150.918 82 269.028 118 387.139
11 36.08 47 154.199 83 272.309 119 390.419
12 39.37 48 157.480 84 275.590 120 393.700
13 42.65 49 160.761 85 278.871 121 396.981
14 45.93 50 164.041 86 282.152 122 400.262
15 49.21 51 167.322 87 285.433 123 403.543
16 52.49 52 170.603 88 288.713 124 406.824
17 55.77 53 173.884 89 291.994 125 410.104
18 59.05 54 177.165 90 295.275 126 413.385
19 62.33 55 180.446 91 298.556 127 416.666
20 65.61 56 183.727 92 301.837 128 419.947
21 68.89 57 187.007 93 305.118 129 423.228
22 7217 58 190.288 94 308.398 130 426.508
23 75.45 59 193.569 95 311.679 131 429.79
24 78.74 60 196.850 96 314.960 132 433.07
25 82.02 61 200.131 97 318.241 133 436.351

26 85.30 62 203.412 98 321.522 134 439.632
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Meters Feet Meters Feet Meters Feet Meters Feet
135 442913 144 472.440 153 501.968 400 1312.3
136 444,194 145 475.721 154 505.249 500 1640.4
137 449.475 146 479.002 155 508.530 600 1968.5
138 452.755 147 482.283 156 511.811 700 2296.5
139 456.036 148 485.564 157 515.091 800 2624.6
140 459.317 149 488.845 158 518.372 900 2952.7
141 462.598 150 492.125 159 521.653
142 465.879 151 495.406 200 656.1
143 469.160 152 498.687 300 984.2

By permission: www.metric-conversions.org

2.0.6 Acres to Hectares Conversion

Acres Hectares Acres Hectares Acres Hectares Acres Hectares
0 0.00 21 8.49 51 20.63 81 32.77
0.1 0.040 22 8.90 52 21.04 82 33.18
0.2 0.080 23 9.30 53 21.44 83 33.58
0.3 0.121 24 9.71 54 21.85 84 33.99
0.4 0.161 25 10.11 55 22.25 85 34.39
0.5 0.202 26 10.52 56 22.66 86 34.80
0.6 0.242 27 10.92 57 23.06 87 35.20
0.7 0.283 28 11.33 58 23.47 88 35.61
0.8 0.323 29 11.73 59 23.87 89 36.01
0.9 0.364 30 12.14 60 24.28 90 36.42
1 0.40 31 12.54 61 24.68 91 36.82
2 0.80 32 12.94 62 25.09 92 37.23
3 1.21 33 13.35 63 25.49 93 37.63
4 1.61 34 13.75 64 25.89 94 38.04
5 2.02 35 14.16 65 26.30 95 38.44
6 2.42 36 14.56 66 26.70 96 38.84
7 2.83 37 14.97 67 27.11 97 39.25
8 3.23 38 15.37 68 27.51 98 39.65
9 3.64 39 15.78 69 27.92 99 40.06

10 4.04 40 16.18 70 28.32 100 40.40
11 4.45 41 16.59 71 28.73 200 80.90
12 4.85 42 16.99 72 29.13 300 121.4
13 5.26 43 17.40 73 29.54 400 161.8
14 5.66 44 17.80 74 29.94 500 202.3
15 6.07 45 18.21 75 30.35 600 242.8
16 6.47 46 18.61 76 30.75 700 283.2
17 6.87 47 19.02 77 31.16 800 323.7
18 7.28 48 19.42 78 31.56 900 364.2
19 7.68 49 19.82 79 31.97

20 8.09 50 20.23 80 32.37

By permission: www.metric-conversions.org
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2.0.7 Hectares to Acres Conversion

Hectares Acres Hectares Acres Hectares Acres Hectares Acres
0 0.00 21 51.89 51 126.02 81 200.15
0.1 0.247 22 54.36 52 128.49 82 202.62
0.2 0.494 23 56.83 53 130.96 83 205.09
0.3 0.741 24 59.30 54 133.43 84 207.56
0.4 0.988 25 61.77 55 135.90 85 210.03
0.5 1.235 26 64.24 56 138.37 86 212.51
0.6 1.482 27 66.71 57 140.85 87 214.98
0.7 1.729 28 69.18 58 143.32 88 217.45
0.8 1.976 29 71.66 59 145.79 89 219.92
0.9 2.223 30 74.13 60 148.26 90 222.39
1 2.47 31 76.60 61 150.73 91 224.86
2 4.94 32 79.07 62 153.20 92 227.33
3 7.41 33 81.54 63 155.67 93 229.80
4 9.88 34 84.01 64 158.14 94 232.27
5 12.35 35 86.48 65 160.61 95 234.75
6 14.82 36 88.95 66 163.08 96 237.22
7 17.29 37 91.42 67 165.56 97 239.69
8 19.76 38 93.90 68 168.03 98 242.16
9 22.23 39 96.37 69 170.50 99 244.63

10 24.71 40 98.84 70 172.97 100 2471
11 27.18 41 101.31 71 175.44 200 494.2
12 29.65 42 103.78 72 177.91 300 741.3
13 32.12 43 106.25 73 180.38 400 988.4
14 34.59 44 108.72 74 182.85 500 1235.5
15 37.06 45 111.19 75 185.32 600 1482.6
16 39.53 46 113.66 76 187.80 700 1729.7
17 42.00 47 116.13 77 190.27 800 1976.8
18 44.47 48 118.61 78 192.74 900 22239
19 46.95 49 121.08 79 195.21

20 49.42 50 123.55 80 197.68

By permission: www.metric-conversions.org

2.0.8 Square Inch to Square Feet Conversion

Square Square Square Square Square Square Square Square
Inches Feet Inches Feet Inches Feet Inches Feet
0 0.00 11 0.076 22 0.152 33 0.229
1 0.006 12 0.083 23 0.159 34 0.236
2 0.013 13 0.090 24 0.166 35 0.243
3 0.020 14 0.097 25 0.173 36 0.25
4 0.027 15 0.104 26 0.180 37 0.256
5 0.034 16 0.111 27 0.187 38 0.263
6 0.041 17 0.118 28 0.194 39 0.270
7 0.048 18 0.125 29 0.201 40 0.277
8 0.055 19 0.131 30 0.208 41 0.284
9 0.062 20 0.138 31 0.215 42 0.291
10 0.069 21 0.145 32 0.222 43 0.298
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Square Square Square Square Square Square Square Square

Inches Feet Inches Feet Inches Feet Inches Feet
44 0.305 63 0.437 82 0.569 101 0.701
45 0.312 64 0.444 83 0.576 102 0.708
46 0.319 65 0.451 84 0.583 103 0.715
47 0.326 66 0.458 85 0.590 104 0.722
48 0.333 67 0.465 86 0.597 105 0.729
49 0.340 68 0.472 87 0.604 106 0.736
50 0.347 69 0.479 88 0.611 107 0.743
51 0.354 70 0.486 89 0.618 108 0.75
52 0.361 71 0.493 90 0.625 109 0.756
53 0.368 72 0.5 91 0.631 110 0.763
54 0.375 73 0.506 92 0.638 111 0.770
55 0.381 74 0.513 93 0.645 112 0.777
56 0.388 75 0.520 94 0.652 113 0.784
57 0.395 76 0.527 95 0.659 114 0.791
58 0.402 77 0.534 96 0.666 115 0.798
59 0.409 78 0.541 97 0.673 116 0.805
60 0.416 79 0.548 98 0.680 117 0.812
61 0.423 80 0.555 99 0.687 118 0.819
62 0.430 81 0.562 100 0.694 119 0.826

By permission: www.metric-conversions.org

2.0.9 Square Feet to Square Inch Conversion

Square Square Square Square Square Square Square Square
Feet Inches Feet Inches Feet Inches Feet Inches
0 0.00 13 1872 35 5040 57 8208
0.1 14.40 14 2016 36 5184 58 8352
0.2 28.80 15 2160 37 5328 59 8496
0.3 43.20 16 2304 38 5472 60 8640
0.4 57.60 17 2448 39 5616 61 8784
0.5 72.00 18 2592 40 5760 62 8928
0.6 86.40 19 2736 41 5904 63 9072
0.7 100.8 20 2880 42 6048 64 9216
0.8 115.2 21 3024 43 6192 65 9360
0.9 129.6 22 3168 44 6336 66 9504
1 144.0 23 3312 45 6480 67 9648
2 288.0 24 3456 46 6624 68 9792
3 432.0 25 3600 47 6768 69 9936
4 576.0 26 3744 48 6912 70 10080
5 720.0 27 3888 49 7056 71 10224
6 864.0 28 4032 50 7200 72 10368
7 1008 29 4176 51 7344 73 10512
8 1152 30 4320 52 7488 74 10656
9 1296 31 4464 53 7632 75 10800
10 1440 32 4608 54 7776 76 10944
11 1584 33 4752 55 7920 77 11088
12 1728 34 4896 56 8064 78 11232

(Continued)
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Square Square Square Square Square Square Square Square
Feet Inches Feet Inches Feet Inches Feet Inches
79 11376 87 12528 95 13680 400 57600
80 11520 88 12672 96 13824 500 72000
81 11664 89 12816 97 13968 600 86400
82 11808 90 12960 98 14112 700 100800
83 11952 91 13104 99 14256 800 115200
84 12096 92 13248 100 14400 900 129600
85 12240 93 13392 200 28800
86 123845 94 13536 300 43200

By permission: www.metric-conversions.org

2.0.10 Square Feet to Square Mile Conversion

Square Square Square Square Square Square Square Square
Feet Miles Feet Miles Feet Miles Feet Miles
0 0.00 21 7.53 51 1.82 81 2.90
0.1 3.587 22 7.89 52 1.86 82 2.94
0.2 7174 23 8.25 53 1.90 83 2.97
0.3 1.076 24 8.60 54 1.93 84 3.01
0.4 1.434 25 8.96 55 1.97 85 3.04
0.5 1.793 26 9.32 56 2.00 86 3.08
0.6 2.152 27 9.68 57 2.04 87 3.12
0.7 2.510 28 1.00 58 2.08 88 3.15
0.8 2.669 29 1.04 59 2.11 89 3.19
0.9 3.228 30 1.07 60 2.15 90 3.22
1 3.58 31 1.11 61 2.18 91 3.26
2 7.7 32 1.14 62 2.22 92 3.30
3 1.07 33 1.18 63 2.25 93 3.33
4 1.43 34 1.21 64 2.29 94 3.37
5 1.79 35 1.25 65 2.33 95 3.40
6 2.15 36 1.29 66 2.36 96 3.44
7 2.51 37 1.32 67 2.40 97 3.47
8 2.86 38 1.36 68 2.43 98 3.51
9 3.22 39 1.39 69 2.47 99 3.55
10 3.58 40 1.43 70 2.51 100 3.50
11 3.94 41 1.47 71 2.54 200 7.10
12 4.30 42 1.50 72 2.58 300 1.00
13 4.66 43 1.54 73 2.61 400 1.40
14 5.02 44 1.57 74 2.65 500 1.70
15 5.38 45 1.61 75 2.69 600 2.10
16 5.73 46 1.65 76 2.72 700 2.60
17 6.09 47 1.68 77 2.76 800 2.80
18 5.45 48 1.72 78 2.79 900 3.20
19 6.81 49 1.75 79 2.83
20 717 50 1.79 80 2.86

By permission: www.metric-conversions.org
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2.0.11 Square Mile to Square Feet Conversion

Conversion Tables and Conversion Formulas

Square Square Square Square Square Square Square Square
Miles Feet Miles Feet Miles Feet Miles Feet
0 0.00 21 585446400 51 1421798400 81 2258150400
0.1 2767840 22 613324800 52 1449676800 82 2286028800
0.2 5575660 23 641203200 53 1477555200 83 2313907200
0.3 8363520 24 669081600 54 1505433600 84 2341785600
0.4 11151360 25 696960000 55 1533312000 85 2369664000
0.5 13939200 26 724838400 56 1561190400 86 2397542400
0.6 16727040 27 752716800 57 1589068800 87 2425420800
0.7 19514880 28 760595200 58 1616947200 88 2453299200
0.8 22302720 29 808473600 59 1644825600 89 2481177600
0.9 25090560 30 836352000 60 1672704000 90 2509056000
1 27878400 31 864230400 61 1700582400 91 2536934400
2 55756800 32 892108800 62 1728460800 92 2584812800
3 83635200 33 919987200 63 1756339200 93 2592691200
4 111513600 34 947865600 64 1784217600 94 2620569600
5 139392000 35 975744000 65 1812096000 95 2648448000
6 167270400 36 1003622400 66 1839974400 96 2676326400
7 195148800 37 1031500800 67 1867852800 97 2704204800
8 223027200 38 1059379200 68 1895731200 98 2732083200
9 250905600 39 1067257600 69 1923609600 99 2759961600
10 278784000 40 1115136000 70 1951488000 100 2787840000
11 306662400 41 1143014400 71 1979366400 200 5575680000
12 334540800 42 1170892800 72 2007244800 300 8363520000
13 362419200 43 1198771200 73 2035123200 400 11151360000
14 390297600 44 1226649600 74 2063001600 500 13939200000
15 418176000 45 1254526000 75 2090880000 600 16727040000
16 446054400 46 1282406400 76 2118758400 700 19514880000
17 473932800 47 1310284800 77 2146636800 800 22302720000
18 501811200 48 1338153200 78 2174515200 900 25090560000
19 529589600 49 1366041600 79 2202393600
20 557568000 50 1393920000 80 2230272000
By permission: www.metric-conversions.org
2.0.12 Square Feet to Acres Conversion
Square Feet  Acres Square Feet  Acres Square Feet  Acres Square Feet  Acres
0 0.00 3 6.88 15 0.00 27 0.00
0.1 2.295 4 9.18 16 0.00 28 0.00
0.2 4.591 5 0.00 17 0.00 29 0.00
0.3 6.887 6 0.00 18 0.00 30 0.00
0.4 9.182 7 0.00 19 0.00 31 0.00
0.5 1.147 8 0.00 20 0.00 32 0.00
0.6 1.377 9 0.00 21 0.00 33 0.00
0.7 1.606 10 0.00 22 0.00 34 0.00
0.8 1.836 11 0.00 23 0.00 35 0.00
0.9 2.066 12 0.00 24 0.00 36 0.00
1 2.29 13 0.00 25 0.00 37 0.00
2 4.59 14 0.00 26 0.00 38 0.00

(Continued)
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Square Feet  Acres Square Feet  Acres Square Feet  Acres Square Feet  Acres
39 0.00 57 0.00 75 0.00 93 0.00
40 0.00 58 0.00 76 0.00 94 0.00
41 0.00 59 0.00 77 0.00 95 0.00
42 0.00 60 0.00 78 0.00 96 0.00
43 0.00 61 0.00 79 0.00 97 0.00
44 0.00 62 0.00 80 0.00 98 0.00
45 0.00 63 0.00 81 0.00 99 0.00
46 0.00 64 0.00 82 0.00 100 0.00
47 0.00 65 0.00 83 0.00 200 0.00
48 0.00 66 0.00 84 0.00 300 0.00
49 0.00 67 0.00 85 0.00 400 0.00
50 0.00 68 0.00 86 0.00 500 0.00
51 0.00 69 0.00 87 0.00 600 0.00
52 0.00 70 0.00 88 0.00 700 0.00
53 0.00 71 0.00 89 0.00 800 0.00
54 0.00 72 0.00 90 0.00 900 0.00
55 0.00 73 0.00 91 0.00
56 0.00 74 0.00 92 0.00

By permission: www.metric-conversions.org

2.0.13 Acres to Square Feet Conversion

Acres Square Feet Acres Square Feet Acres Square Feet Acres Square Feet
0 0.00 21 914760 51 2221560 81 3528360
0.1 4356 22 958320 52 2265120 82 3571920
0.2 8712 23 1001880 53 2308680 83 3615480
0.3 13068 24 1045440 54 2352240 84 3659040
0.4 17424 25 1089000 55 2395800 85 3702600
0.5 21780 26 1132560 56 2439360 86 3746160
0.6 26136 27 1176120 57 2482920 87 3789720
0.7 30492 28 1219680 58 2526480 88 3833280
0.8 34848 29 1263240 59 2570040 89 3876840
0.9 39204 30 1306800 60 2613600 90 3920400
1 43560 31 1350360 61 2657160 91 3963960
2 87120 32 1393920 62 2700720 92 4007520
3 130680 33 1437480 63 2744280 93 4051080
4 174240 34 1481040 64 2787840 94 4094640
5 217800 35 1524600 65 2831400 95 4138200
6 261360 36 1568160 66 2874960 96 4181760
7 304920 37 1611720 67 2918520 97 4225320
8 348480 38 1655280 68 2962080 98 4268880
9 392040 39 1698840 69 3005640 99 4312440

10 435600 40 1742400 70 3049200 100 4356000
11 479160 41 1785960 71 3092760 200 8712000
12 522720 42 1829520 72 3136320 300 13068000
13 566280 43 1873080 73 3179880 400 17424000
14 609840 44 1916640 74 3223440 500 21780000
15 653400 45 1960200 75 3267000 600 26136000
16 696960 46 2003760 76 3310560 700 30492000
17 740520 47 2047320 77 3354120 800 34848000
18 784080 48 2090880 78 3397680 900 39204000
19 827640 49 2134440 79 3441240

20 871200 50 2178000 80 3484800

By permission: www.metric-conversions.org
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2.0.14 Square Yard to Square Meter Conversion Table

Square Square Square Square Square Square Square Square
Yards Meters Yards Meters Yards Meters Yards Meters
0 0.00 21 17.55 51 42.64 81 67.72
0.1 0.083 22 18.39 52 43.47 82 68.56
0.2 0.167 23 19.23 53 44.31 83 69.39
0.3 0.250 24 20.06 54 45.15 84 70.23
0.4 0.334 25 20.90 55 45.98 85 71.07
0.5 0.418 26 21.73 56 46.82 86 71.90
0.6 0.501 27 22.57 57 47.65 87 72.74
0.7 0.585 28 23.41 58 48.49 88 73.57
0.8 0.668 29 24.24 59 49.33 89 74.41
0.9 0.752 30 25.08 60 50.16 90 75.25
1 0.83 31 25.91 61 51.00 91 76.08
2 1.67 32 26.75 62 51.83 92 76.92
3 2.50 33 27.59 63 52.67 93 77.75
4 3.34 34 28.42 64 53.51 94 78.59
5 4.18 35 29.26 65 54.34 95 79.43
6 5.01 36 30.10 66 55.18 96 80.26
7 5.85 37 30.93 67 56.02 97 81.10
8 6.68 38 31.77 68 56.85 98 81.94
9 7.52 39 32.60 69 57.69 99 82.77
10 8.36 40 33.44 70 58.52 100 83.60
11 9.19 41 34.28 71 59.36 200 167.2
12 10.03 42 35.11 72 60.20 300 250.8
13 10.86 43 35.95 73 61.03 400 334.4
14 11.70 44 36.78 74 61.87 500 418.0
15 12.54 45 37.62 75 62.70 600 501.6
16 13.37 46 38.46 76 63.54 700 585.2
17 14.21 47 39.29 77 64.38 800 668.9
18 15.05 48 40.13 78 65.21 900 752.5
19 15.88 49 40.97 79 66.05
20 16.72 50 41.80 80 66.89

By permission: www.metric-conversions.org

2.0.15 Square Meter to Square Yard Conversion Table

Square Square Square Square Square Square Square Square

Meters Yards Meters Yards Meters Yards Meters Yards
0 0.00 1 1.19 11 13.15 21 25.11
0.1 0.119 2 2.39 12 14.35 22 26.31
0.2 0.239 3 3.58 13 15.54 23 27.50
0.3 0.358 4 4.78 14 16.74 24 28.70
0.4 0.478 5 5.97 15 17.93 25 29.89
0.5 0.597 6 717 16 19.13 26 31.09
0.6 0.717 7 8.37 17 20.33 27 32.29
0.7 0.837 8 9.56 18 21.52 28 33.48
0.8 0.956 9 10.76 19 22.72 29 34.68
0.9 1.076 10 11.95 20 23.91 30 35.87

(Continued)
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Square Square Square Square Square Square Square Square
Meters Yards Meters Yards Meters Yards Meters Yards
31 37.07 51 60.99 71 84.91 91 108.83
32 38.27 52 62.19 72 86.11 92 110.03
33 39.46 53 63.38 73 87.30 93 111.22
34 40.66 54 64.58 74 88.50 94 112.42
35 41.85 55 65.77 75 89.69 95 113.61
36 43.05 56 66.97 76 90.89 96 114.81
37 44.25 57 68.17 77 92.09 97 116.01
38 45.44 58 69.36 78 93.28 98 117.20
39 46.64 59 70.56 79 94.48 99 118.40
40 47.83 60 71.75 80 95.67 100 119.5
41 49.03 61 72.95 81 96.87 200 239.1
42 50.23 62 74.15 82 98.07 300 358.7
43 51.42 63 75.34 83 99.26 400 478.3
44 52.62 64 76.54 84 100.46 500 597.9
45 53.81 65 77.73 85 101.65 600 717.5
46 55.01 66 78.93 86 102.85 700 837.1
47 56.21 67 80.13 87 104.05 800 956.7
48 57.40 68 81.32 88 105.24 900 1076.3
49 58.60 69 82.52 89 106.44
50 59.79 70 83.71 90 107.63
By permission: www.metric-conversions.org
2.0.16 Square Mile to Square Meter Conversion Table
Square Square Square Square Square Square Square Square
Miles Meters Miles Meters Miles Meters Miles Meters
0 0.00 13 33669845.43 35 90649583.86 57 147629322.28
0.1 258998.811 14 36259833.54 36 93239571.97 58 150219310.39
0.2 517997.622 15 38849821.65 37 95829560.08 59 152809298.50
0.3 776996.433 16 41439809.76 38 98419548.19 60 155399286.62
0.4 1035995.244 17 44029797.87 39 101009536.30 61 157989274.73
0.5 1294994.055 18 46619785.98 40 103599524.41 62 160579262.84
0.6 1553992.866 19 49209774.09 41 106189512.52 63 163169250.95
0.7 1812991.677 20 51799762.20 42 108779500.63 64 165759239.06
0.8 2071990.488 21 54389750.31 43 111369488.74 65 168349227.17
0.9 2330989.299 22 56979738.42 44 113959476.85 66 170939215.28
1 2589988.11 23 59569726.53 45 116549464.96 67 173529203.39
2 5179976.22 24 62159714.64 46 119139453.07 68 176119191.50
3 7769964.33 25 64749702.75 47 121729441.18 69 178709179.61
4 10359952.44 26 67339690.86 48 124319429.29 70 181299167.72
5 12949940.55 27 69929678.97 49 126909417.40 71 183889155.83
6 15539928.66 28 72519667.08 50 129499405.51 72 186479143.94
7 18129916.77 29 75109655.19 51 132089393.62 73 189069132.05
8 20719904.88 30 77699643.31 52 134679381.73 74 191659120.16
9 23309892.99 31 80289631.42 53 137269369.84 75 194249108.27
10 25899881.10 32 82879619.53 54 139859357.95 76 196839096.38
11 28489869.21 33 85469607.64 55 142449346.06 77 199429084.49
12 31079857.32 34 88059595.75 56 145039334.17 78 202019072.60
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Square Square Square Square Square Square Square Square
Miles Meters Miles Meters Miles Meters Miles Meters
79 204609060.71 87 225328965.59 95 246048870.48 400 1035995244.1
80 207199048.82 88 227918953.70 96 248638858.59 500 1294994055.1
81 209789036.93 89 230508941.81 97 251228846.70 600 1553992866.2
82 212379025.04 90 233098929.93 98 253818834.81 700 1812991677.2
83 214969013.15 91 235688918.04 99 256408822.92 800 2071990488.2
84 217559001.26 92 238278906.15 100 258998811.0 900 2330989299.3
85 220148989.37 93 240868894.26 200 517997622.0
86 222738977.48 94 243458882.37 300 7769964331

By permission: www.metric-conversions.org

2.0.17 Square Meter to Square Mile Conversion Table

Square Square Square Square Square Square Square Square
Meters Miles Meters Miles Meters Miles Meters Miles
0 0.00 21 8.10 51 1.96 81 3.12
0.1 3.861 22 8.49 52 2.00 82 3.16
0.2 7.722 23 8.88 53 2.04 83 3.20
0.3 1.158 24 9.26 54 2.08 84 3.24
0.4 1.544 25 9.65 55 2.12 85 3.28
0.5 1.930 26 1.00 56 2.16 86 3.32
0.6 2.316 27 1.04 57 2.20 87 3.35
0.7 2.702 28 1.08 58 2.23 88 3.39
0.8 3.088 29 1.1 59 2.27 89 3.43
0.9 3.474 30 1.15 60 2.31 90 3.47
1 3.86 31 1.19 61 2.35 91 3.51
2 7.72 32 1.23 62 2.39 92 3.55
3 1.15 33 1.27 63 2.43 93 3.59
4 1.54 34 1.31 64 2.47 94 3.62
5 1.93 35 1.35 65 2.50 95 3.66
6 2.31 36 1.38 66 2.54 96 3.70
7 2.70 37 1.42 67 2.58 97 3.74
8 3.08 38 1.46 68 2.62 98 3.78
9 3.47 39 1.50 69 2.66 99 3.82
10 3.86 40 1.54 70 2.70 100 3.80
11 4.24 41 1.58 71 2.74 200 7.70
12 4.63 42 1.62 72 2.77 300 0.0
13 5.01 43 1.66 73 2.81 400 0.0
14 5.40 44 1.69 74 2.85 500 0.0
15 5.79 45 1.73 75 2.89 600 0.0
16 6.17 46 1.77 76 2.93 700 0.0
17 6.56 47 1.81 77 2.97 800 0.0
18 6.94 48 1.85 78 3.01 900 0.0
19 7.33 49 1.89 79 3.05
20 7.72 50 1.93 80 3.08

By permission: www.metric-conversions.org
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2.0.18 Square Mile to Hectare Conversion Table
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Square Miles Hectares Square Miles Hectares Square Miles Hectares Square Miles Hectares
0 0.00 21 5438.97 51 13208.93 81 20978.90
0.1 25.899 22 5697.97 52 13467.93 82 21237.90
0.2 51.799 23 5956.97 53 13726.93 83 21496.90
0.3 77.699 24 6215.97 54 13985.93 84 21755.90
0.4 103.599 25 6474.97 55 14244.93 85 22014.89
0.5 129.499 26 6733.96 56 14503.93 86 22273.89
0.6 155.399 27 6992.96 57 14762.93 87 22532.89
0.7 181.299 28 7251.96 58 15021.93 88 22791.89
0.8 207.199 29 7510.96 59 15280.92 89 23050.89
0.9 233.098 30 7769.96 60 15539.92 90 23309.89
1 258.99 31 8028.96 61 15798.92 91 23568.89
2 517.99 32 8287.96 62 16057.92 92 23827.89
3 776.99 33 8546.96 63 16316.92 93 24086.88
4 1035.99 34 8805.95 64 16575.92 94 24345.88
5 1294.99 35 9064.95 65 16834.92 95 24604.88
6 1553.99 36 9323.95 66 17093.92 96 24863.88
7 1812.99 37 9582.95 67 17352.92 97 25122.88
8 2071.99 38 9841.95 68 17611.91 98 25381.88
9 2330.98 39 10100.95 69 17870.91 99 25640.88

10 2589.98 40 10359.95 70 18129.91 100 25899.8
11 2848.98 41 10618.95 71 18388.91 200 51799.7
12 3107.98 42 10877.95 72 18647.91 300 77699.6
13 3366.98 43 11136.94 73 18906.91 400 103599.5
14 3625.98 44 11395.94 74 19165.91 500 129499.4
15 3884.98 45 11654.94 75 19424.91 600 155399.2
16 4143.98 46 11913.94 76 19683.90 700 181299.1
17 4402.97 47 12172.94 77 19942.90 800 207199.0
18 4661.97 48 12431.94 78 20201.90 900 233098.9
19 4920.97 49 12690.94 79 20460.90

20 5179.97 50 12949.94 80 20719.90

By permission: www.metric-conversions.org

2.0.19 Hectare to Square Mile Conversion Table

Hectares Square Miles  Hectares Square Miles  Hectares Square Miles  Hectares Square Miles

0 0.00 5 0.01 19 0.07 33 0.12
0.1 0.000 6 0.02 20 0.07 34 0.13
0.2 0.000 7 0.02 21 0.08 35 0.13
0.3 0.001 8 0.03 22 0.08 36 0.13
0.4 0.001 9 0.03 23 0.08 37 0.14
0.5 0.001 10 0.03 24 0.09 38 0.14
0.6 0.002 11 0.04 25 0.09 39 0.15
0.7 0.002 12 0.04 26 0.10 40 0.15
0.8 0.003 13 0.05 27 0.10 41 0.15
0.9 0.003 14 0.05 28 0.10 42 0.16
1 0.00 15 0.05 29 0.1 43 0.16
2 0.00 16 0.06 30 0.1 44 0.16
3 0.01 17 0.06 31 0.11 45 0.17
4 0.01 18 0.06 32 0.12 46 0.17
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Hectares Square Miles  Hectares Square Miles  Hectares Square Miles  Hectares Square Miles
47 0.18 63 0.24 79 0.30 95 0.36
48 0.18 64 0.24 80 0.30 96 0.37
49 0.18 65 0.25 81 0.31 97 0.37
50 0.19 66 0.25 82 0.31 98 0.37
51 0.19 67 0.25 83 0.32 99 0.38
52 0.20 68 0.26 84 0.32 100 0.3
53 0.20 69 0.26 85 0.32 200 0.7
54 0.20 70 0.27 86 0.33 300 1.10
55 0.21 71 0.27 87 0.33 400 1.50
56 0.21 72 0.27 88 0.33 500 1.90
57 0.22 73 0.28 89 0.34 600 2.30
58 0.22 74 0.28 90 0.34 700 2.70
59 0.22 75 0.28 91 0.35 800 3.00
60 0.23 76 0.29 92 0.35 900 3.40
61 0.23 77 0.29 93 0.35
62 0.23 78 0.30 94 0.36

By permission: www.metric-conversions.org

2.0.20 Miles to Kilometers Conversion

Miles Kilometers  Miles Kilometers  Miles Kilometers Miles Kilometers
0 0.00 22 35.40 53 85.295 84 135.184
0.1 0.160 23 37.01 54 86.904 85 136.794
0.2 0.321 24 38.62 55 88.513 86 138.403
0.3 0.482 25 40.23 56 90.123 87 140.012
0.4 0.643 26 41.84 57 91.732 88 141.622
0.5 0.804 27 43.45 58 93.341 89 143.231
0.6 0.965 28 45.06 59 94.951 90 144.840
0.7 1.126 29 46.67 60 96.560 91 146.450
0.8 1.287 30 48.28 61 98.169 92 148.059
0.9 1.448 31 49.88 62 99.779 93 149.668
1 1.60 32 51.49 63 101.388 94 151.278
2 3.21 33 53.10 64 102.998 95 152.887
3 4.82 34 54.71 65 104.607 96 154.497
4 6.43 35 56.32 66 106.218 97 156.106
5 8.04 36 57.93 67 107.826 98 157.715
6 9.65 37 59.54 68 109.435 99 159.325
7 11.26 38 61.15 69 111.044 100 160.934
8 12.87 39 62.76 70 112.654 101 162.543
9 14.48 40 64.373 71 114.263 102 164.153

10 16.09 41 65.983 72 115.872 103 165.782
11 17.70 42 67.592 73 117.482 104 167.371
12 19.31 43 69.201 74 119.091 105 168.981
13 20.92 44 70.811 75 120.700 106 170.590
14 22.53 45 72.420 76 122.310 107 172.199
15 24.14 46 74.029 77 123.919 108 173.809
16 25.74 47 75.639 78 125.528 109 175.418
17 27.35 48 77.248 79 127.138 110 177.027
18 28.96 49 78.857 80 128.747 111 178.637
19 30.57 50 80.467 81 130.356 112 180.246
20 32.18 51 82.076 82 131.966 113 181.855
21 33.79 52 83.685 83 133.575 114 183.465

(Continued)
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Miles Kilometers  Miles Kilometers  Miles Kilometers  Miles Kilometers
115 185.074 129 207.605 143 230.136 157 252.667
116 186.683 130 209.214 144 231.745 158 254.276
117 188.293 131 210.824 145 233.354 159 255.885
118 189.902 132 212.433 146 234.964 200 321.8
119 191.511 133 214.042 147 236.573 300 482.8
120 193.121 134 215.652 148 238.182 400 643.7
121 194.730 135 217.261 149 239.792 500 804.6
122 196.339 136 218.870 150 241.401 600 965.6
123 197.949 137 220.480 151 243.010 700 1126.5
124 199.558 138 222.089 152 244.620 800 1287.4
125 201.168 139 223.698 153 246.229 900 1448.4
126 202.777 140 225.308 154 247.838
127 204.386 141 226.917 155 249.448
128 205.996 142 228.526 156 251.057

By permission: www.metric-conversions.org

2.0.21 Kilometers to Miles Conversion

Kilometers Miles Kilometers Miles Kilometers Miles Kilometers Miles

0 0.00 24 14.91 57 35.418 90 55.923
0.1 0.062 25 15.53 58 36.039 91 56.544
0.2 0.124 26 16.15 59 36.660 92 57.166
0.3 0.186 27 16.77 60 37.282 93 57.787
0.4 0.248 28 17.39 61 37.903 94 58.408
0.5 0.310 29 18.01 62 38.525 95 59.030
0.6 0.372 30 18.64 63 39.146 96 59.551
0.7 0.434 31 19.26 64 39.767 97 60.273
0.8 0.497 32 19.88 65 40.389 98 60.894
0.9 0.559 33 20.50 66 41.010 99 61.515
1 0.62 34 21.12 67 41.631 100 62.137
2 1.24 35 21.74 68 42.253 101 62.758
3 1.86 36 22.36 69 42.874 102 63.379
4 2.48 37 22.99 70 43.495 103 64.001
5 3.10 38 23.61 71 44117 104 64.622
6 3.72 39 24.23 72 44.738 105 65.243
7 4.34 40 24.854 73 45.360 106 65.865
8 4.97 41 25.476 74 45.981 107 66.486
9 5.59 42 26.097 75 46.602 108 67.108
10 6.21 43 26.718 76 47.224 109 67.729
11 6.83 44 27.340 77 47.845 110 68.350
12 7.45 45 27.961 78 48.466 111 68.972
13 8.07 46 28.583 79 49.088 112 69.593
14 8.69 47 29.204 80 49.709 113 70.214
15 9.32 48 29.825 81 50.331 114 70.836
16 9.94 49 30.447 82 50.952 115 71.457
17 10.56 50 31.068 83 51.573 116 72.079
18 11.18 51 31.689 84 52.195 117 72.700
19 11.80 52 32.311 85 52.816 118 73.321
20 12.42 53 32.932 86 53.437 119 73.943
21 13.04 54 33.554 87 54.059 120 74.564
22 13.67 55 34.175 88 54.680 121 75.185
23 14.29 56 34.796 89 55.302 122 75.807
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Kilometers Miles Kilometers Miles Kilometers Miles Kilometers Miles
123 76.428 135 83.885 147 91.341 159 98.798
124 77.050 136 84.506 148 91.962 200 124.2
125 77.671 137 85.127 149 92.584 300 186.4
126 78.292 138 85.749 150 93.205 400 248.5
127 78.914 139 86.370 151 93.827 500 310.6
128 79.535 140 86.991 152 94.448 600 372.8
129 80.156 141 87.613 153 95.069 700 4349
130 80.778 142 88.234 154 95.691 800 497.0
131 81.399 143 88.856 155 96.312 900 559.2
132 82.020 144 89.477 156 96.933
133 82.642 145 90.098 157 97.555
134 83.263 146 90.720 158 98.176

By permission: www.metric-conversions.org

2.0.22 Pounds to Kilograms Conversion

Pounds Kilograms  Pounds Kilograms  Pounds Kilograms  Pounds Kilograms
0 0.00 26 11.79 61 27.669 96 43.544
0.1 0.045 27 12.24 62 28.122 97 43.998
0.2 0.090 28 12.70 63 28.576 98 44.452
0.3 0.136 29 13.15 64 29.029 99 44.905
0.4 0.181 30 13.60 65 29.483 100 45.359
0.5 0.226 31 14.06 66 29.937 101 45.812
0.6 0.272 32 14.51 67 30.390 102 46.266
0.7 0.317 33 14.96 68 30.844 103 46.720
0.8 0.362 34 15.42 69 31.297 104 47173
0.9 0.408 35 15.87 70 31.751 105 47.627
1 0.45 36 16.32 71 32.205 106 48.080
2 0.90 37 16.78 72 32.658 107 48.534
3 1.36 38 17.23 73 33.112 108 48.987
4 1.81 39 17.69 74 33.565 109 49.441
5 2.26 40 18.143 75 34.019 110 49.895
6 2.72 41 18.597 76 34.473 111 50.348
7 3.17 42 19.050 77 34.926 112 50.802
8 3.62 43 19.504 78 35.380 113 51.255
9 4.08 44 19.958 79 35.833 114 51.709

10 4.53 45 20.411 80 36.287 115 52.163
11 4.98 46 20.865 81 36.740 116 52.616
12 5.44 47 21.318 82 37.194 117 53.070
13 5.89 48 21.772 83 37.648 118 53.523
14 6.35 49 22.226 84 38.101 119 53.977
15 6.80 50 22.679 85 38.555 120 54.431
16 7.25 51 23.133 86 39.008 121 54.884
17 7.71 52 23.586 87 39.462 122 55.338
18 8.16 53 24.040 88 39.916 123 55.791
19 8.61 54 24.493 89 40.369 124 56.245
20 9.07 55 24.947 90 40.823 125 56.699
21 9.52 56 25.401 91 41.276 126 57.152
22 9.97 57 25.854 92 41.730 127 57.606
23 10.43 58 26.308 93 42.184 128 58.059
24 10.88 59 26.761 94 42.637 129 58.513
25 11.33 60 27.215 95 43.091 130 58.967

(Continued)
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Pounds Kilograms  Pounds Kilograms  Pounds Kilograms  Pounds Kilograms
131 59.240 143 64.863 155 70.306 900 408.2
132 59.870 144 65.317 156 70.760
133 60.327 145 65.770 157 71.214
134 60.781 146 66.224 158 71.667
135 61.234 147 66.678 159 72121
136 61.688 148 67.131 200 90.70
137 62.142 149 67.585 300 136.0
138 62.595 150 68.038 400 181.4
139 63.049 151 68.492 500 226.7
140 63.502 152 68.946 600 272.1
141 63.596 153 69.399 700 317.5
142 64.410 154 69.853 800 362.8

By permission: www.metric-conversions.org

2.0.23 Kilograms to Pounds Conversion

Kilograms Pounds  Kilograms Pounds  Kilograms Pounds  Kilograms Pounds
0 0.00 26 57.32 61 134.481 96 211.643
0.1 0.220 27 59.52 62 136.686 97 213.848
0.2 0.440 28 61.72 63 138.891 98 216.053
0.3 0.661 29 63.93 64 141.095 99 218.257
0.4 0.881 30 66.13 65 143.300 100 220.462
0.5 1.102 31 68.34 66 145.605 101 222.666
0.6 1.322 32 70.54 67 147.709 102 224.871
0.7 1.543 33 72.75 68 149.914 103 227.076
0.8 1.763 34 74.95 69 152.118 104 229.280
0.9 1.984 35 77.16 70 154.323 105 231.485
1 2.20 36 79.36 71 156.528 106 233.689
2 4.40 37 81.57 72 158.732 107 235.894
3 6.61 38 83.77 73 160.937 108 238.099
4 8.81 39 85.98 74 163.142 109 240.303
5 11.02 40 88.184 75 165.346 110 242.508
6 13.22 41 90.389 76 167.551 111 244.713
7 15.43 42 92.594 77 169.755 112 246.917
8 17.63 43 94.798 78 171.960 113 249.122
9 19.84 44 97.003 79 174.165 114 251.326

10 22.04 45 99.208 80 176.369 115 253.531
11 24.25 46 101.412 81 178.574 116 255.736
12 26.45 47 103.617 82 180.779 117 257.940
13 28.66 48 105.821 83 182.983 118 260.145
14 30.86 49 108.026 84 185.188 119 262.350
15 33.06 50 110.231 85 187.392 120 264.554
16 35.27 51 112.435 86 189.597 121 266.759
17 37.47 52 114.640 87 191.802 122 268.963
18 39.68 53 116.844 88 194.006 123 271.168
19 41.88 54 119.049 89 196.211 124 273.373
20 44.09 55 121.254 90 198.416 125 275.577
21 46.29 56 123.458 91 200.620 126 277.782
22 48.50 57 125.663 92 202.825 127 279.987
23 50.70 58 127.868 93 205.029 128 282.191
24 52.91 59 130.072 94 207.234 129 284.396

25 55.11 60 132.277 95 209.439 130 286.600
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Kilograms Pounds  Kilograms Pounds  Kilograms Pounds  Kilograms Pounds
131 288.805 141 310.851 151 332.898 300 661.3
132 291.010 142 313.056 152 335.102 400 881.8
133 293.214 143 315.261 153 337.307 500 1102.3
134 295.419 144 317.465 154 339.511 600 1322.7
135 297.624 145 319.670 155 341.716 700 1543.2
136 299.828 146 319.875 156 343.921 800 1763.6
137 302.033 147 324.079 157 346.125 900 1984.1
138 304.237 148 326.284 158 348.330
139 306.422 149 329.488 159 350.534
140 308.647 150 330.693 200 440.9

By permission: www.metric-conversions.org

2.0.24 Fahrenheit to Celsius Conversion

Fahrenheit Celsius Fahrenheit Celsius Fahrenheit Celsius Fahrenheit Celsius

0 —-17.777 21 —6.11 51 10.55 81 27.22
0.1 —17.722 22 —5.55 52 11.11 82 27.77
0.2 —17.666 23 —5.00 53 11.66 83 28.33
0.3 —-17.611 24 —4.44 54 12.22 84 28.88
0.4 —17.555 25 —3.88 55 12.77 85 29.44
0.5 —-17.5 26 —3.33 56 13.33 86 30.00
0.6 —17.444 27 —-2.77 57 13.88 87 30.55
0.7 —17.388 28 —2.22 58 14.44 88 31.11
0.8 —17.333 29 —1.66 59 15.00 89 31.66
0.9 —-17.277 30 —-1.11 60 15.55 90 32.22
1 —-17.22 31 —0.55 61 16.11 91 32.77
2 —16.66 32 0.00 62 16.66 92 33.33
3 —-16.11 33 0.55 63 17.22 93 33.88
4 —15.55 34 1.11 64 17.77 94 34.44
5 —15.00 35 1.66 65 18.33 95 35.00
6 —14.44 36 2.22 66 18.88 96 35.55
7 —13.88 37 2.77 67 19.44 97 36.11
8 —13.33 38 3.33 68 20.00 98 36.66
9 —12.77 39 3.88 69 20.55 99 37.22
10 —12.22 40 4.44 70 21.11 100 37.70
11 —11.66 41 5.00 71 21.66 200 93.30
12 —11.11 42 5.55 72 22.22 300 148.8
13 —10.55 43 6.11 73 22.77 400 204.4
14 —10.00 44 6.66 74 23.33 500 260.0
15 —9.44 45 7.22 75 23.88 600 315.5
16 —8.88 46 7.77 76 24.44 700 371.1
17 —-8.33 47 8.33 77 25.00 800 426.6
18 —-7.77 48 8.88 78 25.55 900 482.2
19 —7.22 49 9.44 79 26.11
20 —6.66 50 10.00 80 26.66

By permission: www.metric-conversions.org
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2.0.25 Celsius to Fahrenheit Temperature Conversion

Celsius Fahrenheit  Celsius Fahrenheit  Celsius Fahrenheit  Celsius Fahrenheit
0 32.00 21 69.80 51 123.8 81 177.8
0.1 32.18 22 71.60 52 125.6 82 179.6
0.2 32.36 23 73.40 53 127.4 83 181.4
0.3 32.54 24 75.20 54 129.2 84 183.2
0.4 32.72 25 77.00 55 131.0 85 185.0
0.5 32.90 26 78.80 56 132.8 86 186.8
0.6 33.08 27 80.60 57 134.6 87 188.6
0.7 33.26 28 82.40 58 136.4 88 190.4
0.8 33.44 29 84.20 59 138.2 89 192.2
0.9 33.62 30 86.00 60 140.0 90 194.0
1 33.80 31 87.80 61 141.8 91 195.8
2 35.60 32 89.60 62 143.6 92 197.6
3 37.40 33 91.40 63 145.4 93 199.4
4 39.20 34 93.20 64 147.2 94 201.2
5 41.00 35 95.00 65 149.0 95 203.0
6 42.80 36 96.80 66 150.8 96 204.8
7 44.60 37 98.60 67 152.6 97 206.6
8 45.40 38 100.4 68 154.4 98 208.4
9 48.20 39 102.2 69 156.2 99 210.2

10 50.00 40 104.0 70 158.0 100 212.0
11 51.80 41 105.8 71 159.8 200 392.0
12 53.60 42 107.6 72 161.6 300 572.0
13 55.40 43 109.4 73 163.4 400 752.0
14 57.20 44 111.2 74 165.2 500 932.0
15 59.00 45 113.0 75 167.0 600 1112
16 60.80 46 114.8 76 168.8 700 1292
17 62.60 47 116.6 77 170.6 800 1472
18 64.40 48 118.4 78 172.4 900 1652
19 66.20 49 120.2 79 174.2

20 68.00 50 122.0 80 176.0

By permission: www.metric-conversions.org

2.0.26 Fahrenheit to Rankine Temperature Conversion

Fahrenheit Rankine Fahrenheit Rankine Fahrenheit Rankine Fahrenheit Rankine
0 460.0 7 467.0 23 483.0 39 499.0
0.1 460.1 8 468.0 24 484.0 40 500.0
0.2 460.2 9 469.0 25 485.0 41 501.0
0.3 460.3 10 470.0 26 486.0 42 502.0
0.4 460.4 11 471.0 27 487.0 43 503.0
0.5 460.5 12 472.0 28 488.0 44 504.0
0.6 460.6 13 473.0 29 489.0 45 505.0
0.7 460.7 14 474.0 30 490.0 46 506.0
0.8 460.8 15 475.0 31 491.0 47 507.0
0.9 460.9 16 476.0 32 492.0 48 508.0
1 461.0 17 477.0 33 493.0 49 509.0
2 462.0 18 478.0 34 494.0 50 510.0
3 463.0 19 479.0 35 495.0 51 511.0
4 464.0 20 480.0 36 496.0 52 512.0
5 465.0 21 481.0 37 497.0 53 513.0
6 466.0 22 482.0 38 498.0 54 514.0
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Fahrenheit Rankine Fahrenheit Rankine Fahrenheit Rankine Fahrenheit Rankine
55 515.0 69 529.0 83 543.0 97 557.0
56 516.0 70 530.0 84 544.0 98 558.0
57 517.0 71 531.0 85 545.0 99 559.0
58 518.0 72 532.0 86 546.0 100 560.0
59 519.0 73 533.0 87 547.0 200 660.0
60 520.0 74 534.0 88 548.0 300 760.0
61 521.0 75 535.0 89 549.0 400 860.0
62 522.0 76 536.0 90 550.0 500 960.0
63 523.0 77 537.0 91 551.0 600 1060
64 524.0 78 538.0 92 552.0 700 1160
65 525.0 79 539.0 93 553.0 800 1260
66 526.0 80 540.0 94 554.0 900 1360
67 527.0 81 541.0 95 555.0
68 528.0 82 542.0 96 556.0

Note: Rankine is a temperature scale named after Scottish engineer and physicist William Macquorn Rankine, and is based upon zero being
Absolute Zero.
By permission: www.metric-conversions.org

2.0.27 Rankine to Fahrenheit Temperature Conversion

Rankine Fahrenheit  Rankine Fahrenheit  Rankine Fahrenheit  Rankine Fahrenheit
0 —460.00 21 —439.00 51 —409.00 81 —379.00
0.1 —459.9 22 —438.00 52 —408.00 82 —378.00
0.2 —459.8 23 —437.00 53 —407.00 83 —377.00
0.3 —459.7 24 —436.00 54 —406.00 84 —376.00
0.4 —459.6 25 —435.00 55 —405.00 85 —375.00
0.5 —459.5 26 —434.00 56 —404.00 86 —374.00
0.6 —459.4 27 —433.00 57 —403.00 87 —373.00
0.7 —459.3 28 —432.00 58 —402.00 88 —372.00
0.8 —459.2 29 —431.00 59 —401.00 89 —371.00
0.9 —459.1 30 —430.00 60 —400.00 90 —370.00
1 —459.00 31 —429.00 61 —399.00 91 —369.00
2 —458.00 32 —428.00 62 —398.00 92 —368.00
3 —457.00 33 —427.00 63 —397.00 93 —367.00
4 —456.00 34 —426.00 64 —396.00 94 —366.00
5 —455.00 35 —425.00 65 —395.00 95 —365.00
6 —454.00 36 —424.00 66 —394.00 96 —364.00
7 —453.00 37 —423.00 67 —393.00 97 —363.00
8 —452.00 38 —422.00 68 —392.00 98 —362.00
9 —451.00 39 —421.00 69 —391.00 99 —361.00

10 —450.00 40 —420.00 70 —390.00 100 —360.00
11 —449.00 41 —419.00 71 —389.00 200 —260.00
12 —448.00 42 —418.00 72 —388.00 300 —160.00
13 —447.00 43 —417.00 73 —387.00 400 —60.00
14 —446.00 44 —416.00 74 —386.00 500 40.00
15 —445.00 45 —415.00 75 —385.00 600 140.0
16 —444.00 46 —414.00 76 —384.00 700 240.0
17 —443.00 47 —413.00 77 —383.00 800 340.0
18 —442.00 48 —412.00 78 —382.00 900 440.0
19 —441.00 49 —411.00 79 —381.00

20 —440.00 50 —410.00 80 —380.00

Note: Rankine is a temperature scale named after Scottish engineer and physicist William Macquorn Rankine, and is based upon zero being
Absolute Zero.
By permission: www.metric-conversions.org
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2.1.0 Converting Water from One Form to Another
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This information is of general interest in converting water information from one form to
another. This conversion information can be used in virtually all water measurements.

Acre-feet x 43560 = cubic feet

Acre-feet x 1613.3 = cubic yards

Acre Feet x 325851 = gallons

Acre-feet/day x 0.5 = acre-inches/hour
Acre-feet/day x 226.3 = gallons/minute
Acre-feet/day x 0.3259 = million gallons/day
Cubic feet x 1728 = cubic inches

Cubic feet x 0.03704 = cubic yards

Cubic feet x 7.481 = gallons

Cubic feet/second x 449 = gallons/minute
Cubic feet/second x 38.4 = Colorado miners’ inches
Cubic feet/second x 0.02832 = cubic meters/second
Feet of water x .0295 = atmospheres

Feet of water x 62.43 = pounds/square foot
Feet of water x .4335 = pounds/square inch
Gallons x .1337 = cubic feet

Gallons x 3.785 = liters

Gallons of water x 8.33 = pounds of water
Liters x 61.02 = cubic inches

Liters x .001 = cubic meters

Liters x .001308 = cubic yards

Liters x .2642 = gallons

Courtesy of csgnetwork.com/waterconvinformation.html

2.1.1 U.S. and Metric Lumber Length Conversion Table

Actual (ft) to Metric (m) Metric (m) to Actual (ft)
6 1.83 2 6.56
8 2.44 2.50 8.20

10 3.05 3 9.84

12 3.66 3.50 11.48

14 4.27 4 13.12

16 4.88 4.50 14.76

18 5.49 5 16.40

20 6.10 5.50 18.04

22 6.71 6 19.68

24 7.32 6.50 21.32

7 22.96

Courtesy of csgnetwork.com/Imbrlengthcvttable.html
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2.2.0 Conversion Factors—Energy, Volume, Length, Weight, Liquid

~
Table of Conversion Factors
Multiply By To Obtain
Amperes/sq.ft., 0.108 amperes/sq. dm.
Ampere hours, 3600 coulombs
Amperes/sg. dm., 9.29 amperes/sq. ft.
Angstrom units, 1x 107" microns
Centimeters 0.394 inches
Centimeters 393.7 mils
Centimeters 0.0328 feet
Cubic centimeters 3.53 x 107° cubic feet
Cubic centimeters 0.061 cubic inches
Cubic centimeters 2.64 x 107* gallons
Cubic centimeters 0.0338 ounces (fluid)
Cubic feet 28317 cubic centimeters
Cubic feet 1728 cubic inches
Cubic feet 7.48 gallons
Cubic feet of water 60°F 62.37 pounds
Cubic inches 16.39 cubic centimeters
Faradays 9.65 x 10°* coulombs
Faraday/second 96500 amperes
Feet 30.48 centimeters
Feet 12 inches
Feet 0.3048 meters
Gallons 4 quarts (liquid)
Gallons 3785.4 cubic centimeters
Gallons (U.S.) 231 cubic inches
Gallons (U.S.) 3.785 liters
Gallons (U.S.) 128 ounces (fluid)
Gallons (U.S.) 8 pints
Gallons (U.S.) 8.34 pounds (av.) of H,O at 62° F.
Gallons (U.S.) 1.2 gallons (British)
Grains 0.0648 grams
Grains 0.0023 ounces (avoir.)
Grains 0.0021 ounces (troy)
Grains 0.0417 pennyweights (troy)
Grams 15.43 grains
Grams 1000 milligrams
Grams 0.0353 ounces (avoir.)
Grams 0.0321 ounces (troy)
Grams 0.643 pennyweights
Grams/liter 0.122 ounces/gallon (troy)
Grams/liter 0.134 ounces/gallon (avoir.)
Grams/liter 1000 parts per million
Grams/liter 2.44 pennyweights/gallon
Inches 2.54 centimeters
Inches 1000 mils
Kilograms 1000 grams
Kilograms 2.205 pounds (avoir.)
Kilograms 2.679 pounds (troy)
Liters 1000 milliliters
Liters 0.264 gallons
Meters 100 centimeters

/

(Continued)
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~

Table of Conversion Factors—Cont’d

Multiply By To Obtain
Meters 39.37 inches

Microns 3.9 x 107° inches
Milligrams 0.001 grams

Milliliters 1.000027 cubic centimeters
Mils 0.001 inches

Mils 25.4 microns

Ounces (avoir.) 437.5 grains

Ounces (avoir.) 28.35 grams

Ounces (avoir.) 0.911 ounces (troy)
Ounces (avoir.) 18.23 pennyweights
Ounces (avoir.) 0.076 pounds (troy)
Ounces/gallon (avoir.) 7.5 grams/liter
Ounces (troy) 480 grains

Ounces (troy) 31.1 grams

Ounces (troy) 1.097 ounces (avoir.)
Ounces (troy) 20 pennyweights
Ounces/gallon (troy) 8.2 grams/liter
Ounces (fluid) 29.57 cubic centimeters
Ounces/gallon (fluid) 7.7 cc/liter
Pennyweights 24 grains
Pennyweights 1.56 grams
Pennyweights/gallon 0.41 grams/liter

Pints 16 ounces (fluid)
Pounds (avoir.) 453.6 grams

Pounds (avoir.) 16 ounces (avoir.)
Pounds (avoir.) 14.58 ounces (troy)
Pounds (avoir.) 1.215 pounds (troy)
Pounds (troy) 373.24 grams

Pounds (troy) 12 ounces (troy)
Pounds (troy) 0.823 pounds (avoir.)
Quarts (liquid) 946.4 cubic centimeters
Quarts (liquid) 2 pints

Square feet 929.23 square centimeters
Square feet 144 square inches
Square inches 6.45 square centimeters
By permission: Associated Rack Corp., Vero Beach, FL

2.3.0 Conversion of Liquids—Specific Gravity to Degrees Baume

-

Conversion Table - Specific Gravity, Degrees Baume, Pounds Per Cubic Foot

14 14
°Bé. =145 — 145 (theavier than H,O); °Bé. = 140 130 (lighter than H,O)
sp.gr. sp.gr.

Sp. gr. 60°/60° °Bé Lb. per gal. at Lb. per cu. ft. at
60°F wt. in air 60° F wt. in air

1.000 10.00 8.3283 62.300

1.005 0.72 8.3700 62.612

1.010 1.44 8.4117 62.924

1.015 2.14 8.4534 63.236
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/

Conversion Table - Specific Gravity, Degrees Baume, Pounds Per Cubic Foot—Cont'd

Sp. gr. 60°/60° °Bé Lb. per gal. at Lb. per cu. ft. at
60°F wt. in air 60° F wt. in air
1.020 2.84 8.4950 63.547
1.025 3.54 8.5367 63.859
1.030 4.22 8.5784 64.171
1.035 4.90 8.6201 64.483
1.040 5.58 8.6618 64.795
1.045 6.24 8.7035 65.107
1.050 6.91 8.7452 65.419
1.055 7.56 8.7869 65.731
1.060 8.21 8.8286 66.042
1.065 8.85 8.8703 66.354
1.070 9.49 8.9120 66.666
1.075 10.12 8.9537 66.978
1.080 10.74 8.9954 67.290
1.085 11.36 9.0371 67.602
1.090 11.97 9.0787 67.914
1.095 12.58 9.1204 68.226
1.100 13.18 9.1621 68.537
1.105 13.78 9.2038 68.849
1.110 14.37 9.2455 69.161
1.115 14.96 9.2872 69.473
1.120 15.54 9.3289 60.785
1.125 16.11 9.3706 70.097
1.130 16.68 9.4123 70.409
1.135 17.25 9.4540 70.721
1.140 17.81 9.4957 71.032
1.145 18.36 9.5374 71.344
1.150 18.91 9.5790 71.656
1.155 19.46 9.6207 71.968
1.160 20.00 9.6624 72.280
1.165 20.54 9.7041 72.592
1.170 21.07 9.7458 72.904
1.175 21.6 9.7875 73.216
1.180 22.12 9.8292 73.528
1.185 22.64 9.8709 73.840
1.190 23.15 9.9126 74.151
1.195 23.66 9.9543 74.463
1.200 2417 9.9960 74.775
1.205 24.67 10.0377 75.087
1.210 25.17 10.0793 75.399
1.215 25.66 10.1210 75.711
1.220 26.15 10.1627 76.022
1.225 26.63 10.2044 76.334
1.230 27.11 10.2461 76.646
1.235 27.59 10.2878 76.958
1.240 28.06 10.3295 77.270
1.245 28.53 10.3712 77.582
1.250 29.00 10.4129 77.894
1.255 29.46 10.4546 78.206
1.260 29.92 10.4963 78.518
1.265 30.38 10.5380 78.830
1.270 30.83 10.5797 79.141
1.275 31.27 10.6214 79.453
1.280 31.72 10.6630 79.765
1.285 32.16 10.7047 80.077

/
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Conversion Table - Specific Gravity, Degrees Baume, Pounds Per Cubic Foot—Cont'd
Sp. gr. 60°/60° °Bé Lb. per gal. at Lb. per cu. ft. at
60°F wt. in air 60° F wt. in air

1.290 32.60 10.7464 80.389
1.295 33.03 10.7881 80.701
1.300 33.46 10.8298 81.013
1.305 33.89 10.8715 81.325
1.310 34.31 10.9132 81.636
1.315 34.73 10.9549 81.948
1.320 35.15 10.9966 82.260
1.325 35.57 11.0383 82.572
1.330 35.98 11.0800 82.884
1.335 36.39 11.1217 83.196
1.340 36.79 11.1634 83.508
1.345 37.19 11.2051 83.820
1.350 37.59 11.2467 84.131
1.355 37.99 11.2884 84.443
1.360 38.38 11.3301 84.755
1.365 38.77 11.3718 85.067
1.370 39.16 11.4135 85.379
1.375 39.55 11.4552 85.691
1.380 39.93 11.4969 86.003
1.385 40.31 11.5386 86.315
1.390 40.68 11.5803 86.626
1.395 41.06 11.6220 86.938
1.400 41.43 11.6637 87.250
1.405 41.80 11.7054 87.562
1.410 42.16 11.7471 87.874
1.415 42.53 11.7888 88.186
1.420 42.89 11.8304 88.498
1.425 43.25 11.8721 86.810
1.430 43.60 11.9138 89.121
1.435 43.95 11.9555 89.433
1.440 44.31 11.9972 89.745
1.445 44.65 12.0389 90.057
1.450 45.00 12.0806 90.369
1.455 45.34 12.1223 90.681
1.460 45.68 12.1640 90.993
1.465 46.02 12.2057 91.305
1.470 46.36 12.2473 91.616
1.475 46.69 12.2890 91.928
1.480 47.03 12.3307 92.240
1.485 47.36 12.3724 92.552
1.490 47.68 12.4141 92.864
1.495 48.01 12.4558 93.176
1.500 48.33 12.4975 93.488
1.505 48.65 12.5392 93.800
1.510 48.97 12.5809 94.112
1.515 49.29 12.6226 94.424
1.520 49.61 12.6643 94.735
1.525 49.92 12.7060 95.047
1.530 50.23 12.7477 95.359
1.535 50.54 12.7894 95.671
1.540 50.84 12.8310 95.983
1.545 51.15 12.8727 96.295
1.550 51.45 12.9144 96.606
1.555 51.75 12.9561 96.918
1.560 52.05 12.9978 97.230
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Conversion Table - Specific Gravity, Degrees Baume, Pounds Per Cubic Foot—Cont'd
Sp. gr. 60°/60° °Bé Lb. per gal. at Lb. per cu. ft. at
60°F wt. in air 60° F wt. in air

1.565 52.35 13.0395 97.542
1.570 52.64 13.0812 97.854
1.575 52.94 13.1229 98.166
1.580 53.23 13.1646 98.478
1.585 53.52 13.2063 98.790
1.590 53.81 13.2480 99.102
1.595 54.09 13.2897 99.414
1.600 54.38 13.3313 99.725
1.605 54.66 13.3730 100.037
1.610 54.94 13.4147 100.349
1.615 55.22 13.4564 100.661
1.620 55.49 13.4981 100.973
1.625 55.77 13.5398 101.285
1.630 56.04 13.5815 101.597
1.635 56.32 13.6232 101.909
1.640 56.59 13.6649 102.220
1.645 56.85 13.7066 102.532
1.650 57.12 13.7483 102.844
1.655 57.39 13.7900 103.156
1.660 57.65 13.8317 103.468
1.665 57.91 13.8734 103.780
1.670 58.17 13.9150 104.092
1.675 58.43 13.9567 104.404
1.680 58.69 13.9984 104.715
1.685 58.95 14.0401 105.027
1.690 59.20 14.0818 105.339
1.695 59.45 14.1235 105.651
1.700 59.71 14.1652 105.963
1.705 59.96 14.2069 106.275
1.710 60.20 14.2486 106.587
1.715 60.45 14.2903 196.899
1.720 60.70 14.3320 107.210
1.725 60.94 14.3737 107.522
1.730 61.18 14.4153 107.834
1.735 61.34 14.4570 108.146
1.740 61.67 14.4987 108.458
1.745 61.91 14.5404 108.770
1.750 62.14 14.5821 109.082
1.755 62.38 14.6238 109.394
1.760 62.61 14.6655 109.705
1.765 62.85 14.7072 110.017
1.770 63.08 14.7489 110.329
1.775 63.31 14.7906 110.641
1.780 63.54 14.8323 110.953
1.785 63.77 14.8740 111.265
1.790 63.99 14.9157 111.577
1.795 64.22 14.9574 111.889
1.800 64.44 14.9990 112.200
1.805 64.67 15.0407 112.512
1.810 64.89 15.0824 112.824
1.815 65.11 15.1241 113.136
1.820 65.33 15.1658 113.448
1.825 65.55 15.2075 113.760
1.830 65.77 15.2492 114.072

/
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/Conversion Table - Specific Gravity, Degrees Baume, Pounds Per Cubic Foot—Cont'd
Sp. gr. 60°/60° °Bé Lb. per gal. at Lb. per cu. ft. at
60°F wt. in air 60° F wt. in air

1.835 65.98 15.2909 114.384

1.840 66.20 15.3326 114.696

1.845 66.41 15.3743 115.007

1.850 66.62 15.4160 115.318

1.855 66.83 15.4577 115.630

1.860 67.04 15.4993 115.943

1.865 67.25 15.5410 116.255

1.870 67.46 15.5827 116.567

1.875 67.67 15.6244 116.879

1.880 67.87 15.6661 117.191

1.885 68.08 15.7078 117.503

1.890 68.28 15.7495 117.814

1.895 68.48 15.7912 118.126

1.900 68.68 15.8329 118.438

By permission: Associated Rack Corp., Vero Beach, FL

2.4.0 Volume-to-Weight Conversion Table

The volume-to-weight conversion table presented on the following pages is a compilation of several sources.
Materials converted from volume to weight include paper (high-grade and other), glass, plastic, metals, or-
ganics, and other materials (e.g., tires and oil).

It is important to note that although the weight (density) figures presented here are useful for determining
rough estimates, they will not be as useful when precise measurements are required. Differences in the way a
material is handled, processed, or in the amount of moisture present can make substantial differences in the
amount a particular material weighs per specified volume. Because of these differences, it will be important
to actually sort and weight materials in your program whenever precise measurements are needed (e.g., recy-
cling contract agreements).

Category Material Volume Estimated Weight
(u/c = uncompacted/compacted & baled) (in pounds)
High-Grade Paper Computer Paper:
Uncompacted, stacked 1 cu. yd. 655
Compacted/baled 1 cu. yd. 1,310
1 case 2800 sheets 42

White Ledger:

(u)stacked/(c)stacked
(u)crumpled/(c)crumpled

cu. yd.
cu. yd.

—_ —_ e m

375465/755-925
11 0205/325

Ream of 20# bond; 8-1/2 x 11 ream = 500 sheets 5

Ream of 20# bond; 8-1/2 x 14 ream = 500 sheets 6.4

White ledger pads case = 72 pads 38

Tab Cards

Uncompacted 1 cu. yd. 605
Compacted/baled 1 cu. yd. 1,215-1,350




Conversion Tables and Conversion Formulas

Category Material Volume Estimated Weight
(u/c = uncompacted/compacted & baled) (in pounds)
Other Paper Cardboard (Corrugated):
Uncompacted 1 cu. yd. 50-150
Compacted 1 cu. yd. 300-500
Baled 1 cu. yd. 7001,100
Newspaper:
Uncompactad 1 cu. yd. 360-505
Compacted/baled 1 cu. yd. 7,201,000
12 stack — 35
Miscellaneous Paper:
Yellow legal pads 1 case = 72pads 38
Colored message pads 1 carton = 144 pads 22
Self-carbon forms; 8-1/2 x 11 1 ream = 500 sheets 50
Mixed Ledger/Office Paper:
Flat (u/c) 1 cu. yd. 380/755
Crumpled (u/c) 1 cu. yd. 110205/610
Gass Refillable Whole Bottles:
Refillable beer bottles 1 case = 24 bottles: 14
Refillable soft drink bottles 1 case = 24 bottles 22
8 oz. glass container 1 case = 24 bottles 12
Bottles:
Whole 1 cu. yd 500-700
Semi-crushed 1 cu. yd. 1,0001,800
Crushed (mechanically) 1 cu. yd. 1,800-2,700
Uncrushed to manually broken 55 gallon drum 300
Plastic PET (Soda Bottles):
Whole bottles, uncompacted 1 cu. yd. 30-40
Whole bottles, compacted 1 cu. yd. 515
Whole bottles, uncompacted gaylord 40-53
Baled 30" x 62" 500-550
Granulated gaylord 700-750
8 bottles (2-liter size) 1
HDPE(Dairy):
Whole, uncompacted 1 cu. yd. 24
Whole, compacted 1 cu. yd. 270
Baled 32" x 60" 400-500
HDFE(Mixed):
Baled 32" x 60" 900
Granulated semi-load 42,000
Odd Plastic:
Uncompacted 1 cu. yd. 50
Compacted/baled 1 cu.yd. 400-700
Mixed PET and HDPE (Dairy):
L Whole, uncompacted 1 cu. yd. 32

/
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Category Material Volume Estimated Weight
(u/c = uncompacted/compacted & baled) (in pounds)
Metals Aluminum (Cans):
Whole 1 cu.yd. 50-75
Compacted (manually) 1 cu. yd. 250-430
Uncompacted 1 full grocery bag 1.5
1 case = 24 cans 0.9
Ferrous (tin-coated steel cans):
Whole 1 cu. yd. 150
Flattened 1 cu. yd. 850
Whole 1 case = 6 cans 22
Organics Yard trmming*:
Leaves (uncompacted) 1 cu. yd. 200-250
Leaves (compacted) 1 cu. yd. 300-450
Leaves, vacuumed 1 cu. yd. 350
Grass clippings (uncompacted) 1 cu. yd. 350-450
Grass clippings (compacted) 1 cu. yd. 550-1,500
Finished compost 1 cu. yd. 600
Scrap wood:
Pallets 30-100 (40 avg.)
Wood chips 1 cu. yd. 500
Food Waste:
Solid/liquid fats 55-gallon drum 400-410
Other Materials Tires:
Car 1 tire 12-20
Truck 1 tire 60-100
Oil (Used Motor Oil) 1 gallon 7
*Density of yard trimmings is highly variable depending on moisture content. /
2.5.0 Convert Old A.L.S.C. Structural Shapes to New Designations
A.LS.C. Hot-Rolled Structural Steel Shape Designations
New Designation Type of Shape Old Designation
W 24 x 76 W shape 24 WF 76
W 14 x 26 W shape 14 B 26
S 24 x 100 S shape 241100
M8 x 18.5 M shape 8M18.5
M 10 x 9 M shape 10JR 9.0
M 8 x 34.3 M shape 8 x 8M 343
C12 x 20.7 American Std. Channel 12 C 20.7
MC 12 x 45 Miscellaneous Channel 12 x 4C45.0
MC 12 x 10.6 Miscellaneous Channel 12JRC 10.6
HP 14 x 73 HP shape 14BP 73
L6 x 6 x 3/4 Equal Leg Angle L6 x6x 3/4




Conversion Tables and Conversion Formulas

A.LS.C. Hot-Rolled Structural Steel Shape Designations—Cont’d

\

New Designation

Type of Shape

Old Designation

L6 x 4 x 5/8
WT 12 x 38
WT7 x 13

ST 12 x 50

MT 4 x 9.25
MT 5 x 4.5

MT 4 x 17.15
PLY2 x 18

Bar 10

Bar 1-1/4 ©

Bar 2-1/2 x 1/2
Pipe 4 Std.

Pipe 4 x . Strong
Pipe 4 xx Strong
TS 4 x 4 x 375
TS5 x 3 x.375

Unequal Leg Angle
Structural Tee

Cut from W shape
Cut from S shape
Cut from M shape
Cut from M shape
Cut from M shape
Plate

Square Bar

Round Bar

Flat Bar

Pipe

Pipe

Pipe

Structural Tubing: Square

Rectangular

L6 x4 x5/8

ST 12 WF 38
ST7B13
ST12/50
ST4M09.25
ST5JR 4.5
ST4M17.15
PL18 x '

Bar 10

Bar 1-1/4 ©

Bar 2-1/2 x 1/2
Pipe 4 Std.

Pipe 4 x-Strong
Pipe 4 x x-Strong
Tube 4 x 4 x .375
Tube 5 x 3 x .375

TS 3 OD x .250 Circular Tube 3 OD x .250
Source: Cardinal Metals, Irving, Texas
/
2.6.0 USA Mesh Size—Convert to International Particle Size (Microns)
. . . . N
International Sieve Chart / Micropowder Grit Chart
ASTM Particle Angstrom
E-11 ANSI B74.12-1992 JIS BSI Diameter AFNOR DIN Tyler® Units (/i)
USA USA JPN GBR USA FRA DEU USA Global
Uss d50 (microns) Microns (n) Mesh Microns (@) Microns () Microns (u) Mesh Angstroms (A)
Mesh Sedimentation tube
method
3in. 71 75 mm
2in. 50 50
1.06 in. 26.5 26.5 26.5 1.05 in.
7/8 in. 22.4 22.4 22.4 22.4 0.883 in.
3/4 in. 19 19.0 19 0.742 in.
5/8in. 16 16.0 16 16 0.624 in.
1/2in. 12.5 12.5 12.5 12.5
7/16 in. 11.2 11.2 11.2 11.2 0.441 in.
3/8in. 9.5 9.5 11.2 9.5 0.371in.
5/16in. 8 8.0 8 8 2.5
0.265 in. 6.7 6.7 6.7 3
3.5 90 5.6 5.6 5.6 3.5
5 5 4.00 4 4 5
8 8 2.36 2.36 8
12 1.70 1.7 10
14 1.4 12 1.40 1.4 1.4 12
16 1.18 1.18 14
18 1.00 1,0 1.0 16
20 850 18 850 850 20
\ %

(Continued)
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International Sieve Chart / Micropowder Grit Chart—Cont'd h
ASTM Particle Angstrom
E-11 ANSI B74.12-1992 ]IS BSI Diameter AFNOR DIN Tyler® Units (A)
USA  USA JPN GBR USA FRA DEU USA Global
USS d50 (microns) Microns (@) Mesh Microns (u) Microns (n) Microns (n) Mesh Angstroms (A)
Mesh Sedimentation tube
method
25 710 22 710 710 710 24
30 600 25 600 600 28
35 500 30 500 500 500 32
40 425 36 425 425 35
45 355 44 355 355 355 42
50 300 52 300 300 48
60 250 60 250 250 250 60
70 212 72 212 212 65
80 180 85 180 180 180 80
100 150 100 150 150 100
120 125 120 125 125 125 115
140 106 106 106 150
170 90 170 90 90 90 170
200 75 200 75 75 200
230 240 grit = 53.5 — 50 63 240 63 63 63 250
270 280 grit = 44 — 40.5 53 300 53 53 270
325 320 grit =36 — 32.5 45 350 45 45 45 325
400 360 grit=28.8 —25.8 38 400 38 38 400
450 400 grit=23.6 —20.6 32 440 32 32 32 450
500 500 grit=19.7 — 16.7 25 25 25 500
635 600 grit=16 — 13 20 20 20 635
800 grit=12.3 —9.8 16 16
1000 grit=9.3 — 6.8 10 10 1,250
1200 grit= 6.5 — 4.5 5 5 5,000
1 1 10,000
0.1 1,000
0.01 100
0.001 10
0.0001 1
0 0
J

Particle Size Conversion Chart

Tcm  Tmm 100 micrometers 10 micrometers 1 micrometer 100 nanometers 10 nanometers 1 nanometer

0.01  0.001  0.0001 meter 0.00001 meter  0.000001 0.0000001 0.00000001 0.000000001
meter meter meter meter meter meter

Source: READE.com




Conversion Tables and Conversion Formulas

Applicable Standards Applicable standards are ISO 565 (1987), ISO 3310 (1999), ASTM E 11-70 (1995), DIN
4188 (1977), BS 410 (1986) and AFNOR NFX11-501 (1987).

2.7.0 Converting Wire Gauge from

1. Standard Wire Gauge (S.W.G.)
to
2. Wire Number
to
3. American Wire Gauge (A.W.G.)
to
4. A.W.G. and Brown & Sharpe (B&S)-Inches
to
5. AW.G. to Metric

Ve
S\W.G. Wire Number AW.G. or B&S AW.G. Metric
(Inches)  (Gauge) (Inches) (MM)

0.500 0000000 (7/0) oo
0.464 000000 (6/0) 0.580000
0.432 00000 (5/0) 0.516500
0.400 0000 (4/0) 0.460000 11,684
0.372 000 (3/0) 0.409642 10,404
0.348 00 (2/0) 0.364796 9,266
0.324 0 (1/0) 0.324861 8,252
0.300 1 0.289297 7,348
0.276 2 0.257627 6,543
0.252 3 0.229423 5,827
0.232 4 0.2043 5,189
0.2120 5 0.1819 4,621
0.1920 6 0.1620 4,115
0.1760 7 0.1443 3,665
0.1600 8 0.1285 3,264
0.1440 9 0.1144 2,906
0.1280 10 0.1019 2,588
0.1160 11 0.0907 2,304
0.1040 12 0.0808 2,052
0.0920 13 0.0720 1,829
0.0800 14 0.0641 1,628
0.0720 15 0.0571 1,450
0.0640 16 0.0508 1,291
0.0560 17 0.0453 1,150
0.0480 18 0.0403 1,024
0.0400 19 0.0359 0,9119
0.0360 20 0.0320 0,8128
0.0320 21 0.0285 0,7239
0.0280 22 0.0253 0,6426

J
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S.W.G. Wire Number AW.G. or B&S AW.G. Metric
(Inches)  (Gauge) (Inches) (MM)
0.0240 23 0.0226 0,5740
0.0220 24 0.0201 0,5106
0.0200 25 0.0179 0,4547
0.0180 26 0.0159 0,4038
0.0164 27 0.0142 0,3606
0.0148 28 0.0126 0,3200
0.0136 29 0.0113 0,2870
0.0124 30 0.0100 0,2540
0.0116 31 0.0089 0,2261
0.0108 32 0.0080 0,2032
0.0100 33 0.0071 0,1803
0.0092 34 0.0063 0,1601
0.0084 35 0.0056 0,1422
0.0076 36 0.0050 0,1270
0.0068 37 0.0045 0,1143
0.0060 38 0.0040 0,1016
0.0052 39 0.0035 0,0889
0.0048 40 0.0031 0,0787
0.0044 41 0.0028 0,0711
0.0040 42 0.0025 0,0635
0.0036 43 0.0022 0,0559
0.0032 44 0.0020 0,0508
0.0028 45 0.0018 0,0457
0.0024 46 0.0016 0,0406
0.0020 47 0.0014 0,0350
0.0016 48 0.0012 0,0305
0.0012 49 0.0011 0,0279
0.0010 50 0.0010 0,0254
51 0.00088 0,0224
52 0.00078 0,0198
53 0.00070 0,0178
54 0.00062 0,0158
55 0.00055 0,0140
56 0.00049 0,0124
Source: READE.com




Section | 2 Conversion Tables and Conversion Formulas

2.8.0 Map of United States Showing Four Continental Times Zones
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2.8.1 Convert Time Zones—UTC to Four Standard U.S. Time Zones

~
Conversions from UTC to some U.S. time zones
UTC Pacific Mountain Central Eastern
(GMT) Standard Standard Standard Standard
0 4 pm * 5 pm * 6 pm * 7 pm *
1 5pm * 6 pm * 7 pm * 8 pm *
2 6 pm * 7 pm * 8 pm * 9 pm *
3 7 pm * 8 pm * 9 pm * 10 pm *
4 8 pm * 9 pm * 10 pm * 11 pm *
5 9 pm * 10 pm * 11 pm * 12 mid
6 10 pm * 11 pm * 12 mid 1 am
7 11 pm * 12 mid 1 am 2 am
8 12 mid 1 am 2 am 3 am
9 1 am 2 am 3 am 4 am
10 2 am 3 am 4 am 5am
\_ J
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/
Conversions from UTC to some U.S. time zones—Cont’d h
UTC Pacific Mountain Central Eastern
(GMT) Standard Standard Standard Standard
11 3 am 4 am 5am 6 am
12 4 am 5am 6 am 7 am
13 5am 6 am 7 am 8 am
14 6 am 7 am 8 am 9 am
15 7 am 8 am 9 am 10 am
16 8 am 9 am 10 am 11 am
17 9 am 10 am 11 am 12 noon
18 10 am 11 am 12 noon 1 pm
19 11 am 12 noon 1 pm 2 pm
20 12 noon 1 pm 2 pm 3 pm
21 1 pm 2 pm 3 pm 4 pm
22 ‘2 pm 3 pm 4 pm 5 pm
23 3 pm 4 pm 5pm 6 pm
* = previous day

J
2.8.2 Convert Time Zones-UTC to Four Daylight U.S. Time Zones

- N
Conversions from UTC to some U.S. time zones
UTC Pacific Mountain Central Eastern
(GMT) Daylight Daylight Daylight Daylight
0 5pm* 6 pm * 7 pm * 8 pm *
1 6 pm * 7 pm* 8 pm * 9 pm *
2 7 pm * 8 pm * 9 pm * 10 pm *
3 8 pm * 9 pm * 10 pm * 11 pm *
4 9 pm * 10 pm * 11 pm * 12 mid
5 10 pm * 11 pm * 12 mid 1 am
6 11 pm * 12 mid 1am 2 am
7 12 mid 1 am 2 am 3 am
8 1 am 2 am 3 am 4 am
9 2 am 3 am 4 am 5am
10 3 am 4 am 5am 6 am
11 4 am 5am 6 am 7 am
12 5am 6 am 7 am 8 am
13 6 am 7 am 8 am 9 am
14 7 am 8 am 9 am 10 am
15 8 am 9 am 10 am 11 am
16 9 am 10 am 11 am 12 noon
17 10 am 11 am 12 noon 1 pm
18 11 am 12 noon 1 pm 2 pm
19 12 noon 1 pm 2 pm 3 pm
20 1 pm 2 pm 3 pm 4 pm
21 2 pm 3 pm 4 pm 5 pm
22 3 pm 4 pm 5pm 6 pm
23 4 pm 5 pm 6 pm 7 pm
*= previous day




2.9.0 Convert Roman Numerals to Arabic Dates

Conversion Tables and Conversion Formulas

Roman numerals from 1 to 1 million and their Arabic equivalent are listed below. Arabic to Roman dates for the
19th and 20th centuries and a portion of the 21st century are also included in this conversion exercise.

Roman

~
Arabic

1

5

x| <

10

—

50

100

500

Z]0O|0O

1,000

1,000

5,000

10,000

50,000

100,000

500,000

1,000,000

%

19th Century

1801 = MDCCCI
1802 = MDCCCII
1803 = MDCCCII

1804 = MDCCCIV
1805 = MDCCCV
1806 = MDCCCVI
1807 = MDCCCVII
1808 = MDCCCVIII
1809 = MDCCCIX
1810 = MDCCCX
1811 = MDCCCXI
1812 = MDCCCXII
1813 = MDCCCXIII
1814 = MDCCCXIV
1815 = MDCCCXV
1816 = MDCCCXVI
1817 = MDCCCXVII
1818 = MDCCCXVIII
1819 = MDCCCXIX
1820 = MDCCCXX
1821 = MDCCCXXI
1822 = MDCCCXXII
1823 = MDCCCXXIII
1824 = MDCCCXXIV
1825 = MDCCCXXV
1826 = MDCCCXXVI
1827 = MDCCCXXVII
1828 = MDCCCXXVIII
1829 = MDCCCXXIX
1830 = MDCCCXXX
1831 = MDCCCXXXI
1832 = MDCCCXXXII
1833 = MDCCCXXXII
1834 = MDCCCXXXIV
1835 = MDCCCXXXV
1836 = MDCCCXXXVI
1837 = MDCCCXXXVII
1838 = MDCCCXXXVIII
1839 = MDCCCXXXIX
1840 = MDCCCXL
1841 = MDCCCXLI
1842 = MDCCCXLII
1843 = MDCCCXLII
1844 = MDCCCXLIV
1845 = MDCCCXLV
1846 = MDCCCXLVI
1847 = MDCCCXLVII
1848 = MDCCCXLVII
1849 = MDCCCXLIX
1850 = MDCCCL

1851 = MDCCCLI
1852 = MDCCCLII
1853 = MDCCCLII
1854 = MDCCCLIV
1855 = MDCCCLV
1856 = MDCCCLVI
1857 = MDCCCLVII
1858 = MDCCCLVII
1859 = MDCCCLIX
1860 = MDCCCLX
1861 = MDCCCLXI
1862 = MDCCCLXII
1863 = MDCCCLXII
1864 = MDCCCLXIV
1865 = MDCCCLXV
1866 = MDCCCLXVI
1867 = MDCCCLXVII
1868 = MDCCCLXVIII
1869 = MDCCCLXIX
1870 = MDCCCLXX
1871 = MDCCCLXXI
1872 = MDCCCLXXII
1873 = MDCCCLXXIII
1874 = MDCCCLXXIV
1875 = MDCCCLXXV
1876 = MDCCCLXXVI
1877 = MDCCCLXXVII
1878 = MDCCCLXXVIII
1879 = MDCCCLXXIX
1880 = MDCCCLXXX
1881 = MDCCCLXXXI
1882 = MDCCCLXXXII
1883 = MDCCCLXXXIII
1884 = MDCCCLXXXIV
1885 = MDCCCLXXXV
1886 = MDCCCLXXXVI
1887 = MDCCCLXXXVII
1888 = MDCCCLXXXVIII
1889 = MDCCCLXXXIX
1890 = MDCCCXC
1891 = MDCCCXCI
1892 = MDCCCXCII
1893 = MDCCCXCIII
1894 = MDCCCXCIV
1895 = MDCCCXCV
1896 = MDCCCXCVI
1897 = MDCCCXCVII
1898 = MDCCCXCVII
1899 = MDCCCXCIX
1900 = MCM or MDCCCC



20th Century

1901 = MCMI
1902 = MCMII
1903 = MCMIII
1904 = MCMIV
1905 = MCMV
1906 = MCMVI
1907 = MCMVII
1908 = MCMVIII
1909 = MCMIX
1910 = MCMX
1911 = MCMXI
1912 = MCMXII
1913 = MCMXIII
1914 = MCMXIV
1915 = MCMXV

1916 = MCMXVI
1917 = MCMXVII
1918 = MCMXVIII
1919 = MCMXIX
1920 = MCMXX
1921 = MCMXXI
1922 = MCMXXII
1923 = MCMXXIII
1924 = MCMXXIV
1925 = MCMXXV
1926 = MCMXXVI
1927 = MCMXXVII
1928 = MCMXXVIII
1929 = MCMXXIX
1930 = MCMXXX
1931 = MCMXXXI
1932 = MCMXXXII
1933 = MCMXXXIII
1934 = MCMXXXIV
1935 = MCMXXXV
1936 = MCMXXXVI
1937 = MCMXXXVII
1938 = MCMXXXVIII
1939 = MCMXXXIX
1940 = MCMXL

1941 = MCMXLI
1942 = MCMXLII
1943 = MCMXLIII
1944 = MCMXLIV
1945 = MCMXLV
1946 = MCMXLVI
1947 = MCMXLVII
1948 = MCMXLVIII
1949 = MCMXLIX

1950 = MCML
1951 = MCMLI
1952 = MCMLII
1953 = MCMLIII

1954 = MCMLIV
1955 = MCMLV

1956 = MCMLVI
1957 = MCMLVII
1958 = MCMLVIII
1959 = MCMLIX
1960 = MCMLX
1961 = MCMLXI
1962 = MCMLXII

1963 = MCMLXIII
1964 = MCMLXIV
1965 = MCMLXV
1966 = MCMLXVI
1967 = MCMLXVII
1968 = MCMLXVIII
1969 = MCMLXIX
1970 = MCMLXX
1971 = MCMLXXI
1972 = MCMLXXII
1973 = MCMLXXIII
1974 = MCMLXXIV
1975 = MCMLXXV
1976 = MCMLXXVI
1977 = MCMLXXVII
1978 = MCMLXXVIII
1979 = MCMLXXIX
1980 = MCMLXXX
1981 = MCMLXXXI
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1982 = MCMLXXXII
1983 = MCMLXXXIII
1984 = MCMLXXXIV
1985 = MCMLXXXV
1986 = MCMLXXXVI
1987 = MCMLXXXVII
1988 = MCMLXXXVIII
1989 = MCMLXXXIX
1990 = MCMXC
1991 = MCMXCI
1992 = MCMXCII
1993 = MCMXCIII
1994 = MCMXCIV
1995 = MCMXCV
1996 = MCMXCVI
1997 = MCMXCVII
1998 = MCMXCVIII
1999 = MCMXCIX
2000 = MM

21st Century

2001 = MMI
2002 = MMII
2003 = MMIII
2004 = MMIV
2005 = MMV
2006 = MMVI
2007 = MMVII
2008 = MMVIII
2009 = MMIX
2010 = MMX
2011 = MMXI
2012 = MMXII
2013 = MMXIII
2014 = MMXIV
2015 = MMXV
2016 = MMXVI
2017 = MMXVII
2018 = MMXVIII
2019 = MMXIX
2020 = MMXX

2.10.0 Converting Speed—Knots to MPH to Kilometers per Hour

Speed Conversions - Knots, MPH, KPH

Knots Miles per Hour Kilometers per Hour
1 1.152 1.85
2 2.303 3.70
3 3.445 5.55
4 4.606 7.41
5 5.758 9.26




Conversion Tables and Conversion Formulas

Speed Conversions - Knots, MPH, KPH—Cont’d

Knots

Miles per Hour

Kilometers per Hour

6
7
8
9
10

6.909 11.13
8.061 12.98
9.212 14.83
10.364 16.68
11.515 18.55

Source: Glen-L Marine Designs-glen-l.com

/

2.11.0 Conversion Factors for Builders and Design Professionals Who Cook

Common Kitchen Equivalents

Standard

Equivalent

Liquid Equivalent

One pinch or dash
1 teaspoon

3 teaspoons
4 tablespoons
1/3 cup

1/2 cup

1 gill

1 cup

2 cups

4 cups

2 pints

4 quarts

8 quarts

4 pecks

16 ounces

1/16 teaspoon

5ml

1 tablespoon

1/4 cup

5 tablespoon + 1 teaspoon
8 tablespoons

1/2 cup

16 tablespoons

1 peck
1 bushel
1 pound dry measure

1/6 ounce

1/2 ounce

2 ounces

3 ounces

4 ounces

4 ounces

8 ounces

1 pint (16 ounces)
1 quart (32 ounces)
1 quart (32 ounces)
1 gallon (128 ounces)

tsp = teaspoon
t = tablespoon

0z = ounce
c=cup

pt = pint

qt = quart
bu = bushel
Ib = pound
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Oven Temperatures

225°F 110°C Gas Mark 1/4 Very slow / Very cool

250 120 Gas Mark 1/2 Very slow / Very cool

275 140 Gas Mark 1 Slow / Cool

300 150 Gas Mark 2 Slow / Cool

325 160 Gas Mark 3 Warm / Very Moderate
350 180 Gas Mark 4 Moderate

375 190 Gas Mark 5 Moderately hot / Fairly hot
400 200 Gas Mark 6 Moderately hot / Fairly hot
425 220 Gas Mark 7 Hot

450 230 Gas Mark 8 Very hot

475 240 Gas Mark 9 Very hot

- Temperature equivalents are not exact; they are only a guide. Consult your oven’s manual
for its particular settings.

- Settings for convection ovens should be about 50°F (c. 25°C) less than the above.

- Remember to use an oven thermometer to check the actual temperature of your oven, as
they do occasionally need to be recalibrated.

By permission: Fante’s Kitchen Wares Shop, Philadelphia, PA-www.fantes.com

%

\
Liquid (Fluid) Measure Equivalents
0.125 oz 1 fl dram 60 minims
10z 8 fl drams
40z 1 gill
8 oz 1c
16 oz 2c 1 pt
320z 4c 2 pt 1qt
33.80z 4.23 ¢ 2.1134 pt 1.0567 qt 0.264 gal 11
128 oz 16¢ 8 pt 4 qt 1 gal 3.7853 |
4032 0z 1 bbl 3.94 pt 7.875 qt 31.5 gal
8064 oz 1 hhd 7.875 pt 15.75 qt 63 gal
fl = fluid
oz = ounce
c=cup
pt = pint
qt = quart
gal = gallon
bbl = barrel
hhd = hogshead
1 = liter



http://www.fantes.com

Conversion Tables and Con

version Formulas

\
Metric Equivalents, Liquid or Fluid Measure
Or Dry Liquid
1 centiliter 0.6102 cubic inches 0.338 ounces
1 deciliter 10 centiliters 6.102 cubic inches .0845 gill
1 liter 10 deciliters 0.908 quart 1.0567 quarts
1 decaliter 10 liters 9.08 quarts 2.64 gallons
cl = centiliter
dl = deciliter
1 = liter
dal = decaliter
cu in = cubic inch
0z = ounce
gt = quart
gal = gallon
By permission: Fante’s Kitchen Wares Shop, Philadelphia, PA-www.fantes.com
/

Weight Equivalents

2240 pounds

1 long ton or gross ton

Avoirdupois

16 drams 437.5 grains 1 ounce 28.35 grams
16 ounces 7000 grains 1 pound 453.59 grams
1 pound 0.45 kilograms

1 kilogram 2.2 pounds

100 pounds 1 central 1 hundredweight

2000 pounds 1 short ton

2204.6 pounds 1 metric ton 1000 kilograms

Also (in Great Britain)

14 pounds

2 stones

4 quarters

20 hundredweight

1 stone

1 quarter
112 pounds
1 long ton

1 hundredweight

Troy (Precious Metals)

24 grains 1 pennyweight

20 pennyweights 480 grains 1 ounce
12 ounces 5760 grains 1 pound
Apothecaries’ Weight

20 grains 1 scruple

3 scruples 1 dram

8 drams 1 ounce

12 ounces 5760 grains 1 pound

o
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Paper

24 sheets 1 quire

20 quires 1 short ream 480 sheets
500 sheets 1 ream

10 reams 1 bale

Weight of Water

cubic inch
cubic foot
cubic foot
Imperial gallon
U.S. gallon

—__

.0360 pound
62.3 pounds
7.48052 U.S. gallons
10.0 pounds
8.33 pounds

By permission: Fante’s Kitchen Wares Shop, Philadelphia, PA-www.fantes.com
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Section 3 |——

Calculations and Formulas—Geometry,
Trigonometry, and Physics in Construction

/3.0.0

3.1.0
3.1.1
3.1.2

3.1.3

3.2.0
3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10

3.2.11
3.3.0
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6
3.3.7
3.3.8

KS.S.9

Useful Formulas—Water, Pressure,
Heat, Cooling, Horsepower

Basic Mathematics—Algebra

What Are Roots?

Area and Circumference of a Circle
by Archimedes

Explaining Exponential Functions—
Concepts, Solutions

General Geometric Formulas
Volume of Prisms

Volume of Pyramids

Area of Prisms and Right Area Prisms
Cylinder Volume Theorem

Cone Volume Theorem

Sphere Volume and Area Theorem
The Isosceles and Equilateral Triangles
Theorems That Apply to Parallelograms
The Small Angle Formula
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3.0.0 Useful Formulas—Water, Pressure, Heat, Cooling, Horsepower

Total Heat (BTU/hr) = 4.5 x cfm x Ah (std air)
Sensible Heat (BTU/hr) = 1.1 x cfm x At (std air)
Latent Heat (BTU/hr) = 0.69 x cfm x Agr (std air)

NOTE: For conditions other than standard air please see this page.

Total Heat (BTU/hr) = 500 x gpm x At (water)

TONS = 24 x gpm x At (water)

GPM cooler = (24 x TONS) / At (water)

Fluid Mixture T,, = (Xt; + Yt,) / X 4+ Y (this works for air or water)
BTU/hr = 3.413 x watts = HP x 2546 = Kg Cal x 3.97
Lb. = 453.6 grams = 7000 grains

psi = ft water/2.31 = in. hg/2.03 = in. water/27.7 = 0.145 x kPa
Ton = 12,000 BTU/hr = 0.2843 x KW

HP (air) = cfm x Ap (in. H,0)/6350 x Eff

HP (water) = gpm x Ap (ft)/3960 x Eff

Gal. = FT%/7.48 = 3.785 Liters = 8.33 Ib (water) = 231 in. >
gpm = 15.85 x L/S

cfm =2.119 x L/S

Liter = 3.785 x gal = 0.946 x quart = 28.32 x ft’

Therm = 100,000 BTU = MJ/105.5

Watt/sq ft = 0.0926 x W/M?>

yd =1.094 x M

ft =3.281 x M

ft* = 10.76 x M?

ft’ = 3531 x M?

ft/min = 196.9 x M/S

PPM (by mass) = mg/kg

NOTE: Liter/sec is the proper SI term for liquid flow. M*/sec is the proper SI term for airflow. Due to the
awkward nature of using M*/S at low air flow rates (lots of decimal points), L/S is commonly used to express air
flow for HVAC applications.

Source: www.gorhamschaffler.com/formulas.html
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1. Water Measurement
1 cubic foot = 7.48 gallons = 62.4 pounds of water
1 acre-foot = 43,560 cubic feet = 325,851 gallons = 12 acre-inches
1 acre-inch = 27,154 gallons
1 acre-foot is the volume of water that would cover 1 acre of land 1 foot deep
1 acre-inch per hour = 450 gallons per minute (gpm)
= 1 cubic foot per second (cfs)
1 cubic meter = 1000 liters = 264 gallons
1 gallon = 128 ounces = 3785 mililiters
1 ounce = 29.56 mililiters
1 liter = 1.06 quarts
2. Pressure
1 pound per square inch (psi) = 2.31 feet of water = 6.9 kpa (kilopascal)
= 0.0703 kilogram per square centimeter (kg/cm?)
= 0.704 meter of water
A column of water 2.31 feet deep exerts a pressure of 1 psi at the bottom of the column.
Total dynamic head (TDH) = pumping lift 4 elevation change + friction loss + irrigation system
operating pressure
3. Area/Length/Weight/Yield
1 acre = 0.405 hectare (ha) = 43,560 feet?
1 hectare = 2.47 acres
1 mile = 5280 feet = 1.61 kilometers
1 foot = 0.305 meter (m)
1 meter = 3.28 feet
1 inch = 2.54 centimeters
1 pound = 454 grams
1 kilogram per hectare (kg/ha) = 1 metric ton/ha (MT/ha)
= 0.0149 bushel (60 pounds) per acre
4. Temperature

°F = 1.8 (°C) + 32 °C = (°F — 32)/1.8
°C —40 -20 0 20 37 60 80 100
°F —40 0 32 80 98.6 160 212
(water freezes) (body (water boils)
temperature)

5. Horsepower
1 horsepower = 0.746 kilowatts (kw) = 33,000 foot-pounds per minute

Water horsepower (WHP) is the power required to lift a given quantity of water against a given total
dynamic head.

WHP = (Q x H) + 3960, where Q = flow rate in GPM and H = total dynamic head in feet
Brake horsepower (BHP) is the required power input to the pump.

BHP = WHP/E, where E = pump efficiency

Power unit horsepower

Electric power units: approximate name plate horsepower = BHP + 0.9
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Internal combustion units:

Must derate 20% for continuous duty (= 80% efficiency)
5% for right-angle drive (= 95% efficiency)
3% for each 1000 feet above sea level (= 91% for 3000 feet)
1% for each 10° above 60°F (= 96% for 100°F)

Approximate engine horsepower required = BHP =+ deratings
= BHP + (0.80 x 0.95 x 0.91 x 0.96)

Plastic Pipe Friction Loss (psi loss per 100 feet of pipe) for C = 150
Pipe size (inches)  ---------mmmmmmmmmmmeme e Flow rate (gpm) -----=-==mmmmmmmmmmmmm oo

10 25 50 75 100 150

psi loss per 100 feet

1 % 0.26 1.40 5.50 — — —
2 0.09 0.52 1.90 4.10 o —_—
2% 0.03 0.17 0.65 1.35 2.40 5.00
3 E— 0.07 0.26 0.38 0.95 2.05
4 e 0.01 0.06 0.14 0.24 0.50
Pipe size (inches) Flow rate (gpm)

200 400 600 800 1000 1200

psi loss per 100 feet
4 0.85 3.20 e e e e
6 0.12 0.42 0.93 1.60 2.40 3.40
8 0.03 0.11 0.22 0.38 0.60 0.85
10 e 0.04 0.08 0.16 0.19 0.28
12 e e 0.03 0.06 0.08 0.11
4 R . . R

Economical Pipe Size Selection (flow in gpm)

Size Aluminum * Plastic *

(inches) gpm

4 200 275

6 450 620

8 800 1100

10 1250 1720

12 1800 2480

*Aluminum pipe velocity limited to 5 ft/sec. Plastic pipe velocity limited to 7 ft/sec.

Maximum Economical Pipe-flow Capacities

A rule of thumb for coupled and gated pipe:

400 gpm
800 gpm
1,200 gpm
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This and other publications from Kansas State University are available on the World Wide Web at http://
www.oznet.ksu.edu.

These materials may be freely reproduced for educational purposes. All other rights reserved. In each case,
credit Danny H. Rogers and Mahbub Alam, Useful Conversions and Formulas, Kansas State University,
December 1997.

Source: Kansas State University

3.1.0 Basic Mathematics—Algebra

Algebra is a type of mathematics that is used to determine unknown variables. This section is not designed to
teach Algebra, but to help remind the reader what Algebra looks like (I know for me, the last time I looked at a
variety of Algebra problems was well over 10 years ago!).

X+y=z

The above sample is an example of a simple algebra problem. To solve this equation, we must know at least two
of the variables:
x=2
z=4
24+y=4
y=2

Proportions are just another version of ratios and are found in the following manner:
2 x

4 7

dxx=2x%7
dx =14
x=35

A monomial is an expression for a single number variable: a = 5 for example. Algebra is used to solve a com-
bination of monomials such as binomials and polynomials. The method for solving a binomial or polynomial
equation is called FOIL (First, Outer, Inner, Last).

A binomial:

(34 7x)(6 + 2x)
F.OIL

18 + 6x + 42x + 1442
18 + 48x + 14x2

A polynomial:
B S Al P AR
X0 4 2x3 y* 48
Other algebraic techniques include a distribution function. This is used to simplify two or more terms in order to

make a problem easier to work:

4(2 + 3x)
4%244x%3x
8+ 12x

Graphing is also a part of Algebra. Two famous types of equations that are used to plot a graph is the linear
equation and the quadratic equation.


http://www.oznet.ksu.edu
http://www.oznet.ksu.edu
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A linear equation is used to plot a single line based on a slope:
Following is a graph that plots the following linear equation:
y=2x+1
Image Credit

AY

y >

1 2 3 4 5

The quadratic equation is used to plot curves and parabolas based on more than one variable:

y=x2

Above is a graph of the following quadratic equation:

y=2x>42x—2
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3.1.1 What Are Roots?

Roots are numbers that make an expression equal to zero. If it’s an equation like y = mx + b or y = ax* 4+ bx + ¢
or any other equation involving x and y, the roots are those points where the graph crosses the x-axis.

Example 1: y = 2x — 3. The root of this equation is 1.5.

1 1 1 1 1
54 L
0 L

AN
AN
> N\
AN
-5 - AN L
AN
P A
N The line crosses the x-axis

_104 atx=1.5 B

*1 5 T T T T T
-6 —4 -2 0 2 4 6

Example 2: y = 2x> — x — 15. The roots of this equation are —2.5 and 3.

Source: mathwizz.Com

3.1.2 Area and Circumference of a Circle by Archimedes
Goals

1. Understand the relationship among I, area, and circumference of a circle.
2. Understand how Archimedes used the unit circle (radius = 1) and the concept of mathematical limits to show
that A = IIR? and C = 2[R . b, 2.

Basic Principles

1. The area of a polygon with n sides (n-gon) inscribed in a unit circle approaches the special number pi as n
increases.

2. The area of an inscribed polygon approaches the area of a circle as the number of sides on the polygon
increases.

3. The perimeter of an inscribed polygon approaches the perimeter (circumference) of a circle as the number of
sides on the polygon increases.

Givens

e n = number of sides on the inscribed circle

e | = radius of unit circle

e h, = height of an isosceles triangle inscribed in the inner circle

e b, = base of an isosceles triangle inscribed in the inner circle

e R =radius of the n-gon (Note that this radius is visualized in this applet as being greater than one, but R could

be any value greater than zero.)
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Rh, = height of each inscribed isosceles triangle (based on hn = 1)

Rb, = base of each inscribed isosceles triangle (based on hn = 1)

P,, = the perimeter of the unit circle

A, = area of the unit circle

A = the sum of the areas of the inscribed triangles, the limit of which is the area of the circle

C = the sum of the “bases” of the inscribed isosceles triangles, the limit of which is the circumference of the
circle.

Knowns and Assumptions

b height
e Area of atriangle = M

2
e Other basic rules of algebra and geometry

Method

With the unit circle (red) as the basis, Archimedes used the limiting process on the area and base of polygons
(n-gons) inscribed in circles (as n approaches infinity) to determine IT and at the same time verify the formulas
for the area and circumference of any circle (blue).

What to Do

1. Notice how R, h,, b,, and the unit circle are used in the graphical Definition of Variables.

2. Observe how each of these variables is positioned in the equation in the center bottom of the screen.

3. Follow how the rules of algebra are used to rearrange the variables from the center equation outward to the
left and outward to the right. Also, note the use of P, in the right-hand limit.

Source: math.psu.edu

4. Increase n. Note that as you increase n, the values of n A, on the left and the value of P, h, on the right side
simultaneously come closer and closer to the limiting value IT. CR

5. Notice: The limit at the left is A, the area of the circle. The limit at the right is —, the perimeter (or cir-
cumference) of the circle. 2

3.1.3 Explaining Exponential Functions—Concepts, Solutions
Exponential Functions

Exponential functions are functions where f{x) = a* + B where « is any real constant and B is any expression. For
example, f (x) = e — I is an exponential function.

To graph exponential functions, remember that unless they are transformed, the graph will always pass
through (0, 1) and will approach, but not touch or cross, the x-axis. Example:

1. Problem: Graph f{x) = 2°.

Solution: Plug in numbers for x and find values for y, as we have done with the table below.
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Now plot the points and draw the graph (shown below).

10

/

2"~ 8.8

Source: Thinkquest.org

3.2.0 General Geometric Formulas
General Formulas

Here are some common simple geometric formulas useful in estimating sizes, quantities, and amounts:
Volume of a cube in cubic yards
cu yd's = (length’ x width’ x height) / 27

Why 27? Because 3’ x 3’ x 3’ =27 cuft =1 cuyd

Area of a parallelogram

area—axb
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Area of a trapezoid

Cc
b
area = ((a+b)/2) x ¢
Hypotenuse of a right triangle
C
a
b
hypotenuse (c) = /a2 + b’
Area of any triangle
b
a

area = (a X b)/2

pi
What exactly is pi?
Why is it 3.1416?

If you take any circle, measure its circumference and its diameter, and divide the circle’s circumference by its
diameter, the answer is always 3.1416. This ratio of the circumference to the diameter is always the same,
regardless of the size of the circle or its units of measure.
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Volume of a cylinder

volume = (pi /4) x a* x b and volume = pi x a/2 x a/2 X b

Volume of a frustum of a pyramid

volume = (e/3) x ((a x b) + (¢ x d) + v/(a x b) x (¢ x d))

Volume of a cone

volume = (pi / 3) x b* x ¢
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Volume of a frustum of a cone

b
c
a
volume = (pi / 12) x ¢ x (2> + (a x b) 4 b?)
Frustum’s surface area
a
. I
1
I
d I
: e
1
I
'
L [ ]
(I
Cc
b
Angle of the cone F°
Frustum’s altitude e =tangent F° x ¢
Triangle’s base c=(b-a)2

Length of Frustum’'s side  d= Vc2 + e2
Frustum’s surface area area = (n/2) xd x (a + b)
Tangent Examples:

tangent 30° = 0.57735
tangent 35° = 0.70021
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tangent 40° = 0.83910
tangent 45° = 1.00000
tangent 50° = 1.19175
tangent 55° = 1.42815
tangent 60° = 1.73205
tangent 65° = 2.14451
tangent 70° = 2.74748

Volume of a sphere

volume = (pi / 6) x a3

Area of a circle

b
A circle’s area can be determined by using either the radius or the diameter

area = pia’
area = 0.785 b’
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Circumference of a circle

circumference = pi b

Volume of a pyramid

AN

volume = (axbxc)/3

3.2.1 Volume of Prisms
Right Prism Volume Postulate
The volume V of any right prism is the product of B, the area of the base, and the height /4 of the prism.

Formula: V = Bh
B = 1w
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w

(The base’s formula could change depending on the base’s shape.)

3.2.2 Volume of Pyramids
Pyramids

A pyramid is a polyhedron with a single base and lateral faces that are all triangular. All lateral edges of a
pyramid meet at a single point, or vertex.

Pyramid Volume Theorem
The volume V of any pyramid with height /4 and a base with area B is equal to one-third the product of the height
and the area of the base.

Formula: V = (1/3)Bh

3.2.3 Area of Prisms and Right Area Prisms

There are special formulas that deal with prisms, but they only deal with right prisms. Right prisms are prisms
that have two special characteristics—all lateral edges are perpendicular to the bases, and lateral faces are rect-
angular. The figure below depicts a right prism.

Right Prism Area

The lateral area L (area of the vertical sides only) of any right prism is equal to the perimeter of the base times the
height of the prism (L = Ph).
The total area T of any right prism is equal to two times the area of the base plus the lateral area.
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Formula: T = 2B + Ph

B=1Iw
P =2l +2w

w !

(The base’s formula could change depending on the base’s shape.)
(The perimeter’s formula could change depending on the base’s shape.)

3.2.4 Cylinder Volume Theorem
Cylinders

Cylinder Volume Theorem
The volume V of any cylinder with radius r and height % is equal to the product of the area of a base and the
height.

Formula: V = (PI)r’h

T e N
|

Cylinder Area Theorem
For any right circular cylinder with radius r and height 4, the total area T is two times the area of the base plus the
lateral area (2(PI)rh).

Formula: T = 2(PI)rh + 2(PI)r?
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3.2.5 Cone Volume Theorem
Cones

Cone Volume Theorem
The volume V of any cone with radius r and height /4 is equal to one-third the product of the height and the area of
the base.

Formula: V = (1/3)(PI)r?h]

Cone Area Theorem
The total area T of a cone with radius » and slant height / is equal to the area of the base plus PI times the product
of the radius and the slant height.

Formula: T = (P)rl + (PI)r?

3.2.6 Sphere Volume and Area Theorem

Spheres

Sphere Volume and Area Theorem

The volume V for any sphere with radius r is equal to four-thirds times the product of PI and the cube of the
radius. The area A of any sphere with radius r is equal to 4(PI) times the square of the radius.

Volume Formula: V = (4/3)(PI)r?
Area Formula: A = 4(PI)r?
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3.2.7 The Isosceles and Equilateral Triangles

An isosceles triangle has two congruent sides called /egs and a third side called the base. The vertex angle is the
angle included by the legs. The other two angles are called base angles. The base angles are congruent. The

figure below depicts an isosceles triangle with all the parts labeled.

Vertex angle

Base angles
(congruent)

N

0

Base

Isosceles Triangle

An equilateral triangle is a special isosceles triangle in which all three sides are congruent. Equilateral tri-
angles are also equiangular, which means all three angles are congruent. The measure of each angle is 60 de-
grees. The figure below depicts an equilateral triangle with all the parts labeled.
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Equilateral Triangle

3.2.8 Theorems That Apply to Parallelograms

A parallelogram is so named because it has two pairs of opposite sides that are parallel.
Four theorems apply to parallelograms only. They are as follows.

1. A diagonal of any parallelogram forms two congruent triangles. Example:
Problem: Prove triangle ABC is congruent to triangle CDA.

D C

A B

Solution: Since the figure is a parallelogram, segment AB is parallel to segment DC and the two segments are
also congruent.

Angle 2 is congruent to angle 4 and angle 1 is congruent to angle 3. This is true because alternate interior
angles are congruent when parallel lines are cut by a transversal.

Segment AC is congruent to segment CA by the Reflexive Property of Congruence, which says any figure is
congruent to itself.

Triangle ABC is congruent triangle CDA by Angle-Side-Angle.

g

Both pairs of opposite sides of a parallelogram are congruent.
Both pairs of opposite angles of a parallelogram are congruent.
4. The diagonals of any parallelogram bisect each other. Example:

bl

Problem: Prove segment AE is congruent to segment CE and segment DE is congruent to segment BE.
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D C

Solution: By the definition of a parallelogram, segment AD and segment BC are parallel and congruent.
Angle I is congruent to angle 3, and angle 2 is congruent to angle 4. This is true because alternate interior
angles are congruent when parallel lines are cut by a transversal.

Triangle AED and triangle CEB are congruent by Angle-Side-Angle.

The segments we were asked to prove as congruent are congruent by CPCTC.

The three theorems that tell us how to find a parallelogram are as follows.

If both pairs of opposite sides of a quadrilateral are congruent, the quadrilateral is a parallelogram.

If the diagonals of a quadrilateral bisect each other, then the quadrilateral is a parallelogram.

If one pair of opposite sides of a quadrilateral is both parallel and congruent, then the quadrilateral is a
parallelogram.

3.2.9 The Small Angle Formula

There is a very powerful formula relating the size of an object to its distance and its angular size. This formula, the
small angle formula, comes from considering a circle of radius r. Remember that the circumference c is the dis-
tance all the way around the circle and ¢ = 2r r. What if we are not interested in the distance all the way around the
circle, but instead want to know the distance around part of the circle, say the length of the arc marked s?

\S

For this we can set up a ratio:

length of s angle subtended by s

distance around whole circle  angle around whole circle
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so that

s _ 0
2nr - 360°

This is the small angle formula.

Why is this formula so great? Because it can even be used for things that are not part of a circle, as long as the
angle is small! For example, when the angle is small (say less than 25), the triangle below looks an awful lot like
the wedge from the circle above.

]

r

Now we have a very powerful tool indeed because we can turn a lot of astronomy problems into pictures
involving skinny triangles—as you will see as you read on!

Angular Sizes

In astronomy, we study the universe while sitting comfortably here on good ol” Terra Firma. This means that we
cannot generally measure the sizes of objects using rulers. Let’s face it, even if we were to visit Jupiter, it would
be awfully hard to find a ruler big enough to measure it. ..

So from our earthly vantage point, we often describe the size of an object using an angular measure rather
than a linear (ruler-like) one. If we are lucky enough to know something about an object’s distance, then we can
relate its angular size to its linear size using the small angle formula. This method is very frequently used to
measure things in astronomy.

As an example, imagine that you are looking at the Green Hall Tower from a distance of 200 meters. You
estimate from your point of view that the Tower covers an angle of 10°. We can draw the following picture:

Distant Tower

size 7?7
10 deg

distance
200m

Note that this looks very similar to the skinny triangle picture above. In fact, we can apply the small angle
formula to the triangle originating at your eyeball to get the height of the Tower:

0
size = 360° x 21 x distance

= 573 x distance
10°

=573 x 200m = 35m

So we were able to measure the height of the Tower without actually going there!
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The angle that an object covers when we trace it back to your eyeball is called its angular size. Consider the
following pictures.

eyeball dime quarter
E————T1_ (I
10.1 cm
14.2 cm
quarter

20° 1.8cm10 O .2.50m

The top drawing demonstrates that two objects having different linear sizes can have the same angular size ()
if they are viewed from different distances. The object’s angular size is determined by the ratio size/distance.
The quarter’s linear size (2.5 cm) is 1.4 times as big as the dime’s (1.8 cm) and so must be placed 1.4 times
farther away to subtend the same angle. Now move the quarter two times closer as in the lower drawing,
and its angular size is twice as big (20 degrees instead of 10 degrees).

You can practice measuring the angular sizes of things (trees, constellations, friends) using various body
parts! As shown in the picture below, the angular size of your fist when you put your arm straight out in front
of you is approximately 10 degrees. Also with a straight arm, your pinky fingernail subtends about 1 degree.

Fist \

7.1cm

10°
1 degree
10 degrees 0
k_\
Happy Astronomy
\/ Student
Summary
; size = —— x distance
0 size 57.3
distance

Note that you have to express the angle in degrees in order to get the units to work out properly. In astronomy
we are often working with very small angles, measured in arcseconds. We can change the degrees in this equa-
tion to arcseconds using our units conversion methods:

o °

0 1 1 0
size = 573 x distance x 60 X 60 = 206265” x distance

You will often see the small angle formula written in the textbooks in this form.
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3.2.10 Geometric Surface Area Formulas for Cubes, Spheres, Cones
Geometric Surface Area Formulas—Cube, Sphere, Cone

Surface Area of a Cube
SA = 6 xN2

where: SA is the surface area and X is the side of the cube

Surface Area of a Cuboid
SA = 2(xy + yz + zx)

where: X, y, and z are the adjacent three sides of the cuboid

Surface Area of a Sphere
SA =4 pir?

where: r is the radius of the sphere and pi = 3.14

Surface Area of a Cone
SA=pixrxL

where: 1 is the radius of the cone and L is the slant height of the cone and pi = 3.14

Total Surface Area of a Cone (including the area of the base)
SA = (pi xr x L) + pi x r?

where: r is the radius of the cone and L is the slant height of the cone and pi = 3.14

3.2.11 Angles of an N-gon

Although you won’t encounter many odd shapes, such as shapes with t12 sides, it can happen. On most instances
of this, you will need to find the sum of the measures of the angles. There is a special theorem that says, if n is the
number of sides of any polygon, the sum (S) of the measure of its angles is given by the formula

S = (n — 2)180°
The figure and table below will help this theorem make more sense.

Q R

Hexagon

(3 diagonals from one vertex.)
(4 triangles formed.)
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Polygon No. Sides Total No. of No. Triangles Sum of Angle
Diagonals fr. 1 vertex Formed Measures

Triangle 3 0 1 180°

Quad. 4 1 2 360°

Pentagon 5 2 3 540°

Hexagon 6 3 4 720°

n-gon n n—3 n-—2 (n—2)(180°)

N /

3.3.0 Basic Trigonometric Functions
Basic Trigonometric Functions:

Trigonometry is a specialty of Geometry that focuses mostly on angles. If we want the sum of all internal angles
or if we want a ratio of angles for example, we will turn to Trigonometry.
Two recurrent terms to know are the Sine and Cosine

e Sine = ratio of the height to the hypotenuse (see image below)
e Cosine = ratio of the base of the hypotenuse (see image below)

A simple example: A straight line has an angle—its O degrees.

Sine = 0°
Cosine = 1°

To introduce the working formulas for sine and cosine, we will use a right triangle.

Hypotenuse Opposite

A

Adjacent
B
SINO =—
C
A
COSO =—
C
B
TANO =—
A
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Pythagorean Theorem:
A+ B = C

Source: astronomyonline.org

3.3.1 Trigonometry’s Sine and Cosine

A right-angled triangle has a hypotenuse, base, and perpendicular side. Let angle A be the angle between the
base and the hypotenuse.
Then

Sin A = perpendicular / hypotenuse

Cos A = base / hypotenuse

Tan A = (Sin A) / (Cos A) = perpendicular / base
Cot A=1/Tan A = (Cos A) / (Sin A)

Sec A=1/Cos A

Cosec A = 1/Sin A

Certain basic trigonometric identities applicable to any angle are:

Sin (-A) = - Sin A
Cos (-A) = Cos A
Tan (-A) = - Tan A
Sin’A 4 Cos’A = 1

1 + Tan’A = Sec’A

1 + Cot>A = Cosec’A

Source:Tutor4Physics.com

3.3.2 Trigonometric Ratios
Ratios

The trigonometric ratios, sine, cosine, and tangent are based on properties of right triangles. The function values
depend on the measure of the angle. The functions are outlined below.

sine x = (side opposite x)/hypotenuse
cosine x = (side adjacent x)/hypotenuse
tangent x = (side opposite x)/(side adjacent x)

In the figure below, sin A = a/c, cosine A = b/c, and tangent A = a/b.

B

—

b C

A

There are two special triangles you need to know, 45-45-90 and 30-60-90 triangles. They are depicted in the
figures below.
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A Isosceles Right Triangle

X(SQRT(2))

60°

_| 30°

X(SQRT(3))

3.3.3 Basic Trigonometry Formulas

Law of Sines

singg  sinff  siny
a b c

Law of Cosines

a* = b*+ ¢* —2bc cos a
b = a*> +c® —2ac cos
? = a®>+b*>— 2ab cosy
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Law of Tangents

Mollweide’s Formulas

Newton’s Formulas

1
tan— (o + f3)
at+b 2
a-b 1
t — —
an (o~ f)
1
tan= (o + y)
a+c 2
—c 1
a-c tani(:x—y)
1
tani([ﬂ—y)
b+c
b—c 1
¢ tani([f—y)
sin (6 —7)
b—c 2
a cos =
2
1
sin=(y — a)
c—a 2
b 1
cosiﬁ
iny (2~ )
sin= (o —
a—-b 2
c cosL
2/
1
cos 3 (f—7)
b+c 2
a sinlfx
2
1
cos=(y —a)
c+a 2
b .1
smiﬁ
1
cos= (o0 — f)
at+b 2
=

sin—y

103



Semiperimeter = s == (a + b + ¢)

N =

Heron’s Formula

Area = \/s(s —a)(s — b)(s — ¢)

Other Area Formulas

A bcsina  acsinff  absiny
2 2 2
2 . .
~*sin o sin
Area = ¢’sin asin f

2sin y
b? sin « sin y
2sin f3

a?® sin f sin y

2sin o

Triangle Sides

a=>bcosy + ccosf
=ccosf + acosa
= acosa + b cosy

o o

Radius of Inscribed Circle

N N

;= \/(S—a)(s—b)(s_c) _ Area

Radius of Circumscribed Circle

a b c abc

~ 2sino 2sin p " 2sin y - 4(Area)

Construction Calculations Manual
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Angles

ina == = (Area)
SlIlOC—bC— rea

2+ — 42

cos o = he
gin % — (s=b)(s—c)
2 bc
«  [s(s—a)
cos 2 bc
Analogous formulas hold for other angles.
Right Triangle Definitions
hyp
opp
0
adj
i
sin 0 = PP cosB:a1J tanG:@
hyp hyp adj
h dj
cscefip secH:LP cotG:ﬂ
opp adj opp
Basic Identities
. 1 1
SIn x = CoS X = tan x =
cscx sec x cot x
CSC X = — secx = cot x =
sin x COS X tan x
sin x COS X
tan x = cotx = —;
cos x sin x

Pythagorean Identities

sin® x + cos?x = 1
tan?x + 1 = sec? x
1+ cot*> x = csc?x
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Symmetry Properties

cos(—x) = cosx sec(—x) = secx
sin(—x) = — sinx csc(—x) = —cscx
tan(—x) = — tanx  cot(—x) = —cotx

Sum and Difference Formulas

sin(x £y) = sinxcosy+ cosxsiny
cos(x £ y) = cosxcosyF sinxsiny
tan x + tany

tan(x £y) =

1F tanx tany

Double Angle Formulas

sin2x = 2 sinx cosx
_ 2 -2 2 _ -2
cos2x = cos“x — sin“x = 2cos“x — 1 =1 — 2sin“x
2 tanx
tan 2x =—
1 — tan“x

Power-Reducing Formulas

.2 1 — cos 2x
sin” x =
2
) 1 + cos 2x
COS~ X =
2
2 1 — cos 2x
tan” x =

1+ cos 2x
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Product-to-Sum Formulas

1
sinxsiny = 3 [cos(x —y) — cos(x +y)]
: L. .
sinxcosy = E[sm(x +y) + sin(x —y)]
1
cosxcosy =5 [cos(x —y) + cos(x +y)]

Sum-to-Product Formulas

sin x + sin y = 2sin Xty cos x;y
. . X+y)| . [X—Y
— -2
sinx — siny cos | — sin| —
cos X + cosy = 2cos Xty cos XY
2 2
C[x+y) L [x—y
— -2
COS X — COS y sin | — sin| —
Pascal’s Triangle
1
1 1
1 2 1

The coefficients of (x + y)" can be obtained from the (n 4+ 1)* row of Pascal’s Triangle.

For example:

(x + y)4= X+ 43y 4 6x2y% + 4y + 94

(x—y)P=x =3y + 32—}

Quadratic Formula

—b £ Vb? — 4ac

ax*> +bx+ ¢ = 0<=x =
2a



Completing the Square

Special Factors

Logarithms

Absolute Value
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2
’ _ b b?
ax“+bx+c=alx+—) +|c——
2a da

A’ +B? = (A+B)(A? — AB + B?)
A* —B* = (A+B)(A — B)(A*> + B?)
log,1 =0
log, a* =x

log, xy = log,x + log,y

loga )f = IOgaX* logay
y

log, ¥ =ylogx

~ log,x
~ log,a

X ifx >0
x| =

—x ifx <0

| —x[ =[x

eyl =[xl - Iyl

X X

HEH

o =

Va2 = x|
|x| =p <~ X=—-porx=p
x| < p <~ —p<x<p

|x| > p <~ X< —porx>p
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Triangle Inequality

ey < x| + [yl

Lines

2=n

Xy — X1

Point-Slope Form: y — y; = m(x — x1)

Slope: m =

Slope-Intercept Form: y = mx + b
Standard Form: Ax +By = C
Vertical Lines: x = a

Horizontal Lines: y = b

Distance Formula

D= \/(xz —x) 4+ (2 =)’

Midpoint Formula
(xl +X2 )1 +)’2)
2 72

Inverse Functions

Compound Interest

.\ ht
n times per year: A = P (1 + i)
n

Continuously: A = Pe"

3.3.4 What Is the Pythagorean Theorem?
What Is the Pythagorean Theorem?

109

The Pythagorean theorem states that if you have a right-angle triangle, the square of the hypotenuse (that’s the

side opposite the right angle) equals the sum of the squares of the other two sides.
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2.5 -

2.0 - a -

1.0 -

0.5 -

Using this triangle as an example, the hypotenuse is side c. We have a = 3, and b = 4. So:

C2:32+42
c2=9 + 16
=125

To find the length of c, all we do is take the square root of both sides. In this case, ¢ = 5.
Source: mathwizz.com

3.3.5 Pythagorean and Quotient Identities

There are two quotient identities. They tell us that the tangent and cotangent functions can be expressed in terms
of the sine and cosine functions. They are as follows.

sin x
tan x = ,cosx <> 0
X

cos
cotx =

X .
,sinx <> 0
X

Three other identities are very important. They are called the Pythagorean Ildentities. They will come in
handy later on when you need to prove more complicated trigonometric identities equal. The Pythagorean
Identities are:

sin® x + cos? x = 1
1+ cot? x = csc? x
1 + tan%x = sec? x

Remember that sin? x = (sin x)°.
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Special Rules

There are a few special rules you ought to remember when dealing with isosceles and/or equilateral triangles,
notably:

1. If a triangle is equilateral, it is equiangular.
2. If two angles of a triangle are congruent, they are the base angles of an isosceles triangle.
3. If a triangle is equiangular, it is equilateral.

3.3.6 Properties of Triangles

Pythagorus’s Theorem

a’> +b? = ¢?

where:
c is the hypotenuse of a right angle triangle, and a and b are two sides containing the right angle.

Cosine Law

¢? = a® + b* — 2ab(Cos C)

This formula is applicable to any triangle. Here a, b, and c are the three sides of the triangle, and A, B, and C are
the angle opposite to these sides, respectively.
Similarly

a> = b? + ¢ — 2bc(Cos A)
and
b? = ¢? + a*> — 2ca(Cos B)

Note: This is a general law, and if you make any of the angles equal to 90 degrees it gives the Pythagorean
theorem as Cos of 90 degrees = 0.

Sine Law
(Sin A)/a = (Sin B)/b = (Sin C)/c

This formula is applicable to any triangle. Here a, b and c are the three sides of the triangle, and A, B and C are
the angle opposite to these sides, respectively.
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3.3.7 Law of Sines

C
Given a triangle with sides A, B, and C and opposite angles a, b, and c, the Law of Sines states

sina sinb sinc

A B C
Of course, since we can cross-multiply, we can flip the fractions to get
A B C

sina sinb sinc

Source: mathwizz.com

3.3.8 Law of Cosines
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Given a triangle with sides a, b, and ¢ and angle X, the Law of Cosines states
c?=a’+b? — (2)(a)(b)(cos X)

Of course, the Pythagorean theorem is a special case of the Law of Cosines because we have a right angle
triangle and in this case angle X = 90°, and we know that cos 90° = 0 and so we are left with ¢* = a® 4+ b”.
Source: mathwizz.com

3.3.9 Reciprocal Ratios
The reciprocal ratios are trigonometric ratios, too. They are as follows:

cotangent x = 1/tan x = (adjacent side)/(opposite side)
secant x = 1/cos x = (hypotenuse)/(adjacent side)
cosecant x = 1/sin x = (hypotenuse)/(opposite side)

Back to Top

3.3.10 Cofunctions

In a right triangle, the two acute angles are complementary. Thus, if one acute angle of a right triangle is x, the

other is 90° — x. Therefore, if sin x = (a/c) then cos (90° — x) = (a/c). A table of all the cofunctions is displayed
below.

sin x = cos (90° — x)
tan x = cot (90° — x)
sec x = csc (90" — x)
cosx = sin (90" — x)
cotx = tan (90" — x)



A Table of the Common Logarithms

~

.026 0.01114736
.027 0.01157044
028 0.01199311
.029 0.01241537
.030 0.01283722
.031 0.01325867
032 0.01367970
.033 0.01410032
.034 0.01452054
.035 0.01494035
036 0.01535976
037 0.01577876
.038 0.01619735
.039 0.01661555
.040 0.01703334
041 0.01745073
.042 0.01786772
.043 0.01828431
.044 0.01870050
045 0.01911629
.046 0.01953168
.047 0.01994668
.048 0.02036128
049 0.02077549
050 0.02118930
.051 0.02160272
.052 0.02201574
053 0.02242837
054 0.02284061
.055 0.02325246
.056 0.02366392
057 0.02407499
058 0.02448567
.059 0.02489596
.060 0.02530587
.061 0.02571538
062 0.02612452
.063 0.02653326
.064 0.02694163
.065 0.02734961
066 0.02775720
.067 0.02816442
.068 0.02857125
.069 0.02897771

GGG Y

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.1003705
0.1038037
0.1072100
0.1105897
0.1139434
0.1172713
0.1205739
0.1238516
0.1271048
0.1303338
0.1335389
0.1367206
0.1398791
0.1430148
0.1461280
0.1492191
0.1522883
0.1553360
0.1583625
0.1613680
0.1643529
0.1673173
0.1702617
0.1731863
0.1760913
0.1789769
0.1818436
0.1846914
0.1875207
0.1903317
0.1931246
0.1958997
0.1986571
0.2013971
0.2041200
0.2068259
0.2095150
0.2121876
0.2148438
0.2174839
0.2201081
0.2227165
0.2253093
0.2278867

2.26 0.3541084 3.26 0.5132176

2.27

0.3560259

3.27

0.5145478

2.28 0.3579348 3.28 0.5158738

2.29

0.3598355

3.29

2.30 0.3617278 3.30

2.31
2.32
2.33
2.34
2.35

0.3636120
0.3654880
0.3673559
0.3692159
0.3710679

3.31
3.32
3.33
3.34
3.35

2.36 0.3729120 3.36

2.37

0.3747483

3.37

2.38 0.3765770 3.38

2.39
2.40
2.41
2.42
2.43

0.3783979
0.3802112
0.3820170
0.3838154
0.3856063

3.39
3.40
3.41
3.42
3.43

2.44 0.3873898 3.44

2.45
2.46

0.3891661
0.3909351

3.45
3.46

2.47 0.3926970 3.47
2.48 0.3944517 3.48

2.49

0.3961993

3.49

2.50 0.3979400 3.50

2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.68
2.69

0.3996737
0.4014005
0.4031205
0.4048337
0.4065402
0.4082400
0.4099331
0.4116197
0.4132998
0.4149733
0.4166405
0.4183013
0.4199557
0.4216039
0.4232459

3.51
3.52
3.53
3.54
3.55
3.56
3.57
3.58
3.59
3.60
3.61
3.62
3.63
3.64
3.65

0.5171959
0.5185139
0.5198280
0.5211381
0.5224442
0.5237465
0.5250448
0.5263393
0.5276299
0.5289167
0.5301997
0.5314789
0.5327544
0.5340261
0.5352941
0.5365584
0.5378191
0.5390761
0.5403295
0.5415792
0.5428254
0.5440680
0.5453071
0.5465427
0.5477747
0.5490033
0.5502284
0.5514500
0.5526682
0.5538830
0.5550944
0.5563025
0.5575072
0.5587086
0.5599066
0.5611014
0.5622929

0.4248816 3.66 0.5634811

0.4265113

3.67

0.5646661

0.4281348 3.68 0.5658478

0.4297523

3.69

0.5670264

4.26
4.27
4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40
4.41
4.42
4.43
4.44
4.45
4.46
4.47
4.48
4.49
4.50
4.51
4.52
4.53
4.54
4.55
4.56
4.57
4.58
4.59
4.60
4.61
4.62
4.63
4.64
4.65
4.66
4.67
4.68
4.69

0.6294096
0.6304279
0.6314438
0.6324573
0.6334685
0.6344773
0.6354837
0.6364879
0.6374897
0.6384893
0.6394865
0.6404814
0.6414741
0.6424645
0.6434527
0.6444386
0.6454223
0.6464037
0.6473830
0.6483600
0.6493349
0.6503075
0.6512780
0.6522463
0.6532125
0.6541765
0.6551384
0.6560982
0.6570559
0.6580114
0.6589648
0.6599162
0.6608655
0.6618127
0.6627578
0.6637009
0.6646420
0.6655810
0.6665180
0.6674530
0.6683859
0.6693169
0.6702459
0.6711728

5.26 0.7209857 6.26 0.7965743
5.27 0.7218106 6.27 0.7972675
6.28 0.7979596 7.28 0.8621314

5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35
5.36
5.37
5.38
5.39
5.40
5.41
5.42
5.43
5.44
5.45

0.7226339
0.7234557
0.7242759
0.7250945
0.7259116
0.7267272
0.7275413
0.7283538
0.7291648
0.7299743
0.7307823
0.7315888
0.7323938
0.7331973
0.7339993
0.7347998
0.7355989
0.7363965

6.29
6.30
6.31
6.32
6.33
6.34
6.35
6.36

0.7986506
0.7993405
0.8000294
0.8007171
0.8014037
0.8020893
0.8027737
0.8034571

7.26
7.27

7.29
7.30
7.31
7.32
7.33
7.34
7.35
7.36

0.8609366
0.8615344

0.8627275
0.8633229
0.8639174
0.8645111
0.8651040
0.8656961
0.8662873
0.8668778

6.37 0.8041394 7.37 0.8674675
6.38 0.8048207 7.38 0.8680564

6.39

0.8055009

7.39

0.8686444

6.40 0.8061800 7.40 0.8692317

6.41
6.42
6.43
6.44
6.45

0.8068580
0.8075350
0.8082110
0.8088859
0.8095597

5.46 0.7371926 6.46 0.8102325

5.47

0.7379873

6.47

0.8109043

7.41
7.42
7.43
7.44
7.45
7.46
7.47

0.8698182
0.8704039
0.8709888
0.8715729
0.8721563
0.8727388
0.8733206

5.48 0.7387806 6.48 0.8115750 7.48 0.8739016

5.49

0.7395723

6.49

0.8122447

7.49

0.8744818

5.50 0.7403627 6.50 0.8129134 7.50 0.8750613

5.51
5.52
5.53
5.54
5.55
5.56
5.57
5.58
5.59

0.7411516
0.7419391
0.7427251
0.7435098
0.7442930
0.7450748
0.7458552
0.7466342
0.7474118

6.51
6.52
6.53

0.8135810
0.8142476
0.8149132

7.51
7.52
7.53

0.8756399
0.8762178
0.8767950

6.54 0.8155777 7.54 0.8773713

6.55

0.8162413

7.55

0.8779470

6.56 0.8169038 7.56 0.8785218
6.57 0.8175654 7.57 0.8790959

6.58
6.59

0.8182259
0.8188854

5.60 0.7481880 6.60 0.8195439

5.61
5.62
5.63
5.64
5.65

0.7489629
0.7497363
0.7505084
0.7512791
0.7520484

6.61
6.62
6.63
6.64
6.65

0.8202015
0.8208580
0.8215135
0.8221681
0.8228216

5.66 0.7528164 6.66 0.8234742
6.67 0.8241258 7.67 0.8847954

5.67
5.68
5.69

0.7535831
0.7543483
0.7551123

6.68
6.69

0.8247765
0.8254261

7.58
7.59
7.60
7.61
7.62
7.63
7.64
7.65
7.66

7.68
7.69

0.8796692
0.8802418
0.8808136
0.8813847
0.8819550
0.8825245
0.8830934
0.8836614
0.8842288

0.8853612
0.8859263

8.26
8.27
8.28
8.29
8.30
8.31
8.32
8.33
8.34
8.35
8.36
8.37
8.38
8.39
8.40
8.41
8.42
8.43
8.44
8.45
8.46
8.47
8.48
8.49
8.50
8.51
8.52
8.53
8.54
8.55
8.56
8.57
8.58
8.59
8.60
8.61
8.62
8.63
8.64
8.65
8.66
8.67
8.68
8.69

0.9169800
0.9175055
0.9180303
0.9185545
0.9190781
0.9196010
0.9201233
0.9206450
0.9211661
0.9216865
0.9222063
0.9227255
0.9232440
0.9237620
0.9242793
0.9247960
0.9253121
0.9258276
0.9263424
0.9268567
0.9273704
0.9278834
0.9283959
0.9289077
0.9294189
0.9299296
0.9304396
0.9309490
0.9314579
0.9319661
0.9324738
0.9329808
0.9334873
0.9339932
0.9344985
0.9350032
0.9355073
0.9360108
0.9365137
0.9370161
0.9375179
0.9380191
0.9385197
0.9390198

9.26
9.27
9.28
9.29
9.30
9.31
9.32
9.33
9.34
9.35
9.36
9.37
9.38
9.39
9.40
9.41
9.42
9.43
9.44
9.45
9.46
9.47
9.48
9.49
9.50
9.51
9.52
9.53
9.54
9.55
9.56
9.57
9.58
9.59
9.60
9.61
9.62
9.63
9.64
9.65
9.66
9.67
9.68
9.69

0.9666110
0.9670797
0.9675480
0.9680157
0.9684829
0.9689497
0.9694159
0.9698816
0.9703469
0.9708116
0.9712758
0.9717396
0.9722028
0.9726656
0.9731279
0.9735896
0.9740509
0.9745117
0.9749720
0.9754318
0.9758911
0.9763500
0.9768083
0.9772662
0.9777236
0.9781805
0.9786369
0.9790929
0.9795484
0.9800034
0.9804579
0.9809119
0.9813655
0.9818186
0.9822712
0.9827234
0.9831751
0.9836263
0.9840770
0.9845273
0.9849771
0.9854265
0.9858754
0.9863238




070
.071
.072
.073
074
.075
.076
.077
078
.079
.080
.081
082
083
.084
.085
086
087
.088
.089
.090
091
.092
.093
.094
095
.096
.097
.098
.099

M e e e e e e e e e e e e e S e

0.02938378
0.02978947
0.03019479
0.03059972
0.03100428
0.03140846
0.03181227
0.03221570
0.03261876
0.03302144
0.03342376
0.03382569
0.03422726
0.03462846
0.03502928
0.03542974
0.03582983
0.03622954
0.03662890
0.03702788
0.03742650
0.03782475
0.03822264
0.03862016
0.03901732
0.03941412
0.03981055
0.04020663
0.04060234
0.04099769

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.2304489 2.70
0.2329961 2.71
0.2355284 2.72
0.2380461 2.73
0.2405492 2.74
0.2430380 2.75
0.2455127 2.76
0.2479733 2.77
0.2504200 2.78
0.2528530 2.79
0.2552725 2.80
0.2576786 2.81
0.2600714 2.82
0.2624511 2.83
0.2648178 2.84
0.2671717 2.85
0.2695129 2.86
0.2718416 2.87
0.2741578 2.88
0.2764618 2.89
0.2787536 2.90
0.2810334 2.91
0.2833012 2.92
0.2855573 2.93
0.2878017 2.94
0.2900346 2.95
0.2922561 2.96
0.2944662 2.97
0.2966652 2.98
0.2988531 2.99

0.4313638
0.4329693 3.71
0.4345689 3.72
0.4361626 3.73
0.4377506 3.74
0.4393327 3.75
0.4409091 3.76
0.4424798 3.77
0.4440448 3.78
0.4456042 3.79
0.4471580 3.80
0.4487063 3.81
0.4502491 3.82
0.4517864 3.83
0.4533183 3.84
0.4548449 3.85
0.4563660 3.86
0.4578819 3.87
0.4593925 3.88
0.4608978 3.89
0.4623980 3.90
0.4638930 3.91
0.4653829 3.92
0.4668676 3.93
0.4683473 3.94
0.4698220 3.95
0.4712917 3.96
0.4727564 3.97
0.4742163 3.98
0.4756712 3.99

3.70

0.5682017
0.5693739
0.5705429
0.5717088
0.5728716
0.5740313
0.5751878
0.5763414
0.5774918
0.5786392
0.5797836
0.5809250
0.5820634
0.5831988
0.5843312
0.5854607
0.5865873
0.5877110
0.5888317
0.5899496
0.5910646
0.5921768
0.5932861
0.5943926
0.5954962
0.5965971
0.5976952
0.5987905
0.5998831
0.6009729

4.70
4.71
4.72
4.73
4.74
4.75
4.76
4.77
4.78
4.79
4.80
4.81
4.82

4.84
4.85
4.86
4.87
4.88
4.89
4.90
4.91
4.92
4.93
4.94
4.95
4.96
4.97
4.98
4.99

0.6720979 5.70
0.6730209 5.71
0.6739420 5.72
0.6748611 5.73
0.6757783 5.74
0.6766936 5.75
0.6776070 5.76
0.6785184 5.77
0.6794279 5.78
0.6803355 5.79
0.6812412
0.6821451 5.81
0.6830470 5.82
0.6839471 5.83
0.6848454 5.84
0.6857417 5.85
0.6866363 5.86
0.6875290 5.87
0.6884198 5.88
0.6893089 5.89
0.6901961
0.6910815
0.6919651
0.6928469
0.6937269
0.6946052
0.6954817
0.6963564
0.6972293
0.6981005

5.91
5.92
5.93
5.94
5.95
5.96
5.97
5.98
5.99

0.7558749 6.70
0.7566361 6.71
0.7573960 6.72
0.7581546 6.73
0.7589119 6.74
0.7596678 6.75
0.7604225 6.76
0.7611758 6.77
0.7619278 6.78
0.7626786 6.79

0.7641761 6.81
0.7649230 6.82
0.7656686 6.83
0.7664128 6.84
0.7671559 6.85
0.7678976 6.86
0.7686381 6.87
0.7693773 6.88
0.7701153 6.89

0.7715875
0.7723217
0.7730547 6.93
0.7737864 6.94
0.7745170 6.95
0.7752463 6.96
0.7759743 6.97
0.7767012 6.98
0.7774268 6.99

6.91
6.92

0.8260748
0.8267225
0.8273693
0.8280151
0.8286599
0.8293038
0.8299467
0.8305887
0.8312297
0.8318698

5.80 0.7634280 6.80 0.8325089

0.8331471
0.8337844
0.8344207
0.8350561
0.8356906
0.8363241
0.8369567
0.8375884
0.8382192

5.90 0.7708520 6.90 0.8388491

0.8394780
0.8401061
0.8407332
0.8413595
0.8419848
0.8426092
0.8432328
0.8438554
0.8444772

7.70 0.8864907
7.71 0.8870544
7.72 0.8876173
7.73 0.8881795
7.74 0.8887410
7.75 0.8893017
7.76 0.8898617
7.77 0.8904210
7.78 0.8909796
7.79 0.8915375
7.80 0.8920946
7.81 0.8926510
7.82 0.8932068
7.83 0.8937618
7.84 0.8943161
7.85 0.8948697
7.86 0.8954225
7.87 0.8959747
7.88 0.8965262
7.89 0.8970770
7.90 0.8976271
7.91 0.8981765
7.92 0.8987252
7.93 0.8992732
7.94 0.8998205
7.95 0.9003671
7.96 0.9009131
7.97 0.9014583
7.98 0.9020029
7.99 0.9025468

8.70 0.9395193
8.71 0.9400182
8.72 0.9405165
8.73 0.9410142
8.74 0.9415114
8.75 0.9420081
8.76 0.9425041
8.77 0.9429996
8.78 0.9434945
8.79 0.9439889
8.80 0.9444827
8.81 0.9449759
8.82 0.9454686
8.83 0.9459607
8.84 0.9464523
8.85 0.9469433
8.86 0.9474337
8.87 0.9479236
8.88 0.9484130
8.89 0.9489018
8.90 0.9493900
8.91 0.9498777
8.92 0.9503649
8.93 0.9508515
8.94 0.9513375
8.95 0.9518230
8.96 0.9523080
8.97 0.9527924
8.98 0.9532763
8.99 0.9537597

0.9867717
0.9872192
0.9876663
0.9881128
0.9885590
0.9890046
0.9894498
0.9898946
0.9903389
0.9907827
0.9912261
0.9916690
0.9921115
0.9925535
0.9929951
0.9934362
0.9938769
0.9943172
9.88 0.9947569
9.89 0.9951963
9.90 0.9956352
9.91 0.9960737
9.92 0.9965117
9.93 0.9969492
9.94 0.9973864
9.95 0.9978231
9.96 0.9982593
9.97 0.9986952
9.98 0.9991305
9.99 0.9995655

9.70
9.71
9.72
9.73
9.74
9.75
9.76
9.77
9.78
9.79
9.80
9.81
9.82
9.83
9.84
9.85
9.86
9.87

Table of Common Logs, p. 3
By permission: SOS Mathematics




3.3.11 A Table of Common Logarithms

The table below lists the common logarithms (with base 10) for numbers between 1 and 10.
The logarithm is denoted in bold face. For instance, the first entry in the third column means that the common log of 2.00 is 0.3010300.

e

~

.000
.001
.002
.003
.004
.005
006
.007
008
.009
010
.011
.012
.013
.014
.015
.016
017
.018
019
.020
.021
.022
.023
.024
.025

GG GG

0.00000000
0.00043408
0.00086772
0.00130093
0.00173371
0.00216606
0.00259798
0.00302947
0.00346053
0.00389117
0.00432137
0.00475116
0.00518051
0.00560945
0.00603795
0.00646604
0.00689371
0.00732095
0.00774778
0.00817418
0.00860017
0.00902574
0.00945090
0.00987563
0.01029996
0.01072387

1.10
1.1
1.12
1.13
1.14
1.15
1.16
1.
1
1
1
1
1
1
1
1

17

18
.19
.20
.21
.22
.23
.24
.25

0.0413927
0.0453230
0.0492180
0.0530784
0.0569049
0.0606978
0.0644580
0.0681859
0.0718820
0.0755470
0.0791812
0.0827854
0.0863598
0.0899051
0.0934217
0.0969100

2.00
2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09
2.10
2.11
2.12
2.13
2.14
2.15
2.16
217
2.18
2.19

0.3010300 3.00
0.3031961 3.01
0.3053514 3.02
0.3074960 3.03
0.3096302 3.04
0.3117539 3.05
0.3138672 3.06
0.3159703 3.07
0.3180633 3.08
0.3201463 3.09
0.3222193 3.10
0.3242825 3.11
0.3263359 3.12
0.3283796 3.13
0.3304138 3.14
0.3324385 3.15
0.3344538 3.16
0.3364597 3.17
0.3384565 3.18
0.3404441 3.19

0.4771213
0.4785665
0.4800069
0.4814426
0.4828736
0.4842998
0.4857214
0.4871384
0.4885507
0.4899585
0.4913617
0.4927604
0.4941546
0.4955443
0.4969296
0.4983106
0.4996871
0.5010593
0.5024271
0.5037907

2.20 0.3424227 3.20 0.5051500

2.21
2.22
2.23

0.3443923 3.21
0.3463530 3.22
0.3483049 3.23

0.5065050
0.5078559
0.5092025

2.24 0.3502480 3.24 0.5105450

2.25

0.3521825 3.25

0.5118834

4.00 0.6020600
4.01 0.6031444
4.02 0.6042261
4.03 0.6053050
4.04 0.6063814
4.05 0.6074550
4.06 0.6085260
4.07 0.6095944
4.08 0.6106602
4.09 0.6117233
4.10 0.6127839
4.11 0.6138418
4.12 0.6148972
4.13 0.6159501
4.14 0.6170003
4.15 0.6180481
4.16 0.6190933
4.17 0.6201361
4.18 0.6211763
4.19 0.6222140
4.20 0.6232493
4.21 0.6242821
4.22 0.6253125
4.23 0.6263404
4.24 0.6273659
4.25 0.6283889

5.00 0.6989700
5.01 0.6998377
5.02 0.7007037
5.03 0.7015680
5.04 0.7024305
5.05 0.7032914
5.06 0.7041505
5.07 0.7050080
5.08 0.7058637
5.09 0.7067178
5.10 0.7075702
5.11 0.7084209
5.12 0.7092700
5.13 0.7101174
5.14 0.7109631
5.15 0.7118072
5.16 0.7126497
5.17 0.7134905
5.18 0.7143298
5.19 0.7151674
5.20 0.7160033
5.21 0.7168377
5.22 0.7176705
5.23 0.7185017
5.24 0.7193313
5.25 0.7201593

6.00
6.01
6.02
6.03
6.04
6.05
6.06
6.07
6.08
6.09
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25

0.7781513
0.7788745
0.7795965
0.7803173
0.7810369
0.7817554
0.7824726
0.7831887
0.7839036
0.7846173
0.7853298
0.7860412
0.7867514
0.7874605
0.7881684
0.7888751
0.7895807
0.7902852
0.7909885
0.7916906
0.7923917
0.7930916
0.7937904
0.7944880
0.7951846
0.7958800

7.00 0.8450980
7.01 0.8457180
7.02 0.8463371
7.03 0.8469553
7.04 0.8475727
7.05 0.8481891
7.06 0.8488047
7.07 0.8494194
7.08 0.8500333
7.09 0.8506462
7.10 0.8512583
7.11 0.8518696
7.12 0.8524800
7.13 0.8530895
7.14 0.8536982
7.15 0.8543060
7.16 0.8549130
7.17 0.8555192
7.18 0.8561244
7.19 0.8567289
7.20 0.8573325
7.21 0.8579353
7.22 0.8585372
7.23 0.8591383
7.24 0.8597386
7.25 0.8603380

8.00 0.9030900
8.01 0.9036325
8.02 0.9041744
8.03 0.9047155
8.04 0.9052560
8.05 0.9057959
8.06 0.9063350
8.07 0.9068735
8.08 0.9074114
8.09 0.9079485
8.10 0.9084850
8.11 0.9090209
8.12 0.9095560
8.13 0.9100905
8.14 0.9106244
8.15 0.9111576
8.16 0.9116902
8.17 0.9122221
8.18 0.9127533
8.19 0.9132839
8.20 0.9138139
8.21 0.9143432
8.22 0.9148718
8.23 0.9153998
8.24 0.9159272
8.25 0.9164539

9.00 0.9542425
9.01 0.9547248
9.02 0.9552065
9.03 0.9556878
9.04 0.9561684
9.05 0.9566486
9.06 0.9571282
9.07 0.9576073
9.08 0.9580858
9.09 0.9585639
9.10 0.9590414
9.11 0.9595184
9.12 0.9599948
9.13 0.9604708
9.14 0.9609462
9.15 0.9614211
9.16 0.9618955
9.17 0.9623693
9.18 0.9628427
9.19 0.9633155
9.20 0.9637878
9.21 0.9642596
9.22 0.9647309
9.23 0.9652017
9.24 0.9656720
9.25 0.9661417

o

By permission: SOS Mathematics
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Calculations and Formulas—Geometry, Trigonometry, and Physics in Construction

3.4.0 Physics—Basic Formulas

Reference Guide & Formula Sheet for Physics

Dr. Hoselton & Mr. Price

#3

#4

#8

#11

#12

#16

#19

Components of a Vector

if V = 34 m/sec ~48°

then

Vi =34 m/sec - (cos 48°); and Vy = 34 m/sec - (sin 48°)

Weight =m - g

g = 9.81 m/sec” near the surface of the Earth
= 9.795 m/sec” in Fort Worth, TX

Density = mass / volume

0= g (um't : kg/m3)
Ave speed = distance / time = v = d/t

Ave velocity = displacement / time = v = d/t
Ave acceleration = change in velocity / time

Friction Force
Frp=p-Fx

117

If the object is not moving, you are dealing with static friction and it can have any value from zero up to

ps F.

If the object is sliding, then you are dealing with kinetic friction and it will be constant and equal to

P,

Torque
T =F-L-sin0
where 0 is the angle between F and L; unit: Nm

Newton’s Second Law
Fret = ZFExt =m-a
Work =F-D -cos 0

where D is the distance moved and 0 is the angle between F and the direction of motion, unit: J

Power = rate of work done

Power = unit:watt

time
Efficiency = Work,y / Energy,,
Mechanical Advantage = force out / force in
M.A.= Foy / Fin

Constant-Acceleration Linear Motion
V=vV,+a-t X
(X — Xo) = Vor t + 'a- £ v
vi=vy24+2-a- (X —Xo) t
(X —Xo) = "o (Vo + V) t a
— XO) —

(x

vet—'heast? Vo
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#20

#21

#23

#25

#26

#28

#29

#30

#31

#32

#34

#35

Heating a Solid, Liquid, or Gas

Q=m-c-AT (no phase changes!)

Q = the heat added
¢ = specific heat
AT = temperature change, K

Linear Momentum

momentum = p = m - v = mass - velocity

Momentum is conserved in collisions.

Center of Mass - point masses on a line

Xem = Z(mx)/Mtotal
Angular Speed vs. Linear Speed

Linear speed = v =1 - ® = r - angular speed

Pressure under Water
h = depth of water
p = density of water
Universal Gravitation
F— Gmsz

’
G = 6.67 E-11 N m? / kg*

Mechanical Energy
PEGy =P=m-g-h

KELinear =K= % -m- V2

Impulse = Change in Momentum
F-At=A(m-v)

Snell’s Law

n; - sinb; = n, - sin6,

Index of Refraction

n=c/v

¢ = speed of light = 3E +8m/s

Ideal Gas Law

P-V=n-R-T

n = # of moles of gas

R = gas law constant
= 8.31J /K mole.

Periodic Waves
v=f-A
f=1T T=period of wave

Constant-Acceleration Circular Motion

O =m, + ot
0—0, =@y t+ Vora-t?

0 =0, +2- - (0 —0,)
0—0,=" (0, +0®)t
0—0,=w-t— "ot

0

®
t

o
®o

Construction Calculations Manual



#36

#37

#39

#41

#42

#44

#45

#46

#47

#51

Calculations and Formulas—Geometry, Trigonometry, and Physics in Construction

Buoyant Force - Buoyancy

Fg=p-V-g = Mpjsplaced fluid * & = WeightDisplaced fluid
p = density of the fluid

V = volume of fluid displaced

Ohm’s Law
V=I-R

V = voltage applied
I = current

R = resistance

Resistance of a Wire

R=p-L/A

p = resistivity of wire material

L = length of the wire

A, = cross-sectional area of the wire

Heat of a Phase Change
Q=m-L
L = Latent heat of phase change

Hooke’s Law

F =k-x

Potential Energy of a spring

W =1-k-x* = work done on spring

Electric Power
p=FP R=V?)R=1-V

Speed of a Wave on a String

2
r=m
L

T = tension in string
m = mass of string
L = length of string

Projectile Motion
Horizontal: x — x, =v,-t+0
Vertical: y —y, =vo-t+1-a-¢

Centripetal Force

2
my 2

F=—=mwr
I
Kirchhoff’s Laws
LOOp Rule: ZAround any loopAVi =0

Node Rule: > =0

Minimum Speed at the top of a Vertical Circular Loop

v=,/rg

SERIES
Req:R1+R2+R3+...
PARALLEL

1 1 1 1 "1
Ro RURTTRT &R,

at any node

119
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#54

#55

#56

#58

#59

#60

#61

#62

Newton’s Second Law and Rotational Inertia
7= torque = [-«

I = moment of inertia = m - * (for a point mass)
(See table in Lesson 58 for I of 3D shapes.)

Circular Unbanked Tracks

my
& pwmg

Continuity of Fluid Flow
Ain *Vin = Aoul * Vout

A = Area

v = velocity

Moment of Inertia -1
cylindrical hoop m -1’
solid cylinder or disk Yam - r?
solid sphere Yem - 12
hollow sphere %m-1?
thin rod (center) ﬁ m-L?
thin rod (end) I3 m-L2
Capacitors

Q=C-V

Q = charge on the capacitor
C = capacitance of the capacitor
V = voltage applied to the capacitor

RC Circuits (Discharging)

—t/RC
Vc.=V,-e
V.—1I-R=0

Thermal Expansion
Linear: AL =L, - o - AT
Volume: AV =V, - AT

Bernoulli’s Equation
P+p-g-h+1 p-v?=constant
Qvolume Flow Rate = A1 V1 = Az - v = constant

Rotational Kinetic Energy (See LEM, pg 8)

KE otational = % 10 = % -1 (V/r)z

KErolling w/o slipping — % -m - v? + % 1 0?

Angular Momentum =L =1-0o=m-v-r- sin 0
Angular Impulse equals

CHANGE IN Angular Momentum

AL = Torque - At = A(1- o)

Construction Calculations Manual



#63

#64

#66

#68

#71

#72

#73

#74

Calculations and Formulas—Geometry, Trigonometry, and Physics in Construction

Period of Simple Harmonic Motion
T =2n % where k = spring constant

f= 1/T = 1/period

Banked Circular Tracks
2

vi=r-g-tan 0

First Law of Thermodynamics
AU = Qnet + Whet

Change in Internal Energy of a system =
+Net Heat added to the system
+Net Work done on the system
Flow of Heat through a Solid
AQ/At=k-A-AT/L

k = thermal conductivity

A = area of solid

L = thickness of solid

Potential Energy stored in a Capacitor
p=1.Cc.Vv?

RC Circuit formula (Charging)

Ve = Ve - (1 - e_l/RC)

R - C = 1 = time constant

Vcell - Vcapacitor —-1I-R=0

Simple Pendulum

L
T = 2n\/:andf =T
g

Sinusoidal motion
x=A-cos(®w-t)=A-cos(2-m-f-t)
o = angular frequency

f = frequency

Doppler Effect

Toward
343 oy

=f T towad =
343 Fpay Vs
v, = velocity of observer: v, = velocity of source
2" Law of Thermodynamics
The change in internal energy of a system is

AU = QAdded + Whone on — Qlost — Whone By

Maximum Efficiency of a Heat Engine (Carnot Cycle) (Temperatures in Kelvin)

T.
WEff = (1 —T—> - 100%
| 1 ]i 1 f = focal length

=5 + D=5 + - i = image distance
o Hi 0 O = object distance

|-
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Magnification
M = -D;/D, = —i/o = H;/H,

Helpful reminders for mirrors and lenses

Focal Length of: Positive Negative
Mirror concave convex

Lens converging diverging
Object distance = 0 all objects

Object height = H,, all objects

Image distance = i real virtual
Image height = H; virtual, upright real, inverted
Magnification virtual, upright real, inverted
#76 Coulomb’s Law

#77

#78

#80

#82

#83

#84

I N-m
"

k =
4re, C

Capacitor Combinations
PARALLEL
Ceq: Ci+Co+Cs + ...
SERIES

1 1 1 1 "1
— =t —t .. t=—=) =
Cqyq C1 (o C, ; C;
Work Done on a Gas or by a Gas
W =P AV

Electric Field around a Point Charge
E=k1
,

1 N -m?
dme, oE9 C?
Magnetic Field around a Wire
Hol
- 2nr
Magnetic Flux
®=B-A-cosB
Force caused by a magnetic field on a moving charge
F=q-v-B-sinf

k=

Entropy Change at Constant T

AS =Q/T

(Phase changes only: melting, boiling, freezing, etc)
Capacitance of a Capacitor

C=x-¢-A/d

Kk = dielectric constant

A = area of plates

d = distance between plates

€, = 8.85 E(—12) F/m

Construction Calculations Manual
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Induced X(zl!tage N = # of loops
Emf =N —
mf At

Lenz’s Law—induced current flows to create a B-field opposing the change in magnetic flux.

#86

#88

#89

#92

#93

#94

#96

#97

#98

Inductors during an Increase in Current
VL = Ve - e/ (E/R)

I=(Ven/R) - [1 - eft/(L/R)]

L /R = t = time constant

Transformers
Ni/N, = Vi/V,
L-vi=L -V,

Decibel Scale

B (Decibel level of sound) = 10 log (I /1,)
I = intensity of sound

I, = intensity of softest audible sound

Poiseuille’s Law
AP=8-n-L-Q/(n-1%)

n = coefficient of viscosity
L = length of pipe

r = radius of pipe

Q = flow rate of fluid

Stress and Strain

Y or S or B = stress / strain
stress = F/A

Three Kinds of strain: unit-less ratios
I. Linear: strain = AL /L

II. Shear: strain = Ax / L
II1. Volume: strain = AV /V

Postulates of Special Relativity
1. Absolute, uniform motion cannot be detected.
2. No energy or mass transfer can occur at speeds faster than the speed of light.

Lorentz Transformation Factor

2
p=y/1-5
At = At,/B

Relativistic Length Contraction
Ax = B - Ax,

Relativistic Mass Increase
m=m,/p

Energy of a Photon or a Particle
E=h-f=m-c?

h = Planck’s constant = 6.63 E(-34) J sec
f = frequency of the photon

Radioactive Decay Rate Law
A=A, e ®=(1/2")- Ay (after n half-lives)
Where k = (In 2) / half-life

123
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#99 Blackbody Radiation and the Photoelectric Effect
E=n - h - f where h = Planck’s constant
#100 Early Quantum Physics Rutherford-Bohr Hydrogen-like Atoms
1 1
% =R (712 — 112) meters™!
or ‘

c (1 1
:X:CR E—ﬁ Hz

R = Rydberg’s Constant

= 1.097373143 E7 m ™"
ng = series integer (2 = Balmer)
n = an integer > ng
Mass-Energy Equivalence

m, =m,/f

Total Energy = KE + m,c? = moc?/B

Usually written simply as E=mc’

de Broglie Matter Waves

For light: E,=h-f=h-¢c/L=p-c

Therefore, momentum: p = h/A
Similarly for particles, p=m-v = h/A,
so the matter wave’s wavelength must be

A=h/mv
Energy Released by Nuclear Fission or Fusion Reaction
E = Am, - ¢?

Miscellaneous Formulas

Quadratic Formula
ifax24+bx+c¢c =0

then
e —b £ Vb? — 4ac
- 2a

Trigonometric Definitions

sin 6 = opposite /hypotenuse
cos 0 = adjacent/hypotenuse
tan 6 = opposite /adjacent
sec 0 = 1/ cos 8 = hyp/adj
csc 0 = 1/sin 6 = hyp/opp
cot O = 1/tan 0 = adj/opp

Inverse Trigonometric Definitions
0 = sin™' (opp/hyp)
0 = cos™! (adj/hyp)
6 = tan™! (opp/hyp)
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Law of Sines
a/sin A =b /sin B = ¢/sin C
or

sin A/a = sin B/b = sin C/c

Law of Cosines

a2=b>+c2—2bccos A
bP=c?+a’—2cacosB
2=a +b*—2abcosC

T-Pots
For the functional form

11 n 1

A B C
You may use “The Product over the Sum” rule.

B-C
A=—+
B+C

For the Alternate Functional form

I 1 1

A B C
You may substitute T-Pot-d

A B-C  B-C
~C-B B-C

Fundamental SI Units
Unit Base Unit Symbol
Length meter m
Mass kilogram kg
Time second S
Electric Current ampere A
Thermodynamic Temperature kelvin K
Luminous Intensity candela cd
Quantity of Substance moles mol
Plane Angle radian rad
Solid Angle steradian ST Or Str
Some Derived SI Units
Symbol/Unit Quantity Base Units
C——coulomb Electric Charge A-s
F—farad Capacitance A% s4/(kg - m?)

H—henry Inductance kg - m?/(A? - %)
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Hz—hertz Frequency S

J—joule Energy & Work kg -m%s’=N-m
N—newton Force kg - m/s?
Q—ohm Elec Resistance kg - m?/(A” - §%)
Pa—pascal Pressure kg/(m - s%)
T—tesla Magnetic Field kg/(A - s)
V—volt Elec Potential kg - m?/(A - s%)
W—watt Power kg - m?/s®
Non-SI Units

°C degrees Celsius Temperature

eV electron-volt Energy, Work

Aa Acceleration, Area, Ay = Cross-sectional Area, Amperes, Amplitude of a Wave, Angle

Bb Magnetic Field, Decibel Level of Sound, Angle

Cc Specific Heat, Speed of Light, Capacitance, Angle, Coulombs, °Celsius, Celsius Degrees, Candela

Dd Displacement, Differential Change in a Variable, Distance, Distance Moved, Distance

Ee Base of the Natural Logarithms, Charge on the Electron, Energy

Ff Force, Frequency of a Wave or Periodic Motion, Farads

Gg Universal Gravitational Constant, Acceleration due to Gravity, Gauss, Grams, Giga-

Hh Depth of a Fluid, Height, Vertical Distance, Henrys, Hz = Hertz

Ii Current, Moment of Inertia, Image Distance, Intensity of Sound

Jj Joules

Kk K or KE = Kinetic Energy, Force Constant of a Spring, Thermal Conductivity, Coulomb’s Law Con-
stant, kg = Kilograms, Kelvins, Kilo-, Rate Constant for Radioactive Decay = 1/t = In2 / half-life

LI Length, Length of a Wire, Latent Heat of Fusion or Vaporization, Angular Momentum,
Thickness, Inductance

Mm Mass, Total Mass, Meters, Milli-, Mega-, m, = Rest Mass, Mol = Moles

Nn index of refraction, Moles of a Gas, Newtons, Number of Loops, Nano-

Pp Power, Pressure of a Gas or Fluid, Potential Energy, Momentum, Power, Pa = Pascal

Qq Heat Gained or Lost, Maximum Charge on a Capacitor, Object Distance, Flow Rate

Rr Radius, Ideal Gas Law Constant, Resistance, Magnitude or Length of a Vector, Rad = Radians

Ss Speed, Seconds, Entropy, Length along an Arc

Tt Time, Temperature, Period of a Wave, Tension, Teslas, t;, = Half-life

Uu Potential Energy, Internal Energy

Vv velocity, Velocity, Volume of a Gas, Velocity of Wave, Volume of Fluid Displaced, Voltage, Volts

Ww Weight, Work, Watts, Wb = Weber

Xx Distance, Horizontal Distance, x-Coordinate East-and-West Coordinate

Yy Vertical distance, y-Coordinate, North-and-South Coordinate

Zz Z-coordinate, Up-and-Down Coordinate, Linear Expansion

B Beta Coefficient of Volume Expansion, Lorentz Transformation Factor

Xx Chi

AS Delta A = Change in a Variable

Ee Epsilon €, = Permittivity of Free Space

®¢ Phi Magnetic Flux, Angle

I'y Gamma Surface Tension = F /L, 1 / v = Lorentz Transformation Factor
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Hn Eta

I Tota

U ¢ Theta and Phi Lower-case Alternates

Kk Kappa Dielectric Constant

AN Lambda Wavelength of a Wave, Rate Constant for Radioactive Decay = 1/t = In2/half-life
Mp Mu Friction, iy = Permeability of Free Space, Micro-

Nv Nu Alternate Symbol for Frequency

Oo Omicron

[Tz Pi 3.1425926536. . .

®0 Theta Angle between Two Vectors

Pp Rho Density of a Solid or Liquid, Resistivity

2o Sigma Summation, Standard Deviation

Tt Tau Torque, Time Constant for a Exponential Processes; eg T =RCort=L/Rort= 1/k = 1/A
Yv Upsilon

¢ ® Zeta and Omega Lower-case Alternates

Qo Omega Angular Speed or Angular Velocity, Ohms

EE Xi

P Psi

Z{ Zeta
Values of Trigonometric Functions for First Quadrant Angles(simple mostly
rational approximations)
0 sin cos 0 tan 0
0° 0 1 0
1¢ 1/6 65/66 11/65
15° 1/4 28/29 29/108
20° 1/3 16/17 17/47
29° 15"%/8 7/8 15"%/7
30° 1/2 322 1/3'2
37° 3/5 4/5 3/4
4 2/3 3/4 8/9
45° 2212 222 1
49° 3/4 2/3 98
53° 4/5 3/5 4/3
60 322 1/2 312
61° 7/8 15"2/8 7/15'2
70° 16/17 1/3 47/17
75° 28/29 1/4 108/29
80° 65/66 1/6 65/11
90° 1 0 00
(Memorize the Bold rows for future reference.)

. /
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Derivatives of Polynomials

For polynomials, with individual terms of the form Ax", we define the derivative of each term as

To find the derivative of the polynomial, simply add the derivatives for the individual terms:

d
a(3x2+6x73) =6x+6
Integrals of Polynomials

For polynomials, with individual terms of the form Ax", we define the indefinite integral of each term as
1
Ax")dx = —— Ax"T!
/ (A")dx n—+1 *

To find the indefinite integral of the polynomial, simply add the integrals for the individual terms and the con-
stant of integration, C.

/ (6x + 6)dx = [3x* + 6x + C]

Prefixes

Factor Prefix Symbol Example

108 exa- E 38 Es (Age of the Universe in Seconds)

10" peta- P

10" tera- T 0.3 TW (Peak power of a 1 ps pulse from a typical Nd-glass laser)
10° giga- G 22 G$ (Size of Bill & Melissa Gates’ Trust)

10° mega- M 6.37 Mm (The radius of the Earth)

10° kilo- k 1 kg (SI unit of mass)

10" deci- d 10 cm

1072 centi- c 2.54 cm (=1 in)

1073 milli- m 1 mm (The smallest division on a meter stick)

107° micro- u

10°° nano- n 510 nm (Wavelength of green light)

10712 pico- P 1 pg (Typical mass of a DNA sample used in genome studies)
1071 femto- f

107'® atto- a 600 as (Time duration of the shortest laser pulses)

Linear Equivalent Mass

Rotating systems can be handled using the linear forms of the equations of motion. To do so, however, you must
use a mass equivalent to the mass of a nonrotating object. We call this the Linear Equivalent Mass (LEM). (See
Example 1.)

For objects that are both rotating and moving linearly, you must include them twice—once as a linearly mov-
ing object (using m) and once more as a rotating object (using LEM). (See Example II.)

The LEM of a rotating mass is easily defined in terms of its moment of inertia, I.
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LEM = 1/1*

For example, using a standard table of Moments of Inertia, we can calculate the LEM of simple objects rotating
on axes through their centers of mass:

I LEM
Cylindrical hoop mr? m
Solid disk 'smr? '/ m
Hollow sphere 2/smr? 2/sm
Solid sphere 2/smr? 2/sm

Example |

A flywheel, M = 4.80 kg and r = 0.44 m, is wrapped with a string. A hanging mass, m, is attached to the end of
the string.
When the hanging mass is released, it accelerates downward at 1.00 m/s>. Find the hanging mass.

To handle this problem using the linear form of Newton’s Second Law of Motion, all we have to do is use the
LEM of the flywheel. We will assume, here, that it can be treated as a uniform solid disk.

The only external force on this system is the weight of the hanging mass. The mass of the system consists of
the hanging mass plus the linear equivalent mass of the flywheel. From Newton’s Second Law we have

a=1m/s?

F = ma, therefore, mg = [m + (LEM=/M)]a
mg = [m + AM] a
(mg — ma) ="¥Ma
m(g — a) = 2Ma
m=%-M-a/(g—a)
m=1%%-48-1.00/0.81 — 1)
M = 0.27 kg

If a = g/2 = 4.905 m/s?, m = 2.4 kg

If a =3/ig = 7.3575 m/s?, m =72kg

Note, too, that we do not need to know the radius unless the angular acceleration of the flywheel is requested.
If you need o, and you have r, then o0 = a/r.

Example 11
Find the kinetic energy of a disk, m = 6.7 kg, that is moving at 3.2 m/s while rolling without slipping along a flat,
horizontal surface. (Ipisk = mr?; LEM = 1m)

The total kinetic energy consists of the linear kinetic energy, K;, = %mvz, plus the rotational kinetic energy,
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Kg = (1) (w)* = (1)(v/r)* = Y2(1/r*)v? = 2(LEM)Vv2.
KE = >mv? + V> - (LEM = om) - v*
KE=1-6.7-32>4+-(1-6.7)-3.2?

KE = 34.304 4+ 17.152 = 511

3.4.1 Physics Concepts—Force, Pressure, and Energy
Physics Concepts—Force, Pressure, and Energy

Force, pressure, and energy are some basic tenets of Physics. The following terms will hopefully serve as a
reminder of Physics 101.

Force
Pressure
Energy

Force

Force is described as what is required to change the velocity or acceleration of an object. Recall that acceleration
is any change in vector. The formula for force is rather simple:

F=mxa
F = Force
m massofobject
a = accleration

Source: astronomyonline.org
Here is Newton’s famous Force equation:

F = force required, given in Newton’s or Dyne’s
m = the mass of the object, and
a = acceleration

The Newton (named after Sir Isaac Newton) is the amount required to move 1 kilogram at a distance of 1
meter in 1 second. It is written as:
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The equation of force is Newton’s second Law of Physics. The three laws are:

e A body at rest must remain at rest. and a body in motion remains in motion unless acted upon by an external
force.

o A force (F) on a body (m) gives it an acceleration (a) in the direction on the force and is inversely propor-
tional to the mass.

e Whenever a body exerts a force from another body, that body exerts a force equal in magnitude and in the
opposite direction of the initial mass.

F = gravitational force between two objects
m; = mass of first object in kilograms

my = mass of second object in kilograms

r = distance between objects

G = gravitational constant

Examples of force: Gravity and Friction

Pressure
Pressure is very similar to Force, but applies force over a particular area.

Force

Pressure =
Area

The units of this equation will be:
kg/ms* = 1 Pascal = N/m*
3.4.2 Physics—Circular Motion

Circular Motion

In the diagram v is the tangential velocity of the object, a is the centripetal (acting towards the center of the
circle) acceleration, F is the centripetal force, r is the radius of the circle, and m is the mass of the object.

a=v/r
F =ma =mv’/r

Source: Tutor4Physics.com
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3.4.3 Physics—Gravitation
Physics—Gravitation

Kepler’s Laws

Toward the end of the sixteenth century, Tycho Brahe collected a huge amount of data giving precise measure-
ments of the position of planets. Johannes Kepler, after a detailed analysis of the measurements, announced three
laws in 1619.

1. The orbit of each planet is an ellipse that has the Sun at one of its foci.

2. Each planet moves in such a way that the (imaginary) line joining it to the Sun sweeps out equal areas in equal
times.

3. The squares of the periods of revolution of the planets about the Sun are proportional to the cubes of their
mean distances from it.

Newton’s Law of Universal Gravitation

About 50 years after Kepler announced the laws now named after him, Isaac Newton showed that every particle
in the universe attracts every other with a force that is proportional to the products of their masses and inversely
proportional to the square of their separation.

Hence:

If F is the force due to gravity, g the acceleration due to gravity, G the Universal Gravitational Constant
(6.67 x 107N m2/kg2), m the mass, and r the distance between two objects, then

F = Gm mz/r2

Acceleration Due to Gravity Outside the Earth

It can be shown that the acceleration due to gravity outside of a spherical shell of uniform density is the same as it
would be if the entire mass of the shell were to be concentrated at its center.

Using this principle, we can express the acceleration due to gravity (g’) at a radius (r) outside the Earth in
terms of the Earth’s radius (r.) and the acceleration due to gravity at the Earth’s surface (g).

g =(/r)g

Acceleration Due to Gravity Inside the Earth

Here let r represent the radius of the point inside the Earth. The formula for determining the acceleration due to
gravity at this point becomes:

g = (r/r)g

In both of the above formulas, as expected, g’ becomes equal to g when r = r..

3.4.4 Physics—Work Energy Power
Work and Energy

As we know from the law of conservation of energy, energy is always conserved.
Work is the product of force and the distance over which it moves. Imagine you are pushing a heavy box
across the room. The further you move, the more work you do! If W is work, F the force, and x the distance, then.

W = Fx
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Energy comes in many shapes. The energies we see over here are kinetic energy (KE) and potential energy (PE).

1
Transitional KE = 7 mv?>

1
Rotational KE = 3 1w?

Here I is the moment of inertia of the object (a simple manner in which one can understand moment of inertia is
to consider it to be similar to mass in transitional KE) and w is angular velocity

Gravitational PE = mgh

where h is the height of the object
1
Elastic PE = 5 k L’

where Kk is the spring constant (it gives how much a spring will stretch for a unit force) and L is the length of the
spring. Simple isn’t it!!

Power

Power (P) is work (W) done in unit time (t).
P =W/t

As work and energy (E) are the same, it follows that power is also energy consumed or generated per unit time.
P = E/t

In measuring power, horsepower is a unit that is in common use. However, in physics we use Watt. So the first
thing to do in solving any problem related to power is to convert horsepower to Watts. 1 horsepower (hp) = 746
Watts

3.4.5 Physics—Laws of Motion

Newton’s Laws of Motion

Through Newton’s second law—The acceleration of a body is directly proportional to the net unbalanced force
and inversely proportional to the body’ s mass—a relationship is established between Force (F), Mass (m), and
Acceleration (a). This is of course a wonderful relation and of immense usefulness.

F=mxa

Knowing any two of the quantities automatically gives you the third !!

Momentum

Momentum (p) is the quantity of motion in a body. A heavy body moving at a fast velocity is difficult to stop.
A light body at a slow speed, on the other hand, can be stopped easily. So momentum has to do with both mass
and velocity.

p = mv

Often physics problems deal with momentum before and after a collision. In such cases the total momentum of
the bodies before collision is taken as equal to the total momentum of the bodies after collision. That is to say:
momentum is conserved.
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Impulse
This is the change in the momentum of a body caused over a very short time. Let m be the mass and v and u be
the final and initial velocities of a body.

Impulse = Ft = mv —mu

Source: Tutor4Physics.com

3.4.6 Physics—One-, Two-, and Three-Dimensional Motion
One-Dimensional Motion

By one dimension we mean that the body is moving only in one plane and in a straight line. We would be un-
dergoing one-dimensional motion, for example, if we were to roll a marble on a flat table, and if we rolled it in a
straight line (not easy!).

Four variables put together in an equation can describe this motion. These are Initial Velocity (u); Final
Velocity (v); Acceleration (a); Distance Traveled (s) and Time Elapsed (t). The equations that tell us the rela-
tionship between these variables are as follows:

V = u + at

v = u? 4 2as

s = ut + 1/2at?
average velocity = (v+u)/2

Armed with these equations you can do wonderful things such as calculating a car’s acceleration from zero to
whatever in 60 seconds !!
Source: Tutordphysics

Two- and Three-Dimensional Motion

Scalar or Vector?

To explain the difference between scalar and vector, we use two words: magnitude and direction. By mag-
nitude we mean how much of the quantity is there. By direction we mean the quantity having a direction that
defines it. Physical quantities that are completely specified by just giving out their magnitude are known as
scalars. Examples of scalar quantities are distance, mass, speed, volume, density, and temperature. Other phys-
ical quantities cannot be defined by just their magnitude. To define them completely, we must also specify
their direction. Examples of these quantities are velocity, displacement, acceleration, force, torque, and
momentum.

Vector Addition
Parallelogram Law of Vector Addition

Let us assume we were to represent two vectors’ magnitude and direction by two adjacent sides of a parallel-
ogram. The resultant could then be represented in magnitude and direction by the diagonal. This diagonal is the
one that passes through the point of intersection of these two sides.
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Resolution of a Vector

It is often necessary to split a vector into its components. Splitting a vector into its component parts is called
resolution of the vector. The original vector is the resultant of these components. When the components of a
vector are at right angles to each other, they are called the rectangular components of a vector.

Rectangular Components of a Vector

As the rectangular components of a vector are perpendicular to each other, we can do mathematics on them. This
allows us to solve many real-life problems. After all, the best thing about physics is that it can be used to solve
real-world problems.

Note: As it is difficult to use vector notations on computer word processors, we will coin our own notation.
We will show all vector quantities in bold. For example, A will be scalar quantity and A will be a vector
quantity.

Let A, and Ay be the rectangular components of a vector A

then

A= A, + Ay

This means that vector A is the resultant of vectors A, and A,.
A is the magnitude of vector A, and similarly A, and A, are the magnitudes of vectors A, and A,.
As we are dealing with rectangular components that are at right angles to each other, we can say that:

A= (A + A
Similarly, the angle Q that the vector A makes with the horizontal direction will be
Q = tan' (A /A)

Physics—One-, Two-,Three-Dimension Motion, p. 3
Source:Tutor4Physics.com

3.4.7 Physics—Electricity
Electricity

According to Ohm’s Law, electric potential difference(V) is directly proportional to the product of the current(I)
times the resistance(R).

V =1R
The relationship between power (P) and current and voltage is

P=1V

Using the equations above,we can also write
P = V?/R
and

P = I’R
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Resistance of Resistors in Series
The equivalent resistance (R.q) of a set of resistors connected in series is

Req - Rl +R2 +R3 +---

Resistance of Resistors in Parallel

The equivalent resistance (R.y) of a set of resistors connected in parallel is

l/Req = 1/R1 + 1/R2 + 1/R3

3.5.0 Financial Formula Calculations—Net Present Value and Compounding
Present Value Formulas

Calculate the Present Value of a Single Sum

Calculate the Present Value with Compounding

FV

PV=——"=
T+

Calculate the Present Value of a Cash-Flow Series

n

PV = Z
=1

FV;
(1+2)

m

Calculate the Present Value of an Annuity with Continuous Compounding

1 — (=10
Pvacp - ¢
r

Calculate the Present Value of a Growing Annuity with Continuous Compounding

_ PMT(1 — ¢ (¢))

PVea elr—8) — 1
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Calculate the Net Present Value of a Cash-Flow Series

=S

Calculate the Future Value with Compounding

(n—m)
FV = PV(1+ )

Calculate the Future Value of a Cash-Flow Series
FV =Y CF(l +r)
-1

Calculate the Future Value of an Annuity

FV, = PMT {(1‘“)_1}
,

Calculate the Future Value of an Annuity Due

FV, = PMT {(H')_l} (1+7)

r

Calculate the Future Value of an Annuity with Compounding

137

-\ (m—n)
1+ -1
FV, = PMT - %
r/m
Payment Calculations
Calculate Monthly Payment
PMT =P - M
(14+r"-1
Symbols and Variables in Financial Formulas
One important key to understanding formulas for financial math is Where N = Number of Periods
knowledge of what financial symbols and variables represent. g = Rate of Growth

m = Compounding Frequency

r = Interest Rate
PMT = Periodic Payment
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The chart of symbols (located at the right) offers an explanation FV = Future Value
of the financial variables used in the formulas provided below. PV = Present Value
CF = Cash Flow
j = the jth Period

Calculate the Number of Payments

N<Z log(1 — rFV/PMT)
N log(1 +1)

Convert Interest Rate Compounding Bases

Where r; = Original Interest Rate with Compounding Frequency 7, and r; is the stated interest rate with com-
pounding frequency n,

Calculate Sinking Fund

Future Value Formulas

Calculate the Future Value of a Single Sum

FV = PV (1 +7r)"

Cash-Flow Series Calculations

Calculate the Present Worth Cost of a Cash-Flow Series

e - 3
=1

CF;
a ! v where CF; < 0
+r '

Calculate the Present Worth Revenue of a Cash-Flow Series
F

n C .
PWR = Z J 7 where CF; > 0
T (L+r)

3.6.0 Formulas for Calculating the Volume of Cylindrical Tanks
Cylindrical Tank Capacity

We establish capacity in gallons of water in a cylindrical tank by using formulas. The plumbing trade rarely
exposes a need for such calculations on a job site. Most state plumbing exams require an individual to be knowl-
edgeable pertaining to a tank’s capacity in gallons of water.
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Several steps are required, and you must know how many cubic inches are in 1 gallon of water and how many
gallons are in a cubic foot. Dimensions of a tank are in feet and inches or may only be in feet form. You must use
the relevant formula for each dimensional situation. When a dimension is in feet and inches, calculations must be
used in inch form. Conversion from fraction of an inch to decimal of an inch is also required.

Example: 10'-2-1/2" = 122-1/2", which converts to 122.50"

The first approach is to find an area of the base of a tank. This is achieved by knowing the diameter of a tank,
then multiplying by the diameter by the diameter (D x D), and next by multiplying by 0.7854. At this point in
your calculations, you have achieved the square area of a circle.

Area of a cylinder base = Diameter x Diameter x 0.7854 (D x D x 0.7854)

The next step is to know a length or height of a tank. You multiply the square area of a tank’s base by the
length or height dimension. This gives you the volume of a tank or pipe.

Volume of a cylinder = Height x Square area of cylindrical base (height also = length or depth)

The next step is to calculate the volume when dimensions are in inch form in order to determine the capacity
in gallons of a tank. There are 231 cubic inches in 1 gallon of water, so you would divide the volume of a tank by
231 to achieve the gallon capacity.

Tank capacity in gallons when measurements are in inch form = Volume =+ 231
Diameter x Diameter x 0.7854 x Length <+ 231 (D x D x 0.7854 x L = 231)

The next step is to calculate the volume when dimensions are in feet form in order to determine the capacity
in gallons of a tank. There are 7.48 gallons in 1 cubic foot, so you would multiply the volume of a tank by 7.48.

Tank capacity in gallons when measurements are in feet form = Volume x 7.48 Diameter x Diameter X
0.7854 x Length x 7.48 (D x D x 0.7854 x L x 7.48)

A problem you may have is remembering what formula to use correctly. Because you are rarely faced with a
need to make such calculations on a job site, you must understand what the formulas represent. The formula
0.7854 is derived from the circular area of a square or 78-1/2 % of a square. The remaining 21-1/2 % is not
relevant because we are calculating a circular area. Imagine placing a circle of equal diameter into a square
of equal length (an 8-foot diameter into an 8-foot square).

Y

|

The four corners of a square are
irrelevant and represent 21-1/2% of
the total area.

Equal to-square length

Length and width —

R S —
of a square

A circle consumes 78-1/2% of a
square; this is the 0.7854 used in a
formula.

‘ <
<

When a circle’s diameter is equal size of a square, the area of a circle consumes 0.7854 or 78-1/2% of a
square. The remaining 21-1/2% is not used in cylindrical calculations.
By permission: Joyce Company, Inc., Cary, North Carolina

Cylindrical Tank WorkSheet
Work Sheet

Below is an illustration of a tank that can be viewed as horizontal or vertical. Its dimensions are in feet and inch
form. This requires you to calculate all dimensions in inch form and convert to decimal form.



Plan or Side
View

This tank is shown in a
vertical position.
The calculations are

the same if a tank is in
a horizontal position.

4’-2-1/8" is also
50.125 inches

Formulas must relate to cubic inches bec

e Tank dimensions are: Length = 12/ — 8
e Converts to 152.625 inches x 50.125"
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» |
|

12’- 8-5/8 Tank

Height or Length

12’- 8-5/8” is also
152.625 inches

| <
|

Section View
Tank Diameter

ause the physical dimensions of the tank are in feet and inch form.

-5/8" x Diameter = 4’-2-1/8"

e Formulais D x D x 7854 x L =+ 231 = Gallon Capar

Diameter x Diameter x Percent x Length = Cub =+ Cu. In./1 Gal. = Gallon Capacity
50.125  x  50.125 x 7854 x 152.625 = 301,179.44 =+ 231 = 1,303.807

An exam answer in a multiple-choice format may have possible selections that indicate an exact answer
remaining in its decimal form. If gallons were rounded to a nearest whole number, the answer would be

1304 gallons.

Use the following dimensions to calculate the gallon capacity of tanks listed below.

4 N
Diameter Length or Height Gallon Capacity
4/_0// 1 6/_0//

6/-3" 12/-8"
8'-1-5/8" 117 7-3/8"
70" 9/
5'-6-7/8" 5'-6-7/8"
o J
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The next illustration can help you remember that there are 231 cubic inches in a gallon of water. Imagine a
narrow structure that is 19-1/4” (19.25") long, 1” wide, and 12" high. It would take 1 gallon of water to fill such a
structure. Now picture freezing 231 ice cubes that are 1” square and 1” high: this is how many 1” cubed-shaped
ice cubes you can freeze from a gallon of water. You would have 12 rows high of 1” square and 1” high ice cubes
with 19-1/4 cubes per row.

Side Views Isometric

View
1inch 19 -1/4”

It would take 1 gallon of water
to fill this structure.

It would take 231 ice cubes It would take 231
127 that are 1” square and 1” high ice cubes to fill this
to fill this structure. / structure
- There are 231 cubic inches in <
1 1 gallon of water
cube| y

To arrive at the dimensions of this structure, divide 231 cubic inches by the structure height (12). This struc-
ture changes dimensionally if you divide by any height. Imagine a structure that is only 1” high. You divide 231
by 1 and have a structure that is dimensioned to be 1” high by 1” wide and 231 inches long. So regardless of the
size of a tank, pipe, or structure, there are 231 cubic inches in a gallon of water.

Another portion of a calculating formula that you have to know concerns when measurements are given in
feet form. Remember 1 cubic foot holds 7.48 (7-1/2) gallons of water. This next illustration will help you
remember how many gallons are in a cubic foot.

1 2 3 4 5 6 7 712

1 1 1 1 1 1 1 0.48

gallon gallon gallon gallon gallon gallon gallon =7.48 gallons (7 -1/2)

gallon

-1 This structure equals
1 cubic foot
1.0 The dimensions are
h 1" long x 1" wide x 1" high
It would take 7.48 gallons
to fill this structure

When using this formula for exam purposes and multiple-choice selections are present; you may calculate all
gallons in the form of 7.5. If you are faced with answers that are close in numerical sequence or if exact answers
are required, use the 7.48 formula, not 7.5.

Isometric
View
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3.7.0 Round Tank Volume Tables for One Foot of Depth—1 to 32 Feet in Diameter

Calculating the Volume of a Round Tank 1 Foot to 32 Feet in Diameter

~
Tank Volume
U.S. Gallons in Round Tanks
for One Foot in Depth

Diameter of Tank
Ft In No. U.S.Gals. Cu Ft and Area in Sq Ft
1 0 5.87 .785
1 1 6.89 922
1 2 8.00 1.069
1 3 9.18 1.227
1 4 10.44 1.396
1 5 11.79 1.576
1 6 13.22 1.767
1 7 14.73 1.969
1 8 16.32 2.182
1 9 17.99 2.405
1 10 19.75 2.640
1 11 21.58 2.885
2 0 23.50 3.142
2 1 25.50 3.409
2 2 27.58 3.687
2 3 29.74 3.976
2 4 31.99 4.276
2 5 34.31 4.587
2 6 36.72 4.909
2 7 39.21 5.241
2 8 41.78 5.585
2 9 44.43 5.940
2 10 47.16 6.305
2 11 49.98 6.681
3 0 52.88 7.069
3 1 55.86 7.467
3 2 58.92 7.876
3 3 62.06 8.296
3 4 65.28 8.727
3 5 68.58 9.168
3 6 71.97 9.621
3 7 75.44 10.085
3 8 78.99 10.559
3 9 82.62 11.045
3 10 86.33 11.541
3 11 90.13 12.048
4 0 94.00 12.566
4 1 97.96 13.095
4 2 102.00 13.635
4 3 106.12 14.186
4 4 110.32 14.748
4 5 114.61 15.321
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\
Tank Volume —Cont'd
U.S. Gallons in Round Tanks
for One Foot in Depth
Diameter of Tank
Ft In No. U.S.Gals. Cu Ft and Area in Sq Ft
4 6 118.97 15.90
4 7 123.42 16.50
4 8 127.95 17.10
4 9 132.56 17.72
4 10 137.25 18.35
4 11 142.02 18.99
5 0 146.88 19.63
5 1 151.82 20.29
5 2 156.83 20.97
5 3 161.93 21.65
5 4 167.12 22.34
5 5 177.38 23.04
5 6 177.72 23.76
5 7 183.15 24.48
5 8 188.66 25.22
5 9 194.25 25.97
5 10 199.92 26.73
5 11 205.67 27.49
6 0 211.51 28.27
6 3 229.50 30.68
6 6 248.23 33.18
6 9 267.69 35.78
7 0 287.88 38.48
7 3 308.81 41.28
7 6 330.48 44.18
7 9 352.88 47.17
8 0 376.01 50.27
8 3 399.88 53.46
8 6 424.48 56.75
8 9 449.82 60.13
9 0 475.89 63.62
9 3 502.70 67.20
9 6 530.24 70.88
9 9 558.51 74.66
10 0 587.52 78.54
10 3 617.26 82.52
10 6 647.74 86.59
10 9 678.95 90.76
11 0 710.90 95.03
11 3 743.58 99.40
11 6 776.99 103.87
11 9 811.14 108.43
N

(Continued)
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~
Tank Volume—Cont'd
U.S. Gallons in Round Tanks
for One Foot in Depth

Diameter of Tank
Ft In. No. U.S.Gals. Cu Ft and Area in Sq Ft
12 0 846.03 113.10
12 3 881.65 117.86
12 6 918.00 122.72
12 9 955.09 127.68
13 0 201.06 132.73
13 3 1031.50 137.89
13 6 1070.80 143.14
13 9 1110.80 148.49
14 0 1151.50 153.94
14 3 1193.00 159.48
14 6 1235.30 165.13
14 9 1278.20 170.87
15 0 1321.90 176.71
15 3 1366.40 182.65
15 6 1411.50 188.69
15 9 1457.40 194.83
16 0 1504.10 201.06
16 3 1551.40 207.39
16 6 1599.50 213.82
16 9 1648.40 220.35
17 0 1697.90 226.98
17 3 1748.20 233.71
17 6 1799.30 240.53
17 9 1851.10 247.45
18 0 1903.60 254.47
18 3 1956.80 261.59
18 6 2010.80 268.80
18 9 2065.50 276.12
19 0 2120.90 283.53
19 3 2177.10 291.04
19 6 2234.00 298.65
19 9 2291.70 306.35
20 0 2350.10 314.16
20 3 2409.20 322.06
20 6 2469.10 330.06
20 9 2529.60 338.16
21 0 2591.00 346.36
21 3 2653.00 354.66
21 6 2715.80 363.05
21 9 2779.30 371.54
22 0 2843.60 380.13
22 3 2908.60 388.82
22 6 2974.30 397.61
22 9 3040.80 406.49
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\_

Tank Volume—Cont’d
U.S. Gallons in Round Tanks
for One Foot in Depth

Diameter of Tank
Ft In. No. U.S.Gals. Cu Ft and Area in Sq Ft
23 0 3108.00 415.48
23 3 3175.90 424.56
23 6 3244.60 433.74
23 9 3314.00 443.01
24 0 3384.10 452.39
24 3 3455.00 461.86
24 6 3526.60 471.44
24 9 3598.90 481.11
25 0 3672.00 490.87
25 3 3745.80 500.74
25 6 3820.30 510.71
25 9 3895.60 520.77
26 0 3971.60 530.93
26 3 4048.40 541.19
26 6 4125.90 551.55
26 9 4204.10 562.00
27 0 4283.00 572.56
27 3 4362.70 583.21
27 6 4443.10 593.96
27 9 4524.30 604.81
28 0 4606.20 615.75
28 3 4688.80 626.80
28 6 4772.10 637.94
28 9 4856.20 649.18
29 0 4941.00 660.52
29 3 5026.60 671.96
29 6 5112.90 683.49
29 9 5199.90 695.13
30 0 5287.70 706.86
30 3 5376.20 718.69
30 6 5465.40 730.62
30 9 5555.40 742.64
31 0 5646.10 754.77
31 3 5737.50 766.99
31 6 5829.70 779.31
31 9 5922.60 791.73
32 0 6016.20 804.25
32 3 6110.60 816.86
32 6 6205.70 829.58
32 9 6301.50 842.39
31-1/2 Gallons equal 1 Barrel
To find the capacity of tanks greater than the largest given in the table, look in the table for a tank of one-half of the
given size and multiply its capacity by 4, or one of one-third its size and multiply its capacity by 9, etc.
Source: Cardinal Metal, Inc., Irving, TX

/
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3.8.0 Capacity of Round Tanks—1 to 30 Feet in Diameter
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4 N
Diameter gal/ft*
1-0” 5.88
1-3" 9.18
1-6” 13.22
1-9” 17.99
2'-0" 23.50
2/-3" 29.75
2'-6" 36.72
2/-9" 44.43
3'-0” 52.88
3-6” 71.98
4-0" 94.01
4'-6" 118.98
5 146.89
6 211.52
7' 287.90
8 376.04
9 475.92
10 587.56
1 710.94
12/ 846.08
15’ 1322.00
20/ 2350.23
25 3672.23
30’ 5288.01
Capacity of Round Tanks by Diameter & Gallons per Foot
Basis: Inside Measure, 1 cubic foot = 7.481 gallons @ Table Gives Gallons Per Foot of
Height
/

3.9.0 Capacity of Rectangular Tanks—1 to 6 Feet in Depth, 1 to 10 Feet in Length

Capacity of Rectangular Tanks )
Length 1-0”  1-6” 2-0"  2'-¢" 3'-0” 4-0" 5'-0" 6'-0" 7'-0" 8'-0" 9'-0" 10'-0"
0" 748 1122 1496 1870 2244 2992 3741  44.89 5237  59.85  67.33  74.81
13" 935 1403 1870 2338 2805 3741 4676  56.11 65.46  74.81 84.16  93.51
16" 11.22  16.83 2244  28.05  33.66  44.89  56.11 67.33 7855  89.77 10099  112.22
19" 13.09 19.64 26.18 3273  39.28 5237 6546 7855  91.64 10473 117.83  130.92
20" 14.96 2244 2992 3741  44.89  59.85  74.81 89.77 10473  119.70  134.66  149.62
23" 16.83 2525 33.66  42.08  50.50  67.33  84.16 100.99 117.83 134.66 151.49  168.32
26" 1870  28.05 37.41 4676  56.11 74.81 93.51  112.22  130.92 149.62 168.32  187.03
29" 2057  30.86 41.15 5143 61.72 8229 102.86 123.44 144.01 16458 185.15  205.73
30" 2244  33.66 44.89  56.11 67.33  89.77 11222 13466 157.10 179.54  201.99  224.43
36"  26.18 39.28 5237 65.46 78.55 104.73 130.92 157.10  183.28 209.47 235.65 261.84
N %
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\
Capacity of Rectangular Tanks—Cont'd
Length 1/_0// 1/_6// 2/_0// 2/_6// 3/_0// 4/_0// 5/_0// 6/_0// 7/_0// 8/_0// 9/_0// 10/_0//
4-0" 2992 4489 59.85 74.81 89.77 119.70  149.62 179.54  209.47  239.39  269.32  299.24

4-6" 33.66 50.50 67.33 84.16 10099 134.66 168.32 20199 235.65 269.32 30298 336.65

5-0"  37.41 56.11 74.81 93.51 112.22 149.62 187.03  224.43  261.84 299.24 336.65 374.05

6'-0"  44.89 67.33 89.77 112.22 134.66  179.54 22443  269.32 31420 359.09 403.97 448.86

Basis: Inside Measure, 1 cubic foot = 7.481 gallons (U.S.) @ Table Gives Gallons Per Foot of Depth

3.10.0 Testing for Hardness in Metal—Mohs, Brinell, Rockwell, Scleroscope, Durometer
Metals

Metals account for about two-thirds of all the elements and about 24% of the mass of the planet. Metals have
useful properties, including strength, ductility, high melting points, thermal and electrical conductivity, and
toughness. As shown in the periodic table, a large number of the elements are classified as being a metal.
A few of the common metals and their typical uses are presented below.

Common Metallic Materials

e Iron/Steel—Steel alloys are used for strength-critical applications.

e Aluminum—Aluminum and its alloys are used because they are easy to form, readily available, inexpensive,
and recyclable.

e Copper—Copper and copper alloys have a number of properties that make them useful, including high elec-
trical and thermal conductivity, high ductility, and good corrosion resistance.

e Titanium—Titanium alloys are used for strength in higher temperature (~1000° F) applications, when com-
ponent weight is a concern, or when good corrosion resistance is required.

e Nickel—Nickel alloys are used for still higher temperatures (~1500-2000° F) applications or when good
corrosion resistance is required.

e Refractory materials are used for the highest temperature (> 2000° F) applications.

Aluminium

Brass Cast Iron

e

Bronze | Steel

Metal Sludge Copper
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Hardness

Hardness is the resistance of a material to localized deformation. The term can apply to deformation from in-
dentation, scratching, cutting, or bending. In metals, ceramics, and most polymers, the deformation considered is
plastic deformation of the surface. For elastomers and some polymers, hardness is defined as the resistance to
elastic deformation of the surface. The lack of a fundamental definition indicates that hardness is not a basic
property of a material, but rather a composite one with contributions from yield strength, work hardening, true
tensile strength, modulus, and others factors. Hardness measurements are widely used for the quality control of
materials because they are quick and are considered to be nondestructive tests when the marks or indentations
produced by the test are in low-stress areas.

A large variety of methods are used for determining the hardness of a substance. A few of the more common
methods are introduced next.

Mohs Hardness Test

One of the oldest ways of measuring hardness was devised by the German mineralogist Friedrich Mohs in 1812.
The Mohs hardness test involves observing whether the surface of a material is scratched by a substance of
known or defined hardness. To give numerical values to this physical property, minerals are ranked along
the Mohs scale, which is composed of 10 minerals that have been given arbitrary hardness values. The Mohs
hardness test, while greatly facilitating the identification of minerals in the field, is not suitable for accurately
gauging the hardness of industrial materials such as steel or ceramics. For engineering materials, a variety of
instruments have been developed over the years to provide a precise measure of hardness. Many apply a load and
measure the depth or size of the resulting indentation. Hardness can be measured on the macro-, micro- or
nanoscale.

Brinell Hardness Test

The oldest of the hardness test methods in common use on engineering materials today is the Brinell hardness
test. Dr. J. A. Brinell invented this test in Sweden in 1900. The Brinell test uses a desktop machine to apply a
specified load to a hardened sphere of a specified diameter. The Brinell hardness number, or simply the Brinell
number, is obtained by dividing the load used, in kilograms, by the measured surface area of the indentation, in
square millimeters, left on the test surface. The Brinell test is frequently used to determine the hardness metal
forgings and castings that have large grain structures. The Brinell test provides a measurement over a fairly large
area that is less affected by the course grain structure of these materials than are Rockwell or Vickers tests.

A wide range of materials can be tested using a Brinell test simply by varying the test load and indenter ball
size. In the United States, Brinell testing is typically done on iron and steel castings using a 3000 kg test force and
a 10 mm diameter ball. A 1500 kg load is usually used for aluminum castings. Copper, brass, and thin stock are
frequently tested using a 500 kg test force and a 10 or 5 mm ball. In Europe Brinell testing is done using a much
wider range of forces and ball sizes; it is common to perform Brinell tests on small parts using a 1 mm carbide
ball and a test force as low as 1 kg. These low-load tests are commonly referred to as baby Brinell tests. The test
conditions should be reported along with the Brinell hardness number. A value reported as 60 HB 10/1500/30
means that a Brinell hardness of 60 was obtained using a 10 mm diameter ball with a 1500 kg load applied for 30
seconds.

Rockwell Hardness Test

The Rockwell hardness test also uses a machine to apply a specific load and then measure the depth of the result-
ing impression. The indenter may either be a steel ball of some specified diameter or a spherical diamond-tipped
cone of 120° angle and 0.2 mm tip radius, called a brale. A minor load of 10 kg is first applied, which causes a
small initial penetration to seat the indenter and remove the effects of any surface irregularities. Then, the dial is
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set to zero and the major load is applied. Upon removal of the major load, the depth reading is taken while the
minor load is still on. The hardness number may then be read directly from the scale. The indenter and the test
load used determine the hardness scale that is used (A, B, C, etc).

For soft materials such as copper alloys, soft steel, and aluminum alloys, a 1/16” diameter steel ball is used
with a 100 kg load, and the hardness is read on the B scale. In testing harder materials, hard cast iron, and many
steel alloys, a 120 degrees diamond cone is used with up to a 150 kg load, and the hardness is read on the C scale.
There are several Rockwell scales other than the B and C scales (which are called the common scales).
A properly reported Rockwell value will have the hardness number followed by HR (Hardness Rockwell)
and the scale letter. For example, 50 HRB indicates that the material has a hardness reading of 50 on the B scale.

A -Cemented carbides, thin steel, and shallow case-hardened steel

B -Copper alloys, soft steels, aluminum alloys, malleable iron, etc.

C -Steel, hard cast irons, pearlitic malleable iron, titanium, deep case-hardened steel and other materials
harder than B 100

D -Thin steel and medium case-hardened steel and pearlitic malleable iron

E -Cast iron, aluminum and magnesium alloys, bearing metals

F -Annealed copper alloys, thin soft sheet metals

G -Phosphor bronze, beryllium copper, malleable irons

H -Aluminum, zinc, lead

K, L, M, P, R, S, V—Bearing metals and other very soft or thin materials, including plastics.

Rockwell Superficial Hardness Test

The Rockwell Superficial Hardness Tester is used to test thin materials, lightly carburized steel surfaces,
or parts that might bend or crush under the conditions of the regular test. This tester uses the same indenters
as the standard Rockwell tester, but the loads are reduced. A minor load of 3 kg is used, and the major
load is either 15 or 45 kg depending on the indenter used. Using the 1/16” diameter, steel ball indenter, a
“T” is added (meaning thin sheet testing) to the superficial hardness designation. An example of a superficial
Rockwell hardness is 23 HR15T, which indicates the superficial hardness as 23, with a load of 15 kg using the
steel ball.

Vickers and Knoop Microhardness Tests

The Vickers and Knoop hardness tests are a modification of the Brinell test and are used to measure the hard-
ness of thin film coatings or the surface hardness of case-hardened parts. With these tests, a small diamond
pyramid is pressed into the sample under loads that are much less than those used in the Brinell test. The
difference between the Vickers and the Knoop Tests is simply the shape of the diamond pyramid indenter.
The Vickers test uses a square pyramidal indenter, which is prone to crack brittle materials. Consequently,
the Knoop test using a rhombic-based (diagonal ratio 7.114:1) pyramidal indenter was developed that produces
longer but shallower indentations. For the same load, Knoop indentations are about 2.8 times longer than
Vickers indentations.

An applied load ranging from 10 g to 1000 g is used. This low amount of load creates a small indent that must
be measured under a microscope. The measurements for hard coatings like TiN must be taken at very high mag-
nification (i.e., 1000X) because the indents are so small. The surface usually needs to be polished. The diagonals
of the impression are measured, and these values are used to obtain a hardness number (VHN), usually from a
lookup table or chart. The Vickers test can be used to characterize very hard materials, but the hardness is mea-
sured over a very small region.

The values are expressed like 2500 HK25 (or HV25), meaning 2500 Hardness Knoop at 25 gram force load.
The Knoop and Vickers hardness values differ slightly, but for hard coatings, the values are close enough to be
within the measurement error and can be used interchangeably.
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Scleroscope and Rebound Hardness Tests

The Scleroscope test is a very old test that involves dropping a diamond-tipped hammer, which falls inside a
glass tube under the force of its own weight from a fixed height, onto the test specimen. The height of the re-
bound travel of the hammer is measured on a graduated scale. The scale of the rebound is arbitrarily chosen and
consists of Shore units, divided into 100 parts, which represent the average rebound from pure hardened high-
carbon steel. The scale is continued higher than 100 to include metals having greater hardness. The Shore Sclero-
scope measures hardness in terms of the elasticity of the material, and the hardness number depends on the
height to which the hammer rebounds: the harder the material, the higher the rebound.

The Rebound hardness test method is a recent advancement that builds on the Scleroscope test. A variety of
electronic instruments are on the market that measure the loss of energy of the impact body. These instruments
typically use a spring to accelerate a spherical, tungsten carbide-tipped mass toward the surface of the test object.
When the mass contacts the surface, it has a specific kinetic energy, and the impact produces an indentation
(plastic deformation) on the surface that takes some of this energy from the impact body. The impact body will
lose more energy, and its rebound velocity will be less when a larger indentation is produced on softer material.
The velocities of the impact body before and after impact are measured, and the loss of velocity is related to
Brinell, Rockwell, or other common hardness values.

Durometer Hardness Test

A Durometer is an instrument that is commonly used for measuring the indentation hardness of rubbers/elas-
tomers, and soft plastics such as polyolefin, fluoropolymer, and vinyl. A Durometer simply uses a calibrated
spring to apply a specific pressure to an indenter foot. The indenter foot can be either cone- or sphere-shaped.
An indicating device measures the depth of indentation. Durometers are available in a variety of models, and the
most popular testers are the Model A used for measuring softer materials and the Model D for harder materials.

Barcol Hardness Test

The Barcol hardness test obtains a hardness value by measuring the penetration of a sharp steel point under a
spring load. The specimen is placed under the indenter of the Barcol hardness tester, and uniform pressure is
applied until the dial indication reaches a maximum. The Barcol hardness test method is used to determine the
hardness of both reinforced and nonreinforced rigid plastics, as well as to determine the degree of cure of resins
and plastics.
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3.11.0 Comparison of Hardness Scales Shown Graphically

Approximate Comparison of Hardness Scales
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Source: www.calce.umd.edu
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3.12.0 Comparison of Hardness Testing in Chart Form

Hardness Comparison Table

Brinell Hardness 10mm

Diam Ball Load: 3000 kg

Rockwell Hardness (2)

Rockwell Special

Hardness Special Brale

Equipment
Shore Tensile Vickers
Vickers Std Hultgren Tung?tic A Scale B Scale C Scale D Scale 15-N 30-N 45-N Hardness Strength Hardness
Hardness Ball Ball Carbide Load: 60 Load: 100 Load: Load 100  Scale Scale Scale
(DPH) Ball kg Brale kg 1/16in. 150 kg kg Brale  Load: Lload: Load: (1205(]/ Load:
Equip. Diam Ball Brale Equip. 15kg 30kg 45kg m 50 kg
Equip. approx.)
410 388 388 388 71.4 - 41.8 56.8 81.4 61.1 45.3 - 195 410
400 379 379 379 70.8 - 40.8 56.0 81.0 60.2 44.1 55 190 400
390 369 369 369 70.3 - 39.8 55.2 80.3 59.3 42.9 - 185 390
380 360 360 360 69.8 (110.0) 38.8 54.4 79.8 58.4 41.7 52 180 380
370 350 350 350 69.2 - 37.7 53.6 79.2 57.4 40.4 - 175 370
360 341 341 341 68.7 (109.0) 36.6 52.8 78.6 56.4 39.1 50 170 360
350 331 331 331 68.1 - 35.5 51.9 78.0 55.4 37.8 - 166 350
340 322 322 322 67.6 (108.0) 34.4 51.1 77.4 54.4 36.5 47 161 340
330 313 313 313 67.0 - 33.3 50.2 76.8 53.6 35.2 - 156 330
320 303 303 303 66.4 (107.0) 32.2 49.4 76.2 52.3 33.9 45 151 320
310 294 294 294 65.8 - 31.0 48.4 75.6 51.3 32.5 - 146 310
300 284 284 284 65.2 (105.5) 29.8 47.5 74.9 50.2 31.1 42 141 300
295 280 280 280 64.8 - 29.2 47.1 74.6 49.7 30.4 - 139 295
290 275 275 275 64.5 (104.5) 28.5 46.5 74.2 49.0 29.5 41 136 290
285 270 270 270 64.2 - 27.8 46.0 73.8 48.4 28.7 - 134 285
280 265 265 265 63.8 (103.5) 271 45.3 73.4 47.8 27.9 40 131 280
275 261 261 261 63.5 - 26.4 44.9 73.0 47.2 271 - 129 275
270 256 256 256 63.1 (102.0) 25.4 44.3 72.6 46.4 26.2 38 126 270
265 252 252 252 62.7 - 24.8 43.7 72.1 45.7 25.2 - 124 265
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260 247 247 247 62.4 (101.0) 24.0 43.1 71.6 45.0 24.3 37 121 260
255 243 243 243 62.0 - 23.1 42.2 71.1 44.2 23.2 - 119 255
250 238 238 238 61.6 99.5 22.2 41.7 70.6 43.4 22.2 36 116 250
245 233 233 233 61.2 - 21.3 41.1 70.1 42.5 21.1 - 114 245
240 228 228 228 60.7 98.1 20.3 40.3 69.6 41.7 19.9 34 11 240
230 219 219 219 - 96.7 (18.0) - - - 33 106 230
220 209 209 209 - 95.0 (15.7) - - - - 32 101 220
210 200 200 200 - 93.4 (13.4) - - - - 30 97 210
200 190 190 190 - 91.5 (11.0) - - - - 29 92 200
190 181 181 181 - 89.4 (8.5) - - - - 28 88 190
180 171 171 171 - 87.1 (6.0 - - - - 26 84 180
170 162 162 162 - 85.0 (3.0 - - - - 25 79 170
160 152 152 152 - 81.7 0.0) - - - - 24 75 160
150 143 143 143 - 78.7 - - - - - 22 71 150
140 133 133 133 - 75.0 - - - - - 21 66 140
130 124 124 124 - 71.2 - - - - - 20 62 130
120 114 114 114 - 66.7 - - - - - 57 120
110 105 105 105 - 62.3 - - - - - - - 110
100 95 95 95 - 56.2 - - - - - - - 100
95 90 90 90 - 52.0 - - - - - - - 95

90 86 86 86 - 48.0 - - - - - - - 90

85 81 81 81 - 41.0 - - - - - - - 85

Source :www.calce.umd.edu
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4.0.0 The Rudiments of Excavation—Classification, Use of Materials,
Measurement, and Payment

1. SCOPE

The work shall consist of the excavation required by the drawings and specifications and disposal of the
excavated materials.

2. CLASSIFICATION

Excavation will be classified as common excavation or rock excavation in accordance with the following
definitions or will be designated as unclassified.

Common excavation shall be defined as the excavation of all materials that can be excavated, transported,
and unloaded by the use of heavy ripping equipment and wheel tractor-scrapers with pusher tractors or that can
be excavated and dumped into place or loaded onto hauling equipment by means of excavators having a rated
capacity of one cubic yard or larger and equipped with attachments (such as shovel, bucket, backhoe, dragline or
clam shell) appropriate to the material type, character, and nature of the materials.

Rock excavation shall be defined as the excavation of all hard, compacted or cemented materials that require
blasting or the use of ripping and excavating equipment larger than defined for common excavation. The
excavation and removal of isolated boulders or rock fragments larger than one (1) cubic yard encountered in
materials otherwise conforming to the definition of common excavation shall be classified as rock excavation.
The presence of isolated boulders or rock fragments larger than one (1) cubic yard will not in itself be sufficient
cause to change the classification of the surrounding material.

For the purpose of these classifications, the following definitions shall apply:

Heavy ripping equipment shall be defined as a rear-mounted, heavy duty, single-tooth, ripping attachment
mounted on a track type tractor having a power rating of at least 250 flywheel horsepower unless otherwise
specified in Section 11.

Wheel tractor-scraper shall be defined as a self-loading (not elevating) and unloading scraper having a struck
bowl capacity of at least twelve (12) cubic yards.

Pusher tractor shall be defined as a track type tractor having a power rating of at least 250 flywheel horse-
power equipped with appropriate attachments.

3. UNCLASSIFIED EXCAVATION

Excavation designated as “Unclassified Excavation” shall include all materials encountered regardless of
their nature or the manner in which they are removed. When excavation is unclassified, none of the definitions
or classifications stated in Section 2, CLASSIFICATION, shall apply.

4. BLASTING

The transportation, handling, storage, and use of dynamite and other explosives shall be directed and super-
vised by person(s) of proven experience and ability who are authorized and qualified to conduct blasting
operations.

Source: U.S. Department of Agriculture—Natural Resources Conservation Service.
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Blasting shall be done in such a manner as to prevent damage to the work or unnecessary fracturing of the
foundation and shall conform to any special requirements in Section 11 of this specification. When specified in
Section 11, the Contractor shall furnish the Engineer in writing, a blasting plan prior to blasting operations.

5. USE OF EXCAVATED MATERIALS

Method 1 To the extent they are needed, all suitable materials from the specified excavations shall be used in
the construction of required permanent earthfill or rockfill. The suitability of materials for specific purposes will
be determined by the Engineer. The Contractor shall not waste or otherwise dispose of suitable excavated
materials.

Method 2 Suitable materials from the specified excavations may be used in the construction of required
earthfill or rockfill. The suitability of materials for specific purposes will be determined by the Engineer.

6. DISPOSAL OF WASTE MATERIALS

Method 1 All surplus or unsuitable excavated materials will be designated as waste and shall be disposed of
at the locations shown on the drawings.

Method 2 All surplus or unsuitable excavated materials will be designated as waste and shall be disposed of
by the Contractor at sites of his own choosing away from the site of the work in an environmental acceptable
manner and that does not violate local rules and regulations.

7. EXCAVATION LIMITS

Excavations shall comply with OSHA Construction Industry Standards (29CFR Part 1926) Subpart P, Ex-
cavations, Trenching, and Shoring. All excavations shall be completed and maintained in a safe and stable con-
dition throughout the total construction phase. Structure and trench excavations shall be completed to the
specified elevations and to the length and width required to safely install, adjust, and remove any forms, bracing,
or supports necessary for the installation of the work. Excavations outside of the lines and limits shown on the
drawings or specified herein required to meet safety requirements shall be the responsibility of the Contractor in
constructing and maintaining a safe and stable excavation.

8. BORROW EXCAVATION

When the quantities of suitable materials obtained from specified excavations are insufficient to construct
the specified earthfills and earth backfills, additional materials shall be obtained from the designated borrow
areas. The extent and depth of borrow pits within the limits of the designated borrow areas shall be as specified
in Section 11 or as approved by the Engineer.

Borrow pits shall be excavated and finally dressed to blend with the existing topography and sloped to pre-
vent ponding and to provide drainage.

9. OVER-EXCAVATION

Excavation in rock beyond the specified lines and grades shall be corrected by filling the resulting voids with
portland cement concrete made of materials and mix proportions approved by the Engineer. Concrete that will
be exposed to the atmosphere when construction is completed shall meet the requirements of concrete selected
for use under Construction Specification 31, Concrete for Major Structures, or 32, Structure Concrete, as
appropriate.

Concrete that will be permanently covered shall contain not less than five (5) bags of cement per cubic yard.
The concrete shall be placed and cured as specified by the Engineer.

Excavation in earth beyond the specified lines and grades shall be corrected by filling the resulting voids with
approved compacted earthfill, except that, if the earth is to become the subgrade for riprap, rockfill, sand or
gravel bedding, or drainfill, the voids may be filled with material conforming to the specifications for the riprap,
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rockfill, bedding or drainfill. Prior to correcting an over-excavation condition, the Contractor shall review the
planned corrective action with the Engineer and obtain approval of the corrective measures.

10. MEASUREMENT AND PAYMENT

For items of work for which specific unit prices are established in the contract, the volume of each type and
class of excavation within the specified pay limits will be measured and computed to the nearest cubic yard by
the method of average cross-sectional end areas or by methods outlined in Section 11 of this specification.
Regardless of quantities excavated, the measurement for payment will be made to the specified pay limits,
except that excavation outside the specified lines and grades directed by the Engineer to remove unsuitable
material will be included. Excavation required because unsuitable conditions result from the Contractor’s
improper construction operations, as determined by the Engineer, will not be included for measurement and
payment.

Method 1 The pay limits shall be as designated on the drawings.
Method 2 The pay limits shall be defined as follows:

a. The upper limit shall be the original ground surface as it existed prior to the start of construction oper-
ations except that where excavation is performed within areas designated for previous excavation or
earthfill the upper limit shall be the modified ground surface resulting from the specified previous ex-
cavation or earthfill.

b. The lower and lateral limits shall be the neat lines and grades shown on the drawings.

Method 3 The pay limits shall be defined as follows:

a. The upper limit shall be the original ground surface as it existed prior to the start of construction oper-
ations except that where excavation is performed within areas designated for previous excavation or
earthfill the upper limit shall be the modified ground surface resulting from the specified previous ex-
cavation or earthfill.

b. The lower and lateral limits shall be the true surface of the completed excavation as directed by the
Engineer.

Method 4 The pay limits shall be defined as follows:

a. The upper limit shall be the original ground surface as it existed prior to the start of construction oper-
ations except that where excavation is performed within areas designated for previous excavation or
earthfill the upper limit shall be the modified ground surface resulting from the specified previous ex-
cavation or earthfill.

b. The lower limit shall be at the bottom surface of the proposed structure.

c¢. The lateral limits shall be 18-inches outside of the outside surfaces of the proposed structure or shall be
vertical planes 18-inches outside of and parallel to the footings, whichever gives the larger pay quantity,
except as provided in d, below.

d. For trapezoidal channel linings or similar structures that are to be supported upon the sides of the
excavation without intervening forms, the lateral limits shall be at the under side of the proposed lining
or structure.

e. For the purposes of the definitions in b, ¢, and d, above, any specified bedding or drainfill directly
beneath or beside the structure will be considered to be a part of the structure.

All Methods The following provisions apply to all methods of measurement and payment.

Payment for each type and class of excavation will be made at the contract unit price for that type and class of
excavation. Such payment will constitute full compensation for all labor, materials, equipment, and all other
items necessary and incidental to the performance of the work, except that extra payment for backfilling
over-excavation will be made in accordance with the following provisions:

Payment for backfilling over-excavation, as specified in Section 9 of this specification, will be made only if
the excavation outside specified lines and grades is directed by the Engineer to remove unsuitable material and if
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the unsuitable condition is not a result of the Contractor’s improper construction operations as determined by the
Engineer.

Compensation for any item of work described in the contract but not listed in the bid schedule will be in-
cluded in the payment for the item of work to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 11 of this specification.

4.1.0 The Unified Soil Classification and Constituents—Explained
Uniform Field Soil Classification System
(Modified Unified Description)

Introduction April 6, 2009

The purpose of this system is to establish guidelines for the uniform classification of soils by inspection for
MDOT Soils Engineers and Technicians. It is the intent of this system to describe only the soil constituents that
have a significant influence on the visual appearance and engineering behavior of the soil. This system is
intended to provide the best word description of the sample to those involved in the planning, design, construc-
tion, and maintenance processes. A method is presented for preparing a “word picture” of a sample for entering
on a subsurface exploration log or other appropriate data sheet. The classification procedure involves visually
and manually examining soil samples with respect to texture (grain-size), plasticity, color, structure, and mois-
ture. In addition to classification, this system provides guidelines for assessment of soil strength (relative density
for granular soils, consistency for cohesive soils), which may be included with the field classification as appro-
priate for engineering requirements. A glossary of terms is included at the end of this document for convenient
reference.

It should be understood that the soil descriptions are based upon the judgment of the individual making the
description. Laboratory classification tests are not intended to be used to verify the description, but to further
determine the engineering behavior for geotechnical design and analysis, and for construction.

Primary Soil Constituents

The primary soil constituent is defined as the material fraction which has the greatest impact on the engineering
behavior of the soil, and which usually represents the soil type found in the largest percentage. To determine the
primary constituent, it must first be determined whether the soil is “Fine-Grained” or “Coarse-Grained” or “Or-
ganic” as defined below. The field soil classification “word picture” will be built around the primary constituent
as defined by the soil types described below.

Coarse-Grained Soils: More than 50% of the soil is RETAINED on the (0.075 mm) #200 sieve. A good rule
of thumb to determine if particles will be retained or pass the #200 sieve: If individual particles can be distin-
guished by the naked eye, then they will likely be retained. Also, the finest sand particles often can be identified
by their sparkle or glassy quality.

Source: Michigan Department of Transportation

Gravel Identified by particle size, gravel consists of rounded, partially angular, or angular (crushed faces)
particles of rock. Gravel size particles usually occur in varying combinations with other particle
sizes. Gravel is subdivided into particle size ranges as follows: (Note that particles > (75 mm)
3 inches are cobbles or boulders, as defined in the Glossary of Terms.)
Coarse - Particles passing the (75 mm) 3 inch sieve, and retained on the (19 mm) 3/4 inch sieve.
Fine - Gravel particles passing the (19 mm) 3/4 inch sieve, and retained on the (4.76 mm) #4 U.S.
standard sieve.
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Note: The term “gravel” in this system denotes a particle size range and should not be confused with “gravel”
used to describe a type of geologic deposit or a construction material.

Sand Identified by particle size, sand consists of rock particles, usually silicate (quartz) based, ranging
between gravel and silt sizes. Sand has no cohesion or plasticity. Its particles are gritty grains that
can easily be seen and felt, and may be rounded (natural) or angular (usually manufactured). Sand is
subdivided into particle size ranges as follows:

Coarse - Particles that will pass the (4.76 mm) #4 U.S. Standard sieve and be retained on the (2 mm)
# 10 U.S. Standard sieve.

Medium - Particles that will pass the (2 mm) #10 U.S. Standard sieve and be retained on the
(0.425 mm) # 40 U.S. Standard sieve.

Fine - Particles that will pass the (0.425 mm) #40 U.S. Standards sieve and be retained on the

(0.075 mm) # 200 U.S. Standard sieve.
Well-Graded - Indicates relatively equal percentages of Fine, Medium, and Coarse fractions are present.

Note: The particle size of coarse-grained primary soils is important to the Soil Engineer! Always indicate the
particle size or size range immediately before the primary soil constituent.

Exception: The use of ‘Gravel’ alone will indicate both coarse and fine gravel are present.
Examples: Fine & Medium Sand; Coarse Gravel.

Include the particle shape (angular, partially angular, or rounded) when appropriate, such as for aggregates or
manufactured sands.
Example: Rounded Gravel.

Fine-Grained Soils: More than 50% of the soil PASSES the (0.075 mm) #200 sieve.

Silt Identified by behavior and particle size, silt consists of material passing the (0.075 mm) #200 sieve
that is nonplastic (no cohesion) and exhibits little or no strength when dried. Silt can typically be
rolled into a ball or strand, but it will easily crack and crumble. To distinguish silt from clay, place
material in one hand and make 10 brisk blows with the other; if water appears on the surface, cre-
ating a glossy texture, then the primary constituent is silt.

Clay Identified by behavior and particle size, clay consists of material passing the (0.075 mm) #200
sieve AND exhibits plasticity or cohesion (ability of particles to adhere to each other, like putty)
within a wide range of moisture contents. Moist clay can be rolled into a thin (3 mm)1/8 inch
thread that will not crumble. Also, clay will exhibit strength increase with decreasing moisture
content, retaining considerable strength when dry.

Clay is often encountered in combination with other soil constituents such as silt and sand. If a soil
exhibits plasticity, it contains clay. The amount of clay can be related to the degree of plasticity; the
higher the clay content, the greater the plasticity.

Note: When applied to laboratory gradation tests, silt size is defined as that portion of the soil finer than the
(0.075 mm) # 200 U.S. Standard sieve and coarser than the 0.002 mm. Clay size is that portion of soil finer than
0.002 mm. For field classification, the distinction will be strictly based upon cohesive characteristics.

Organic Soils:
Peat Highly organic soil, peat consists primarily of vegetable tissue in various stages of decomposition,
accumulated under excessive moisture conditions, with texture ranging from fibrous to amorphous.
Peat is usually black or dark brown in color, and has a distinct organic odor. Peat may have minor
amounts of sand, silt, and clay in various proportions.
Fibrous Peat - Slightly or undecomposed organic material having identifiable plant forms. Peat is rel-
atively very lightweight and usually has spongy, compressible consistency.
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Amorphous Peat (Muck) - Organic material which has undergone substantial decomposition such that
recognition of plant forms is impossible. Its consistency ranges from runny
paste to compact rubbery solid.

Marl Marl consists of fresh water sedimentary deposits of calcium carbonate, often with varying percent-
ages of calcareous fine sand, silt, clay and shell fragments. These deposits are unconsolidated, so
marl is usually lightweight. Marl is white or light-gray in color with consistency ranging from soft
paste to spongy. It may also contain granular spheres, organic material, or inorganic soils. Note that
marl will react (fizz) with weak hydrochloric acid due to the carbonate content.

Secondary Soil Constituents

Secondary soil constituents represent one or more soil types other than the primary constituent which appear in
the soil in significant percentages sufficient to readily affect the appearance or engineering behavior of the soil.
To correlate the field classification with laboratory classification, this definition corresponds to amounts of sec-
ondary soil constituents > 12% for fine-grained and >30% for coarse-grained secondary soil constituents. The
secondary soil constituents will be added to the field classification as an adjective preceding the primary con-
stituent. Two or more secondary soil constituents should be listed in ascending order of importance. Examples:
Silty Fine Sand; Peaty Marl; Gravelly, Silty Medium Sand; Silty, Sandy Clay.

Tertiary Soil Constituents

Tertiary soil constituents represent one or more soil types that are present in a soil in quantities sufficient to
readily identify, but NOT in sufficient quantities to significantly affect the engineering behavior of the soil.
The tertiary constituent will be added to the field classification with the phrase “with ” at the end,
following the primary constituent and all other descriptors. This definition corresponds to approximately
5-12% for fine-grained and 15-29% for coarse-grained tertiary soil constituents. Example: Silty Fine to Coarse
Sand with Gravel and Peat.

Soil types that appear in the sample in percentages below tertiary levels need not be included in the field
classification. However, the slight appearance of a soil type may be characteristic of a transition in soil constit-
uents (more significant deposits nearby), or may be useful in identifying the soil during construction. These
slight amounts can be included for descriptive purposes at the end of the field classification as “Trace of .”

Additional Soil Descriptors

Additional descriptors should be added as needed to adequately describe the soil for the purpose required. These
descriptors should typically be added to the field classification before the primary and secondary constituents, in
ascending order of significance (Exceptions noted below). Definitions for several descriptive terms can be found
in the Glossary of Terms below. Other terms may be used as appropriate for descriptive purposes, but not for soil
constituents.

Color Brown, Gray, Yellow, Red, Black, Light-, Dark-, Pale-, etc.

Moisture Content Dry, Moist, Saturated. Judge by appearance of sample before manipulating.
Structure Fissured, Friable, Blocky, Varved, Laminated, Lenses, Layers, etc.

Examples: Gray-Brown Laminated Silty Clay; Light-Brown Saturated Fine & Medium Sand.
Exceptions: Certain descriptive terms such as “Fill” may be more appropriate after the primary

constituent or at the end of the field classification. Also, the description of distinct
soils (inclusions) within a larger stratum should be added after the complete field
classification of the predominant soil.

Examples of exceptions:  Stiff Brown Sandy Clay Fill, with Coarse Angular Gravel and Asphalt; Gray
Silty Clay with Saturated Marl, Lenses of Saturated Fine Sand.
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Soil Strength Assessment
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Soil strength refers to the degree of load-carrying capacity and resistance to deformation which a particular soil
may develop. For cohesionless granular soils (sand, gravel, and silt) the relative in-place density is a measure of
strength. The in-place consistency for cohesionless soils can be estimated by the Standard Penetration Test
(SPT—BIlow counts) and by resistance to drilling equipment or “pigtail” augers as described below. For cohe-
sive soils, “consistency” is a measure of cohesion, or shear strength. The shear strength of clay soils can be
estimated in the field using the manual methods described below, the SPT, or resistance to drilling equipment.
Note that for clay soils, loss of moisture will result in increased strength; therefore, consistency of clay soils
should be estimated at the natural moisture content.

The soil consistency, when appropriate and available, should be added to the field classification at the very
beginning, using the terminology described below. Examples: Loose Brown Rounded Fine Gravel; Medium

Stiff Gray Moist Sandy Clay.

Cohesionless Soil
Classification  Standard Relative Resistance to Advancement of a (1.2 m) 4 ft. Long, (38 mm)
Penetration, N Density, % 1.5 inch Diameter Spiral (Pigtail) Auger

Very Loose <4 0-15 The auger can be forced several inches into the soil, without turning,
under the bodyweight of the technician.

Loose 4-10 15-35 The auger can be turned into the soil for its full length without difficulty.
It can be chugged up and down after penetrating about (1/3 m) 1 ft, so that
it can be pushed down (25 mm) 1 inch into the soil.

Medium 10-30 35-65 The auger cannot be advanced beyond +(3/4 m) 2.5 ft without great

Dense difficulty. Considerable effort by chugging required to advance further.

Dense 30-50 65-85 The auger turns until tight at £(1/3 m) 1 ft; cannot be advanced further.

Very Dense > 50 85-100 The auger can be turned into the soil only to about the length of its spiral
section.

~

Cobhesive Soil
Classification ~ Manual Index for Consistency Cohesion Cohesion Standard

(psf) (kPa) Penetration, N
Very Soft Extrudes between fingers when squeezed 0-250 0-12 <2
Soft Molded by light to moderate finger pressure 250-500 12-24 2-4
Medium Stiff Molded by moderate to firm finger pressure 500-1000 24-48 4-8
Stiff Readily indented by thumb, difficult to penetrate ~ 1000-2000 48-96 8-15
Very Stiff Readily indented by thumbnail 2000-4000 96-192 15-30
Hard Indented with difficulty by thumbnail 4000-8000 192-384 > 30

\
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Glossary of Terms

Cohesive soil that can be broken down into small angular lumps that resist further breakdown.
A rock fragment, usually rounded by weathering or abrasion, with average dimension of (300 mm)
12" or more.

Soil containing calcium carbonate, either from limestone deposits or shells. The carbonate will
react (fizz) with weak hydrochloric acid.

The adherence or bonding of coarse soil grains due to presence of a cementicious material. May be
weak (readily fragmented), firm (appreciable strength), or indurated (very hard, water will not
soften, rock-like)

A rock fragment, usually rounded or partially angular, with an average dimension (75 to 300 mm)
3// _ 12//.

No appreciable moisture is apparent in the soil.

Fine-grained soil with very high plasticity and dry strength. Usually has a sticky or greasy
texture due to very high affinity for water. Remains plastic at very high water contents (Liquid
Limit >50).

Man-made deposits of natural soils and/or waste materials. Document the components carefully
since presence and depth of fill are important engineering considerations.

The soil breaks along definite planes of weakness with little resistance to fracturing.

Occurring more than one per (300 mm)1 ft thickness.

A soil that is easily crumbled or pulverized into smaller, nonuniform fragments or clumps.
Alternating horizontal strata of different material or color, usually in increments of (6 mm)1/4” or
less.

Horizontal inclusion or stratum of sedimentary soil greater than (100 mm) 4” thick.

Inclusion of a small pocket of a sedimentary soil between (10 mm) 3/8 ” and (100 mm) 4 ” thick,
often with tapered edges.

Describes the condition of a soil with moderate to water content relative to the saturated condition
(near optimum). Moisture is readily discernible but not in sufficient content to adversely affect the
soil behavior.

Irregularly marked soil, usually clay, with spots of different colors.

See Amorphous Peat, under Primary Soil Constituents heading.

Occurring once or less per (300 mm) 1 ft thickness.

Indicates the presence of material that originated from living organisms, usually vegetative,
undergoing some stage of decay. May range from microscopic size matter to fibers, stems,
leaves, wood pieces, shells, etc. Usually dark brown or black in color, and accompanied by a dis-
tinct odor.

A very thin soil inclusion of up to (10 mm) 3/8” thickness.

All of the soil voids are filled with water (zero air voids). Practically speaking, the condition where
the moisture content is sufficient to substantially affect the soil behavior.

Indicates appearance of a slight amount of a soil type, which may be included in the classification
for descriptive or identification purposes only. The Trace soil would have no effect on the soil
behavior. Other modifiers such as “Slight” or “Heavy” should not be used with “Trace.”

The paired arrangement of laminations in glacial sediments that reflect seasonal changes during
deposition; Fine sand and silt are deposited in the glacial lake during summer, and finer particles
are usually deposited in thinner laminations in winter.
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4.1.0.1 The “Word Picture” of Soil Grain Size

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART

COARSE-GRAINED SOILS
(more than 50% of material is larger than No. 200 sieve size.)

Clean Gravels (Less than 5% fines)
014 Well-graded gravels, gravel-sand
re.ol OW | ixtures, little or no fines
GRAVELS |22 :
More than 50% F<1 gp Poorly-graded gravels, gravel-sand
of coarse  E .t mixtures, little or no fines
fraction larger Gravels with fines (More than 12% fines)
than No. 4 |3
sieve size  [El5 GM | Silty gravels, gravel-sand-silt mixtures
Clayey gravels, gravel-sand-clay
Z GC )
1 mixtures
Clean Sands (Less than 5% fines)
Well-graded sands, gravelly sands,
SW | . )
little or no fines
AND
5008/0 or msore sp Poorly graded sands, gravelly sands,
of coarse o little or no fines
fraction smaller Sands with fines (More than 12% fines)
than No. 4 ) I
sieve size SM | Silty sands, sand-silt mixtures
SC | Clayey sands, sand-clay mixtures
FINE-GRAINED SOILS
(50% or more of material is smaller than No. 200 sieve size.)
Inorganic silts and very fine sands, rock
ML | flour, silty of clayey fine sands or clayey
SILTS ) D .
AND silts with slight plasticity
CLAYS 7 Inorganic clays of low to medium
Liquid limit  {//7| CL | plasticity, gravelly clays, sandy clays,
less than 77 silty clays, lean clays
o —
50% F— oL Organic silts and organic silty clays of
] low plasticity
Inorganic silts, micaceous or
diatomaceous fine sandy or silty soils,
SILTS elastic silts
AND
CLAYS Inorganic clays of high plasticity, fat
Liquid limit clays
50%
or greater Organic clays of medium to high
plasticity, organic silts
HIGHLY wh
ORGANIC t | PT | Peatand other highly organic soils

SOILS
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Source:Virginia Department of Transportation

4.1.1 ASTM and AASHTO Aggregate and Soil Terminology
ASTM Aggregate and Soil Terminology

Terms
The basic reference for the Unified Soil Classification System is ASTM D 2487. Terms include:

Coarse-Grained Soils: More than 50% retained on a 0.075 mm (No. 200) sieve

Fine-Grained Soils: 50% or more passes a 0.075 mm (No. 200) sieve

Gravel: Material passing a 75-mm (3-inch) sieve and retained on a 4.75-mm (No. 4) sieve.

Coarse Gravel: Material passing a 75-mm (3-inch) sieve and retained on a 19.0-mm (3/4-inch) sieve.
Fine Gravel: Material passing a 19.0-mm (3/4-inch) sieve and retained on a 4.75-mm (No. 4) sieve.
Sand: Material passing a 4.75-mm sieve (No. 4) and retained on a 0.075-mm (No. 200) sieve.

Coarse Sand: Material passing a 4.75-mm sieve (No. 4) and retained on a 2.00-mm (No. 10) sieve.
Medium Sand: Material passing a 2.00-mm sieve (No. 10) and retained on a 0.475-mm (No. 40) sieve.
Fine Sand: Material passing a 0.475-mm (No. 40) sieve and retained on a 0.075-mm (No. 200) sieve.
Clay: Material passing a 0.075-mm (No. 200) that exhibits plasticity and strength when dry (PI° 4).
Silt: Material passing a 0.075-mm (No. 200) that is nonplastic and has little strength when dry (PI < 4).
Peat: Soil of vegetable matter.

Note that these definitions are Unified Soil Classification system definitions and are slightly different from

those of AASHTO.

Source: pavementinteractive.org
AASHTO soil terminology comes from AASHTO M 145, “Classification of Soils and Soil-Aggregate Mix-

tures for Highway Construction Purposes.” Aggregate terminology comes from AASHTO M 147, “Materials for
Aggregate and Soil-Aggregate Subbase, Base and Surface Courses.” Basic terms include:

Boulders & Cobbles: Material retained on a 75-mm (3-inch) sieve.
Gravel: Material passing a 75-mm (3-inch) sieve and retained on a 2.00-mm (No. 10) sieve.
Coarse Sand: Material passing a 2.00-mm sieve (No. 10) and retained on a 0.475-mm (No. 40) sieve.



Construction Calculations Manual

Fine Sand: Material passing a 0.475-mm (No. 40) sieve and retained on a 0.075-mm (No. 200) sieve.
Silt-Clay: Material passing a 0.075-mm (No. 200) sieve.

Silt Fraction: Material passing the 0.075 mm sieve and larger than 0.002 mm.

Clay Fraction: Material smaller than 0.002 mm.

Silty: Material passing a 4.75-mm (No. 4) sieve with a PI £ 10

Clayey: Material passing a 4.75-mm (No. 4) sieve with a PI° 11

Coarse Aggregate: Aggregate retained on the 2.00 mm sieve and consisting of hard, durable particles or
fragments of stone, gravel or slag. A wear requirement (AASHTO T 96) is normally required.

Fine Aggregate: Aggregate passing the 2.00 mm (No. 10) sieve and consisting of natural or crushed sand,
and fine material particles passing the 0.075 mm (No. 200) sieve. The fraction passing the 0.075 mm (No.
200) sieve shall not be greater than two-thirds of the fraction passing the 0.425 mm (No. 40) sieve. The por-
tion passing the 0.425 mm (No. 40) sieve shall have a LL < 25 and a PI < 6. Fine aggregate shall be free from
vegetable matter and lumps or balls of clay.

Note that these definitions are AASHTO definitions and are slightly different from those of the Unified

Soil Classification system (ASTM).

4.1.2 Field Method of Classification

Procedure

Field Classification Technique for Coarse-Grained Soils

1.

Take a representative sample of soil (excluding particles >75 mm) (see Note 1) and classify the soil as
coarse-grained or fine-grained by estimating whether 50%, by weight, of the particles can be seen individ-
ually by the naked eye. Soils containing >50% of particles that can be seen are coarse-grained soils; soils
containing <50% of particles smaller than the eye can see are fine-grained soils. If the soil is predominantly
coarse-grained, identify as being a gravel or a sand by estimating whether 50% or more, by weight, of the
coarse grains are larger or smaller than 4.75 mm (No. 4 sieve size).

If the soil is a gravel, identify as being “clean” (containing little or no fines, <5%) or “dirty” (containing an
appreciable amount of fines, >12%). For clean gravels final classification is made by estimating the grada-
tion: the well-graded gravels belong to the GW groups and uniform and gap-graded gravels belong to the GP
group. Dirty gravels are of two types: those with nonplastic (silty) fines (GM) and those with plastic (clayey)
fines (GC). The determination of whether the fines are silty or clayey is made by the three manual tests for
fine-graded soils.

If a soil is a sand, the same steps and criteria are used as for gravels in order to determine whether the soil is a
well-graded clean sand (SW), poorly graded clean sand (SP), sand with silty fines (SM) or sand with clayey
fines (SC).

If a material is predominantly (>50% by weight) fine-grained, it is classified into one of six groups (ML, CL,
OL, MH, CH, OH) by estimating its dilatancy (reaction to shaking), dry strength (crushing characteristics),
and toughness (consistency near the plastic limit) and by identifying it as being organic or inorganic. (See
Note 2.)

Source: Florida International University, Miami, FL.
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4.1.3 Sediment Classification According to United Soil Classification System

-

GwW
GP
GM
GC
SwW
sp
SM
sC
ML
cL
oL
MH
CH
OH
PT

L
S

Well-graded gravels, gravel/sand mixture, little or no fines

Poorly graded gravels, gravel/sand mixture, little or no fines

Gray calcareous gravel, sand/silt mixture

Gray calcareous gravel/sand/clay mixtures

Well-graded sands, gravelly sands, little or no fines

Poorly graded sands, gravelly sands, little or no fines

Silty sands, sand/silt mixtures

Clayey sands, sand/clay mixtures

Inorganic silts and very fine sands, silty/clayey fine sand

Inorganic clays of low to medium plasticity, sandy silty or lean clays
Organic silts and organic silty clays of low plasticity

Inorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts
Fat clays

Fat organic clays

Peat, humus, and other organic swamp soils

SP-SM  Sandy, gravelly, silty mixtures

Limestone
Sandstone

Source: Florida International University, Miami, FL

4.1.4 USCS Classification Flowline

Is soil sample obviously highly organic, with musty odor, leaves, twigs, etc.?
Yes No
Y \
Classify as A sieve test is made on the entire sample and the
Pt (peat) percentage retained on the No. 200 sieve is noted
Y Y
If over 50% is retained If over 50% passes
Y Y
The soil is coarse-grained The soil is fine-grained
and will be classified as and will be classified as
GW, GR, GM, GC, SW, SP, SM, or SC ML, MH, CL, CH, OL, or OH

Source: Florida International University, Miami, FL.
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4.1.5 Group Names for Gravelly Soils

Group Symbol Criteria for Group Name: SF° Group Name
GW <15 Well-graded gravel

>15 Well-graded gravel with sand
GP <15 Poorly graded gravel

>15 Poorly graded gravel with sand
GM <15 Silty gravel

>15 Silty gravel with sand
GC <15 Clayey gravel

>15 Clayey gravel with sand
GC-GM <15 Silty, clayey gravel

>15 Silty, clayey gravel with sand
GW-GM <15 Well-graded gravel with silt

>15 Well-graded gravel with silt and sand
GW-GC <15 Well-graded gravel with clay

>15 Well-graded gravel with clay and sand
GP-GM <15 Poorly graded gravel with silt

>15 Poorly graded gravel with silt and sand
GP-GC <15 Poorly graded gravel with clay

>15 Poorly graded gravel with clay and sand
Based on ASTM D-2487
?SF = sand fraction = Ryoo - GF, and GF = R,
Source: Florida International University, Miami, FL

4.1.6 Group Names for Sandy Soils

Group Symbol Criteria for Group Name: SF° Group Name
GW <15 Well-graded sand

>15 Well-graded sand with gravel
GP <15 Poorly graded sand

>15 Poorly graded sand with gravel
GM <15 Silty sand

>15 Silty sand with gravel
GC <15 Clayey sand

>15 Clayey sand with gravel
GC-GM <15 Silty, clayey sand

>15 Silty, clayey sand with gravel
GW-GM <15 Well-graded sand with silt

>15 Well-graded sand with silt and gravel
GW-GC <15 Well-graded sand with clay

>15 Well-graded sand with clay and gravel
GP-GM <15 Poorly graded sand with silt

>15 Poorly graded sand with silt and gravel
GP-GC <15 Poorly graded sand with clay

>15 Poorly graded sand with clay and gravel
Based on ASTM D-2487
AGF = gravel fraction = R4
Source: Florida International University, Miami, FL
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4.1.7 Calculations to Determine USCS Classification Based upon Percentage
Passing through Sieve

Classify the soil by using the Unified Soil Classification System if the percentage passing No. 4 sieve = 70,
percentage passing No. 200 sieve = 30, the Liquid limit = 33 and the Plasticity index = 12. Give the group
symbol and the name.

Solution:

F200 = 30
R200 = 100 — F200 = 100 — 30 = 70

Because R200 is greater than 50, the soil is coarse grained.

R4 =100 — F4 = 100 — 70 = 30
For this soil, R4/R200 = 30/70 < 0.5

This soil is sandy. The group symbol is SC. For the group name,
GF = gravel fraction = R4 = 30 (i.e., > 15)

Therefore, the group name is clayey sand with gravel.

Source: Florida International University, Miami, FL.

4.1.8 Correlation between AASHTO and USCS Systems

\
AASHTO Unified
A-2-6 GC, SC
A-2-7 GC, SC
A-3 SP
A-4 ML, OL
A-5 MH
A-6 CL
A-7-5 CL, OL
A-7-6 CH, OH
Source: Florida International University, Miami, FL )

4.1.9 Classification of Soil and Soil-Aggregate Mixtures for Highway Construction
Purposes AASHTO M-145-91 (2000) (Modified)

This practice describes a procedure for classifying soils into seven groups based on laboratory determination of
particle-size distribution, liquid limit, and plasticity index. The group classification should be useful in deter-
mining the relative quality of the soil material for use in embankments, subgrades, and backfills. For detailed
design of important structures, additional data concerning strength or performance characteristics of the soil
under field conditions will usually be required.
Modification:  Determination of Group Index will not be a part of certification, but taught as a useful tool
for more accurate determination of soil classification.
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Key Elements

1. Determine sieve analysis. Determine sieve analysis using AASHTO T-11 and AASHTO T-27 test proce-
dures (Note 1). The 2.00 mm (No. 10) sieve, 425-um (No. 40) sieve, and 75-pm (No. 200) sieve must be
included to determine the particle size distribution as a basis for classification.

Determine the liquid limit. Determine the liquid limit of the material using AASHTO T-89 test procedures.

3. Determine the plastic limit. Determine the plastic limit and plasticity index of the material using AASHTO
T-90 test procedures.

4. Determine classification of material. Using the test limits shown in Table 1 of AASHTO M-145, make the
classification of the material. If a more detailed classification is desired, a further subdivision of the groups
may be made using Table 2 of AASHTO M-145 (3.1). With required test data available, proceed from left to
right in Table 1 or Table 2 and the correct group will be found by process of elimination (3.2). The first group
from the left into which the test data will fit is the correct classification (3.2).

5. Report classification. All limiting test values are shown as whole numbers. If fractional numbers appear on
test reports, convert to the nearest whole number for purposes of classification (3.2).

N

Description of Soil Classification Groups:

Soil Fractions: According to the AASHTO system, soils are divided into two major groups as shown in Table 1 of
AASHTO M-145. These are the granular materials with 35% or less passing the 75-pum (No. 200) sieve (5.1, Note 2)
and the silt-clay materials with more than 35% passing the 75-pum (No. 200) sieve (5.2). Moreover, five soil frac-
tions are recognized and often used in word descriptions of a material. These five fractions are defined as follows:

Boulders and Cobbles — material retained on the 75 mm (3 in.) sieve. They should be excluded from the portion
of a sample to which the classification is applied, but the percentage of such material should be recorded (4.1.5).

Gravel — materials passing sieve with 75 mm (3 in.) square openings and retained on the 2.0 mm (No. 10)
sieve (4.1.1).

Coarse Sand — materials passing the 2.0 mm (No. 10) sieve and retained on the 425-pm (No. 40) sieve (4.1.2).
Fine Sand — materials passing the 425-pm (No. 40) sieve and retained on the 75-um (No. 200) sieve (4.1.3).

Combined Silt and Clay — materials passing the 75-pum (No. 200) sieve. The word “silty” is applied to a fine
material having a Plasticity Index of 10 or less, and the term “clayey” is applied to fine material having a PI of
more than 10 (4.1.6).

Granular Materials:

Group A-1: Well-graded mixtures of stone fragments or gravel ranging from coarse to fine with a nonplastic
or slightly plastic soil binder (5.1.1). However, this group also includes coarse materials without soil binder.
Subgroup A-1-a: Materials consisting predominantly of stone fragments or gravel, either with or without
a well-graded soil binder (5.1.1.1).
Subgroup A-1-b: Materials consisting predominantly of coarse sand either with or without a well-graded
soil binder (5.1.1.2).
Group A-3: Material consisting of sands deficient in coarse material and soil binder. Typical is fine beach sand
or fine desert blow sand, without silt or clay fines or with a very small amount of nonplastic silt. This group also
includes stream-deposited mixtures of poorly graded fine sand and limited amounts of coarse sand and gravel
(5.1.2). These soils make suitable subgrades for all types of pavements when confined and damp. They are sub-
ject to erosion and have been known to pump and blow under rigid pavements. (Information: They can be com-
pacted by vibratory, pneumatic-tired, and steel-wheeled rollers but not with a sheepsfoot roller.)
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Group A-2: This group includes a wide variety of “granular” materials that are borderline between the materials
falling in Groups A-1 and A-3 and silt-clay materials of Groups A-4, A-5, A-6, and A-7. It includes all materials
containing 35% or less passing the 75-pm (No. 200) sieve that cannot be classified as A-1 or A-3 (5.1.3).
Subgroups A-2-4 and A-2-5: Include various granular materials containing 35% or less passing the
75-pm (No. 200) sieve, and with that portion passing 425-pm (No. 40) sieve having the characteristics
of the A-4 and A-5 groups. These groups include such materials as gravel and coarse sand with silt con-
tents or Plasticity Indexes in excess of the limitations of Group A-1, and fine sand with nonplastic silt
content in excess of the limitations of Group A-3 (5.1.3.1).
Subgroups A-2-6 and A-2-7: Include materials similar to those described under Subgroups A-2-4 and
A-2-5, except that the fine portion contains plastic clay having the characteristics of the A-6 or A-7 group
(5.1.3.2).
A-2 soils are given a poorer rating than A-1 soils because of inferior binder, poor grading, or a combination of
the two. Depending on the character and amount of binder, A-2 soils may become soft during wet weather
and loose and dusty in dry weather when used as a road surface. If, however, they are protected from these
extreme changes in moisture content, they may be quite stable. The A-2-4 and A-2-5 soils are satisfactory as
base materials when properly compacted and drained. A-2-6 and A-2-7 soils with low percentages of minus
75-pum (no. 200) sieve material are classified as good bases, whereas these same soils with high percentages
of minus 75-pm (No. 200) sieve and PI’s of 10 or higher are questionable as a base material. Frequently, the
A-2 soils are employed as a cover material for very plastic subgrades.

Silt-Clay Materials

Group A-4: The typical material of this group is a nonplastic or moderately plastic silty soil usually having
75% or more passing the 75 pm (No. 200) sieve. The group includes also mixtures of fine silty soil and up to
64% of sand and gravel retained on the 75-um (No. 200) sieve (5.2.1). These predominantly silty soils are
quite common in occurrence. Their texture varies from sandy loams to silty and clayey loams. With the proper
amount of moisture present, they may perform well as a pavement component. However, they frequently have
an affinity for water and will swell and lose much of their stability unless properly compacted and drained.
Moreover, they are subject to frost heave. These soils do not drain readily and may absorb water by capillary
action with resulting loss in strength. The silty loams are often difficult to compact properly. Careful field
control of moisture content and pneumatic tired rollers are normally required for proper compaction.
Group A-5: The typical material of this group is similar to that described under Group A-4, except that it is
usually of diatomaceous or micaceous character and may be highly elastic as indicated by the high liquid
limit (5.2.2). These soils do not occur as widely as the A-4 soils. They are normally elastic or resilient in both
the damp and semi-dry conditions. They are subject to frost heave, erosion, and loss of stability if not prop-
erly drained. Since these soils do not drain readily, they may absorb water by capillary action with resulting
loss in strength. Careful control of moisture content is normally required for proper compaction.

Group A-6: The typical material of this group is plastic clay soil usually having 75% or more passing the
75-pm (No. 200) sieve. The group also includes mixtures of fine clayey soil and up to 64% of sand and gravel
retained on the 75-pm (No. 200) sieve. Materials of this group usually have high-volume change between wet
and dry states (5.2.3). These soils are quite common in occurrence and are widely used in fills. When mois-
ture content is properly controlled, they compact quite readily with either a sheepsfoot or pneumatic-tired
roller. They have high dry strength but lose much of this strength upon absorbing water. The A-6 soils will
compress when wet and shrink and swell with changes in moisture content. When placed in the shoulders
adjacent to the pavement, they tend to shrink away from the pavement edge upon drying and thereby provide
an access route to the underside of the pavement for surface water. The A-6 soils do not drain readily and may
absorb water by capillary action with resulting loss in strength.
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Group A-7: The typical materials and problems of this group are similar to those described under
Group A-6, except that they have the high liquid limits characteristic of the A-5 group and may be elastic
as well as subject to high-volume change (5.2.4).
Subgroup A-7-5: Includes those materials with moderate Plasticity Indexes in relation to Liquid Limit
and which may be highly elastic as well as subject to considerable volume change (5.2.4.1).
Subgroup A-7-6: Includes those materials with high Plasticity Indexes in relation to Liquid Limit and
which are subject to extremely high volume change (5.2.4.2).

Highly organic soils such as peat or muck are not included in this classification. Because of their many un-
desirable properties, their use should be avoided, if possible, in all types of construction.

4.1.10 USDA Soil Textural Classification Chart

Fractions normalized to 100% passing
the 2mm (#10) sieve 100 X

> ) ) >

o
PERCENT SAND (2 - 0.05mm)

1234 Main Street Project: gINT Example
Logo Somewhere, SOMEPLACE 00000
Telephone: (000) 555-1234

Fax: (000) 555-4321 Number: 123456789

Location: Somewhere

8

3

2

2

] [ [ Borehole [Depth (ft) USDA Classification  |Sand (%)| Silt (%) |Clay (%)
o [ ] B-1 5.0 CLAY 15.1 31.7 53.2

3 IIZI B-1 10.0 SILTY CLAY 11.9 42.6 45.5

E A B-1 15.0 CLAY LOAM 4. 29. 3

9 * B-2 5.0 SANDY CLAY LOAM 4. 21. .9

< (] B-2 19.0 SILTY CLAY LOAM 8. 48. .

; < B-3 5.0 SANDY LOAM 75.0 10.0 15.0

5 [©) B-3 10.0 LOAMY SAND 80.0 15.0 5.0

o] A B-3 15.0 SAND 95.0 2.0 3.0

3 [ B-3 20.0 LOAM 45.0 42.0 13.0

§ e B-3 25.0 SILT LOAM 25.0 65.0 10.0

) 5] B-3 30.0 SILT 13.0 84.0 3.0

§ =] B-3 35.0 SANDY CLAY 56.0 4.0 40.0

]

§ ACME Consulting USDA Textural Classification Chart

Source: U.S. Department of Agriculture
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4.2.0 Soil Taxonomy—Formative Elements and Names of Soil Suborders
Soil Formation and Classification

The National Cooperative Soil Survey identifies and maps over 20,000 different kinds of soil in the United
States. Most soils are given a name, which generally comes from the locale where the soil was first mapped.
Named soils are referred to as soil series.

Soil survey reports include the soil survey maps and the names and descriptions of the soils in a report area.
These soil survey reports are published by the National Cooperative Soil Survey and are available to everyone.

Soils are named and classified on the basis of physical and chemical properties in their horizons (layers).
“Soil Taxonomy” uses color, texture, structure, and other properties of the surface 2 meters deep to key the soil
into a classification system to help people use soil information. This system also provides a common language
for scientists.

Soils and their horizons differ from one another, depending on how and when they formed. Soil scientists use
five soil factors to explain how soils form and to help them predict where different soils may occur. The sci-
entists also allow for additions and removal of soil material and for activities and changes within the soil that
continue each day.

Soil-Forming Factors

Parent material. Few soils weather directly from the underlying rocks. These “residual” soils have the same
general chemistry as the original rocks. More commonly, soils form in materials that have moved in from else-
where. Materials may have moved many miles or only a few feet. Windblown “loess” is common in the Mid-
west. It buries “glacial till” in many areas. Glacial till is material ground up and moved by a glacier. The material
in which soils form is called “parent material.” In the lower part of the soils, these materials may be relatively
unchanged from when they were deposited by moving water, ice, or wind.

Sediments along rivers have different textures, depending on whether the stream moves quickly or slowly.
Fast-moving water leaves gravel, rocks, and sand. Slow-moving water and lakes leave fine-textured material
(clay and silt) when sediments in the water settle out.

Climate. Soils vary, depending on the climate. Temperature and moisture amounts cause different patterns
of weathering and leaching. Wind redistributes sand and other particles especially in arid regions. The amount,
intensity, timing, and kind of precipitation influence soil formation. Seasonal and daily changes in temperature
affect moisture effectiveness, biological activity, rates of chemical reactions, and kinds of vegetation.

Topography. Slope and aspect affect the moisture and temperature of soil. Steep slopes facing the sun are
warmer, just like the south-facing side of a house. Steep soils may be eroded and lose their topsoil as they form.
Thus, they may be thinner than the more nearly level soils that receive deposits from areas upslope. Deeper,
darker colored soils may be expected on the bottom land.

Biological factors. Plants, animals, microorganisms, and humans affect soil formation. Animals and micro-
organisms mix soils and form burrows and pores. Plant roots open channels in the soils. Different types of roots
have different effects on soils. Grass roots are “fibrous” near the soil surface and easily decompose, adding or-
ganic matter. Taproots open pathways through dense layers. Microorganisms affect chemical exchanges be-
tween roots and soil. Humans can mix the soil so extensively that the soil material is again considered
parent material.

The native vegetation depends on climate, topography, and biological factors plus many soil factors such as
soil density, depth, chemistry, temperature, and moisture. Leaves from plants fall to the surface and decompose
on the soil. Organisms decompose these leaves and mix them with the upper part of the soil. Trees and shrubs
have large roots that may grow to considerable depths.
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Department of Agriculture

Time. Time for all these factors to interact with the soil is also a factor. Over time, soils exhibit features that
reflect the other forming factors. Soil formation processes are continuous. Recently deposited material, such as
the deposition from a flood, exhibits no features from soil development activities. The previous soil surface
and underlying horizons become buried. The time clock resets for these soils. Terraces above the active flood-
plain, while genetically similar to the floodplain, are older land surfaces and exhibit more development
features.

These soil-forming factors continue to affect soils even on “stable” landscapes. Materials are deposited on
their surface, and materials are blown or washed away from the surface. Additions, removals, and alterations are
slow or rapid, depending on climate, landscape position, and biological activity.

When mapping soils, a soil scientist looks for areas with similar soil-forming factors to find similar soils. The
colors, texture, structure, and other properties are described. Soils with the same kind of properties are given
taxonomic names. A common soil in the Midwest reflects the temperate, humid climate and native prairie veg-
etation with a thick, nearly black surface layer. This layer is high in organic matter from decomposing grass. It is
called a “mollic epipedon.” It is one of several types of surface horizons that we call “epipedons.” Soils in the
desert commonly have an “ochric” epipedon that is light colored and low in organic matter. Subsurface horizons
also are used in soil classification. Many forested areas have a subsurface horizon with an accumulation of clay
called an “argillic” horizon.

Soil Orders

Soil taxonomy at the highest hierarchical level identifies 12 soil orders. The names for the orders and taxonomic
soil properties relate to Greek, Latin, or other root words that reveal something about the soil. Sixty-four
suborders are recognized at the next level of classification. There are about 300 great groups and more than
2400 subgroups. Soils within a subgroup that have similar physical and chemical properties that affect their
responses to management and manipulation are families. The soil series is the lowest category in the soil clas-
sification system.

Soil Order Formative Terms Pronunciation
Alfisols Alf, meaningless syllable Pedalfer
Andisols Modified from ando Ando
Aridisols Latin, aridies, dry Arid
Entisols Ent, meaningless Recent
Gelisols Latin gelare, to freeze Jell
Histosols Greek, histos, tissue Histology
Inceptisols Latin, incepum, beginning Inception
Mollisols Latin, mollis, soft Mollify
Oxisols French oxide Oxide
Spodosols Greek spodos, wood ash Odd
Ultisols Latin ultimus, last Ultimate
Vertisols Latin verto, turn Invert
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The distribution of these soil orders in the United States corresponds with the general patterns of the soil-forming
factors across the country. A map of soil orders is useful in understanding broad areas of soils.

Detailed soil maps found in soil survey reports, however, should be used for local decision making. Soil maps
are like roadmaps; for a very general overview, a small-scale map in an atlas is helpful, but for finding a location
of a house in a city, a large-scale detailed map should be used.

Formative Elements in Names of Soil Suborders

Formative Element Derivation Sounds Like Connotation

Alb L, albus, white Albino Presence of albic horizon

Anthr Modified from Gr. anthropes, human Anthropology Modified by humans

Aqu L. aqua, water Aquifer Aquic conditions

Ar L. Arare, to plow Arable Mixed horizons

Arg Maodified from argillic horizon; Arqillite Presence of argillic horizon
L. argilla, white clay

Calc L. calcis, lime Calcium Presence of a calcic horizon

Camb L. cambiare, to exchange Am Presence of a cambic horizon

Cry G. kryos, icy cold Cry Cold

Dur L. durus, hard Durable Presence of a duripan

Fibr L. fibra, fiber Fibrous Least decomposed stage

Fluv L. fluvius, river Fluvial Flood plain

Fol L. folia, leaf Foliage Mass of leaves

Gyps L. gypsum, gypsum Gypsum Presence of a gypsic horizon

Hem Gr hemi, half Hemisphere Intermediate stage of decomposition

Hist Gr. histos, tissue Histology Presence of organic materials

Hum L. humus, earth Humus Presence of organic matter

Orth Gr. orthos, true Orthodox The common ones

Per L. Per, throughout in time Perennial Perudic moisture regime

Psamm Gr. psammos, sand Sam Sandy texture

Rend Modified from Rendzina End High carbonate content

Sal L. base of sal, salt Saline Presence of a salic horizon

Sapr Gr. sapros, rotten Sap Most decomposed stage

Torr L. torridus, hot and dry Or Torric moisture regime

Turb L. Turbidis, disturbed Turbulent Presence of cryoturbation

ud L. udus, humid You Udic moisture regime

Vitr L. vitrum, glass It Presence of glass

Ust L. ustus, burnt Combustion Ustic moisture regime

Xer Gr. xeros, dry Zero Xeric moisture regime

\
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Formative Elements in Names of Soil Great Groups

Formative  Derivation Sounds Like Connotation

Element

Acr Modified from Gr. Akros, at the end Act Extreme weathering

Al Modified from aluminum Algebra High aluminum, low iron

Alb L. Albus, white Albino An albic horizon

Anhy Gr. anydros, waterless Anhydrous Very dry

Anthr Modified from Gr. anthropos, human Anthropology An anthropic epipedon

Aqu L. aqua, water Aquifer Aquic conditions

Argi Modified from argillic horizon; L. argilla, white  Arqillite Presence of an argillic horizon

clay

Calci, calc L. calcis, lime Calcium A calcic horizon

Cry Gr. kryos, icy cold Cry Cold

Dur L. durus, hard Durable A duripan

Dystr, dys  Modified from Gr. dys, ill; dystrophic infertile  Distant Low base saturation

Endo Gr. endon, endo, within Endothermic Implying a ground water table

Epi Gr. epi, on, above Epidermis Implying a perched water table

Eutr Modified from Gr. eu, good; euthrophic, fertile  You High base saturation

Ferr L. ferrum, iron Fair Presence of iron

Fibr L. fibra, fiber Fibrous Least decomposed stage

Fluv L. fluvius, river Fluvial Flood plain

Fol L. folia, leaf Foliage Mass of leaves

Fragi Modified from L. fragilis, brittle Fragile Presence of fragipan

Fragloss Compound of fra (g) and gloss See the formative elements “frag” and
“gloss”

Fulv L. fulvus, dull brownish yellow Full Dark brown color, presence of organic
carbon

Glac L. glacialis, icy Glacier Ice lenses or wedges

Gyps L. gypsum, gypsum Gypsum Presence of gypsic horizon

Gloss Gr. glossa, tongue Glossary Presence of glossic horizon

Hal Gr. hals, salt Halibut Salty

Hapl Gr. haplous, simple Haploid Minimum horizon development

Hem G. hemi, half Hemisphere Intermediate stage of decomposition

Hist Gr. histos, tissue History Presence of organic materials

Hum L. humus, earth Humus Presence of organic matter

Hydr Gr. hydo, water Hydrophobia Presence of water

Kand, kan Modified from kandite Can 1:1 layer silicate clays

N
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Formative Elements in Names of Soil Great Groups—Cont’d A
Formative  Derivation Sounds Like Connotation
Element
Luv Gr. louo, to wash Ablution Iluvial
Melan Gr. melasanos, black Me + Land Black, presence of organic carbon
Moll L. mollis, soft Mollusk Presence of a mollic epipedon
Natr Modified from natrium, sodium Date Presence of natric horizon
Pale Gr. paleos, old Paleontology Excessive development
Petr Gr. comb. form of petra, rock Petrified A cemented horizon
Plac Gr. base of plax, flat stone Placard Presence of thin pan
Plagg Modified from Ger. plaggen, sod Awe Presence of plaggen epipedon
Plinth Gr. plinthos, brick In Presence of plinthite
Psamm Gr. psammos, sand Sam Sandy texture
Quartz Ger. quarz, quartz Quarter High quartz content
Rhod Gr. base of rhodon, rose Rhododendron  Dark red color
Sal L. base of sal, salt Saline Presence of salic horizon
Sapr Gr. saprose, rotten Sap Most decomposed stage
Somb F. sombre, dark Somber Presence of sombric horizon
Sphagn Gr. sphagnos, bog Sphagnum Presence of Sphagnum
Sulf L. sulfur, sulfur Sulfur Presence of sulfides or their oxidation
products
Torr L. torridus, hot and dry Torrid Torric moisture regime
ud L. udus, humid You Udic moisture regime
Umbr L. umbra, shade Umbrella Presence of umbric epipedon
Ust L. ustus, burnt Combustion Ustic moisture regime
Verm L. base of vermes, worm Vermilion Wormy, or mixed by animals
Vitr L. vitrum, glass It Presence of glass
Xer Gr. xeros, dry Zero Xeric moisture regime
- )

soils.usda.gov/. . ./formation.html

4.3.0 Calculating Soil Compaction Utilizing Various Methods
Soil Compaction Tests
1) The Sand-Cone Method

The sand-cone method is used to determine in the field the density of compacted soils in earth embankments,
road fill, and structure backfill, as well as the density of natural soil deposits, aggregates, soil mixtures, or other
similar materials. It is not suitable, however, for soils that are saturated, soft, or friable (crumble easily).
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Characteristics of the soil are computed from
Volume of soil, ft* (m®) = [weight of sand-filling hole, 1b (kg)]/[ Density of sand, 1b/ft® (kg/m>)]
% Moisture = 100(weight of moist soil—weight of dry soil)/weight of dry soil
Field density, Ib/ft® (kg/m®) = weight of soil, Ib (kg)/volume of soil, ft*> (m?)
Dry density = field density/(1 + % moisture/100)
% Compaction = 100 (dry density)/max dry density
Maximum density is found by plotting a density—moisture curve.
2) Load-Bearing Test

One of the earliest methods for evaluating the in situ deformability of coarse-grained soils is the small-scale
load-bearing test. Data developed from these tests have been used to provide a scaling factor to express the
settlement r of a full-size footing from the settlement rl of a 1- ft%(0.0929-m?) plate. This factor r/rl is given
as a function of the width B of the full-size bearing plate as

r/rl = (2B/1 + B)?
From an elastic half-space solution, E’s can be expressed from results of a plate load test in terms of the ratio of
bearing pressure to plate settlement k, as

K, (1 —m?)p/4

E’s =

4B/(1+B)’

where m represents Poisson’s ratio, which is usually considered to range between 0.30 and 0.40. The E’s equa-
tion assumes that r1 is derived from a rigid, 1-ft(0.3048-m)-diameter circular plate and that B is the equivalent
diameter of the bearing area of a full-scale footing. Empirical formulations, such as the r/rl equation, may be
significantly in error because of the limited footing-size range used and the large scatter of the database. Fur-
thermore, consideration is not given to variations in the characteristics and stress history of the bearing soils.

3) California Bearing Ratio

The California bearing ratio (CBR) is often used as a measure of the quality of strength of a soil that underlies
a pavement, for determining the thickness of the pavement, its base, and other layers.

CBR =F/F,

where

F = force per unit area required to penetrate a soil mass with a 3-in® (1935.6—mm2) circular piston (about

2 in (50.8 mm) in diameter) at the rate of 0.05 in/min (1.27 mm/min);

F, = force per unit area required for corresponding penetration of a standard material.

By permission: engineering civil.com

Typically, the ratio is determined at 0.10-in. (2.54-mm) penetration, although other penetrations sometimes

are used. An excellent base course has a CBR of 100%. A compacted soil may have a CBR of 50%, whereas a
weaker soil may have a CBR of 10.

4) Soil Permeability

The coefficient of permeability k is a measure of the rate of flow of water through saturated soil under a given
hydraulic gradient i, cm/cm, and is defined in accordance with Darcy’s law as
V =kiA

3 . . . 2
where V = rate of flow, cm” /s, and A = cross-sectional area of soil conveying flow, cm”.
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Coefficient k is dependent on the grain-size distribution, void ratio, and soil fabric and typically may vary from
as much as 10 cm/s for gravel to less than 10-7 for clays. For typical soil deposits, k for horizontal flow is greater
than k for vertical flow, often by an order of magnitude.

4.3.0.1 Soil Testing—Types—Hand, Proctor, Nuclear Density, Sand Cone
Moisture versus Soil Density

The moisture content of the soil is vital to proper compaction. Moisture acts as a lubricant within soil, sliding the
particles together. Too little moisture means inadequate compaction—the particles cannot move past each other
to achieve density. Too much moisture leaves water-filled voids and subsequently weakens the load-bearing
ability. The highest density for most soils is at a certain water content for a given compaction effort. The drier
the soil, the more resistant it is to compaction. In a water-saturated state the voids between particles are partially
filled with water, creating an apparent cohesion that binds them together. This cohesion increases as the particle
size decreases (as in clay-type soils).
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Soil Density Tests

To determine if proper soil compaction is achieved for any specific construction application, several methods
were developed. The most prominent by far is soil density.

Why Test?

Soil testing accomplishes the following:

e Measures density of soil for comparing the degree of compaction versus specs
e Measures the effect of moisture on soil density versus specs
e Provides a moisture density curve identifying optimum moisture

Types of Tests

Tests to determine optimum moisture content are done in the laboratory. The most common is the Proctor Test,
or Modified Proctor Test. A particular soil needs to have an ideal (or optimum) amount of moisture to achieve
maximum density. This is important not only for durability, but will save money because less compaction effort
is needed to achieve the desired results.
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The Hand Test
A quick method of determining moisture is known as the “Hand Test.” Pick up a handful of soil. Squeeze it in
your hand. Open your hand. If the soil is powdery and will not retain the shape made by your hand, it is too dry. If
it shatters when dropped, it is too wet. It should mold like clay.

Source: concrete-catalog.com

4.3.1 Relative Desirability of Soils as Compacted Fill

RELATIVE DESIRABILITY OF SOILS AS COMPACTED FILL

(NAVFAC DM-7.2, MAY 1982)

if gravelly Rolled Earth Fill Dams |Canal Sections

erosion critical
volume change critical
not appropriate for this type of use

Homogeneous
Embankment
Erosion Resis-
tance
Compacted
Earth Lining
Seepage
Important
Seepage

Not Important
Frost Heave
Not Possible
Frost Heave
Possible
Surfacing

Soil Type

Well-graded gravels, gravel/
sand mixtures, little or no fines

Poorly-graded gravels, gravel/sand
mixtures, little or no fines

Silty gravels, poorly-graded
gravel/sand/silt mixtures

Clay-like gravels, poorly graded
gravel/sand/clay mixtures

Well-graded sands, gravelly
sands, little or no fines

Poorly-graded sands, gravelly
sands, little or no fines

Silty sands, poorly-graded sand/
silt mixtures

Clay-like sands, poorly-graded
sand/clay mixtures

Inorganic silts and very fine
sands, rock flour, silty or clay-like
fine sands with slight plasticity

Inorganic clays of low to medium
plasticity, gravelly clays, sandy
clays, silty clays, lean clays

Organic silts and organic silt-clays
of low plasticity

Organic silts, micaceous or
diatomaceous fine sandy or silty
soils, elastic silts

Inorganic clays of high plasticity,
fat clays

Organic clays of medium high
plasticity

FIGURE 5
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4.3.2 Calculating the Bearing Capacity of Soils
Bearing Capacity of Soils

The approximate ultimate bearing capacity under a long footing at the surface of a soil is given by Prandtl’s
equation:

c 1 "
= (tan 4)) +§Ydryb\/ K, (Kye™ " — 1)
where

¢, = ultimate bearing capacity of soil, Ib/ft* (kg/m?)
¢ = cohesion, 1b/ft? (kg/mz)
¢ = angle of internal friction, degree
Yary = unit weight of dry soil, Ib/ft’ (kg/m”)
b = width of footing, ft (m)
d = depth of footing below surface ft (m)
K,, = coefficient of passive pressure

[ foed)]

e=2718

For footings below the surface, the ultimate bearing capacity of the soil may be modified by the factor 1 +
Cd/b. The coefficient C is about 2 for cohesionless soils and about 0.3 for cohesive soils. The increase in bearing
capacity with depth for cohesive soils is often neglected.

By Permission: lengineeringcivil.com

Typically, the ratio is determined at 0.10-in. (2.54-mm) penetration, although other penetrations sometimes
are used. An excellent base course has a CBR of 100%. A compacted soil may have a CBR of 50%, whereas a
weaker soil may have a CBR of 10.

4) Soil Permeability

The coefficient of permeability k is a measure of the rate of flow of water through saturated soil under a given
hydraulic gradient i, cm/cm, and is defined in accordance with Darcy’s law as

V = kiA
where
V = rate of flow, cm3/s, and A = cross-sectional area of soil conveying flow, cm?.

Coefficient k is dependent on the grain-size distribution, void ratio, and soil fabric and typically may vary
from as much as 10 cm/s for gravel to less than 10-7 for clays. For typical soil deposits, k for horizontal flow is
greater than k for vertical flow, often by an order of magnitude.

Posted in Soil Engineering | 7 Comments

Settlement under Foundations

The approximate relationship between loads on foundations and settlement is

q/P = Cy(1+2d/b) + Cy/b
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where

q = load intensity, 1b/ft* (kg/m?)

P = settlement, in (mm)

d = depth of foundation below ground surface, ft (m)
b = width of foundation, ft (m)

C; = coefficient dependent on internal friction

C, = coefficient dependent on cohesion

The coefficients C; and C, are usually determined by bearing plate loading tests.

Posted in Soil Engineering | 0 Comments

Bearing Capacity of Soils

The approximate ultimate bearing capacity under a long footing at the surface of a soil is given by Prandtl’s
equation:

; b / ntan¢
q (tan d)) += Ydry

4.3.3 Calculating Vibration Control

Explosive users should take steps to minimize vibration and noise from blasting and protect themselves against
damage claims.

Vibrations caused by blasting are propagated with a velocity V, ft/s (m/s), frequency f, Hz, and wavelength L,
ft (m), related by

L=V/f

Velocity v, in/s (mm/s), of the particles disturbed by the vibrations depends on the amplitude of the vibrations
A, in (mm):

v = 2pfA

If the velocity v, at a distance D; from the explosion is known, the velocity v, at a distance D, from the
explosion may be estimated from

vo 7 vy (Dl/Dz)l‘5
The acceleration a, in/s* (mm/s?), of the particles is given by
a=4p’ffA
For a charge exploded on the ground surface, the overpressure P, 1b/in* (kPa), may be computed from
P = 226.62 (W'/3/D)14
where

W = maximum weight of explosives, 1b (kg) per delay
D = distance, ft (m), from explosion to exposure.

The sound pressure level, decibels, may be computed from

dB = (P/(6.95 x 10728))"084
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For vibration control, blasting should be controlled with the scaled-distance formula:
V=H(D/OW)™"
where

b = constant (varies for each site)
H = constant (varies for each site).

Distance to exposure, ft (m), divided by the square root of maximum pounds (kg) per delay, is known as
scaled distance.

Most courts have accepted the fact that a particle velocity not exceeding 2 in/s (50.8 mm/s) does not damage
any part of any structure. This implies that, for this velocity, vibration damage is unlikely at scaled distances
larger than 8

4.3.4 Calculating Earth-Moving Equipment Production

Production is measured in terms of tons or bank cubic yards (cubic meters) of material a machine excavates and
discharges, under given job conditions, in 1 h.

Production, bank yd*/h (m*/h) = load, yd* (m®) x trips per hour
Trips per hour = working time, min/h/cycle time, min

The load, or amount of material a machine carries, can be determined by weighing or estimating the volume.
Payload estimating involves determining the bank cubic yards (cubic meters) being carried, whereas the exca-
vated material expands when loaded into the machine. For determination of bank cubic yards (cubic meters)
from loose volume, the amount of swell or the load factor must be known.

Weighing is the most accurate method of determining the actual load. This is normally done by weighing one
wheel or axle at a time with portable scales, adding the wheel or axle weights, and subtracting the weight empty. To
reduce error, the machine should be relatively level. Enough loads should be weighed to provide a good average:

Bank yd® = weight of load, Ib(kg)/density of material, Ib/bank yd® (kg/m?)

Equipment Required
To determine the number of scrapers needed on a job, required production must first be computed:

Production required, yd®>/h (m*/h) = quantity, bank yd® (m®)/working time, h
No. of scrapers needed = production required, yd* /h (m>/h)/production per unit, yd*/h (m*/h)
No. of scrapers a pusher can load = scraper cycle time, min/pusher cycle time, min

Because speeds and distances may vary on haul and return, haul and return times are estimated separately.
Variable time, min= (haul distance, ft/88Xspeed, mi/ h) + (return distance, ft/88Xspeed, mi/h)

Or

= (haul distance, m/16.7 x speed, km/h) + (return distance, m/16.7 x speed, km/h)

Haul speed may be obtained from the equipment specification sheet when the drawbar pull required is
known.
Posted in Soil Engineering | 0 Comments
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Earth Quantities Hauled

When soils are excavated, they increase in volume, or swell, because of an increase in voids:
Vp = Vp L = (100/(100 + % swell)) V,

where

V,, = original volume, yd3 (m3), or bank yards
VL = loaded volume, yd3 (m3), or loose yards
L = load factor

When soils are compacted, they decrease in volume:
Ve=Vp S
where

V. = compacted volume, yd3 (m%)
S = shrinkage factor.

Bank yards moved by a hauling unit equals weight of load, 1b (kg), divided by density of the material in place,
Ib (kg), per bank yard (m?).
Posted in Soil Engineering | 0 Comments

Formulas for Earth Moving

External forces offer rolling resistance to the motion of wheeled vehicles, such as tractors and scrapers. The
engine has to supply power to overcome this resistance; the greater the resistance is, the more power needed
to move a load. Rolling resistance depends on the weight on the wheels and the tire penetration into the ground:

R =Ry W+ R, PW
where

R = rolling resistance, Ib (N)

R = rolling-resistance factor, Ib/ton (N/tonne)

W = weight on wheels, ton (tonne)

R, = tire-penetration factor, Ib/ton in (N/tonne mm) penetration

p = tire penetration, in (mm)

R usually is taken as 40 1b/ton (or 2% lb/Ib) (173 N/t) and R, as 30 Ib/ton in (1.5% 1b/Ib in) (3288 N/t mm).

Hence, the above equation can be written as
R=02%+15%p) W =R’ W
where

W’ = weight on wheels, Ib(N)
R’ =2% + 1.5%p.

Additional power is required to overcome rolling resistance on a slope. Grade resistance also is proportional
to weight:

G=R,sW
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where

G = grade resistance, Ib(N)
R, = grade-resistance factor = 20 Ib/ton (86.3 N/t) = 1% Ib/Ib (N/N)
s = percent grade, positive for uphill motion. Negative for downbhill

Thus, the total road resistance is the algebraic sum of the rolling and grade resistances, or the total pull, Ib (N),
required:

T= R +Rys) W = 2%+ 1.5%p + 1%s)W’
In addition, an allowance may have to be made for loss of power with altitude. If so, allow 3% pull loss for

each 1000 ft (305 m) above 2500 ft (762 m).
Usable pull P depends on the weight W on the drivers:

P=fW
where

f = coefficient of traction.

4.3.5 Calculating Production of Roller-Type Compaction Equipment

A wide variety of equipment is used to obtain compaction in the field. Sheepsfoot rollers generally are used on
soils that contain high percentages of clay. Vibrating rollers are used on more granular soils.

To determine maximum depth of lift, make a test fill. In the process, the most suitable equipment and pres-
sure to be applied, Ib/in” (kPa), for ground contact also can be determined. Equipment selected should be able to
produce desired compaction with four to eight passes. Desirable speed of rolling also can be determined.

Average speeds, mi/h (km/h), under normal conditions, are given in the table below.

Type mi/h km/h
Grid rollers 12 19.3
Sheepsfoot rollers 3 4.8
Tamping rollers 10 16.1

Pneumatic rollers 8 12.8

Compaction production can be computed from
yd*/h (m*/h) = 16WSLFE/P
where

W = width of roller, ft (m)

S = roller speed, mi/h (km/h)

L = lift thickness, in (mm)

F = ratio of pay yd® (m?) to loose yd® (m?)

E = efficiency factor (allows for time losses, such as those due to turns); 0.90, excellent; 0.80, average;
0.75, poor

P = number of passes
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4.3.6 Compaction Equipment Types— EQUIPMENT TYPES
Applications and Illustrations

Equipment Types
Rammers

Rammers deliver a high-impact force (high amplitude),
making them an excellent choice for cohesive and semico-
hesive soils. Frequency range is 500 to 750 blows per mi-
nute. Rammers get compaction force from a small gasoline
or diesel engine powering a large piston set with two sets of
springs. The rammer is inclined at a forward angle to allow
forward travel as the machine jumps. Rammers cover three
types of compaction: impact, vibration, and kneading.

MTX60
Rammer

Vibratory Plates

Vibratory plates are low amplitude and high frequency, MVC-88
designed to compact granular soils and asphalt. Gasoline Vibratory Plate
or diesel engines drive one or two eccentric weights at a
high speed to develop compaction force. The resulting vi-
brations cause forward motion. The engine and handle are
vibration-isolated from the vibrating plate. The heavier
the plate, the more compaction force it generates. Fre-
quency range is usually 2500 vpm to 6000 vpm. Plates
used for asphalt have a water tank and sprinkler system
to prevent asphalt from sticking to the bottom of the base-
plate. Vibration is the one principal compaction effect.

Reversible Vibratory Plates

. . MVH406
In addition to some of the standard vibratory plate fea- Reversible Plate

tures, reversible plates have two eccentric weights that
allow smooth transition for forward or reverse travel,

EQUIPMENT APPLICATIONS

Granular Soils | Sand and Clay | Cohesive Clay m

Rammers B

Vibratory Plates

Reversible Plates

Vibratory Rollers

Rammax Rollers

* Chart is provided as a guideline only. Jobsite variables can affect machine performance.
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plus increased compaction force as the result of dual weights. Due to their weight and force, reversible plates are
ideal for semicohesive soils.

A reversible is possibly the best compaction buy dollar for dollar. Unlike standard plates, the reversible’s
forward travel may be stopped, and the machine will maintain its force for “spot” compaction.

Rollers

Rollers are available in several categories: walk-behind and ride-on, which are available as smooth drum,
padded drum, and rubber-tired models; and are further divided into static and vibratory subcategories.

ROLLER TYPES

MRH800GS g
Vibratory Roller L

V303E
Vibratory Roller

P33/24 HHMR
Roller

AR13H
Ride-on Vibratory Roller

RW3015P48
Ride-on Roller
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Walk-behind
Smooth

A popular design for many years, smooth-drum machines are ideal for both soil and asphalt. Dual steel drums are
mounted on a rigid frame and powered by gasoline or diesel engines. Steering is done by manually turning the
machine handle.

Frequency is around 4000 vpm, and amplitudes range from .018 to .020. Vibration is provided by eccentric
shafts placed in the drums or mounted on the frame.

Padded

Padded rollers are also known as trench rollers owing to their effective use in trenches and excavations. These
machines feature hydraulic or hydrostatic steering and operation. Powered by diesel engines, trench rollers are
built to withstand the rigors of confined compaction. Trench rollers are either skid-steer or equipped with ar-
ticulated steering. Operation can be by manual or remote control. Large eccentric units provide high-impact
force and high amplitude (for rollers) that are appropriate for cohesive soils. The drum pads provide a kneading
action on soil. Use these machines for high productivity.

Ride-on
Configured as static steel-wheel rollers, ride-ons are used primarily for asphalt surface sealing and finishing
work in the larger (8 to 15 ton) range. Small ride-on units are used for patch jobs with thin lifts.

The trend is toward vibratory rollers. Tandem vibratory rollers are usually found with drum widths of 30" up
to 110", with the most common being 48",

Suitable for soil, sub-base, and asphalt compaction, tandem rollers use the dynamic force of eccentric vi-
brator assemblies for high-production work. Single-drum machines feature a single vibrating drum with pneu-
matic drive wheels. The drum is available as smooth for sub-base or rock fill, or padded for soil compaction. In
addition, a ride-on version of the pad foot trench roller is available for very high productivity in confined areas,
with either manual or remote control operation.

Rubber-tire

These rollers are equipped with 7 to 11 pneumatic tires, with the front and rear tires overlapping. A static roller
by nature, compaction force is altered by the addition or removal of weight added as ballast in the form of water
or sand. Weight ranges vary from 10 to 35 tons. The compaction effort is pressure and kneading, primarily with
asphalt finish rolling. Tire pressures on some machines can be decreased while rolling to adjust ground contact
pressure for different job conditions.

Safety and General Guidelines

As with all construction equipment, many safety practices should be followed while using compaction equipment.
While this handbook is not designed to cover all aspects of job site safety, we wish to mention some of the more
obvious items in regard to compaction equipment. Ideally, equipment operators should familiarize themselves with
all of their company’s safety regulations, as well as any OSHA, state agency, or local agency regulations pertaining
to job safety. Basic personal protection, consisting of durable work gloves, eye protection, ear protection, and ap-
proved hard hat and work clothes, should be standard issue on any job and available for immediate use.

In the case of walk-behind compaction equipment, additional toe protection devices should be available,
depending on applicable regulations. All personnel operating powered compaction equipment should read
all operating and safety instructions for each piece of equipment. In addition, training should be provided so
that the operator is aware of all aspects of operation.

No minors should be allowed to operate construction equipment. No operator should run construction equip-
ment when under the influence of medication, illegal drugs, or alcohol. Serious injury or death could occur as a
result of improper use or neglect of safety practices and attitudes. This applies to both the new worker and the
seasoned professional.
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Trench work brings a new set of safety practices and regulations for the compaction equipment operator. This sec-
tion does not intend to cover the regulations pertaining to trench safety (OSHA Part 1926, Subpart P). The operator
should have knowledge of what is required before compacting in a trench or confined area. Be certain a “competent
person” (as defined by OSHA in Part 1926.650 revised July 1, 1998) has inspected the trench and follows the OSHA
guidelines for inspection during the duration of the job. Besides the obvious danger of a trench cave-in, the worker
must also be protected from falling objects. Unshored (or shored) trenches can be compacted with the use of remote
control compaction equipment. This allows the operator to stay outside the trench while operating the equipment.

Safety first!

4.3.6.1 List of Compaction Measuring Devices by Type and Manufacturer

~

Device

~

Distributor/Manufacturer

1 Nuclear Density Gauge—[Troxler Model 3440]

Troxler Electronic Laboratories
Contact: Michael Dixon

1430 Brook Dr.

Downers Grove, IL 60515
Phone: 630-261-9304

2 Sand-Cone Density Apparatus

Humboldt Mfg. Co.
7300 West Agatite Ave.
Norridge, IL 60706
Phone: 800-544-7220

3 Soil Compaction Supervisor [SCS]

MBW Incorporated
Contact: Frank Multerer
P.O. Box 440

Slinger, W1 53086
Phone: 800-678-5237

4 Dynamic Cone Penetrometer [Utility DCP]

SGS Manufacturing
Contact: Sandy Golgart
4391 Westgrove Dr.
Addison, TX 75001
Phone: 800-526-0747

5 Dynamic Cone Penetrometer [Standard DCP]

Kessler Instruments, Inc.
160 Hicks St.
Westbury, NY 11590
Phone: 516-334-4063

6 Geogauge

Humboldt Mfg. Co.
7300 West Agatite Ave.
Norridge, IL 60706
Phone: 800-544-7220

7 Clegg Hammer [10-kg & 20-kg Hammers]

Lafayette Instruments
Contact: Paul Williams
P.O. Box 5729
Lafayette, IN 47903
Phone: 765-423-1505

8 PANDA

Sol Solution

Contact: www.sol-solution.com
115 Old Short Hills Rd., Apt. 306
West Orange, NJ 07052

Phone: 973-243-7237

Source: Prof. K. Reddy, University of lllinois, Chicago
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4.3.6.2 Moisture Density Relation—Compaction Test—Proctor and Modified Proctor
Purpose

e This laboratory test is performed to determine the relationship between the moisture content and the dry
density of a soil for a specified compactive effort. The compactive effort is the amount of mechanical energy
that is applied to the soil mass. Several different methods are used to compact soil in the field; some examples
include tamping, kneading, vibration, and static load compaction. This laboratory will employ the tamping or
impact compaction method using the type of equipment and methodology developed by R. R. Proctor in
1933. Therefore, the test is also known as the Proctor test.

e Two types of compaction tests are routinely performed: (1) the Standard Proctor Test, and (2) the Modified
Proctor Test. Each of these tests can be performed by three different methods as outlined in the attached
table. In the Standard Proctor Test, the soil is compacted by a 5.5-Ib hammer falling a distance of 1 foot
into a soil-filled mold. The mold is filled with three equal layers of soil, and each layer is subjected to
25 drops of the hammer. The Modified Proctor Test is identical to the Standard Proctor Test except that
it employs a 10-Ib hammer falling a distance of 18 inches and uses five equal layers of soil instead of three.
Two types of compaction molds are used for testing. The smaller type is 4 in. in diameter and has a volume of
about 1/30 ft* (944 cm?), and the larger type is 6 in. in diameter and has a volume of about 1/13.333 ft®
(2123 cm3). If the larger mold is used, each soil layer must receive 56 blows instead of 25 (see table).

Source: Prof. Krishna Reddy, University of Illinois, Chicago

Alternative Proctor Test Methods
Standard Proctor ASTM 698 Modified Proctor ASTM 1557
Method A Method B Method C Method A Method B Method C
Material <20% >20% Retained >20% Retained <20% >20% Retained >20% Retained
Retained on No.4 <20% on No.3/8" Retained on No.4 <20% on No.3/8"”
on No.4 Retained on <30% Retained on No.4 Retained on <30% Retained
Sieve 3/8" Sieve on 3/4” Sieve Sieve 3/8" Sieve on 3/4” Sieve
For test Sieve No.4  3/8" Sieve ¥" Sieve Sieve No.4  3/8” Sieve ¥" Sieve
sample, use
soil passing
Mold 4" DIA 4" DIA 6” DIA 4" DIA 4" DIA 6” DIA
No. of Layers 3 3 3 5 5 5
No. of 25 25 56 25 25 56
blows/layer
Note: Volume of 4” diameter mold = 944 cm?, Volume of 6” diameter mold = 2123 cm? (verify these values prior to testing) /

4.4.0 Calculating the Maximum Dry Density and Optimum Moisture Content of Soil

This test is done to determine the maximum dry density and the optimum moisture content of soil using heavy
compaction as per IS: 2720 (Part 8)—983. The apparatus used is

i) Cylindrical metal mould—it should be either of 100 mm dia. and 1000 cc volume or 150 mm dia. and
2250 cc volume and should conform to IS: 10074—1982.
ii) Balances—one of 10 kg capacity, sensitive to 1g and the other of 200 g capacity, sensitive to 0.01g.
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iii) Oven—thermostatically controlled with an interior of noncorroding material to maintain temperature be-
tween 105 and 110°C.

iv) Steel straightedge—30 cm long.

v) IS Sieves of sizes—4.75 mm, 19 mm, and 37.5 mm.

Preparation of Sample

A representative portion of air-dried soil material, large enough to provide about 6 kg of material passing
through a 19 mm IS Sieve (for soils not susceptible to crushing during compaction) or about 15 kg of material
passing through a 19 mm IS Sieve (for soils susceptible to crushing during compaction) should be taken. This
portion should be sieved through a 19 mm IS Sieve, and the coarse fraction rejected after its proportion of the
total sample has been recorded. Aggregations of particles should be broken down so that if the sample was sieved
through a 4.75 mm IS Sieve, only separated individual particles would be retained.

Procedure to Determine the Maximum Dry Density and the Optimum
Moisture Content of Soil

A) Soil not susceptible to crushing during compaction

i) A5 kg sample of air-dried soil passing through the 19 mm IS Sieve should be taken. The sample should
be mixed thoroughly with a suitable amount of water depending on the soil type (for sandy and gravelly
$0il—3 to 5% and for cohesive soil—12 to 16% below the plastic limit). The soil sample should be stored
in a sealed container for a minimum period of 16 hrs.

ii) The mold of 1000 cc capacity with base plate attached should be weighed to the nearest 1g (Wy).
The mold should be placed on a solid base, such as a concrete floor or plinth, and the moist soil
should be compacted into the mold, with the extension attached, in five layers of approximately
equal mass, each layer being given 25 blows from the 4.9 kg rammer dropped from a height of
450 mm above the soil. The blows should be distributed uniformly over the surface of each layer.
The amount of soil used should be sufficient to fill the mold, leaving not more than about 6 mm to
be struck off when the extension is removed. The extension should be removed, and the compacted
soil should be leveled off carefully to the top of the mold by means of the straightedge. The mold
and soil should then be weighed to the nearest gram (W,).

iii) The compacted soil specimen should be removed from the mold and placed onto the mixing tray. The
water content (w) of a representative sample of the specimen should be determined.

iv) The remaining soil specimen should be broken up, rubbed through 19 mm IS Sieve, and then mixed
with the remaining original sample. Suitable increments of water should be added successively and
mixed into the sample, and the above operations (i.e., ii to iv) should be repeated for each increment
of water added. The total number of determinations made should be at least five, and the moisture con-
tent should be such that the optimum moisture content at which the maximum dry density occurs lies
within that range.

B) Soil susceptible to crushing during compaction
Five or more 2.5 kg samples of air-dried soil passing through the 19 mm IS Sieve should be taken. The
samples should each be mixed thoroughly with different amounts of water and stored in a sealed container
as mentioned in Part A.

C) Compaction in large size mold
For compacting soil containing coarse material up to 37.5 mm size, the 2250 cc mold should be used. A
sample weighing about 30 kg and passing through the 37.5 mm IS Sieve is used for the test. Soil is com-
pacted in five layers, each layer being given 55 blows of the 4.9 kg rammer. The rest of the procedure is the
same as above.



192 Construction Calculations Manual

Reporting of Results
Bulk density Y(gamma) in g/cc of each compacted specimen should be calculated from the equation,
Y(gamma) = (W, — W;)/V
where
V = volume in cc of the mold.
The dry density Yd in g/cc
Yd =100Y/(100 + w)

The dry densities Yd obtained in a series of determinations should be plotted against the corresponding moisture
contents, w. A smooth curve should be drawn through the resulting points, and the position of the maximum on
the curve should be determined. A sample graph is shown below:

1.900
3 N
3
2 1.800
2 - ./
3
g
a
1.700 1
0.00 5.00 10.00 15.00 20.00
www.engineeringcivil.com Moisture content (%)

The dry density in g/cc corresponding to the maximum point on the moisture content/dry density curve
should be reported as the maximum dry density to the nearest 0.01. The percentage moisture content correspond-
ing to the maximum dry density on the moisture content/dry density curve should be reported as the optimum
moisture content and quoted to the nearest 0.2 for values below 5%, to the nearest 0.5 for values from 5 to 10%,
and to the nearest whole number for values exceeding 10%.

Water Pressure
The total thrust from water retained behind a wall is

P="hg,H*

where

H = height of water above bottom of wall, ft (m); and
g, = unit weight of water, Ib/ft®> (62.4 b/ft®> (1001 g/m) for fresh water and 64 Ib/ft® (1026.7 kg/m?) for
saltwater)

The thrust is applied at a point H/3 above the bottom of the wall, and the pressure distribution is triangular,
with the maximum pressure of 2P/H occurring at the bottom of the wall. Regardless of the slope of the surface
behind the wall, the thrust from water is always horizontal.
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Lateral Pressures in Cohesive Soils

For walls that retain cohesive soils and are free to move a considerable amount over a long period of time, the
total thrust from the soil (assuming a level surface) is

P="tgH Ky—2cHK"
or because highly cohesive soils generally have small angles of internal friction,
P=hgH Ky —2cHK

The thrust is applied at a point somewhat below H /3 from the bottom of the wall, and the pressure distribution is
approximately triangular.

For walls that retain cohesive soils and are free to move only a small amount or not at all, the total thrust from
the soil is

P="%hgH*Kp

because the cohesion would be lost through plastic flow.

Lateral Pressures in Cohesionless Soils

For walls that retain cohesionless soils and are free to move an appreciable amount, the total thrust from the soil is
measurable.

Lateral Pressures in Soils

Lateral Pressures in Soils, Forces on Retaining Walls

The Rankine theory of lateral earth pressures, used for estimating approximate values for lateral pressures on
retaining walls, assumes that the pressure on the back of a vertical wall is the same as the pressure that would
exist on a vertical plane in an infinite soil mass. Friction between the wall and the soil is neglected. The pressure
on a wall consists of (1) the lateral pressure of the soil held by the wall, (2) the pressure of the water (if any)
behind the wall, and (3) the lateral pressure from any surcharge on the soil behind the wall.

4.4.1 Calculating the In Situ Dry Density of Soil by the Sand Replacement Method

This test is done to determine the in situ dry density of soil by the sand replacement method as per IS: 2720 (Part
XXVII)—1974. The apparatus needed is

i)  Sand-pouring cylinder conforming to IS: 2720 (Part XXVIII)—1974

ii) Cylindrical calibrating container conforming to IS: 2720 (Part XXVIII)—1974
iii) Soil-cutting and excavating tools such as a scraper tool, bent spoon

iv) Glass plate—450 mm square and 9 mm thick or larger

v)  Metal containers to collect excavated soil

vi) Metal tray—300 mm square and 40 mm deep with a 100 mm hole in the center
vii) Balance, with an accuracy of 1g
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Procedure to Determine the In Situ Dry Density of Soil by the Sand Replacement Method

A. Calibration of apparatus
a) The method given below should be followed for determining the weight of sand in the cone of the
pouring cylinder:

i)

ii)

iii)

iv)

The pouring cylinder should be filled so that the level of the sand in the cylinder is within about
10 mm of the top. Its total initial weight (W) should be maintained constant throughout the tests
for which the calibration is used. A volume of sand equivalent to that of the excavated hole in the
soil (or equal to that of the calibrating container) should be allowed to run out of the cylinder under
gravity. The shutter of the pouring cylinder should then be closed and the cylinder placed on a plain
surface, such as a glass plate.

The shutter of the pouring cylinder should be opened and sand allowed to run out. When no further
movement of sand takes place in the cylinder, the shutter should be closed and the cylinder removed
carefully.

The sand that had filled the cone of the pouring cylinder (that is, the sand that is left on the plain
surface) should be collected and weighed to the nearest gram.

These measurements should be repeated at least three times and the mean weight (W,) taken.

b) The method described below should be followed for determining the bulk density of the
sand (Ys):

i)

ii)

i)

The internal volume (V) in ml of the calibrating container should be determined from the weight of
water contained in the container when filled to the brim. The volume may also be calculated from
the measured internal dimensions of the container.

The pouring cylinder should be placed concentrically on the top of the calibrating container after
being filled to the constant weight (W,). The shutter of the pouring cylinder should be closed during
the operation. The shutter should be opened and sand allowed to run out. When no further move-
ment of sand takes place in the cylinder, the shutter should be closed. The pouring cylinder should
be removed and weighed to the nearest gram.

These measurements should be repeated at least three times and the mean weight (W3) taken.

B. Measurement of soil density

The following method should be followed for the measurement of soil density:
A flat area, approximately 450 sq mm of the soil to be tested, should be exposed and trimmed down to a
level surface, preferably with the aid of the scraper tool.
The metal tray with a central hole should be laid on the prepared surface of the soil with the hole over the
portion of the soil to be tested. The hole in the soil should then be excavated using the hole in the tray as a
pattern, to the depth of the layer to be tested up to a maximum of 150 mm. The excavated soil should be
carefully collected, leaving no loose material in the hole and weighed to the nearest gram (W,,). The
metal tray should be removed before the pouring cylinder is placed in position over the excavated hole.
iii) The water content (w) of the excavated soil should be determined as discussed in earlier posts. Alter-
natively, the whole of the excavated soil should be dried and weighed (Wy).
iv) The pouring cylinder, filled to the constant weight (W), should be so placed that the base of the cylinder
covers the hole concentrically. The shutter should then be opened and sand allowed to run out into the
hole. The pouring cylinder and the surrounding area should not be vibrated during this period. When no
further movement of sand takes place, the shutter should be closed. The cylinder should be removed and
weighed to the nearest gram (W,).

i)

ii)
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Calculations

i) The weight of sand (W,) in grams required to fill the calibrating container should be calculated from the
formula:

W,=W; —W;-W,
ii) The bulk density of the sand (y,) in kg/m3 should be calculated from the formula:

Wa
=— x 1000
Vs % X

iii) The weight of sand (W,,) in grams required to fill the excavated hole should be calculated from the formula:
Wy =W; —W; — W,

iv) The bulk density (yy), that is, the weight of the wet soil per cubic meter should be calculated from the

formula:
Wy
To = Wy X ¥, kg/m’
v) The dry density (y4), that is, the weight of dry soil per cubic meter should be calculated from the formula:
100y, 3
= k -
=100 —w g/m

Wy
7d :Wb X Vb kg/m3

Reporting of results
The following values should be reported:

i) dry density of soil in kg/m? to the nearest whole number; also to be calculated and reported in g/cc correct
to the second place of decimal
ii) water content of the soil in percent reported to two significant figures

A sample pro forma for the record of the test results is given below.

In Situ Dry Density of Soil by Sand Replacement Method

Calibration of Apparatus D
S. No. Description Determination

1 Mean weight of sand in cone (of pouring cylinder) (W,) in g 450

2 Volume of calibrating container (V) in ml 980

3 Weight of sand + Cylinder, before pouring (W) in g 11040

4 Mean weight of sand + Cylinder, after pouring (W3) in g 9120

5 Weight of sand to fill calibrating container (W, = W; — W3 — W;) ing 1470

6 Bulk density of sand v, = % x 1000kg/m? = 1500kg/m?
Source: www.engineeringcivil.com
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Measurement of Soil Density
Determination No.
S. No. Observation and Calculations I 1l 1l
1 Weight of wet soil from the hole (W,,) in g 2310 2400 2280
2 Weight of sand 4 Cylinder, before pouring (W) in g 11040 11042 11037
3 Weight of sand + Cylinder, after pouring (W,) in g 8840 8752 8882
4 Weight of sand in the hole (W, = W; — W, — W,)ing 1750 1840 1705
5 Bulk density v, — M x 7, kg/m3 1980 1956.5 2005.8
Wp
6 Water content (w) in % 18.48 18.81 19.26
7 . 100y, 3 1671.17 1646.75 1681.87
D = k
ry density v4 100+ w /m
Dry density (Average value) 1667kg/m’

Note: The figures given in the above tables are for illustration purposes only.

4.5.0 Calculating the Percent of Slope

Purpose: To apply measuring and math skills in determining the steepness of a slope.

Season: All

Materials:  Yard (meter) stick or measuring tape, a straight stick or board, carpenters level, or flat bottle
half filled with colored water

TEKS: 5.1A 5.2A,B,C,D 5.4A,B 5.8B

Procedure: Slope is expressed in percent, meaning the number of units the land falls (or rises) in 100 units
of horizontal distance. The higher the percent, the steeper the slope. Example: A slope that
drops 10 vertical feet in 100 horizontal feet is a 10% slope (vertical drop/horizontal distance
times 100).
A transit is the most accurate instrument for measuring slope.
A transit is a telescopic sighting instrument mounted on a tripod that has adjustable legs and
gears for leveling the telescope. Usually a transit is not available for student use. You can
measure how steep a slope is using some simple materials.
Place the 50-inch stick horizontally on the ground. Put the level on the 50-inch stick, and move
the lower end of the stick up until the bubble shows that the stick is level. Measure the distance
from the ground to the end of the level 50-inch stick in inches. To determine percent on slope,
you may divide the distance from ground to end of level stick by 50 inches and multiply by
100, or do it the simple way and multiply the distance from ground to end of level stick by two.
Slope is a very important land feature. It often determines whether a piece of land should be
used for grass, trees, or cultivated crops. Slope also determines the rate at which water flows
downhill. Water flows slowly over a gentle slope and rapidly over a steep one. The steepness
of a slope can be evaluated as follows, according to the United States Department of Agricul-
ture’s Soil Conservation Service:
Nearly Level (0-2%). Has no limitation on its uses. Any limitations are the result of other
factors, such as drainage.



Site Work 197

Gently Sloping (3—6%). Desirable for almost any type of development; may have erosion
problems; limitations are due mostly to factors other than slope.

Moderately Sloping (6—-12%). May have severe erosion problems and has a strong appeal for
single-family development.

Strongly Sloping (12—-18%). Has severe limitations for all

Source: www.co.bell.tx.us

4.5.0.1 Calculating Grade from a Map

One way to calculate the grade of a hill is with a map that shows the altitudes of locations.
For example, you’ve measured out a distance of 3 miles (run) with a change in altitude of 396 feet (rise).
First, the units must be made consistent, so we convert 3 miles to 15,840 feet.

grade = (rise + run) * 100
grade = (396 = 15,840) x 100 = 2.5%

4.5.0.2 Calculating Grade by Measuring the Road Distance

With an altimeter and an odometer, we travel the exact route we measured on the map, and our altimeter in-
dicates a change in altitude of 396 feet which, not surprisingly, is precisely what we had already measured
on the map. However, there is a small difference between the 3-mile distance measured on the map and the
3.0009375 miles (15,844.95 feet) we just traveled on the road. The map distance is the true horizontal distance,
but the travel distance of 3.0009375 miles is the slope length or slope distance. To calculate the true run, we need
to use the Pythagorean Theorem.

run = Square Root (15,844.95% — 3967)
run = 15,840 feet

Now we can calculate the grade = (396 + 15840) * 100 = 2.5%
The slope angle exactly equals what we previously calculated because instead of using the slope length as the
run, we used it to calculate the true horizontal distance.

4.5.0.3 Calculating Grade by Using Slope Distance

— 20°1:2.75
36.36%

—1:3 33.33%

-1:35 28.57%
15°
14 25%

1 1:4.5 22.22%
1.5 20%

10°
16 16.67%

—1:7 14.29%



http://www.co.bell.tx.us

Construction Calculations Manual

Bicyclists, motorists, carpenters, roofers, and others either need to calculate slope or at least must have some
understanding of it.
Slope, tilt, or inclination can be expressed in three ways:

1) As a ratio of the rise to the run (for example, 1 in 20)
2) As an angle (almost always in degrees)
3) As a percentage called the “grade” which is the (rise + run) * 100

Of these three ways, slope is expressed as a ratio or a grade much more often than an actual angle, and here’s
the reason why:

Stating a ratio such as 1 in 20 tells you immediately that for every 20 horizontal units traveled, your altitude
increases 1 unit.

Stating this as a percentage, whatever horizontal distance you travel, your altitude increases by 5% of that
distance.

Stating this as an angle of 2.8624 degrees doesn’t give you much of an idea how the rise compares to the run.

road distance =

hypotenuse or
slope length l

Rise

Run

By permisssion: wolf@1728.com:

4.5.0.4 Formulas Showing Grade, Ratio, and Angle Relationships

1) If we know the ratio of a road or highway (for example, 1 in 20), then angle A = arctangent (rise = run)
which equals
arctangent (1 + 20) =
arctangent (.05) =
2.8624 degrees and the
grade = (rise <+ run) * 100 which equals
(1 +20) * 100 =
5%.
2) If we know the angle of a road or highway (for example, 3 degrees), then the ratio = 1 in (1 = tan (A)),
which equals
1in (1 = tan (3)) =
1 in (1 + .052408) =
1 in 19.081 and the
grade = (rise + run) * 100 which equals
(1 + 19.081) * 100 =
5.2408%
3) If we know the grade of a road (for example, 3%), then angle A = arctangent (rise < run), which equals
arctangent (.03) =
1.7184 degrees and the
ratio = 1 in (1 <+ tan(A)) which equals
lin (1 + tan(1.7184)) =
lin (1 =.03) =
1 in 33.333
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4.5.0.5 Chart Showing Slope Angles—0 Degrees to 80 Degrees

The graph toward the top of the page shows a small range of angles from O to 20 degrees.
This chart covers a wider range:

Angle
80°

Grade
———500%

———400%

— 75°

——300%

——— 70°

250%

—— 65°
——— 200%

—— 60°
— 0,
55° 150%

0,
g 125%

- 45° 100%
L 40°
— 75%
— 30°

L 20°
- 25%
—10°
———— 10%

0° 0%

50%
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4.5.1 lllustration of Slope Layback
Layback

Layback for excavation is given in units of run to rise. However, it can be specified in terms of either variable
run to a constant rise of one (1), or it can be given in a constant run (1) to variable rise.
A layback of zero (0) is simply an excavation with vertical walls (no slope to it).

0 1/2:1 3/4:1 1:1 11/2:1

Here are some common laybacks and their equivalents:

1/2 :1 is the same as 1:2

3/4 :1 is the same as 1:1 1/3
1:1 is a 45° slope

1-1/2 :1 is the same as 1: 2/3

By permission: www.mc2-ice.com

4.5.2 Common Stable Slope Ratios for Varying Soil/Rock Conditions
Low-VoLuME Roaps BMPs: 105

~
TABLE 11.1 Common Stable Slope Ratios for Varying Soil/Rock Conditions
Soil/Rock Condition Slope Ratio (Hor:Vert)
Most rock az1 to 2:1

Very well cemented soils a1 to Va:1

Most in-place soils Ya:1 to 1:1

Very fractured rock 1:1to 1 %:1

Loose coarse granular soils 1 741

Heavy clay soils 2:1 to 3:1

Soft clay rich zones or wet seepage areas 2:1to 3:1

Fills of most soils 1 %:1 to 2:1

Fills of hard, angular rock 11/3:1

Low cuts and fills (<2-3 m. high) 2:1 or flatter (for revegetation)
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4.5.3 Illustrations of Various Cut/Fill Configurations—Typical Fill, Benched Fill,
Reinforced Fill

Typical Fill Natural ground

0-40%
Ground slope
— = - .
\, Scarify and remove
organic material

Note: Side-cast fill material
only on gentle slopes, away

A from streams.
Road 40-60%
e e P Y
TR R
Benched Slope Fill with @ e e T
S)

Layer Placement

Fill material placed in layers. Use
lifts 15-30 cm thick. Compact to
specified density or wheel roll
each layer.

\ On ground where slopes exceed 40 - 45%, construct
benches +/- 3 m wide or wide enough
for excavation and compaction equipment.

Note: When possible, use a 2:1
or flatter fill slope to promote
B revegetation.

Typicall
Reinforced Fill o
Reinforced fills are used on
steep ground as an
alternative to retaining
structures. The 1:1 (Over-
steep) face usually requires
stabilization.

Geogrid or geotextile
reinforcement layers

C

Through Fill

0-40%

D

Source: U.S. Bureau of Land Management
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4.5.4 lllustrationsn of Various Cut/Fill Configurations—Balanced Cut-Fill, Full Cut,
Through Cut

Natural Ground

Balanced Cut and Fill N
Use a Balanced Cut and Fill _—77 0-60% Ground slopes
Section for Most Construction -

on Hill Slopes.

Typical Cut Slopes in
Most Soils %:1 to 1:1

60% +

Typical Rock
Cut Slopes
Va1 to Yl

Full Bench Cut

Use Full Bench Cuts When the
Ground Slopes Exceed +/- 60%

B
Through Cut T .
- X High Cut
2. Typically Steeper
J Where Stable
A Road

Low Cut
Can be Steep
C or Flatter

Source:U.S. Bureau of Land Management
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4.5.5 Calculating the Design of Gabion Retaining Walls to 20 Feet (6 Meters) in Height

A No. of
gabions
No. of (per
levels H B width)
6 1 3'3" 3'3" 1
H
2 6'6" 4'3" 1172
3 99" 5'3 2
_Y 4 13'1" 6'6" 2
/\ 5 16' 4" 8 " 2172
B—
6 19' 7" 99" 3
Flat Backfill (smooth face)
1.5 \
1 No. of
B =34° gabions
No. of (per
1 levels H B width)
20[
| | 2 1 33" 33" 1
3 2 | 66 | 411" | 1
H 1/2
4 s | oo | 66 | 2
5
4 13'1" 82" 2172
6
5 16'4" 9'9" 3
———B ——>
6 19'7" 11'5" 3112

Fill at 1 1/2:1 (face with steps)

Note: Loading conditions are for silty sand to sand and gravel backfill. For finer or clay rich soils, earth pressure
on the wall will increase, and the wall base width (B) will have to increase for each height. Backfill weight =
110 pef (1.8 tons/m?) (1,762 kg/m*)

e Safe against overturning for soils with a minimum bearing capacity of 2 Tons/foot” (19,500 kg/m?)

e For flat or sloping backfills, either a flat or stepped face may be used.

Standard design for Gabion Retaining Structures up to 20 feet in height (6 meters) with flat or sloping
backfill.

Source: U.S. Bureau of Land Management
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4.5.6 Calculating the Design of Common Types of Retaining Structures

Brick or Masonry Rock Concrete

Gravity Walls Reinforced Concrete
Concrete with Counterforts

/
[

Counterfort

“H” Piles

Headers

Gabion Wall

Facin
N Reinforced Soil

=

Crib Wall Reinforced Soil Wall

a. Common Types of Retaining Structures.

High Rock Wall
Configuration

Aggregate
Fill

5 meters

Hmax

Source:U.S. Bureau of Land Management

4.7.0 Material Density Chart—Ashes to Wood

Material Density (Loose)
Ashes 1100 Ibfyd?
Caliche 2100 Ib/yd?
Cement—Portland 2550 Ib/yd?
Cereals—-Wheat, Bulk 1300 lb/yd®
Clay (natural bed) 2800 Ib/yd?
Clay (Dry Lumps) 1820 lb/yd®
Clay (Wet Lumps) 2700 Ib/yd?
Clay with Gravel (Dry) 2700 Ib/yd?
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-
Material Density (Loose)
Clay with Gravel (Wet) 3080 Ib/yd?
Coal-Anthracite (Broken) 1850 Ibfyd?
Coal-Bituminous (Broken) 1400 Ib/yd?
Coke 875 Ibfyd?
Earth-Dry, Packed 2550 Ib/yd?
Earth-Wet, Excavated 2700 Ibfyd?
Earth, Loam 2100 Ib/yd?
Garbage-Wet 1350 Ib/yd®
Granite-Broken 2800 Ib/yd?
Gravel-Dry 2550 Ib/yd?
Graveled Sand 3250 Ib/yd?
Gravel-Dry (%" to 2”) 2850 Ib/yd?
Gravel-Wet (1" to 2") 3375 Ib/yd?
Gypsum—Crushed 2700 Ib/yd®
Kaolin 1730 Ibfyd?
Limestone-Broken 2600 Ib/yd?
Salt-Coarse 1350 Ib/yd?
Sand-Dry 2700 Ibjyd?
Sand-Wet 3500 Ib/yd?
Sand with gravel-Dry 2900 Ibyd?
Sand with gravel-Wet 3400 Ib/yd?
Sandstone—-Broken 2550 Ib/yd?
Sawdust 550 Ib/yd?
Shale 2100 Ibjyd?
Silage 865 Ib/yd’
Slag-Broken 2950 Ib/yd?
Snow-Dry 400 Ib/yd?
Snow-Wet 600 Ib/yd?
Stone-Crushed 2700 Ib/yd?
Sugar-Raw, Refined 1750 Ibfyd?
Topsoil 1600 Ib/yd?
Wood Chips (Dry) 600 Ib/yd?
Wood Chips (Wet) 900 Ibfyd?
Actual material density may vary from these standard values.

Source: American Copier Systems

4.8.0 Calculating the Density of Rock, Sand, Till
Measuring the Density of Rock, Sand, Till, etc.

1 Summary

For measuring the density of a variety of geological materials, in particular oddly shaped samples of relatively
consolidated material; density is important in the context of cosmogenic-nuclide measurements because the cos-
mic ray flux is attenuated according to mass depth below the surface; that is, it’s necessary to think of depth of
overburden or sample thickness in g cm ™, a unit of mass per square area, rather than simply in length. This
quantity is generally called mass depth and is equal to zp, where z is depth below the surface and p is the in-
tegrated density of overlying material between the surface and depth z. In order to compute this, you need to
measure the density of your sample and/or its overburden.
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1.1 References

Most of these methods are standard and can be found in any geological or soil science manual.

If you use the data, measurements, or conclusions in this document, however, please cite it as follows:

Balco, G., Stone, J.O., 2003. Measuring the density of rock, sand, till, etc. UW Cosmogenic Nuclide Laboratory, methods and procedures.
http:/ldepts.washington.edul/cosmolab/chem.html.

The glass bead method is not commonly described in manuals. We got the idea from Sheldrick (see below) and adapted it for our purposes.
If you use it, please also cite:

Sheldrick, B.H., (Ed.), 1984. Analytical methods manual 1984. Land Resource Research Institute, Research Branch, Agriculture Canada.
http:/lsis.agr.gc.calcansis/publications/manuals/analytical .html.

Source: University of Washington, Cosmogenic Nuclide Lab

2 Methods
2.1 A note on collecting samples

The idea of this whole procedure is to determine the density of the material in its natural condition. Thus, the
most important thing is to try to get the sample to the measurement without disturbing it too much. If you can,
measure the density in the field. For weakly consolidated material, try to collect the sample in some sort of rigid
holder so that it won’t be crushed during transport. For wet material, seal samples in something watertight so that
water will not evaporate before you measure their density. Try to collect multiple samples, and try to make the
samples representative. In general, larger samples are better.

2.2 Collecting a known volume in the field—unconsolidated sediment

In principle, it should be easy to measure the density of any material by cutting out a cube of the material, mea-
suring the size of the cube to determine its volume, and then weighing the cube. In practice, it’s nearly impos-
sible to cut out a regular cube of any natural geological deposit.

For some unconsolidated sediments, it is possible to collect a known volume in the field. This works well for
wet sand and silt. It sometimes works for glaciolacustrine sediment and wet, clay-rich glacial till. It generally
doesn’t work for gravel, dry sand and silt, or anything cemented. The preferred device is a section of aluminum
pipe several inches long. It’s helpful if the edges of the ends of the pipe have been beveled on the outside to make
a sharp edge. The procedure is as follows:

1. Determine the volume of the pipe section by accurately measuring the inside diameter and length of the pipe.
Measure as accurately as possible using calipers. If the pipe was cut by hand, measure the length at several
locations around the circumference of the pipe and take the average. Determine the weight of the pipe.

2. Inthe field, push the pipe into the outcrop face until material starts to extrude out the near end. Hammer it
as necessary. Be careful to ensure that there is no air space inside the pipe. Dig the pipe out and carefully
slice the protruding sediment away from each end.

3. Weigh the pipe and sediment. It’s best to bring the el-cheapo balance into the field with you and do this on
site. If this is not possible, wrap the sample by placing something hard over either end (proper pipe caps are
best) and then saran-wrapping and taping the whole thing to minimize water loss during transport. When
disassembling it in the lab, make sure that all the sediment in the tube gets weighed and doesn’t fall out
during cap removal, or that you weigh the tube, sediment, and caps together and then the caps separately.

4. Subtract the weight of the pipe (and caps) from the total weight to determine the sample weight. Divide by
the pipe volume to get the density.

It’s good to do this a few times for each unit. The most important thing is to get the pipe entirely full of
sediment.


http://depts.washington.edu/cosmolab/chem.html
http://sis.agr.gc.ca/cansis/publications/manuals/analytical.html
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2.3 Nonporous samples—weighing in water

The second easiest way to measure the density of material is to weigh it in air and then in water. If W, is the
weight of the sample in air and W, is its weight when immersed in water, then its density is:

Wa

“Wo_w., (1)

p

assuming, of course, that your water is pure H,O at 25°C.
This is easy to do with most modern analytical balances, which generally have a hook on the bottom connected
to the load cell so that one can weigh suspended objects. In our lab, use the Scout balance. Place it over one of
the strategically located holes in the lab bench. Obtain a 1-meter length of thin steel wire. Weigh it. Affix the
sample to one end of the wire. This may require some creativity. Make a loop in the other end of the wire. Fish
it up through the hole and place it on the hook on the balance. Read off the weight. The sample weight in air is
this weight less the weight of the wire. Fill a large beaker with DI water. Raise the beaker up from beneath the
sample so that the sample is immersed about 1 inch below the surface of the water. Prop the beaker on some-
thing of the appropriate height. Read off the weight. The immersed sample weight is this weight less the
weight of the wire (relatively little of the wire is immersed). Calculate the density with equation (1). Remem-
ber to dry the sample thoroughly before repeating the exercise, so as not to change the dry weight.
Obviously, this method is restricted to samples that are nonporous and will not absorb any of the water in
which they are immersed. In practice, this means igneous and metamorphic rocks, and some limestones.

2.4 Oddly shaped and porous, but well-consolidated samples —glass bead method

This method is designed for oddly shaped samples of at-least-somewhat-consolidated material—for example,
glacial till, compacted loess, saprolite, cemented sand, sandstone, shale. The procedure is as follows:

1. From the top left drawer in the sediment lab, select a stainless-steel tin slightly larger than your sample.
Place it in one of the aluminum baking pans. Record the tare weight W and volume V7 of the tin (written
on the side of most of the tins).

Using the Scout balance, weigh your sample and record the weight Wi.

3. Pour out enough beads to fill the tin about 5 mm deep. Bed a flat side of your sample in the beads. Make
sure the sample does not stick out past the rim. Fill the rest of the tin with beads, making sure to tap the tin
to settle the beads into all the nooks and crannies of the sample.

4. Overfill the tin with beads, then take the steel spatula and scrape the excess beads away, filling in gaps
around the edges, until the surface of the beads is precisely flat with the rim. It’s important to do this
exactly the same way every time. Make sure to catch all the loose beads in the baking pan.

5. Weigh tin, sample, and packed beads and record the weight Wrgp. Dump the beads back into the baking
pan. Remove the sample, trying not to break it up too much and get crud in the beads. Pour the beads from
the baking pan back into the storage tin.

6. Calculate the weight of packing material, Wp = Wrgp — Wy — Wg. Calculate the volume of packing.
Ve = Wp/pp. pp is the density of the packing material (see below). Calculate the sample density
ps = Ws/(Vr — Vp).

7. Do the measurement a couple of times to make sure you really did fill all nooks and crannies with the
beads the first time.

N
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Notes:
e Metal vessels work best for this. Anything plastic will cause trouble with the beads owing to static
electricity.

e We measure the volume of the tins by measuring the weight of water that will fit in them. It’s important to
make sure that the water surface is close to the actual top of the tin (to which you will grade the beads). It’s
possible to overfill due to surface tension.

e We use 1 mm glass beads (available from chemical supply companies). 0.5 mm beads also work OK but
are a bit messier. We determine the density of packed beads by filling a tin of known volume and mea-
suring the weight of the beads. The density of our I mm beads pp is 1.53 g cm ™. It’s probably a good idea
for each person to independently determine bead density with their own particular scraping/compacting
technique.

e Occasionally it’s necessary to clean the beads. We do this by sonicating them in water, rinsing thor-
oughly, and drying. If a lot of large chunks of foreign material build up in the beads, sieving might
be needed.

e We also use clean beach sand (mostly quartz) in the 0.5-0.85 mm size range. We prepare it by sieving the
sand to this size, sonicating it in water for approximately 1 hr, then rinsing it thoroughly and drying in the
oven. The advantage of sand is that it is inexpensive and can be used in sacrificial applications, such as the
wet density determination method described below, or when samples are very poorly compacted and are
likely to break up during the process and make a mess. Sand does not compact as readily as glass beads
(more angular grains), so it’s very important to repeatedly tap the tin containing sand and sample on the
bench as you are filling it, to make sure the sand is fully compacted. Also, each batch of sand will have
a slightly different density that will need to be measured before starting. Our sand has a density pp of
145-147g-cm >,

e By repeatedly measuring the density of a variety of samples, including large quartz crystals, whose
density, of course, we know exactly, we’ve determined the accuracy/precision of this technique to

be & 0.08 g - cm ™ for typical materials with densities of 1.2-2.7 g - cm .

2.5 Unconsolidated samples —stuffing into a vial

If the sample is completely unconsolidated, for example, dry sand, there is one method remaining. Take a vial of
known volume, for example, one of the small metal tins or plastic vials in the drawer. Using your fingers, press
the sample into the vial, attempting to duplicate the natural compaction of the material. For most sands, this
means squishing it in with some authority to ensure that the sand grains are well packed. Overfill the vial
and blade off the excess with the steel spatula. Weigh the sample and vial, subtract the tare weight of the vial,
and divide by the volume of the vial.

Despite the ad hoc nature of this technique, it probably does a fairly good job of measuring the density of
sandy surficial sediments, because relatively well-sorted sand reaches its maximum compaction quickly and
then does not compact any further until buried really deeply, like kilometers. This would also be the only
way to measure the density of unconsolidated fluvial gravels, but the vessel would have to be much bigger,
in keeping with the grain size of the gravel, to ensure a representative sample.

2.6 Notes on wet versus dry density

In reality, most geological materials are water-saturated below a few meters depth in most environments. In
many cases, however, especially when working on drill core, the only samples available to measure overburden
density have been dried during storage. Thus, we need some means of converting dry to wet density. The wet
density of samples which are collected dry can be approximately measured by the following procedure:
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1. For unconsolidated samples, pack a vial of known weight and volume with the sample as described
in 2.5. For consolidated samples, pack a tin of known weight and volume with sample and packing
material as described in 2.4. The packing material will be inseparable from the sample at the end of
this procedure, so we suggest using sand as described in the notes to 2.4 above. Record the relevant
weights.
2. Add distilled water to the vial or tin slowly and carefully until everything in the tin is completely sat-
urated. Leave the sample to soak for at least 24 hours to ensure that well-compacted samples become
fully saturated. For large samples of glacial till or the like, you may want to let them soak for a couple
of days. Periodically add water to keep the sample fully saturated. When you are satisfied that the sample
is fully saturated, record the total weight of vessel and contents.
3. For unconsolidated samples, subtract the weight of the vial from the total weight to obtain the wet weight
of the sample, then divide by the volume of the vial to determine the wet density.
4. For consolidated samples, you have just measured Wrgpy. Calculate the total weight of water added
Wwr = Wyrspw — Wrgp. Calculate the weight of water incorporated in the packing material
Wwe = Vp fwppw, wWhere fyp is the water content of saturated packing material (see below) and py,
is the density of water, i.e., 1 g - cm °. Calculate the wet weight of the sample Wys = Wy +
(Wwr — Wyp). The wet density of the sample p,,,, is then Wy,s/V.
Our quartz sand has a saturated water content fy» 0.45 by volume (0.24 by weight), which equates to a wet
density of 1.90 g - cm .

This method is not always accurate, primarily because of the tendency of many materials that contain clays to
expand when wet, but it is often the only option for determining the wet density of dry material obtained from
old, cruddy drill core. It is always better to collect samples at natural moisture conditions in the field.

2.4 i
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Measured wet density g/cc

FIGURE 1 Measured wet densities compared with those calculated from dry densities using 2. Circles, wet density determined by satu-
ration of dry sand, and triangles, of dry till, as described in 2.6. Diamonds, samples of glacial till collected wet and then oven-dried. Error-bars
reflect what we believe to be measurement precision as described in 2.4.
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In addition, this method is somewhat time consuming. A simple alternative is to assume that all of the grains
in the sample are composed of quartz (p = 2.65 g - cm ) and that all the pore space is filled when wet. Under
these assumptions:

Pary
Pwer = (1 - : ) +pdl‘y (2)

Pquartz

We tested this approximation with samples of unconsolidated sand and glacial till that we obtained from dried
drillcore and whose wet density we measured as described above, as well as with samples of glacial till that were
collected wet and whose density we measured before and after oven-drying (Figure 1). The results show that this
approximation seems to be adequate within the resolution of our measurement technique.
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5.0.0 Standard American Concrete Institute (ACI) and Portland Cement Association (PCA)
Divide the Production of Concrete into Seven (7) Basic Components and Ingredients

The standard ACI mix design procedure can be divided up into seven basic steps:

Choice of slump

Maximum aggregate size selection
Mixing water and air content selection
Water—cement ratio

Cement content

Coarse aggregate content

Fine aggregate content

AR S ol e

Source: Washington,edu

5.0.1 Chemical Additives Provide Characteristics not Obtainable When Utilizing the Seven
Basic Components

Types of Concrete Admixtures

Posted by Civil Engineer

Chemical concrete admixtures are material in the form of powder or fluids that are added to concrete to give it
certain characteristics not obtainable with plain concrete mixes. In normal use, admixture dosages are less than
5% by mass of cement and are added to the concrete at the time of batching/mixing. The most common types of
concrete admixtures are:

1. Accelerators speed up the hydration (hardening) of the concrete.

2. Retarders slow the hydration (hardening) of the concrete and are used in large or difficult pours where
partial setting before the pour is complete is undesirable.

3. Air-entrainers add and distribute tiny air bubbles in the concrete, which will reduce damage during freeze—
thaw cycles, thereby increasing the concrete’s durability.

4. Plasticizers (water-reducing admixtures) increase the workability of plastic of fresh concrete, allowing it to
be placed more easily with less consolidating effort.
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5. Superplasticizers (high-range water-reducing admixtures) are a class of plasticizers that have fewer
deleterious effects when used to significantly increase workability. Alternatively; plasticizers can be used
to reduce the water content of concrete (and have been called water reducers due to this application) while
maintaining workability. This improves its strength and durability characteristics.

Pigments can be used to change the color of concrete, for aesthetics. Mainly they are ferrous oxides.
Corrosion inhibitors are used to minimize the corrosion of steel and steel bars in concrete.

Bonding agents are used to create a bond between old and new concrete.

Pumping aids improve pumpability, thicken the paste, and reduce dewatering of the paste.

© %N

Thus, chemical admixture is one ingredient creating concrete that provides the differentiation of
concrete types.
Source: civilengineeringblog.com

5.0.1.1 Slump

The choice of slump is actually a choice of mix workability. Workability can be described as a combination of
several different, but related, properties of portland cement concrete (PCC) related to its rheology:

Ease of mixing
Ease of placing
Ease of compaction
Ease of finishing

Generally, mixes of the stiffest consistency that can still be placed adequately should be used. Typically,
slump is specified, but Table 5.14 shows general slump ranges for specific applications. Slump specifications
are different for fixed-form paving and slip-form paving. Table 5.15 shows typical and extreme state Depart-
ment of Transportation (DOT) slump ranges.

Source: washington.edu/PGI/html

\
TABLE 5.14 Slump Ranges for Specific Applications
Slump

Type of Construction (mm) (inches)
Reinforced foundation walls and footings 25-75 1-3
Plain footings, caissons, and substructure walls 25-75 1-3
Beams and reinforced walls 25 -100 1-4
Building columns 25-100 1-4
Pavements and slabs 25-75 1-3
Mass concrete 25-50 1-2
TABLE 5.15 Typical State DOT Slump Specifications

Fixed Form Slip Form
Specifications (mm) (inches) (mm) (inches)
Typical 25-75 1-3 0-75 0-3
Extremes as low as 25 as high as as low as 1 as highas7 aslow as 0 as high as as low as 0 as high as 5

175 125

N %
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5.0.1.2 Maximum Aggregate Size

Maximum aggregate size will affect such PCC parameters as amount of cement paste, workability, and strength.
In general, ACI (American Concrete Institute) recommends that maximum aggregate size be limited to one-third
of the slab depth and three-fourths of the minimum clear space between reinforcing bars. Aggregate larger than
these dimensions may be difficult to consolidate and compact, resulting in a honeycombed structure or large air
pockets. Pavement PCC maximum aggregate sizes are on the order of 25 mm (1 in.) to 37.5 mm (1.5 in.).

5.0.1.3 Mxing Water and Air Content Estimation

Slump is dependent on nominal maximum aggregate size, particle shape, aggregate gradation, PCC temperature,
amount of entrained air, and certain chemical admixtures. It is not generally affected by the amount of cemen-
titious material. Therefore, ACI provides a table relating nominal maximum aggregate size, air entrainment, and
desired slump to the desired mixing water quantity. Table 5.16 is a partial reproduction of ACI Table 6.3.3 (keep
in mind that pavement PCC is almost always air-entrained, so air-entrained values are most appropriate).
Typically, state agencies specify between about 4 and 8% air by total volume.

Note that the use of water-reducing and/or set-controlling admixtures can substantially reduce the amount of
mixing water required to achieve a given slump.

Source: washington.edu/PGI/html

-

TABLE 5.16 Approximate Mixing Water and Air Content Requirements for Different Slumps and Maximum
Aggregate Sizes

Mixing Water Quantity in kg/m> (Ib/yd®) for the listed Nominal Maximum Aggregate Size

9.5 mm 12.5mm 19 mm 25 mm 37.5mm 50 mm 75 mm 100 mm
Slump (0.375in.) 0.5in.) (0.75in.) (1in.) (1.5in.) (2in.) 3in.) 4 in.)

Non-Air-Entrained PCC

25-50 207 199 190 179 166 154 130 113
(1-2) (350) (335) (315) (300) (275) (260) (220) (190)
75-100 228 216 205 193 181 169 145 124
(3-4) (385) (365) (340) (325) (300) (285) (245) (210)
150 - 175 243 228 216 202 190 178 160 -
(6-7) (410) (385) (360) (340) (315) (300) (270)

Typical entrapped 3 2.5 2 1.5 1 0.5 0.3 0.2
air (percent)

Air-Entrained PCC

25-50 181 175 168 160 148 142 122 107
(1-2) (305) (295) (280) (270) (250) (240) (205) (180)
75— 100 202 193 184 175 165 157 133 119
(3-4) (340) (325) (305) (295) (275) (265) (225) (200)
150 - 175 216 205 197 184 174 166 154 -
6-7) (365) (345) (325) (310 (290) (280) (260)

Recommended Air Content (percent)

Mild Exposure 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
Moderate Exposure 6.0 5.5 5.0 4.5 4.5 4.0 3.5 3.0
Severe Exposure 7.5 7.0 6.0 6.0 5.5 5.0 4.5 4.0

- J
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5.0.1.4 Water—-Cement Ratio

The water—cement ratio is a convenient measurement whose value is well correlated with PCC strength and
durability. In general, lower water—cement ratios produce stronger, more durable PCC. If natural pozzolans
are used in the mix (such as fly ash), then the ratio becomes a water-cementitious material ratio (cementitious
material = portland cement + pozzolonic material). The ACI method bases the water—cement ratio selection on
desired compressive strength and then calculates the required cement content based on the selected water—
cement ratio. Table 5.17 is a general estimate of 28-day compressive strength versus water—cement ratio (or
water-cementitious ratio). Values in this table tend to be conservative. Most state DOTs tend to set a maximum
water—cement ratio between 0.40 and 0.50.

5.0.1.5 Cement Content
Cement content is determined by comparing the following two items:

e The calculated amount based on the selected mixing water content and water—cement ratio.
e The specified minimum cement content, if applicable. Most state DOTs specify minimum cement contents in
the range of 300-360 kg/m> (500600 Ibs/yd>).

An older practice used to be to specify the cement content in terms of the number of 94 Ib sacks of portland
cement per cubic yard of PCC. This resulted in specifications such as a “6 sack mix” or a “5 sack mix.” While
these specifications are quite logical to a small contractor or an individual who buys portland cement in 94 1b
sacks, they do not have much meaning to the typical pavement contractor or batching plant who buys portland
cement in bulk. As such, specifying cement content by the number of sacks should be avoided.

Source: washington.edu/PGI/html

5.0.1.6 Adjustments for Aggregate Moisture

Unlike HMA (Hot Mix Asphalt), PCC batching does not require dried aggregate. Therefore, aggregate moisture
content must be accounted for. Aggregate moisture affects the following parameters:

1. Aggregate weights. Aggregate volumes are calculated based on oven dry unit weights, but aggregate is
typically batched based on actual weight. Therefore, any moisture in the aggregate will increase its weight,
and stockpiled aggregates almost always contain some moisture. Without correcting for this, the batched
aggregate volumes will be incorrect.

2. Amount of mixing water. If the batched aggregate is anything but saturated, surface drying it will absorb water
(if oven dry or air dry) or give up water (if wet) to the cement paste. This causes a net change in the amount of
water available in the mix and must be compensated for by adjusting the amount of mixing water added.
Source: washington.edu/PGI/html

\

TABLE 5.17 Water—Cement Ratio and Compressive Strength Relationship

Water—Cement Ratio by Weight
28-Day Compressive Strength in MPa (psi) Non-Air-Entrained Air-Entrained
41.4 (6000) 0.41 -
34.5 (5000) 0.48 0.40
27.6 (4000) 0.57 0.48
20.7 (3000) 0.68 0.59
13.8 (2000) 0.82 0.74

N %
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5.1.0 Portland Cement—ASTM Types

The properties of concrete depend on the quantities and qualities of its components. Because cement is the most
active component of concrete and usually has the greatest unit cost, its selection and proper use are important in
obtaining most economically the balance of properties desired for any particular concrete mixture.

Type I/II portland cements, which can provide adequate levels of strength and durability, are the most
popular cements used by concrete producers. However, some applications require the use of other cements
to provide higher levels of properties. The need for high-early strength cements in pavement repairs and the
use of blended cements with aggregates susceptible to alkali-aggregate reactions are examples of such
applications.

It is essential that highway engineers select the type of cement that will obtain the best performance from the
concrete. This choice involves correct knowledge of the relationship between cement and performance and, in
particular, between type of cement and durability of concrete.

Portland Cement (ASTM Types)

ASTM C 150 defines portland cement as “hydraulic cement (cement that not only hardens by reacting with water
but also forms a water-resistant product) produced by pulverizing clinkers consisting essentially of hydraulic
calcium silicates, usually containing one or more of the forms of calcium sulfate as an inter ground addition.”
Clinkers are nodules (diameters, 0.2—1.0 in. [5-25 mm]) of a sintered material that is produced when a raw
mixture of predetermined composition is heated to high temperature. The low cost and widespread availability
of the limestone, shales, and other naturally occurring materials make portland cement one of the lowest-cost
materials widely used over the last century throughout the world. Concrete becomes one of the most versatile
construction materials available in the world.

The manufacture and composition of portland cements, hydration processes, and chemical and physical
properties have been repeatedly studied and researched, with innumerable reports and papers written on all
aspects of these properties.

Types of Portland Cement

Different types of portland cement are manufactured to meet different physical and chemical requirements for
specific purposes, such as durability and high-early strength. Eight types of cement are covered in ASTM C 150
and AASHTO M 85.

More than 92% of portland cement produced in the United States is Type I and II (or Type I/II); Type III
accounts for about 3.5% of cement production. Type IV cement is only available on special request, and Type V
may also be difficult to obtain (less than 0.5% of production).

Although IA, ITA, and IITA (air-entraining cements) are available as options, concrete producers prefer to use
an air-entraining admixture during concrete manufacture, where they can get better control in obtaining the
desired air content. However, this kind of cement can be useful under conditions in which quality control is
poor, particularly when no means of measuring the air content of fresh concrete is available.

If a given type of cement is not available, comparable results can frequently be obtained by using
modifications of available types. High-early strength concrete, for example, can be made by using a higher con-
tent of Type I when Type III cement is not available, or by using admixtures such as chemical accelerators or
high-range water reducers (HRWR). The availability of portland cements will be affected for years to come by
energy and pollution requirements. In fact, the increased attention to pollution abatement and energy conser-
vation has already greatly influenced the cement industry, especially in the production of low-alkali cements.
Using high-alkali raw materials in the manufacture of low-alkali cement requires bypass systems to avoid
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Portland Cement Types and Their Uses

Cement Type Use

L
2
Il

General-purpose cement, when there are no extenuating conditions
Aids in providing moderate resistance to sulfate attack
1 When high-early strength is required

Iv? When a low heat of hydration is desired (in massive structures)
v4 When high sulfate resistance is required

IA* A type | cement containing an integral air-entraining agent
HA* A type Il cement containing an integral air-entraining agent
nA* A type lll cement containing an integral air-entraining agent

' Cements that simultaneously meet requirements of Type | and Type Il are also widely available.

“Type Il low alkali (total alkali as Na2O < 0.6%) is often specified in regions where aggregates susceptible to alkali-silica reactivity are employed.
’Type IV cements are only available on special request.

“These cements are in limited production and not widely available.

/

concentrating alkali in the clinkers, which consumes more energy. It is estimated that 4% of energy used by the

cement industry could be saved by relaxing alkali specifications. Limiting use of low-alkali cement to cases in

which alkali-reactive aggregates are used could lead to significant improvement in energy efficiency.
Source: U.S. Department of Transportation—FHWA (Federal Highway Administration)

5.1.1 Cement Composition

Cement Composition. The composition of portland cements is what distinguishes one type of cement from an-
other. ASTM C 150 and AASHTO M 85 present the standard chemical requirements for each type. The phase
compositions in portland cement are denoted by ASTM as tricalcium silicate (C5S), dicalcium silicate (C,S),
tricalcium aluminate (C3A), and tetracalcium aluminoferrite (C4AF). However, it should be noted that these
compositions would occur at a phase equilibrium of all components in the mix and do not reflect the effects
of burn temperatures, quenching, oxygen availability, and other real-world kiln conditions. The actual compo-
nents are often complex chemical crystalline and amorphous structures, denoted by cement chemists as “elite”
(C5S), “belite” (C,S), and various forms of aluminates. The behavior of each type of cement depends on the
content of these components. Characterization of these compounds, their hydration, and their influence on
the behavior of cements are presented in full detail in many texts. Different analytical techniques such as
X-ray diffraction and analytical electron microscopy are used by researchers in order to understand fully the
reaction of cement with water (hydration process) and to improve its properties.

In simplest terms, results of these studies have shown that early hydration of cement is principally controlled
by the amount and activity of C3A, balanced by the amount and type of sulfate interground with the cement.
C5A hydrates very rapidly and will influence early bonding characteristics. Abnormal hydration of (C3A)
and poor control of this hydration by sulfate can lead to such problems as flash set, false set, slump loss,
and cement-admixture incompatibility.

Development of the internal structure of hydrated cement (referred to by many researchers as the microstruc-
ture) occurs after the concrete has set and continues for months (and even years) after placement. The micro-
structure of the cement hydrates will determine the mechanical behavior and durability of the concrete. In terms
of cement composition, the C3S and C,S will have the primary influence on long-term development of structure,
although aluminates may contribute to formation of compounds such as ettringite (sulfoaluminate hydrate),
which can cause expansive disruption of concrete. Cements high in C5S (especially those that are finely ground)




218 Construction Calculations Manual

will hydrate more rapidly and lead to higher early strength. However, the hydration products formed will, in
effect, make it more difficult for hydration to proceed at later ages, leading to an ultimate strength lower than
desired in some cases. Cements high in C,S will hydrate much more slowly, leading to a denser ultimate struc-
ture and a higher long-term strength. The relative ratio of C;S to C,S, and the overall fineness of cements, have
been steadily increasing over the past few decades. This ability to achieve desired strengths at a higher work-
ability (and hence a higher w/c) may account for many durability problems, as it is now established that higher
w/c invariably leads to higher permeability in the concrete.

One of the major aspects of cement chemistry that concern cement users is the influence of chemical
admixtures on portland cement. Since the early 1960s, most states have permitted or required the use of water-
reducing and other admixtures in highway pavements and structures. A wide variety of chemical admixtures have
been introduced to the concrete industry over the last three decades, and engineers are increasingly concerned
about the positive and negative effects of these admixtures on cement and concrete performance.

Considerable research dealing with admixtures has been conducted in the United States. Air-entraining agents
are widely used in the highway industry in North America, where concrete will be subjected to repeated freeze—
thaw cycles. Air-entraining agents have no appreciable effect on the rate of hydration of cement or on the chemical
composition of hydration products. However, an increase in cement fineness or a decrease in cement alkali content
generally increases the amount of an admixture required for a given air content. Water reducers or retarders in-
fluence cement compounds and their hydration. Lignosulfonate-based admixtures affect the hydration of C;A,
which controls the setting and early hydration of cement. C3S and C4AF hydration is also influenced by water
reducers.

Test results showed that alkali and C;A contents influence the required admixtures to achieve the desired
mix. It appears that set retarders, for example, are more effective with cement of low alkali and low C3A content,
and that water reducers seem to improve the compressive strength of concrete-containing cements of low alkali
content more than that of the concrete-containing cements of high alkali content.

Source: U.S. Department of Transportation-FHWA

5.1.2 Physical Properties of Portland Cement

Physical Properties of Portland Cements. ASTM C 150 and AASHTO M 85 have specified certain physical
requirements for each type of cement. These properties include (1) fineness, (2) soundness, (3) consistency,
(4) setting time, (5) compressive strength, (6) heat of hydration, (7) specific gravity, and (8) loss of ignition.
Each of these properties has an influence on the performance of cement in concrete. The fineness of the cement,
for example, affects the rate of hydration. Greater fineness increases the surface available for hydration, causing
greater early strength and more rapid generation of heat (the fineness of Type III is higher than that of Type I
cement).

ASTM C 150 and AASHTO M 85 specifications are similar except with regard to fineness of cement.
AASHTO M 85 requires coarser cement, which will result in higher ultimate strengths and lower early-strength
gain. The Wagner Turbidimeter and the Blaine air permeability test for measuring cement fineness are both
required by the American Society for Testing Materials (ASTM) and the American Association for State High-
way Transportation Officials (AASHTO). Average Blaine fineness of modern cement ranges from 3,000 to
5,000 cm?/g (300 to 500 m*/kg).

Soundness, which is the ability of hardened cement paste to retain its volume after setting, can be charac-
terized by measuring the expansion of mortar bars in an autoclave (ASTM C 191, AASHTO T 130). The com-
pressive strength of 2-in. (50-mm) mortar cubes after 7 days (as measured by ASTM C 109) should not be less
than 2800 psi (19.3 MPa) for Type I cement. Other physical properties included in both ASTM C 150 and
AASHTO M 95 are specific gravity and false set. False set is a significant loss of plasticity shortly after mixing
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\
TABLE 1.2 Effects of cements on concrete properties.
Cement Property Cement Effects
Placeability Cement amount, fineness, setting characteristics
Strength Cement composition (C5S, C,S and C3A), loss on ignition, fineness
Drying Shrinkage SO;content, cement composition
Permeability Cement composition, fineness
Resistance to sulfate C;A content
Alkali Silica Reactivity Alkali content
Corrosion of embedded steel Cement Composition (esp. C3A content)
o %

due to the formation of gypsum or the formation of ettringite after mixing. In many cases, workability can be
restored by remixing concrete before it is cast.

The effects of cement on the most important concrete properties are presented in Table 1.2.

Cement composition and fineness play a major role in controlling concrete properties. Fineness of cement
affects the placeability, workability, and water content of a concrete mixture much like the amount of cement
used in concrete does.

Cement composition affects the permeability of concrete by controlling the rate of hydration. However, the
ultimate porosity and permeability are unaffected. The coarse cement tends to produce pastes with higher
porosity than that produced by finer cement. Cement composition has only a minor effect on freeze—thaw
resistance. Corrosion of embedded steel has been related to C3A content. The higher the C;A, the more
chloride can be tied into chloroaluminate complexes—and thereby be unavailable for catalysis of the corrosion
process.

Source: U.S. Department of Transportation—FHWA

5.1.3 Blended Portland Cement

Blended cement, as defined in ASTM C 595, is a mixture of portland cement and blast-furnace slag (BFS) or a
“mixture of portland cement and a pozzolan (most commonly fly ash).”

The use of blended cements in concrete reduces mixing water and bleeding, improves finishability and work-
ability, enhances sulfate resistance, inhibits the alkali-aggregate reaction, and lessens heat evolution during
hydration, thus moderating the chances for thermal cracking on cooling.

Blended cement types and blended ratios are presented in Table 1.3.

~
TABLE 1.3 Blended cement types and blended ratios.

Type Blended Ingredients

IP 15-40% by weight of pozzolan (fly ash)

1(PM) 0-15% by weight of Pozzolan (fly ash) (modified)

P 15-40% by weitht of pozzolan (fly ash)

IS 25-70% by weight of blast-furnace slag

1(SM) 0-25% by weight of blast-furnace slag (modified)

S 70-100% by weight of blast-furnace slag

N /
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The advantages to using mineral admixtures added at the batch plant are as follows.

e Mineral admixture replacement levels can be modified on a day-to-day and job-to-job basis to suit project
specifications and needs.

e Cost can be decreased substantially while performance is increased (taking into consideration the fact that
the price of blended cement is at least 10% higher than that of Type I/II cement [U.S. Dept. Int. 1989]).

e GGBEFS can be ground to its optimum fineness.

e Concrete producers can provide specialty concretes in the concrete product markets.

At the same time, several precautions must be considered when mineral admixtures are added at the
batch plant.

e Separate silos are required to store the different hydraulic materials (cements, pozzolans, slags). This might
slightly increase the initial capital cost of the plant.

e There is a need to monitor variability in the properties of the cementitious materials, often enough to enable
operators to adjust mixtures or obtain alternate materials if problems arise.

e Possibilities of cross-contamination or batching errors are increased as the number of materials that must be
stocked and controlled is increased.

Source: U.S.Department of Transportation—FHWA

5.1.4 Modified Portland Cement (Expansive Cement)

Expansive cement, as well as expansive components, is a cement-containing hydraulic calcium silicate (such as
those characteristic of portland cement) that, upon being mixed with water, forms a paste. During the early
hydrating period occurring after setting, it increases in volume significantly more than does portland cement
paste. Expansive cement is used to compensate for volume decrease due to shrinkage and to induce tensile stress
in reinforcement.

Expansive cement concrete used to minimize cracking caused by drying shrinkage in concrete slabs,
pavements, and structures is termed shrinkage-compensating concrete.

Self-stressing concrete is another expansive cement concrete in which the expansion, if restrained, will
induce a compressive stress high enough to result in a significant residual compression in the concrete after
drying shrinkage has occurred.

Types of Expansive Cements. Three kinds of expansive cement are defined in ASTM C 845.

e Type K: Contains anhydrous calcium aluminate
e Type M: Contains calcium aluminate and calcium sulfate
e Type S: Contains tricalcium aluminate and calcium sulfate

Only Type K is used in any significant amount in the United States.

Concrete placed in an environment where it begins to dry and lose moisture will begin to shrink. The amount
of drying shrinkage that occurs in concrete depends on the characteristics of the materials, mixture proportions,
and placing methods. When pavements or other structural members are restrained by subgrade friction,
reinforcement, or other portions of the structure, drying shrinkage will induce tensile stresses. These drying
shrinkage stresses usually exceed the concrete tensile strengths, causing cracking. The advantage of using
expansive cements is to induce stresses large enough to compensate for drying shrinkage stresses and minimize
cracking.

Physical and mechanical properties of shrinkage compensating concrete are similar to those of portland
cement concrete (PCC). Tensile, flexural, and compressive strengths are comparable to those in PCC. Air-
entraining admixtures are as effective with shrinkage-compensating concrete as with portland cement in
improving freeze—thaw durability.
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Some water-reducing admixtures may be incompatible with expansive cement. Type A water-reducing admix-
ture, for example, may increase the slump loss of shrinkage-compensating concrete. Fly ash and other pozzolans
may affect expansion and may also influence strength development and other physical properties.

Structural design considerations and mix proportioning and construction procedures are available in ACI
223-83. This report contains several examples of using expansive cements in pavements.

In Japan, admixtures containing expansive compounds are used instead of expansive cements. Described
using expansive admixtures in building chemically prestressed precast concrete box culverts. Bending charac-
teristics of chemically prestressed concrete box culverts were identical to those of reinforced concrete units of
greater thickness. Expansive compounds are also available in the United States. They can be added to the mix in
a way similar to how fly ash is added to concrete mixes.

Source: U.S. Department of Transportation—FHWA

5.2.0 Types of Cement and What They Do

Portland cement is a type of cement, not a brand name. Many cement manufacturers make portland cement. To
find what concrete is made of and to learn about concrete mix designs, admixtures, and water-to-cement ratios,
read our section “What Is Concrete”.

Type 1—Normal portland cement. Type 1 is a general use cement.

Type 2—Used for structures in water or soil containing moderate amounts of sulfate, or when heat buildup is
a concern.

Type 3—High-early strength. Used when high strengths are desired at very early periods.

Type 4—Low-heat portland cement. Used where the amount and rate of heat generation must be kept to a
minimum.

Type 5—Sulfate-resistant portland cement. Used where the water or soil is high in alkali.

Types IA, IIA, and IITA are cements used to make air-entrained concrete. They have the same properties as
types I, II, have small quantities of air-entrained materials combined with them.

These are very short descriptions of the basic types of cement. There are other types for various purposes
such as masonry cements, just to name two examples.

Your ready-mix company will know what the requirements are for your area and for your particular use.
Simply ask the of cement is and if that will work for your conditions.

Source: concretenet work.com

5.3.0 Concrete Compressive Strengths—U.S. and Metric
Nominal MPa Values of Equivalent psi Concrete Strengths

In metric, concrete strength is denominated in megapascals (MPa).
In imperial, concrete strength is denominated in pounds per square inch (psi).

2500 psi = 18 MPa (17.23 MPa exact)
3000 psi = 20 MPa (20.67 MPa exact)
3500 psi = 25 MPa (24.12 MPa exact)
4000 psi = 30 mpa (27.57 mpa exact)
5000 psi = 35 mpa (34.46 mpa exact)
6000 psi = 40 mpa (41.35 mpa exact)

Use 0.0068915 to convert psi to MPa.
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Newtons, psi, Concrete Strength, and Prestressed Slabs
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Concrete strengths are customarily denominated in psi (pounds per square inch) in the imperial system and in

MPa (megapascals) in metric. These are units of pressure.

The newton (N) is a measure of force. 1 newton is that force which pushes 1 gram of matter with an
acceleration of 1 centimeter per second per second (or per second ?) or, equivalently, the force that accelerates
1 kilogram of matter to 1 meter per second 2.

Force = mass x acceleration

Velocity is a measure of constant speed (i.e., meters per second, miles per hour, furlongs per fortnight)
Velocity is speed in a certain direction

Acceleration is the rate of change in velocity over time
Acceleration can be either positive or negative (deceleration)

When you apply the force of 1 newton to a 1 meter 2 area, you have pressure.

By permission: mc2-ice.com

I N = 1 kg x (1 meter/second’) —1 N = 1 kg.meter/second’
IN =1gx (1cm/second?)

Pressure = force per area

5.4.0 Sieve Analysis Defining Coarse and Fine Aggregates

\

a Sieve Analysis Table
Sieve Size Coarse Cumulative Combined
Aggregate Aggregate Combined
1% 2% 3% 1% % %
Passing Passing Passing Passing Passing Passing Retained Retained
2in. 100 100 - 100 - 100 0 0
1-1/2 in. 100 100 - 100 - 100 0 0
1in. 95 100 - 100 - 98 2 2
3/4in 62 100 - 100 - 81 19 17
1/2in 35 100 - 100 - 67 33 14
3/8in 20 95 - 100 - 59 41 8
No. 4 1 65 - 100 - 46 54 13
No. 8 - 1 - 96 - 36 64 10
No. 16 - - - 79 - 29 71 7
No. 30 - - - 45 - 17 83 12
No. 50 - - - 17 - 6 94 11
No. 100 - - - 7 - 3 97 3
No. 200 . . - 2 . 1 99 3
Pan - - - 0 - 0 100 1
% of Aggregate 50% 13% 0% 37% 0% - - -
N
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Charts

Coarseness Factor Chart—Use the cumulative combined sieve analysis to determine the coarseness
and workability factors. Plot the coarseness and workability factors on the Coarseness Factor Chart.

Determine the coarseness factor using the following equation:
S
Coarseness Factor = T x 100

where:

S = % Cumulative Retained on 3/8 in. Sieve and
T = % Cumulative Retained on No. 8 Sieve.

The workability factor is the cumulative combined percentage passing the No. 8 sieve.

Increase the workability factor by 2.5 percentage points for every 94 Ib per cubic yard of cementitious
material used in excess of 564 Ib per cubic yard in the mix design.

Decrease the workability factor by 2.5 percentage points for every 94 Ib per cubic yard

Source: Texas DOT

5.4.1 Air-Entraining Admixtures
Air Entrainment

Air entrainment is the process whereby many small air bubbles are incorporated into concrete and become part of
the matrix that binds the aggregate together in the hardened concrete. These air bubbles are dispersed throughout
the hardened cement paste but are not, by definition, part of the paste (Dolch 1984). Air entrainment has now been
an accepted fact in concrete technology for more than 45 years. Although historical references indicate that certain
archaic and early twentieth-century concretes were indeed inadvertently air entrained, the New York State Depart-
ment of Public Works and the Universal Atlas Cement Company were among the first to recognize that controlled
additions of certain naturally occurring organic substances derived from animal and wood by-products could ma-
terially increase the resistance of concrete in roadways to attack brought on by repeated freeze—thaw cycles and the
application of deicing agents.

Extensive laboratory testing and field investigation concluded that the formation of minute air bubbles
dispersed uniformly through the cement paste increased the freeze—thaw durability of concrete. This formation
can be achieved through the use of organic additives, which enable the bubbles to be stabilized or entrained
within the fresh concrete. These additives are called air-entraining agents.

Besides the increase in freeze—thaw and scaling resistances, air-entrained concrete is more workable than
nonentrained concrete. The use of air-entraining agents also reduces bleeding and segregation of fresh concrete.

Materials and Specifications. The most commonly used chemical surfactants can be categorized into four
groups: (1) salts of wood resins, (2) synthetic detergents, (3) salts of petroleum acids, and (4) fatty and resinous
acids and their salts (Dolch 1984).

Until the early 1980s, the majority of concrete air entrainers were based solely on salts of wood resins or
neutralized Vinsol resin (Edmeades and Hewlett 1986), and most concrete highway structures and pavements
were air entrained by Vinsol resin. Today, a wider variety of air-entraining agents is available and competes with
Vinsol resins.

Requirements and specifications of air-entraining agents to be used in concrete are covered in ASTM C 260
and AASHTO M 154. According to these specifications, each admixture to be used as an air-entraining agent
should cause a substantial improvement in durability, and none of the essential properties of the concrete should
be seriously impaired. This provides a means to evaluate air-entraining admixtures on a performance basis.
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Factors Affecting Air Entrainment. The air-void system created by using air-entraining agents in concrete is
also influenced by concrete materials and construction practice. Concrete materials such as cement, sand, ag-
gregates, and other admixtures play an important role in maintaining the air-void system in concrete. It has been
found that air content will increase as cement alkali levels increase and decrease as cement fineness increases
significantly.

Fine aggregate serves as a three-dimensional screen and traps the air; the more median sand there is in the
total aggregate, the greater the air content of the concrete will be (Dolch 1984). Gradation has more influence in
leaner mixes. Median sand ranging from the No. 30 sieve to the No. 100 is the most effective at entraining air.
Excessive fines, minus No. 100 material, causes a reduction in air entrainment.

Because the use of chemical and mineral admixtures in addition to air-entraining agents has become common
practice, concrete users are always concerned about the effects of these admixtures on the air-void system and
durability of concrete. The effects of water reducers, retarders, and accelerators were widely investigated by
many researchers. In regards to gross air content obtained when water-reducing and retarding admixtures
are used in concrete, numerous studies have shown that for most of the materials, less air-entraining agent
is needed to achieve a given specified air content. Chemical admixtures should be added separately from
air-entraining additives.

Source: U.S. Department of Transportation—FHWA

When lignosulfonate water reducers are used, less air-entraining agent is required because the lignosulfo-
nates have a moderate air-entraining capacity, although alone they do not react as air-entraining agents (Dolch
1984). For a fixed amount of air-entraining agent, the effect of added calcium chloride is to slightly increase the
air content (Edmeades and Hewlett 1986). The effect is more pronounced as amounts greater than 1% of the
weight of cement are used. Some HRWR (superplasticizers) interact with cements and air-entraining agents,
resulting in reductions in specific surfaces and increases in air-void spacing factors.

Mineral admixtures such as fly ash and silica fume also affect the formation of void systems in concrete. In their
study on the effect of fly ash on air-void stability of concrete, showed that concretes containing fly ash produced
relatively stable air-void systems. However, the volume of air retained is affected by fly ash types. In mixtures con-
taining fly ashes, the amount of air-entraining agent required to produce a given percentage of entrained air is higher,
and sometimes much higher, than it is in comparable mixtures without fly ash. In a series of papers, researchers
presented the results of a study on factors that affect the air-void stability in concretes (Pigeon, Aitcin, and LaPlante
1987; Pigeon and Plante 1989). They found that silica fume has no significant influence on the production and sta-
bility of the air-void system during mixing and agitation. Also indicated that silica fume has no detrimental effects on
the air-void system.

Temperature can also have a significant effect on air entrainment. Air entrainment varies inversely with
temperature. The same mix will entrain more air at 50°F (10°C) than at 100°F (38°C).

Air Content Control. Measurement of air content is an important checking “sensor” for the concrete user to
know whether concrete will resist freeze—thaw damage. Because average void spacing decreases as air content
increases, an “optimum” air content at which void spacing will prevent the development of excessive pressure
due to freezing and thawing will exist.

It is important to check the air content of fresh concrete regularly for control purposes. Air content should be
tested not only at the mixer but also at the point of discharge into the forms, because of losses of air content due to
handling and transportation.

Recommendations

1. Air-entraining admixtures should be specified when concrete will be exposed to freeze—thaw conditions,
deicing salt applications, or sulfate attack.

2. Although air-entraining admixtures are compatible with most other admixtures, care should be taken to pre-
vent them from coming in contact during the mixing process.
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5.4.2 Superplasticizers

The use of superplasticizers (high-range water reducer) has become a quite common practice. This class of water
reducers was originally developed in Japan and Germany in the early 1960s; it was introduced in the United
States in the mid-1970s.

Superplasticizers are linear polymers containing sulfonic acid groups attached to the polymer backbone at
regular intervals. Most of the commercial formulations belong to one of four families:

Sulfonated melamine-formaldehyde condensates (SMF)
Sulfonated naphthalene-formaldehyde condensates (SNF)
Modified lignosulfonates (MLS)

Polycarboxylate derivatives

The sulfonic acid groups are responsible for neutralizing the surface charges on the cement particles and
causing dispersion, thus releasing the water tied up in the cement particle agglomerations and thereafter reduc-
ing the viscosity of the paste and concrete.

ASTM C 494 was modified to include high-range water-reducing admixtures in the edition published in
July 1980. The admixtures were designated Type F water-reducing, high-range admixtures and Type G
water-reducing, high-range, and retarding admixtures.

Effect of Superplasticizers on Concrete Properties. The main purpose of using superplasticizers is to produce
flowing concrete with very high slump in the range of 7-9 in. (175-225 mm) to be used in heavily reinforced
structures and in placements where adequate consolidation by vibration cannot be readily achieved. The other
major application is the production of high-strength concrete at w/c’s ranging from 0.3 to 0.4.

The ability of superplasticizers to increase the slump of concrete depends on such factors as the type, dosage,
and time of addition of superplasticizer; w/c; and the nature or amount of cement. It has been found that for most
types of cement, superplasticizer improves the workability of concrete. For example, incorporation of 1.5%
SMF to a concrete containing Type I, II, and V cements increases the initial slump of 3 in. (76 mm) to 8.7,
8.5, and 9 in. (222, 216, and 229 mm), respectively.

The capability of superplasticizers to reduce water requirements 12-25% without affecting the workability
leads to production of high-strength concrete and lower permeability. Compressive strengths greater than
14,000 psi (96.5 mpa) at 28 days have been attained. Use of superplasticizers in air-entrained concrete can
produce coarser-than-normal air-void systems. The maximum recommended spacing factor for air-entrained
concrete to resist freezing and thawing is 0.008 in. (0.2 mm). In superplasticized concrete, spacing factors in
many cases exceed this limit. Even though the spacing factor is relatively high, the durability factors are above
90 after 300 freeze—thaw cycles for the same cases. A study indicated that high-workability concrete containing
superplasticizer can be made with a high freeze—thaw resistance, but air content must be increased relative to
concrete without superplasticizer. This study also showed that the type of superplasticizer has nearly no influ-
ence on the air-void system.
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One problem associated with using a high-range water reducer in concrete is slump loss. In a study of the
behavior of fresh concrete containing conventional water reducers and high-range water reducer, found that with
time slump loss is very rapid in spite of the fact that second-generation high-range water reducers are claimed
not to suffer as much from the slump loss phenomenon as the first-generation conventional water reducers do.
However, slump loss of flowing concrete was found to be less severe, especially for newly developed admixtures
based on copolymeric formulations.

The slump loss problem can be overcome by adding the admixture to the concrete just before the concrete is
placed.

Source: U.S. Department of Transportation—FHWA

However, there are disadvantages to such a procedure. The dosage control, for example, might not be
adequate, and it requires ancillary equipment such as truck-mounted admixture tanks and dispensers. Adding
admixtures at the batch plant, besides dosage control improvement, reduces wear of truck mixers and lessens the
tendency to add water onsite. New admixtures now being marketed can be added at the batch plant and can hold
the slump above 8 in. (204 mm) for more than 2 hours.

Recommendations

1. Verification tests should be performed on liquid admixtures to confirm that the material is the same as
that which was approved. The identifying tests include chloride and solids content, ph, and infrared
spectrometry.

2. If transit mix trucks are used to mix high-slump concrete, it is recommended that a 75 mm slump concrete be
used at a full mixing capacity to ensure uniform concrete properties.

3. If transit mix trucks are used to mix low w/c ratio concrete, it is recommended that the load size be reduced to
5 to % of the mixing capacity to ensure uniform concrete properties.

4. If freeze—thaw testing as described by ASTM C 666 indicates this to be a problem, it is recommended that the
air content be increased by 1.5%.

5.4.3 Fly Ash
Infrastructure

Fly ashes are finely divided residue resulting from the combustion of ground or powdered coal. They are
generally finer than cement and consist mainly of glassy-spherical particles as well as residues of hematite
and magnetite, char, and some crystalline phases formed during cooling. Use of fly ash in concrete started
in the United States in the early 1930s. The first comprehensive study was that described in 1937, by
R. E. Davis at the University of California. The major breakthrough in using fly ash in concrete was
the construction of Hungry Horse Dam in 1948, utilizing 120,000 metric tons of fly ash. This decision
by the U.S. Bureau of Reclamation paved the way for using fly ash in concrete constructions.

In addition to economic and ecological benefits, the use of fly ash in concrete improves its workability;
reduces segregation, bleeding, heat evolution, and permeability; inhibits alkali-aggregate reaction; and enhances
sulfate resistance. Even though the use of fly ash in concrete has increased in the last 20 years, less than 20% of
the fly ash collected was used in the cement and concrete industries.

One of the most important fields of application for fly ash is PCC pavement, where a large quantity of
concrete is used and economy is an important factor in concrete pavement construction. The FHWA has been
encouraging the use of fly ash in concrete. When the price of fly ash concrete is equal to, or less than, the price of
mixes with only portland cement, fly ash concretes are given preference if technically appropriate under FHWA
guidelines.
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Classifications and Specifications

Two major classes of fly ash are specified in ASTM C 618 on the basis of their chemical composition resulting
from the type of coal burned; these are designated Class F and Class C. Class F is fly ash normally produced from
burning anthracite or bituminous coal, and Class C is normally produced from the burning of subbituminous coal
and lignite (as are found in some of the western states of the United States) (Halstead 1986). Class C fly ash
usually has cementitious properties in addition to pozzolanic properties due to free lime, whereas Class F is
rarely cementitious when mixed with water alone. All fly ashes used in the United States before 1975 were
Class F.

Fly ash that is produced at base-loaded electric generating plants is usually very uniform. Base-loaded plants
are those plants that operate continuously. The only exception to uniformity is in the start-up and the shutdown
of these plants. Contamination may occur from using other fuels to start the plant, and inconsistencies in carbon
content occur until the plant reaches full operating efficiency. The ash produced from the start-up and shutdown
must be separated from what is produced when the plant is running efficiently. In addition, when sources of coal
are changed, it is necessary to separate the two types of fly ashes. Peak-load plants are subjected to many start-up
and shutdown cycles. Because of this, these plants may not produce much uniform fly ash.

The most often used specifications for fly ash are ASTM C 618 and AASHTO M 295. While some differ-
ences exist, these two specifications are essentially equivalent. Some state transportation agencies have
specifications that differ from the standards. The general classification of fly ash by the type of coal burned
does not adequately define the type of behavior to be expected when the materials are used in concrete.

There are also wide differences in characteristics within each class. Despite the reference in ASTM C 618
to the classes of coal from which Class F and Class C fly ashes are derived, there was no requirement that a
given class of fly ash must come from a specific type of coal. For example, Class F ash can be produced
from coals that are not bituminous, and bituminous coals can produce ash that is not Class F (Halstead
1986). It should be noted that current standards contain numerous physical and chemical requirements that
do not serve a useful purpose. Whereas some requirements are needed for ensuring batch-to-batch uniformity,
many are unnecessary.

Source: U.S. Department of Transportation—-FHWA

Mix Design

The substitution rate of fly ash for portland cement will vary depending on the chemical composition of both the
fly ash and the portland cement. The rate of substitution typically specified is a minimum of 1 to 1% pounds of fly
ash to 1 pound of cement. It should be noted that the amount of fine aggregate will have to be reduced to ac-
commodate the additional volume of fly ash. This is due to fly ash being lighter than the cement.

The amount of substitution is also dependent on the chemical composition of the fly ash and the portland
cement. Currently, states allow a maximum substitution in the range of 15 to 25%.

The effects of fly ash, especially Class F, on fresh and hardened concrete properties have been extensively
studied by many researchers in different laboratories, including the U.S. Army Corps of Engineers, PCA
(Portland Cement Association), and the Tennessee Valley Authority. The two properties of fly ash that are
of most concern are its carbon content and fineness. Both of these properties will affect the air content and water
demand of the concrete.

The finer the material, the higher the water demand due to the increase in surface area. The finer material
requires more air-entraining agent to give the mix the desired air content. The important thing to remember is
uniformity. If fly ash is uniform in size, the mix design can be adjusted to give a good uniform mix.

The carbon content, which is indicated by the loss of ignition, also affects the air-entraining agents and
reduces the entrained air for a given amount of air-entraining agent. More air-entraining agent will need to



228 Construction Calculations Manual

be added to get the desired air content. The carbon content will also affect water demand since the carbon will
absorb water. Again, uniformity is important since the differences from non-fly ash concrete can be adjusted in
the mix design.

Fresh Concrete Workability. Use of fly ash increases the absolute volume of cementitious materials (cement
plus fly ash) compared to non-fly-ash concrete. Therefore, the paste volume is increased, leading to a reduction
in aggregate particle interference and enhancement in concrete workability. The spherical particle shape of fly
ash also participates in improving the workability of fly ash concrete because of the so-called ball-bearing effect.
It has been found that both classes of fly ash improve concrete workability.

Bleeding. Using fly ash in air-entrained and non—air-entrained concrete mixtures usually reduces bleeding by
providing greater fines volume and lower water content for a given workability. Although increased fineness
usually increases the water demand, the spherical particle shape of the fly ash lowers particle friction and offsets
such effects. Concrete with relatively high fly ash content will require less water than non—fly-ash concrete of
equal slump.

Time of Setting. All Class F and most Class C fly ashes increase the time of setting of concrete. Time of
setting of fly ash concrete is influenced by the characteristics and amounts of fly ash used in concrete. For
highway construction, changes in time of setting of fly ash concrete from non—fly-ash concrete using sim-
ilar materials will not usually introduce a need for changes in construction techniques; the delays that occur
may be considered advantageous.

Strength and Rate of Strength of Hardened Concrete. Strength of fly ash concrete is influenced by type of
cement, quality of fly ash, and curing temperature compared to that of non—fly-ash concrete proportioned for
equivalent 28-day compressive strength. Concrete containing typical Class F fly ash may develop lower strength
at 3 or 7 days of age when tested at room temperature. However, fly ash concretes usually have higher ultimate
strengths when properly cured. The slow gain of strength is the result of the relatively slow pozzolanic reaction
of fly ash. In cold weather, the strength gain in fly ash concretes can be more adversely affected than the strength
gain in non—fly-ash concrete. Therefore, precautions must be taken when fly ash is used in cold weather.

Freeze—Thaw Durability of Hardened Concrete. On the basis of a comparative experimental study of freeze—
thaw durability of conventional and fly ash concrete, it has been observed that the addition of fly ash has no
major effect on the freeze—thaw resistance of concrete if the strength and air content are kept constant. The ad-
dition of fly ash may have a negative effect on the freeze—thaw resistance of concrete when a major part of the
cement is replaced by it. The use of fly ash in air-entrained concrete will generally require an increase in the
dosage rate of the air-entraining admixture to maintain constant air. Air-entraining admixture dosage depends on
carbon content, loss of ignition, fineness, and amount of organic material in the fly ash. ACI Carbon content of
fly ash, which is related to the coal burned by the producing utility of the type and condition of furnaces in the
production process of fly ash, influences the behavior of admixtures in concrete. It has been found that high-
carbon-content fly ash reduces the effectiveness of admixtures such as air-entraining agents.

Alkali-Silica Reaction of Hardened Concrete. One important reason for using fly ash in highway construc-
tion is to inhibit the expansion resulting from alkali-silica reaction (ASR). It has been found that (1) the alkalies
released by the cement preferentially combine with the reactive silica in the fly ash rather than in the aggregate,
and (2) the alkalies are tied up in nonexpansive calcium-alkali-silica gel. Thus hydroxyl ions remaining in the
solution are insufficient to react with the material in the interior of the larger reactive aggregate particles, and
disruptive osmotic forces are not generated.

In a paper presented at the 8th International Conference on alkali-aggregate reactivity held in Japan in 1989,
Swamy and Al-Asali indicated that ASR expansion is generally not proportional to the percentage of cement
replacement by fly ash. The rate of reactivity, the replacement level, the method of replacement, and the
environment all have a profound influence on the protection against ASR afforded by fly ash. Several investi-
gators have stated that ASR expansions correlated better with water-soluble alkali-silica content than with total
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alkali content. The addition of some high-calcium fly ash containing large amounts of soluble alkali sulfate
might increase rather than decrease the alkali-aggregate reactivity. The effectiveness of different fly ashes in
reducing long-term expansion varied widely; for each fly ash, this may be dependent on its alkali content or
fineness.

Blended Cements

The following will discuss the Type “IP,” “P,” and “I(PM)” cements. The specifications for these cements are in
AASHTO M-240 and ASTM C-595. Blended cements can be manufactured by either intimate blending of port-
land cement and pozzolan or intergrinding of the pozzolan with the cement clinker in the kiln. Type “I(PM)”
(pozzolan-modified cement) allows up to 15% replacement of cement with fly ash. The Type “IP” and Type‘P”
are pozzolan-modified portland cements that allow 15-40% replacement with pozzolans. The difference in the
two types of cements is in the ultimate strength and the rate of strength gain of the concretes. Most states specify
limits on the pozzolanic content on Type “IP” cement. These limits are between 15 and 25%.

Restraints on the Use of Fly Ash Concrete in Highway Construction

It is well known now that both classes of fly ash improve the properties of concrete, but several factors and
cautions should be considered when using fly ashes, especially in highway construction, where fly ash is heavily
used. A report prepared by the Virginia Highway and Transportation Research Council (VHTRC) and discussed
several restraints relating to the use of fly ash concrete for construction of highways and other highway struc-
tures. These restraints include the following: (1) special precautions may be necessary to ensure that the proper
amount of entrained air is present; (2) not all fly ashes have sufficient pozzolanic activity to provide good results
in concrete; (3) suitable fly ashes are not always available near the construction site, and transportation costs
may nullify any cost advantage; and (4) mix proportions might have to be modified for any change in the fly ash
composition.

Since the cement—fly ash reaction is influenced by the properties of the cement, it is important for a trans-
portation agency not only to test and approve each fly ash source but also to investigate the properties of the
specific fly ash—cement combination to be used for each project.

5.4.4 Silica Fume

Silica fume, also known as microsilica, is a by-product of the reduction of high-purity quartz with coal in electric
furnaces in the production of silicon and ferrosilicon alloys. Silica fume is also collected as a by-product of
other silicon alloys such as ferrochromium, ferromanganese, ferromagnesium, and calcium silicon. Before
the mid-1970s, nearly all silica fume was discharged into the atmosphere. After environmental concerns
necessitated the collection and landfilling of silica fume, it became economically justified to use it in various
applications.

Silica fume consists of very fine vitreous particles with a surface area ranging from 60,000 to 150,000 ft*/1b
or 13,000 to 30,0000 m*/kg when measured by nitrogen absorption techniques, with particles approximately
100 times smaller than the average cement particle. Because of its extreme fineness and high silica content,
silica fume is a highly effective pozzolanic material. Silica fume is used in concrete to improve its properties.
It has been found that it improves compressive strength, bond strength, and abrasion resistance; reduces per-
meability; and therefore helps in protecting reinforcing steel from corrosion.
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Specifications

The first national standard for use of silica fume . The AASHTO and ASTM C 1240 covers microsilica for use as
a mineral admixture in PCC and mortar to fill small voids and in cases in which pozzolanic action is desired. It
provides the chemical and physical requirements, specific acceptance tests, and packaging and package
marking.

Mix Design

Silica fume has been used as an addition to concrete up to 15% by weight of cement, although the normal pro-
portion is 7 to 10%. With an addition of 15%, the potential exists for very strong, brittle concrete. It increases the
water demand in a concrete mix; however, dosage rates of less than 5% will not typically require a water reducer.
High replacement rates will require the use of a high-range water reducer.

Effects on Air Entrainment and Air-Void System of Fresh Concrete. The dosage of air-entraining agents
needed to maintain the required air content when using silica fume is slightly higher than that for conventional
concrete because of the high surface area and the presence of carbon. This dosage is increased with increasing
amounts of silica fume content in concrete.

Effects on Water Requirements of Fresh Concrete. Silica fume added to concrete by itself increases water
demands, often requiring one additional pound of water for every pound of added silica fume. This problem can
be easily compensated for by using HRWR.

Effects on Consistency and Bleeding of Fresh Concrete. Concrete incorporating more than 10% silica fume
becomes sticky; in order to enhance workability, the initial slump should be increased. It has been found that
silica fume reduces bleeding because of its effect on rheologic properties.

Effects on Strength of Hardened Concrete. Silica fume has been successfully used to produce very
high-strength, low-permeability, and chemically resistant concrete. Addition of silica fume by itself, with other
factors being constant, increases the concrete strength.

Incorporation of silica fume into a mixture with HRWR also enables the use of a lower water-to-cementitious-
materials ratio than may have been possible otherwise. The modulus of rupture of silica fume concrete is usually
either about the same as or somewhat higher than that of conventional concrete at the same level of compressive
strength.

Effects on Freeze—thaw Durability of Hardened Concrete. Air-void stability of concrete incorporating silica
fume was studied by Pigeon, Aitcin, and LaPlante (1987) and Pigeon and Plante (1989). Their test results
indicated that the use of silica fume has no significant influence on the production and stability of the air-void
system. Freeze—thaw testing (ASTM C 666) on silica fume concrete showed acceptable results; the average
durability factor was greater than 99%.

Source: U.S. Department of Transportation—-FHWA

Effects on Permeability of Hardened Concrete. It has been shown by several researchers that addition of
silica fume to concrete reduces its permeability. Rapid chloride permeability testing (AASHTO 277) conducted
on silica fume concrete showed that addition of silica fume (8% silica fume) significantly reduces the chloride
permeability. This reduction is primarily the result of the increased density of the matrix due to the presence of
silica fume.

Effects on ASR of Hardened Concrete. Silica fume, like other pozzolans, can reduce ASR and prevent
deleterious expansion due to ASR.
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Availability and Handling

Silica fume is available in two conditions: dry and wet. Dry silica can be provided as produced or densified with
or without dry admixtures and can be stored in silos and hoppers. Silica fume slurry with low or high dosages of
chemical admixtures is available. Slurried products are stored in tanks with capacities ranging from a few thou-
sand to 400,000 gallons (15100 m®).

5.4.5 Ground Granulated Blast-Furnace Slag

Although portland blast-furnace slag cement, which is made by intergrinding the granulated slag with portland
cement clinker (blended cement), has been used for more than 60 years, the use of separately ground slag
combined with portland cement at the mixer as a mineral admixture did not start until the late 1970s. Ground
granulated blast-furnace slag is the granular material formed when molten iron blast-furnace slag is rapidly
chilled (quenched) by immersion in water. It is a granular product with very limited crystal formation, is highly
cementitious in nature and, ground to cement fineness, and hydrates like portland cement.

Specifications

ASTM C 989-82 and AASHTO M 302 were developed to cover ground granulated blast-furnace slag for use in
concrete and mortar. The three grades are 80, 100, and 120.

Mix Design

The use of grade 80 ground granulated blast-furnace slag should be avoided unless warranted in special circum-
stances. The grade of a ground granulated blast-furnace slag is based on its activity index, which is the ratio
of the compressive strength of a mortar cube made with a 50% ground granulated blast-furnace slag-cement
blend to that of a mortar cube made with a reference cement. For a given mix, the substitution of grade 120
ground granulated blast-furnace slag for up to 50% of the cement will generally yield a compressive strength
at 7 days and beyond equivalent to or greater than that of the same concrete made without ground granulated
blast-furnace slag. Substitution of grade 100 ground granulated blast-furnace slag will generally yield an
equivalent or greater strength at 28 days. However, concrete made with grade 80 ground granulated blast-
furnace slag will have a lower compressive strength at all ages. To provide a product with equivalent or greater
compressive strengths, only grades 100 and 120 ground granulated blast-furnace slag should be used. However,
in mass concrete, the heat of hydration may be an overriding factor, and the use of grade 80 slag may be
appropriate.

Ground granulated blast-furnace slag is a cementitious material and can be substituted for cement on a 1:1
basis. In the absence of special circumstances or mix specific data, the substitution of ground granulated blast-
furnace slag should be limited to 50% for areas not exposed to deicing salts and to 25% for concretes that will be
exposed to deicing salts. While substitution of ground granulated blast-furnace slag for up to 70% of the portland
cement in a mix has been used, there appears to be an optimum substitution percentage that produces the greatest
28-day strength. This is typically 50% of the total cementitious material but depends on the grade of ground
granulated blast-furnace slag used. Also, research has shown that the scaling resistance of concretes decreases
with ground granulated blast-furnace slag substitution rates greater than 25%.

These guidelines on ground granulated blast-furnace slag substitution rates are intended to provide a starting
point for designers with little or no experience in the use of cement and concrete containing ground granulated
blast-furnace slag. If local data shows good performance at greater percentages, this information can be used in
lieu of the recommended guidelines. Section 4.2.3.2 of ACI 318-89, “Building Code Requirements for
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Reinforced Concrete,” indicates that substitution rates of up to 50% may be acceptable for concretes exposed to
deicing chemicals. In addition, in mass concreting operations, the heat of hydration may be an overriding factor,
and substitution rates greater than 50% may be appropriate.

Source: U.S. Department of Transportation—FHWA

Effects of Slags on Properties of Fresh Concrete. Use of slag or slag cements usually improves workability
and decreases the water demand due to the increase in paste volume caused by the lower relative density of slag.
The higher strength potential of Grade 120 slag may allow for a reduction of total cementitious material. In such
cases, further reductions in water demand may be possible.

The setting times of concretes containing slag increase as the slag content increases. An increase of slag
content from 35 to 65% by mass can extend the setting time by as much as 60 minutes. This delay can be ben-
eficial, particularly in large pours and in hot weather conditions in which this property prevents the formation of
“cold joints” in successive pours.

The rate and quantity of bleeding in concrete containing slag or slag cements are usually less than that in
concrete containing no slag because of the relatively higher fineness of slag. The higher fineness of slag also
increases the air-entraining agent required, compared to conventional concrete. However, unlike fly ash, slag
does not contain carbon, which may cause instability and air loss in concrete.

Effect on Strength of Hardened Concrete. The compressive strength development of slag concrete depends
primarily on the type, fineness, activity index, and proportions of slag used in concrete mixtures. In general, the
strength development of concrete incorporating slags is slow at 1-5 days compared with that of the control con-
crete. Between 7 and 28 days, the strength approaches that of the control concrete; beyond this period, the
strength of the slag concrete exceeds the strength of control concrete (Admixtures and ground slag 1990). Flex-
ural strength is usually improved by the use of slag cement, which makes it beneficial to concrete paving ap-
plications where flexural strengths are important. It is believed that the increased flexural strength is the result of
the stronger bonds in the cement-slag-aggregate system because of the shape and surface texture of the slag
particles.

Problems occur when slag concrete is used in cold weather applications. At low temperatures, the strengths
are substantially reduced up to 14 days, and the percentage of slag is usually reduced to 25-30% of replacement
levels; when saw cutting of joints is required, the use of slag is discontinued.

Effects on Permeability of Hardened Concrete. Incorporation of granulated slags in cement paste helps in the
transformation of large pores in the paste into smaller pores, resulting in decreased permeability of the matrix
and of the concrete. Indicated that significant reduction in permeability is achieved as the replacement level of
the slag increases from 40 to 65% of total cementitious material by mass. Because of the reduction in perme-
ability, concrete containing granulated slag may require less depth of cover than conventional concrete requires
to protect the reinforcing steel.

Effects on Freeze—Thaw Durability of Hardened Concrete. Freeze—thaw durability of slag concrete has been
studied by many researchers. It has been reported that resistance of air-entrained concrete incorporating ground
granulated blast-furnace slag is comparable to that of conventional concrete. Reported results of freeze—thaw
tests on concrete incorporating 25-65% slag. Test results indicate that regardless of the water-to-(cement + slag)
ratio, air-entrained slag concrete specimens performed excellently in freeze—thaw tests, with relative durability
factors greater than 91%.

Effect on ASR of Hardened Concrete. Effectiveness of slag in preventing damage due to ASR is attributed to
the reduction of total alkalies in the cement-slag blend, the lower permeability of the system, and the tying up
of the alkalies in the hydration process. There have been many studies of ground granulated blast-furnace
slag that has been used as partial replacement for portland cement in concrete to reduce expansion caused
by alkali-aggregate reaction.
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Handling, Storage, and Batching

Ground granulated blast-furnace slag should be stored in separate watertight silos (such as those used for
cement) and should be clearly marked to avoid confusion with cement. In batching, it is recommended that port-
land cement be weighed first and then followed by the slag. Slag is like cement in that normal valves are
adequate to stop the flow of material.

5.5.0 Structural Concrete Components—Calculations to Achieve High-Strength Concrete

/Concrete Required Field Cement Content: Air Content: Percent Water Cement Ratio:
Class Compressive Strength ~ Minimum or Range Range (Total) Maximum or Range
B 3000 psi at 28 days 565 Ibs/cu yd 5-8 N/A
BZ 4000 psi at 28 days 610 Ibs/cu yd N/A N/A
D 4500 psi at 28 days 615 to 660 lbs./cu yd 5-8 0.44
DT 4500 psi at 28 days 700 Ibs/cu yd 5-8 0.44
E 4200 psi at 28 days 660 Ibs/cu yd 4-8 0.44
H 4500 psi at 56 days 580 to 640 Ibs/cu yd 5-8 0.38-0.42
HT 4500 psi at 56 days 580 to 640 lbs/cu yd 5-8 0.38-0.42
P 4200 psi at 28 days 660 Ibs/cu yd 4-8 0.44
S35 5000 psi at 28 days 615 to 720 lbs/cu yd 5-8 0.42
S40 5800 psi at 28 days 615 to 760 Ibs/cu yd 5-8 0.40
S50 7250 psi at 28 days 615 to 800 Ibs/cu yd 5-8 0.38
N /

Class B concrete is an air-entrained concrete for general use. Class D or H concrete may be substituted for
Class B concrete. Additional requirements for Class B concrete are: Class B concrete shall have a nominal
coarse aggregate size of 37.5 mm (1% in.) or smaller. Approved fly ash may be substituted for portland cement
up to a maximum of 20% Class C or 30% Class F by weight.

Class BZ concrete is concrete for drilled piers. Additional requirements for class BZ concrete are: Entrained
air is not required unless specified in the contract. High-range water reducers may be added at the job site to
obtain desired slump and retardation. Slump shall be a minimum of 5 in. and a maximum of 8 in. Class BZ
caisson concrete shall be made with 19.0 mm (% in.) nominal-sized coarse aggregate. Approved fly ash may
be substituted for portland cement up to a maximum of 20% Class C or 30% Class F by weight.

Class D concrete is a dense medium strength structural concrete. Class H may be substituted for Class D
concrete. Additional requirements for Class D concrete are: An approved water-reducing admixture shall be
incorporated in the mix. Class D concrete shall be made with 19.0 mm (% in.) nominal-sized coarse aggregate.
When placed in a bridge deck, Class D concrete shall contain a minimum of 55% AASHTO M 43 size No. 67
coarse aggregate. Approved fly ash may be substituted for portland cement up to a maximum of 20% Class C or
30% Class F by weight.

Class DT concrete may be used for deck resurfacing and repairs. Class HT may be substituted for Class DT
concrete. Additional requirements for Class DT concrete are: An approved water-reducing admixture shall be
incorporated in the mix. Class DT concrete shall contain a minimum of 50% AASHTO M 43 size No. 7 or No. 8
coarse aggregate. Approved fly ash may be substituted for portland cement up to a maximum of 20% Class C or
30% Class F by weight.
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Class E concrete may be used for fast-track pavements needing early strength in order to open a pavement to
service soon after placement. Additional requirements for Class E concrete are: Type III cement may be used.
Class E concrete shall contain a minimum of 55% AASHTO M 43 size No. 357 or No. 467 coarse aggregate. If
all transverse joints are doweled, then Class E concrete shall contain a minimum of 55% AASHTO M 43 sizes
No. 57, No. 67, No. 357, or No. 467 coarse aggregate. Unless stated otherwise on the plans, Class E concrete
shall achieve a field compressive strength of 2500 psi within 12 hours. Laboratory trial mix for Class E concrete
must produce an average 28-day flexural strength of at least 650 psi. Approved fly ash may be substituted for
portland cement up to a maximum of 30% Class F by weight.

Class H concrete is used for bare concrete bridge decks that will not receive a waterproofing membrane.
Additional requirements for Class H concrete are: An approved water-reducing admixture shall be incorporated
in the mix. Class H concrete shall contain a minimum of 55% AASHTO M 43 size No. 67 coarse aggregate.
Class H concrete shall contain cementitious materials in the following ranges: 450 to 500 pounds per cubic yard
Type II portland cement, 90 to 125 pounds per cubic yard fly ash, and 20 to 30 pounds per cubic yard silica fume.
The total content of Type II portland cement, fly ash, and silica fume shall be 580 to 640 pounds per cubic yard.
Laboratory trial mix for Class H concrete must not exceed permeability of 2000 coulombs at 56 days (ASTM C
1202). Laboratory trial mix for Class H concrete must not exhibit a crack at or before 14 days in the cracking
tendency test (AASHTO PP 34).

Class HT concrete is used as the top layer for bare concrete bridge decks that will not receive a
waterproofing membrane. Additional requirements for Class HT concrete are: An approved water-reducing
admixture shall be incorporated in the mix. Class HT concrete shall contain a minimum of 50% AASHTO
M 43 size No. 7 or No. 8 coarse aggregate. Class HT concrete shall contain cementitious materials in the
following ranges: 450 to 500 pounds per cubic yard Type II portland cement, 90 to 125 pounds per cubic
yard fly ash, and 20 to 30 pounds per cubic yard silica fume. The total content of Type II portland cement,
fly ash, and silica fume shall be 580 to 640 pounds per cubic yard. Laboratory trial mix for Class HT
concrete must not exceed permeability of 2000 coulombs at 56 days (ASTM C 1202). Laboratory trial
mix for Class HT concrete must not exhibit a crack at or before 14 days in the cracking tendency test
(AASHTO PP 34).

Class P concrete is used in pavements. Additional requirements for Class P concrete are: Class P concrete
shall contain a minimum of 55% AASHTO M 43 size No. 357 or No. 467 coarse aggregate. If all transverse
joints are doweled, then Class P concrete shall contain a minimum of 55% AASHTO M 43 sizes No. 57,
No. 67, No. 357, or No. 467 coarse aggregate. Laboratory trial mix for Class P concrete must produce an average
28-day flexural strength of at least 650 psi. Class P concrete shall contain 70 to 80% portland cement and 20 to
30% Class F fly ash in the total weight of cement plus fly ash. Unless acceptance is based on flexural strength,
the total weight of cement plus Class F fly ash shall not be less than 660 pounds per cubic yard. If acceptance is
based on flexural strength, the total weight of cement plus Class F fly ash shall not be less than 520 pounds per
cubic yard.

Class S35 concrete is a dense high-strength structural concrete. Additional requirements for Class S35 con-
crete are: An approved water-reducing admixture shall be incorporated in the mix. Class S35 concrete shall be
made with 19 mm (% inch) nominal-sized coarse aggregate, that is, 100% passing the 25.0 mm (1 in.) sieve and
90 to 100% passing the 19 mm (% in.) sieve. When placed in a bridge deck, Class S35 concrete shall contain a
minimum of 55% AASHTO M 43 size No. 67 coarse aggregate. Approved fly ash may be substituted for port-
land cement up to a maximum of 20% Class C or 30% Class F by weight.

Class S40 concrete is a dense high-strength structural concrete. Additional requirements for Class S40 con-
crete are: An approved water-reducing admixture shall be incorporated in the mix. Class S40 concrete shall be
made with 19 mm (% in.) nominal-sized coarse aggregate. When placed in a bridge deck, Class S40 concrete
shall contain a minimum of 55% AASHTO M 43 size No. 67 coarse aggregate. Approved fly ash may be
substituted for portland cement up to a maximum of 20% Class C or 30% Class F by weight.
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Class S50 concrete is a dense high-strength structural concrete. Additional requirements for Class S50 con-
crete are: An approved water-reducing admixture shall be incorporated in the mix. Class S50 concrete shall be
made with 19 mm (% in.) nominal-sized coarse aggregate. When placed in a bridge deck, Class S50 concrete
shall contain a minimum of 55% AASHTO M 43 size No. 67 coarse aggregate. Approved fly ash may be
substituted for portland cement up to a maximum of 20% Class C or 30% Class F by weight. Laboratory trial
mix for Class S50 concrete must not exhibit a crack at or before 14 days in the cracking tendency test (AASHTO
PP 34).

5.6.0 Lightweight Concrete Mix Design—Calculations Utilizing Perlite
Perlite product guide

Perlite Concrete
Lightweight/Insulating/Fireproof

This product guide contains various mix designs for lightweight concrete, utilizing perlite as the primary
aggregate. The basic mix designs presented may be used as stated or as a starting point for your own custom
mixes.

Perlite lightweight concrete is used in many different applications, including lightweight tile mortar, garden
sculpture, decorative brick, gas-fireplace logs and floor fills.

Some Perlite Concrete Applications

Chimney Lining Statuary

Floor Systems Tank Bases
Fuel Tanks Tank Insulation
Pool Base Tile Mortars

Sound/Firewalls Underground Pipe

Perlite concrete, while not usually suited for structural or load bearing uses, offers many advantages beyond
its lightweight. Perlite concrete provides sound deadening properties and is thermal insulating as well, depend-
ing on mix design. Generally speaking, the lighter the weight, the greater the insulative properties.

4 N
Mix Designs
Washed Compressive Thermal

Cement Perlite Expanded Concrete Water Admix Dry Wet Strength Conductivity Yield
(sack)  (ft)  Shale Sand (ft®) (Gal) (Fl. Oz.) Density Density (Ib/in%) (“k") (Cu. Ft.)
1 8 - - 16 28" 22 37 90-125 0.54 8

1 6 - - 13 247 27 42 125-200 0.64 6

1 5 - - 11 201 30 46 230-300 0.71 5

1 4 - - 10 16" 36 50 350-500 0.83 4

1 3 2! - 9 1" & 3% 54 72 1400-1700 n/a 3.8

1 3 22 - 10 28&3% 62 78 2000-2100 n/a 3.5

1 3 22 - 10 38 65 90 2500-2800 n/a 3.2

1 3 - - 75 7 45 58 800-1100 n/a 3

1 1.6 - 2.5 9.2 3° 82 98 1100-1300 n/a 5.1

1 2 - - 55 37 60 74 1600-1900 n/a 2

1 1.1 - 2.1 7.8 3° 88 105 2300-2500 n/a 3.5
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EXPANDED SHALE ADMIXTURE

1'5/16" A Air Entrainment
21 B pozzolith 300-N

Mix Instructions

Proper mixing will assure the maximum yield and uniformity. Low shear, low RPM mixers (similar to plaster
mixers) are recommended for best results.

1.

2.

Add all materials except perlite to mixer; then mix until this slurry is fairly uniform. Two minutes will usu-
ally suffice.

Add all perlite; then mix again only long enough for a uniform mix, probably another 2 to 3 minutes. Excess water
and undermixing may reduce yield and workability. Overmixing may degrade the perlite and increase concrete
density, reducing yield. Optimum mixing cycle can usually be determined with one or two trial batches.

Source: Perlite Institute, Harrisburg, PA

General Considerations

Addition of limited mason sand to a perlite/cement mix increases the compressive strength (to a point) and
also the weight by approximately 100 Ibs per cubic foot of sand.

Addition of expanded shale also increases the compressive strength (to a point) and weight, but at about
one-third the weight of sand, at higher cost.

Addition of fibers increases the tensile and flexural strength of perlite concrete, thereby reducing shrink cracking.
Addition of air-entraining agents reduces the weight and compressive strength of the mix and improves
freeze—thaw performance.

A range of aggregate size is desirable for increasing compressive strength. Superplasticizers and water
reducers can also be used to increase strength.

For detailed product finishes, finer aggregate particles can be used.

N -
Typical Mix Data for Perlite Sand Concrete Relationship of Thermal Conductance
("K") To Concrete Density

Cement (sacks) 1 1
Perlite (ft’) 3 2.4
Sand (ft*) 2 1.5
AEA* (0z)

Water (gal/sack) 8.2 8.1
Cement (factor/yd-100% yield) 5.87 7.44
Density (Wet) 83 84
Density (Dry) 69 74
Compressive Strength (28-day, Ib/in®) 1000 1200

-
N

-
o -
—1

©
| —

BTU/HR./In.
Thickness/Ft2/Deg.F.

*Air Entraining Agent as recommended by perlite manufacturer.

Thermal Conductance ("K")

N

I~

AMERICAN SOCIETY FOR TESTING
AND MATERIALS

1916 Race St., Philadelphia, PA19103
PERLITE INSTITUTE

1924 N. Second Street, Harrisburg, PA 17102
717/238-9723. FAX: 717/238-9985

website: http://www.perlite.org. email: info@perlite.org
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Dry Density - Lbs. Per Cubic Ft.
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\
Grading Requirements for Lightweight Aggregates for Insulating Concrete
Size Weight % Passing Sieves
Designation
19.0-mm  12.5-mm  9.5-mm 4.75-mm  2.36-mm  1.18-mm  600-um 300-um 150-pm
(Ya-in.) (Y2-in.) (3/8-in.) (No. 4) (No. 8) (No. 16) (No. 30) (No. 50) (No.
100)
Group 1
Perlite " " " 100 85t0 100 45 to 85 20 to 60 5to 25 Oto 10
N J

5.7.0 Set-Retarding Admixtures Delay Hydration of Cement
Set-Retarding

Retarding admixtures (retarders) are known to delay hydration of cement without affecting the long-term
mechanical properties. They are used in concrete to offset the effect of high temperatures, which decrease
setting times, or to avoid complications when unavoidable delays between mixing and placing occur. Use of
set retarders in concrete pavement construction (1) enables farther hauling, thus eliminating the cost of relocat-
ing central mixing plants; (2) allows more time for texturing or plastic grooving of concrete pavements;
(3) allows more time for hand finishing around the headers at the start and end of the production day; and
(4) helps eliminate cold joints in two-course paving and in the event of equipment breakdown. Retarders
can also be used to resist cracking due to form deflection that can occur when horizontal slabs are placed in
sections (Mindess and Young 1981). Because of these advantages, set retarders are considered the second
most commonly used admixtures in the highway industry, especially in the construction of bridge decks
(U.S. Dept. Trans. 1990).

Composition and Mechanism of Retardation. Many water reducers have a retarding tendency. Therefore,
some of the ingredients in water reducers, such as lignosulfate acids and hydroxycarboxylic acids, are also a
basis for set-retarding admixtures. Other important materials used in producing set retarders are sugars and their
derivatives.

Mechanisms of set retardation were studied by many researchers. Several theories have been offered to
explain this mechanism. The role of retarding admixtures can be explained in a simple way: the admixtures form
a film around the cement compounds (e.g., by absorption), thereby preventing or slowing the reaction with wa-
ter. The thickness of this film will dictate how much the rate of hydration is retarded. After a while, this film
breaks down, and normal hydration proceeds. However, in some cases when the dosage of admixtures exceeds a
certain critical point, hydration of cement compounds will never proceed beyond a certain stage, and the cement
paste will never set. Thus, it is important to avoid overdosing a concrete with a retarding admixture.

Other factors influencing the degree of retardation include the w/c, cement content, C3A and alkali contents
in cement, the type and dosage of the admixture, and the stage at which the retarder is added to the mix. The
effectiveness of retarder is increased if its addition to the fresh concrete is delayed for a few minutes.

Effect on Concrete Properties and Application. In addition to their role in controlling setting time,
retarders—Ilike any other admixtures—influence the properties of fresh and hardened concrete. Air entrainment
of concrete is affected and fewer air-entraining agents need to be used because some retarders entrain air (see
water reducers). Slump loss might increase even when abnormal setting behavior does not occur.

Because of retarding action, the 1-day strength of the concrete is reduced. However, ultimate strength is
reported to be improved by using set-controlling admixtures. Rates of drying shrinkage and creep could increase
by using retarders, but the ultimate values cannot increase.
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One of the most important applications of retarding admixtures is hot-weather concreting, when delays
between mixing and placing operations may result in early stiffening. Another important application is in pre-
stressed concrete, where retarders prevent the concrete that is in contact with the strand from setting before
vibrating operations are completed. Set retarders also allow use of high-temperature curing in prestressed
concrete production without affecting the ultimate strength of the concrete.

Recommendations

1. Verification tests should be performed on liquid admixtures to confirm that the material is the same as that
which was approved. The identifying tests include chloride and solids content, ph, and infrared spectrometry.

2. Water reducers and retarders may be used in bridge deck concrete to extend the time of set. This is especially
important when the length of placement may result in flexural cracks created by dead load deflections during
placement.

3. Increased attention needs to be placed on curing and protection due to the potential for shrinkage cracks and
bleeding when water reducers are used.

5.8.0 Calculations for Mixing Small Batches of Concrete
Mixing Small Batches of Concrete on Site

Ready-mix concrete requires coarse aggregate (stone), fine aggregate (sand), cement, and water. These com-
ponents can be measured by weight or by volume; the following charts provide the proportions.
To mix one cubic yard of concrete by volume

Maximum Size Aggregate Cement Sand Stone Water

3/8"” (9.52 mm) 1 2% 1% a

%" (12.6 mm) 1 2% 2 %

3/4” (1 9.05 mm) 1 ZVZ 21/2 1/1

1”7 (25.39 mm) 1 2% 2V 1

1%" (37.99 mm) 1 2% 3 a

)
To mix one cubic yard of concrete by weight
. . N

Maximum size Aggregate Cement Sand Stone Water

3/8"” (9.52 mm) 29 Ibs 59 Ibs 46 Ibs 11 Ibs
(13.15 kg) (26.76 kg) (20.87 kg) 4.99 kg)

%" (12.6 mm) 27 Ibs 53 Ibs 55 Ibs 11 lbs
(12.25kg) (24.04 kg) (24.95 kg) (4.99 kg)

%" (19.05 mm) 25 Ibs 47 lbs 65 Ibs 10 lbs
(11.34kg) (21.32 kg (29.66 kg) 4.54 kg)

1"(25.39 mm) 24 lbs 45 |bs 70 Ibs 10 Ibs
(10.89 kg) (20.41 kg) (31.756 kg) (4.54 kg)

15" 23 |bs 43 |bs 75 Ibs 9 lbs
(10.43 kg) (19.50 kg) (34.02 kg) (4.08 kg).

N /




Calculations Relating to Concrete and Masonry 239

Other Simple Calculations for Small Batches

Cement—one bucket
Sand—two and one-quarter buckets
Stone—one and one-half buckets
Water—one-half bucket
Equivalents: One cubic foot of water is equal to 7.48 gallons
One gallon of water weighs 8.33 pounds
One gallon equals 3.787 liters
One liter equals 0.2642 gallons
One liter equals 1.0567 quarts

5.9.0 In-Depth Concrete Inspection Guide as Published by U.S. DOT—FHWA

................... Division Office*

1999 Inspection Guide (Metric Version)
Inspection-In-Depth: Major Structures—Concrete
Plant and Placement

PROJECT DATA

4 N

Project Number:
County:

Inspection Made By:
In Company With:
Date of Inspection:
Percent Complete:
Percent Time:

Scope of inspection:

The overall purpose of this inspection is to evaluate project enforcement of established concrete inspection
procedures as it relates to Structural Concrete. The items of interest are concrete plant operations, form work, rein-
forcing steel, and concrete placement. As part of the inspection review, a determination should be conducted on the
existing procedures and/or specifications as to whether they are practical and easily understood and implemented by
construction personnel and the contractor and whether field personnel have sufficient training, ability, and interest
to thoroughly understand and enforce existing procedures and specifications. The Area Engineer is provided the
flexibility of using the guideline in its entirety or portions depending on job conditions and time limitations. This
guide may be supplemented as deemed necessary by the Area Engineer for items distinct to the individual project. It
is suggested that prior to the inspection, a review of all applicable provisions be made in order that a broad knowl-
edge of the provisions can be achieved and utilized during the inspection.

REFERENCES

e Standard Specifications and Supplemental Specifications,
e Special Provisions,
e Construction Directives,

*This Division Office is to be filled in by the DOT-FHWA division using this form. The form can be accsessed on www.fhwa.dot.gov/con
struction/reviews/revconcl.cfm


www.fhwa.dot.gov/construction/reviews/revconc1.cfm
www.fhwa.dot.gov/construction/reviews/revconc1.cfm
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e Construction Manual
I. Concrete Plant Operation

1.

a

f.

1

b
c
a
b
c
d
e
f.
g
a
b
c
d
a
b
c.
d
a.
b
¢
d
e
a
b
c
d
e
g
h
a
b
c
d
e

. Are mix designs available for each class of concrete?
. Are they approved?

. Dates approved?

. Is the concrete plant approval available?

. Is the certification still valid?

Expiration date?

. Is the plant inspection checklist used by . ... ... available?

. Plant Type? (Central Mix, Transit Mix, Automatic, Manual, Manufacturer)

Manufactures Rating?

. Has the mixer been checked for condition and wear (Section 601.5.3)?
. Have the scales been inspected and sealed?

. Expiration date?

Are the Ten - 20 kg weights available?

. Have the scales been zero balanced and sensitivity checks been conducted?
. Is the Quality Control Plan available?

. Is it approved?

Date approved?

. Approved by whom?

Are the aggregates properly stored?

. Are intermixing, segregation, and/or contamination problems present?

. Where are the aggregate samples being taken (Section 601.5.2.7)?

. Are moisture tests being performed?

. Are the tests being documented?

. What is the water source used?
. Is the source approved?

. Comment on the water quality. Is it clean and free of oil, salt, acid, alkali, sugar, vegetation, etc.?

. Is the water added to the mix adjusted for moisture in aggregate?

. Is water added at the project site, or at the plant?

Comment on the accuracy of the water measuring equipment (within 1%)?
. Is additional water being added at the project site?

. What is allowable Water/Cement (W/C) ratio from mix design?

What is the W/C ratio that is being used (Section 601.7)?

. Is the cement bin and weight hopper properly sealed?

. Is the cement bin clean and dry?

. Is the fly ash in a separate bin?

. Is a Material Certification for the fly ash available?

. Are adequate records being kept of cement being delivered to the batch plant to properly track

quantity received vs. quantity used for test coverage?
a. Note the Field Laboratory location.

P oo

. Is the lab properly equipped?

Is the lab in a reasonable proximity of plant?

. Are laboratory tests documented and available for water, cement, air entraining agent, retarder,
curing compound, aggregate gradations, etc.?

. Where are the control charts being maintained?

Are they complete and up to date?



10.

11.

12.
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Are there any undesirable trends noted?
Comments:
. Is the Plant Inspector’s Diary up to date?
. What entries are being made in the Plant Diary? (Materials received, tests, checks, etc.)
Does the State or Contractor’s Quality Control Personnel maintain a Plant Diary?
. Comment on the documentation of instructions to the contractor:
. Comment on the knowledge of plant personnel:
. Comment on Personnel Certification:
General/Additional Comments on the Concrete Plant Operation:

Trac T

II. Concrete Placement:

1.

3.

Form Work (Section 601.8)

a. Type of form materials used?

b. Is the mortar tight, and clean?

c. What form treatment is being utilized (Section 601.8.5)?

d. Are “Telltales,” used for settlement monitoring, in-place?

e. Is the form work adequately supported and true to line and grade?
f. Has the overhang support been sufficiently checked (SD-7)?

g. Is form removal (Section 601.8.7) based on early cylinder breaks or specification
guidance?

h. Slip forming (Section 601.8.8)?

i. Any field welding noted?

Reinforcing Steel

a. Are rebars being properly stored at the job site?

b. Are the rebars clean?

c. In the case of epoxy coated rebars, is the coating sound?

d. Note bar sizes, spacing, clearances and general layout of steel mat.

Plan As Built

Rebar Size

Bar Spacing

Clearances

Are they in accordance with the plans?

e. Is the reinforcing steel adequately supported?

f. Are bar splices in compliance with the 30 bar diameters minimum overlap?

g. Comment on welding (only if shown on the plans)?

h. Field bending of reinforcing bars noted (Section 602.5)?

Concrete Operation

a. Form work and reinforcing steel checked and approved to concrete placement?
b. Was a preplacement conference held?

Note items discussed (type of equipment, pour sequence, schedule, etc.)

¢. Was a dry run prior to concrete placement conducted?

d. What is the minimum required placement rate for the operation observed?
cubic meters/hr

e. Note the time placement commenced and was completed.

241
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What placement rate was actually achieved?
cubic meters/hr
How was the concrete delivered (Chute, bucket, trough)?
Was proper technique executed?
Was concrete dropped through the air less than 1.5 meters?
Is concrete rehandling being avoided as much as possible?
Is concrete placed against previously placed concrete at all times?
Are concrete trucks clean of build-up and agitator blades not worn?

. Note the condition of the contractor’s equipment.

Were vibrators sufficient in quantity to do the work that was needed?

Were vibrators being used for a sufficient duration but not to the point of segregation?
Were vibrators being used to move concrete?

Note the type of placement/finishing machine used?

Was screed support adequate to maintain line and grade?

Was water applied to the surface to aid finishing?

Was a straight edge being used?

Was a rolling straight edge used?

Any surface deficiencies found?

Corrective action taken?

Were texture grooves 3 mm to 5 mm deep? (Section 601.11.4)

Comment on curing (Section 601.12) as to type, adequacy, timeliness, cold weather conditions,
and maintenance of curing?

Note general weather conditions during concrete placement operation.

Comment on the establishment of adverse weather condition plans (Section 601.9) and their
applicability.

Field Testing
a. Observe State or Contractor’s personnel conducting sample and field testing procedures.

Comment on the following:

e sample source

e performance of tests in accordance with accepted test procedures
e cquipment adequacy

b. Any material rejected?
c. Record a sampling of test results for specification compliance:

Temperature
(Celsius) Depth Check In
Air Slump Full Depth of To Top Compliance
(%) (mm) Air Mix Steel Mat (Yes/No)

5. General/additional comments on concrete placement:
ITI. Project Records
Review inspectors daily reports (IDRs), supervisor’s daily reports, HL-440s, and progress
estimates. Comment on the documentation as to quantities used, work performed, test results
recorded, problems encountered, and proper cross referencing.

1.
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2. a. How does the project monitor acceptance sampling and testing, independent assurance sampling
and testing, concrete plant operations, manufactures certification of appropriate items
(ex. curing compound)?
b. Are these materials records found to be orderly?
c. Review a sample of completed concrete cylinder strength test results:

Class of
Concrete Strength Tests ~ Minimum Specification Meet Specs.
(A,B,K,ETC,) (MPa) Requirements (MPa) (Yes/No)

d. Any problems noted?
3. Is the contractor meeting the requirements of the Quality Control Plan?
IV. Closeout Conference:
1. Discuss all findings and come to an agreement on corrective actions when required.
2. Any recommendations from the review or from the project personnel?

PDF files can be viewed with the Acrobat® Reader®
Word files can be viewed with the Word Viewer 2003
This page last modified on 06/05/07
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5.10.0 Calculate the Size and Weight of Concrete Reinforcing Bars

Concrete reinforcing bars are produced in straight lengths and in coils. The bars are referred to as “deformed’
because they are made with ridges that allow them to “grip” the concrete into which they are embedded. Rebars
are designated by size (diameter) in both U.S. and metric, and they are also designated by grade or minimum
yield strength as set forth by ASTM standards.

Three ASTM grades are the most commonly manufactured

Inch-pound grade Metric Grade Yield in Pounds per Yield in Metric
Square Inch (Megapascals)
Grade 40 Grade 280 40,000 280
Grade 60 Grade 420 60,000 420
Grade A706 Grade 520 75,000 520

Coiled Rebar is produced in ASTM Grades 60 and A706 in the following diameters and coil size:

Size—in Diameter—Inches Size —in Diameter—Metric Weight per Coil
#3 10 4500 Ibs
#4 13 4500 lbs
#5 16 3800 lbs

#6 19 3800 Ibs
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5.10.1 Reinforcing Bar Designations-Size and Diameter—U.S. and Metric

Bar Size.U.S. Bar Size-Metric Diameter-inches Diameter Metric Weight/Ft.
#3 #10 0.375 9.52 mm 0.376
#4 #13 0.500 12.7 mm 0.668
#5 #16 0.620 15.8 mm 1.043
#6 #19 0.750 19.05 mm 1.502
#7 #22 0.875 22.23 mm 2.044
#8 #25 1.000 25.4 mm 2.670
#9 #29 1.128 28.65 mm 3.400
#10 #32 1.270 32.25 mm 4.303
#11 #36 1.410 35.81 mm 5.313
#14 #43 1.693 43.0 mm 7.650
#18 #57 2.257 57.33 mm 13.60
#2* #6 0.250 6.35 mm 0.167
*Number 2 bars are often referred to as “temperature bars” and are rarely used as concrete reinforcement.

- J

5.10.2 Welded Wire Mesh Designations—U.S. and Metric
Welded Wire Mesh

Here are the metric equivalents of some common mesh sizes:

When you see a mesh size, what do the numbers mean?

6 x 6 W1.4/14 is a designated mesh size. The 6 x 6 is the horizontal and vertical spacing of the strands in
inches. This is the size of the squares of space bounded by the wire strands in the mesh (the equivalent in metric
is in millimeters, and so 6 x 6 inches is 152 x 152 mm). The 1.4/1.4 is the “W” number. This is the wire size
(longitudinal/transverse) in cross-sectional area measured in 1/100’s of a square inch (1.4 hundredths of a square
inch). (The equivalent in metric is in square millimeters, and so 1.4 hundredths of a square inch is 9.1 mm?.)

In earlier times, the wire size was given in gauge rather than in cross-sectional area by hundredths of a
square inch. What is now called 6 x 6 W1.4/1.4 used to be called 6 x 6 W10/10.

“MW?” is for “Metric W number.”

Current Mesh Name Former Mesh Name Metric Name

(wire size) (wire gauge)

2x2 W4.0/4.0 2x2 - 4/4 50x50 MW25.8/25.8
2x2 W2.9/2.9 2x2 - 6/6 50x50 MW18.7/18.7
2x2 W2.1/2.1 2x2-8/8 50x50 MW13.3/13.3
2x2 W1.4/1.4 2x2-10/10 50%x50 MW9.1/9.1
2x2 WO0.9/0.9 2x2-12/12 50x50 MW5.6/5.6
2x2 WO0.5/0.5 2x2-14/14 50x50 MW3.2/3.2
2x2 WO0.3/0.3 2x2-16/16 50x50 MW2.0/2.0
3x3 W2.1/2.1 3x3 -8/8 76x76 MW13.3/13.3
3x3 W1.4/1.4 3x3-10/10 76x76 MW9.1/9.1
3x3 W0.9/0.9 3x3-12/12 76x76 MW5.6/5.6
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Current Mesh Name Former Mesh Name Metric Name

(wire size) (wire gauge)

3x3 W0.5/0.5 3x3-14/14 76x76 MW3.2/3.2

4x4 W4.0/4.0 MW25.8/25.8 4x4 -4/4 102x102

4x4 W2.9/2.9 MW18.7/18.7 4x4 - 6/6 102x102

4x4 W2.1/2.1 MW13.3/13.3 4x4 - 8/8 102x102

4x4 W1.7/1.7 MW11.1/11.1 4x4-9/9 102x102

4x4 W1.4/1.4 MW9.1/9.1 4x4-10/10 102x102

4x4 W0.9/0.9 MW5.6/5.6 4x4-12/12 102x102

4x4 W0.7/0.7 MW4.2/4.2 102x102

4x4 W0.5/0.5 MW3.2/3.2 4x4 -14/14 102x102

6x6 W7.4/7.4 MWA47.6/47.6 6x6 - 0/0 152x152

6x6 W6.3/6.3 MW40.6/40.6 6x6-1/1 152x152

6x6 W5.4/5.4 MW34.9/34.9 6x6 -2/2 152x152

6x6 W4.7/4.7 MW30.1/30.1 6x6 - 3/3 152x152

6x6 W4.0/4.0 MW25.8/25.8 6X6 - 4/4 152x152

6x6 W4.0/2.9 MW25.8/18.7 6x6 - 4/6 152x152

6x6 W3.4/3.4 MW21.7/21.7 6x6 - 5/5 152x152

6x6 W2.9/2.9 MW18.7/18.7 6x6 - 6/6 152%x152

6x6 W2.5/2.5 MW15.9/15.9 6x6-7/7 152x152

6x6 W2.1/2.1 MW13.3/13.3 6x6 - 8/8 152%x152

6x6 W1.7/1.7 MW11.1/11.1 6x6 -9/9 152x152

6x6 W1.4/1.4 MW9.1/9.1 6x6 -10/10 152x152

12x12 W5.4/5.4 MW34.9/34.9 12x12 - 2/2 305%x305
o /
5.11.0 Embedded Anchor Bolt—Diameter, Length, Hook, and Thread Sizes—Plain Finish

B ‘47 Cc —
! {
T
Anchor Bolts in Stock Plain Finish
Specifications: Steel to Astm F1554 (A36, GR. 55 & 105) (New Anchor Bolt Specification)

DIA. (D) Length (A) Hook (B) Thread (C)

1/2" 6" 1-1/2" 1-1/2"

172" 8" 1-1/2" 1-1/2"
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DIA. (D) Length (A) Hook (B) Thread (C)
1/2" 10" 1-1/2" 1-1/2"
1/2" 12" 1-1/2" 1-1/2"
1/2" 14" 1-1/2" 1-1/2"
1/2" 16" 1-1/2" 1-1/2"
1/2" 18" 1-1/2" 1-1/2"
1/2" 20" 1-1/2" 1-1/2"

/

DIA. (D) Length (A) Hook (B) Thread (C)
5/8// 8// 3// 3//
5/8// ’I 0// 3// 3//
5/8// ‘I 2// 3[! 3/!
5/8// 14// 3// 3//
5/8// 'I 5// 3// 3//
5/8// ’I 6// 3// 3//
5/8// 'I 8// 3// 3/!
5/8// 20// 3// 3//
5/8// 2" " 3[! 3/!
5/8// 24// 3// 3//
5/8// 30// 3// 3//

. )
DIA. (D) Length (A) Hook (B) Thread (C)
3/ " 8// 3[! 4/!
3/4// ‘I 0// 3// 4//

3/ " ‘l 2// 3// 4//
3/4// ’I 4// 3// 4//
3/4// 'I 5// 3[! 4/!
3/4// ‘I 6// 3// 4//
3/4// ‘l 8// 3// 4//
3/4// 20// 3// 4//
3/4// 21 " 3// 4/7
3/4// 24// 3// 4//
3/ " 30// 3[! 4/!

. )
More Anchor Bolts in Stock Plain Finish
Specifications: Steel to Astm F1554 (A36, GR. 55 & 105)

(New Anchor Bolt Specification)

DIA. (D) Length (A) Hook (B) Thread (C)
7/8// 'I 2// 4// 4//

7/8// 14// 4// 4//

7/8// 'I 6// 4// 4//

)
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DIA. (D) Length (A) Hook (B) Thread (C)
7/8// ‘I 8// 4// 4//
7/8// 20// 4// 4//
7/8// 2 2// 4// 4//
7/8// 24// 4// 4/7
7/8// 30// 4// 4//
\
DIA. (D) Length (A) Hook (B) Thread (C)
'I " ‘I 2// 4// 4//
'I// ‘] 4// 4// 4/7
'I " ‘I 5// 4// 4//
‘I " ‘] 6// 4// 4/7
‘I " ‘I 8// 4// 4//
'I " 20// 4// 4//
'I " 2 2// 4// 4//
'I " 24// 4// 4/7
‘I " 30// 4// 6//
‘I " 3 6// 6// 7/!
/
DIA. (D) Length (A) Hook (B) Thread (C)
‘l _‘l /4// 24// 6// 6//
'I _'I /4// 30// 6// 6//
‘I _] /4// 36// 6// 6/!
1-1/4 447 6" 8"

Source: St. Louis Screw and Bolt

5.11.1 Embedded Anchor Bolts—Diameter, Length, Hook, and Thread Sizes—Galvanized

Anchor Bolts in Stock  Hot Dip Galvanized Specifications: Steel to Astm F1554 (A36, GR. 55 & 105)
(New Anchor Bolt Specification)

DIA. (D) Length (A) Hook (B) Thread (C)
1/2" 6" 1-1/2" 1-1/2"
1/2" 8" 1-1/2" 1-1/2"
172" 10” 1-1/2" 1-1/2"
172" 12" 1-1/2" 1-1/2"
1/2” 14" 1-1/2" 1-1/2"
1/2" 16" 1-1/2" 1-1/2"
172" 18" 1-1/2" 1-1/2"
1/2" 20" 1-1/2" 1-1/2"

o /
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DIA. (D) Length (A) Hook (B) Thread (C)
5/8// 8// 3// 3//
5/8// ‘I 0// 3// 3/!
5/8// 'I 2// 3// 3//
5/8// 14// 3/! 3/!
5/8// ‘I 5// 3// 3//
5/8// 'I 6// 3// 3//
5/8// ’I 8// 3// 3//
5/8// 20// 3[! 3/!
5/8// 21 " 3// 3//
5/8// 24// 3/! 3/!
5/8// 30// 3// 3//

DIA. (D) Length (A) Hook (B) Thread (C)
3/4// 8// 3// 4//
3/4// ‘l OH 3/! 4//
3/4// ’I 2// 3// 4//
3/ " 14// 3/! 4//
3/4// 'I 5// 3// 4//
3/ " ‘l 6// 3[! 4/!
3/4// ‘I 8// 3// 4//
3/ " 20// 3/! 4//
3/4// 21 n 3// 4//
3/ " 24// 3// 4/!
3/4// 30// 3// 4//

\_ %

5.12.0 Brick Sizes—Nominal versus Actual Size

Standard and modular brick dimensions

Face Brick
Nominal Size Actual Size No. per sq ft*

Standard 4" % 2 2/3" x 8" 35/8" x 2 %" x 8" 6.27
Modular 4" x 22/3" x 8" 35/8" x 2 %" x 75/8" 6.86
King 33/8" x 3" x 10" 3" x 25/8" x 95/8" 4.80
Queen 2% x 3" x 10" 31/8" x 2 %" x 95/8" 4.61
Engineer 4" x 31/5" x 8" 35/8" x 213/16" x 7 5/8" 5.65
Economy 4" x 4" x g" 3 5/8" x 35/8" x75/8" 4.50
Utility 4" x 4" x 12" 35/8" x 35/8" x 11 %" 3.03
Jumbo 4" x 3" x 8" 35/8" x 2 %" x 8" 5.50
Norman 4" x 2 2/3" x 12" 35/8" x 2%" x 11 5/8" 4.57
Norwegian 3" x 3" x 12" 30" x 2% x 11 5/8" 3.84
*With 3/8" mortar joints (bed and vertical).
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There is no true standard of face brick sizes versus names. The same-name brick may vary in size among
different manufacturers. It is best to specify face bricks by size first and then by name.
By permission:mc2-ice.com

5.12.1 Diagrams of Modular and Nonmodular Bricks

Modular Brick Sizes (Nominal Dimensions)

S
@ T2 t@ )3‘/3"
~ ’E?
Al T

MODULAR ENGINEER MODULAR

ROMAN NORMAN ENGINEER NORMAN UTILITY

KING SIZE QUEEN SIZE

FIG. 2
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5.12.2 Brick Positions in a Wall

Brick Positions

Stretcher Shiner
Header Rowlock
Soldier Sailor

- g

5.12.3 Calculate the Number of Bricks in a Wall

No. of Standard Bricks in One Sq Ft of Brick Wall
. No. of Bricks . . .

Wall Thickness Thick Thickness of Horizontal Mortar Joint

58"  3/4" 1/8" /4" 3/8" 1/2" 5/8" 3/4"
4" 4" 1 7.33 7.00 6.67 6.33 6.08 5.80
8" 9” 2 14.67 14.00 13.33 12.67 1217 11.60
12" 13" 3 22.00 21.00 20.00 19.00 18.25 17.40
16" 17" 4 29.33 28.00 26.67 25.33 24.33 23.20
20" 21" 5 36.67 35.00 33.33 31.67 30.42 29.00
24" 25" 6 44.00 42.00 40.00 38.00 36.50 34.80
8"x2 %" x3 %" standard brick with %" vertical mortar joints in running bond

)
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No. of square inches per standard brick with mortar joints
8"x2 %" face with %" vertical mortar joints
Thickness of horizontal mortar joints

1/8// 1/4// 3/8// ]/2// 5/8// 3/4// 7/8// 1//
19.30 20.625 21.656 22.69 23.72 24.75 2578 26.81

5.12.3.1 Calculate the Number of Bricks for Your Project

1. Add up the total square footage of brick wall area.
(Multiply height x length of brick wall area.)
2. Add up the total square footage of masonry openings.
(Window and door areas not requiring brick.)
3. Subtract masonry opening square footage from brick wall area square footage.
4. Multiply this number of 7 if using modular size brick.
5. Multiply this number by 5.8 if using engineer size brick.

Example:
1530 square feet of wall area. 154 square feet of windows and doors (Masonry Openings)
1530 minus 154 — 1376 square feet of brick wall
1376 x 7 = 9976 modular size brick
1376 x 5.8 — 8,394 engineer size brick

How to Figure Pavers:
1. Add up the total square footage of the horizontal area.
2. Multiply this number by 5.

Example:
10 x 10 area — 100 square feet of paving area.
100 square feet x 5 = 500 pavers needed for a 100 square foot area.

5.12.4 Percentages to Add for Various Bond Patterns
Bonds

Face brick quantities

Percentages to add to numbers calculated for running bond walls

English bond (with a full header course every other course) 50.000 %
English bond (with a full header course every 6th course) 16.667
English cross bond (with a full header course every other course) 50.000
English cross bond (with a full header course every 6th course) 16.667
Common bond* (with a full header course every 5th course) 20.000
Common bond (with a full header course every 6th course) 16.667
Common bond (with a full header course every 7th course) 14.333
Dutch bond (with a full header course every other course) 50.000

*Common bond is also called American bond.
Do not confuse common bond with everyday running bond.
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Dutch bond (with a full header course every 6th course) 16.667

Dutch cross bond (with a full header course every other course) 50.000
Dutch cross bond (with a full header course every 6th course) 16.667
Double header bond (two headers and a stretcher every 5th course) 10.000
Double header bond (two headers and a stretcher every 6th course) 8.333
Flemish bond (with a full header course every other course) 33.333

Flemish bond (with a full header course every 6th course) 5.600

Double Flemish bond (with a full header course every other course) 10.000
Double Flemish bond (with a full header course every 3rd course) 6.667

3 stretcher Flemish bond (with a full header course every other course) 7.143
3 stretcher Flemish bond (with a full header course every 3rd course) 4.800
4 stretcher Flemish bond (with a full header course every other course) 5.600
4 stretcher Flemish bond (with a full header course every 3rd course) 3.704

5.12.5 Types of Brick—by Material

Adobe
Kiln burned (your common red brick)
Sand lime

By permission: mc2-ice.com

5.12.6 Chart Reflecting Nominal Size, Joint Thickness, Actual Size—Modular/Nonmodular

Bricks
MODULAR BRICK SIZES
Nominal Dimensions, Specified Dimensions?,
Unit Designation n- Joint Thickness', in. n Vertical Coursing
w h ) w h I
Modular 4 2% 8 Ts 3% 2Va 7% 3C=8in.
Y 3% 2V 7"
Engineer Modular 4 3% 8 ¥ 3% 2% 7% 5C=16in.
I/Z 31/2 2”/]& 7'/2
Closure Modular 4 4 8 ¥ 3% 3% 7% 1C=4in.
¥ 3% 3% 7"
Roman 4 2 12 Yo 3% 1% 11% 2C=4in.
Y 3% 1% 11%
Norman 4 2% 12 s 3% 2V 11% 3C =38in.
Y 3% 2% 1%
Engineer Norman 4 3% 12 s 3% 2% 1% 5C=16in.
12 3% 2'%s 11%
Utility 4 4 12 s 3% 3% 11% 1C=4in.
Y 3% 3% 11%
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4 N
MODULAR BRICK SIZES —Cont'd
Nominal Dimensions, Specified Dimensions,
Unit Designation n- Joint Thickness, in. n- Vertical Coursing
w h I w h I
NONMODULAR BRICK SIZES
Standard ¥ 3% 2V 8 3C =8in.
Y 3% 2V 8
Engineer Standard s 3% 2% 8 5C=16in.
VZ 3'/2 213/18 8
Closure Standard Yo 3% 3% 8 1C=4in.
% 3% 3% 8
King ¥ 3 2% 9% 5C=16in.
2% 2% 9%
Queen s 3 2% 8 5C=16in.
2% 2% 8

'Common joint sizes used with length and width dimensions. Joint thicknesses of bed joints vary based on vertical coursing and specified unit
height.
?Specified dimensions may vary within this range from manufacturer to manufacturer.

/

Brick dimensions

e Brick are identified by three dimensions: width, height, and length. Height and length are sometimes
called face dimensions, for these are the dimensions showing when the brick is laid as a stretcher.
The shaded areas indicate the surfaces of the brick that are exposed. Specifications and purchase
orders should list brick dimensions in the standard order of width first, followed by height, then
length.

e When specifying or designing with brick, it is important to understand the difference between nom-
inal, specified, and actual dimensions. Nominal dimensions are most often used by the architect in
modular construction. In modular construction, all dimensions of the brick and other building ele-
ments are multiples of a given module. Such dimensions are known as nominal dimensions. For
brick masonry the nominal dimension is equal to the specified unit dimension plus the intended
mortar joint thickness. The intended mortar joint thickness is the thickness required so that the unit
plus joint thickness match the coursing module. In the inch-pound system of measurement, nominal
brick dimensions are based on multiples (or fractions) of 4 in. In the SI (metric) system, nominal
brick dimensions are based on multiples of 100 mm. For more information on modular construction
see Technical Notes 10A Revised.

e As the name implies, the specified dimension is the anticipated manufactured dimension. It should be
stated in project specifications and purchase orders. Specified dimensions are used by the structural en-
gineer in the rational design of brick masonry.

By permission: Brick Industry Association, Reston, VA



254

Construction Calculations Manual

5.12.7 Chart Reflecting Nominal Size, Joint Thickness, Actual Size—Other Brick Sizes

MODULAR BRICK SIZES
Nominal Dimensions, in. Specified Dimensions?, in.
w h I Joint Thickness', in. ~ w h I Vertical Coursing
4 6 8 % 3% 5% 7% 2C=12in.
]/2 31/2 5]/2 71/1
4 8 8 s 3% 7% 7% 1C=28in.
2 3% 7% 7'
6 3% 12 Yo 5% 2% 11% 5C=16in.
]/2 51/2 2]2/18 11]/2
6 4 12 s 5% 3% 11% 1C=4in.
A 5% 3% 11%
8 4 12 ¥ 7% 3% 11% 1C=4in.
Vs 7% 3% 11%
8 4 16 s 7% 3% 15% 1C=4in.
A 70 3% 150
NONMODULAR BRICK SIZES
s 3 2% 8% 5C=16in.
3 2% 8%
' Common joint sizes used with length and width dimensions. joint thicknesses of bed joints vary based on vertical coursing and specified unit
height.
2Specified dimensions may vary within this range from manufacturer to manufacturer. j
5.12.8 Nominal Modular Size of Brick and Number of Courses in 16 Inches
Face Dimensions
Unit Designation Thickness in. Height in. Length in. Number of Courses in 16 in.
Standard 4 22/3 8 6
Engineer 4 31/5 8 5
Economy 8 or Jumbo Closure 4 4 8 4
Double 4 51/3 8 3
Roman 4 2 12 8
Norman 4 22/3 12 6
Norwegian 4 31/5 12 5
Economy 12 or Jumbo Utility 4 4 12 4
Triple 4 51/3 12 3
SCR brick® 6 22/3 12 6
6-in. Norwegian 6 31/5 12 5
6-in. Jumbo 6 4 12 4
8-in. Jumbo 8 4 12 4

Available as solid units conforming to ASTM C 216 or ASTM C 62, or, in some cases. as hollow brick conforming to ASTM C 652

/

By permission: Brick Industry Association, Reston VA
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5.12.9 Calculate Vertical Coursing Height Based upon Number of Units

-

Vertical Coursing of Unit
No. of Courses 2C =4in. 3C =8in. 5C=16in. 1C=4in.
1 o -2 o - 24" o - 3%" o -4
2 o -4 0 - 5" 0 - 6%" -8
3 0 -6" o - 8" 0 - 9%”" 1 -0"
4 -8 0 -10%" 1 - 0%" -4
5 0 -10" 1 1w 14" 1 _.8"
6 1-0" Iy 1 - 7% 2
7 1 - 1 - 65" 1 2 10%" 24l
8 ‘II _ 4// ‘I/ - 9\/3// 2/ _ 13/5/! 2/ _ 8//
9 1 - 6" 2 2 A 3
10 1 -8 20 2% 2 - g 3 -4
1 1-10" 2 - 5" 211" 3-8
12 20" 2 -8 30 2% 40"
13 2 -2 2/ - 105" 3 - 5% 4 g
14 2 4" 3 3 8% 4 g
15 2 g 34" 4 - 0" 5 -0
16 28" 3 6% 43y 5 - 4"
17 2 -10" 3 - 9N 4 - 63" 5 - 8"
18 30" 4.0 4" 9y 6 - 0"
19 32" 4 - 5 - 0" 6 - 4"
20 34" 4! - 5" 5 4" 6 -8
21 3 6 4 _ g 5 _ 7Y 7' 0"
22 3-8 4 100" 5 - 10%" 7 -4
23 310" 5 - 6 - 15" 7 -8
24 4.0 5 4" 6 - 4%" 8 - 0"
25 4 - 5/ - 63" 6 -8 8 - 4"
26 4 - 5 -9 6 - 110" 8 - 8"
27 4 _ ¢ 6 - 0" 7!~ oYM 9 _ 0"
28 4 -8 6 - 2% 7' 5% 9 - 4"
29 410" 6 - 5" 7' - 84" 9 -8
30 5/ _ 0// 6/ _ 8// 8/ _ 0// ‘IO/ _ 0//
31 5 -2" 6’ - 10%" 8 - 3%" 10 -4
32 5 - 4" 7 -1 8 - 6%" 10 - 8"
33 5 -6" 7' - 4" 8" - 9%" 11 -0"
34 5 -8 7" - 6%" 9" - 0%" 11 - 4"
35 5 -10" 7' - 9% 9 - 4" 11 -8"
36 6 -0" 8 -0" 9" 71" 12/ - 0"
37 6 -2" 8 - 20" 9 - 10%" 12/ -4
38 6 - 4" 8 - 5% 10" - 1%" 12/- 8"
39 6-6" 8 -8 10 - 44" 13- 0"
40 6 - 8" 8 - 10%" 10/ - 8" 13/ - 4"
41 6 -10" 9 - 1%h" 10 - 11%" 13'-8"
42 7" -0" 9 -4 117 - 2%" 14 - 0"
43 7-2" 9’ - 6%" 11 - 5%" 14" - 4"
44 7' - 4" 9’ - 9%” 11 - 8%" 14" - 8"
45 7' -6" 10 - 0" 12" -0" 15" - 0"

-~
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4 N
Vertical Coursing of Unit

No. of Courses 2C =4in. 3C =8in. 5C=16in. 1C = 4in.
46 7' - 8" 10" - 2%" 12" - 3%" 15" - 4"
47 7'-10" 10" - 5%" 12" - 6%" 15" - 8"
48 8 -0" 10" - 8" 12" - 9%" 16’ - 0"
49 8 -2 10'-10 %" 13" - 0%" 16’ - 4"
50 8 - 4" 1 - 1% 13-4 16' - 8"
100 16’ - 8" 22" - 23" 26’ - 8" 33 -4
1in.=254mm; 1ft=0.3m
Brick positioned in wall as stretchers or headers.

By permission: Brick Industry Association, Reston, VA

5.12.10 Calculate Horizontal Coursing Based upon Number of Units

4 N

Unit Length

Nominal Dimensions, in. Specified Dimensions, in.
8 8% 9%
Number of Units 8 12 %in. jt. % in. jt. % in. jt. % in. jt.
1 o - 8" 1-0" o - 8% o - 8%" o-9” o-10"
) 1 - 4" 20" 1 -5 1 - 49" 1-6" 1.8
3 2/ _ OH 3/ _ OH 2/ _ ‘I\/Z/I 2’ - 11/8” 2/ _ 3// 2/ _ 6//
4 2 gl 4~ 2 10" 2 gyl 3 34"
5 34" 50" 36" 3/ 5l 39 4 -
6 4 - 6 - 0" 4 _ 3" a4’ oy 4 _ ¢ 5 _0"
7 4 g 70" 411" 4 10%" 53" 5 -10"
8 5/ 4" 8 -0" 5 8" 5 _ 7" 6 -0 6 - 8"
9 6/ _ OH 9/ _ OH 6/ _ 4\/2/1 6’ _ 3}/8// 6/ _ 9// 7/ _ 6//
10 6 -8 10'- 0" 7" 6 - 119" 76" 8 - 4"
‘l‘l 7/ _ 4// ‘I‘l/ _ 0// 7/ _ 9\/2// 7/ - 8‘/8// 8/ _ 3// 9/ _ 2//
12 8 -0 12/ - 0" 8 -6 8 - 41" 9 _0" 10 - 0"
13 8 -8" 130" 9 - 2" 9" %" 9 _9" 10°-10"
14 9 -4 14/ - 0" 9 - 11" 9 - 9" 10'- 6" -8
15 10" -0" 15" -0" 10 - 74" 10" - 5%" 11 -3" 12/ -6"
16 10" - 8" 16" - 0" 11 - 4" 11 -2" 12 -0" 13" - 4"
17 117 - 4" 17'-0" 12/ - W 117 - 10%” 12/-9" 147 - 2"
18 12 -0" 18 -0" 12 -9" 12" - 6%" 13" -6" 15" -0"
19 12/ -8" 19’ - 0" 13" - 5%" 13- 3%" 14 - 3" 15 -10"
20 13- 4" 20/ - 0" 14/ - 2" 13- 110" 15" - 0" 16/ - 8"
21 140" 21 -0 14 - 101" 14 - 7%" 15/ - 9" 17/ -6
22 14" - 8" 22/ - 0" 15" -7" 15" - 4" 16" - 6" 18" - 4"
23 15 - 4" 23/ - 0" 16" - 3" 16’ - 0%" 17" - 3" 19’ -2"
24 16" - 0" 24 - 0" 17" -0" 16’ - 9" 18 -0" 20" - 0"
25 16 - 8" 25" - 0" 17" - 8%" 17" - 5%" 18 -9” 200 - 10”

-~
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4 N
Unit Length—Cont’d
Nominal Dimensions, in. Specified Dimensions, in.
8% 9%

Number of Units 8 12 Y in. jt. % in. jt. % in. jt. % in. jt.
26 17 -4 26' - 0" 18 - 5" 18 - 19" 19 - 6" 21" -8"
27 18 -0” 27" -0" 19" -1%" 18 - 10%" 200 - 3" 22/ - 6"
28 18 -8 28 - 0" 19" - 10" 19" - 6%" 21 -0" 23 - 4"
29 19" - 47 29 -0" 20" - 61" 207 - 27" 21-9” 24 - 2"
30 20" - 0" 30 -0" 21" -3" 200 - 11%" 22 - 6" 25" - 0"
31 20" - 8" 31-0" 21 - 110" 21" - 7%" 23" -3 25 -10"
32 217 - 4" 32 -0" 22 - 8" 22 - 4" 24 -0" 26/ - 8"
33 22/ - 0" 33 -0" 23" - 4%" 23" - 0%" 24 -9 27" - 6"
34 22 - 8" 34 -0" 24/ 1" 23 - 8% 25 - 6" 28’ - 4"
35 23 - 4" 35 -0" 24" - 9" 24" - 5%" 26’ - 3" 29’ - 2"
36 24 - 0" 36/ - 0" 25" - 6" 25" - 1" 27" - 0" 30/ - 0"
37 24 - 8" 37 -0" 26’ - 21" 25" - 97" 27" -9 30 - 107
38 25 - 4" 38 -0" 26/ - 11" 26/ - 614" 28 - 6" 31 -8"
39 26’ - 0" 39'-0" 27" - 7h" 27" - 2%" 29’ -3 32 - 6"
40 26/ - 8" 40 - 0" 28’ - 4" 27/ - 11" 30 -0" 33 - 4"
41 27 - 4" 41" - 0" 29' - O 28 - 7" 30 - 9" 34/ -2"
42 28 - 0" 42/ - 0" 29'-9" 29’ - 30" 31-6" 35 -0"
43 28 - 8" 43 - 0" 30" - 5% 30" - 0%" 32 -3 35 -10"
44 29 - 4" 44' 0" 317-2" 30’ - 8" 33 -0" 36/ - 8"
45 300-0" 45 - 0" 31 -10%" 317 - 47" 33 -9 37" -6"
46 30 - 8" 46' - 0" 32 -7" 32 - 1" 34 - 6" 38/ - 4"
47 3‘]/ _ 4// 47/ _ O// 33/ _ 31/2// 32/ _ 95/8// 35/ _ 3// 39/ _ 2//
48 32 -0" 48 - 0" 34 - 0" 33 -6" 36/ - 0" 40 - 0"
49 32 -8 49' - 0" 34" - 8" 347 - 2% 36/ - 9" 40' - 10"
50 33 - 4" 50 - 0" 35/ - 5" 347 - 10%" 37/ -6" 41 - 8"
100 66’ - 8" 100" - 0" 70 - 10" 69’ - 91" 75 -0" 83 - 4"
1in.=254mm; 1ft=0.3m

By permission: Brick Industry Association, Reston, VA

5.12.11 Horizontal Coursing—Soft and Hard Metric Dimensioning

Hard metric equivalent of 8" x 8" x 16” = 400 mm

Drawing dimension = 1600 mm

=390 mm + 10 mm mortar joint

390 mm

390 mm

390 mm

390 mm

390 mm

Hard metric is based on 100 mm modules.
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Detail 1 — Hard Metric Dimensioning

Soft metric equivalent of 8" x 8" x

Drawing dimension = 1625.6 mm

Construction Calculations Manual

16" = 406.4 mm
=396.9 mm + 9.5 mm mortar joint

A

"

15% 15% 15%,

15% 15%

Soft metric is based on 4” modules.

Detail 2 — Soft Metric Dimensioning

5.13.0 Profiles and Dimensions of Typical Concrete Masonry Units (CMUs)
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5.14.0 Mortar Mixes—ASTM Minimums

Type M 2500 psi
Type S 1800 psi
Type N 750 psi
Type O 350 psi
Type K 75 psi

But be aware that the mix listed for type N mortar typically achieves a 28-day strength in the range of 1500 to
2400 psi. This meets and beats the ASTM requirement of 750 psi by a great deal.

Another example is the mix listed for type O mortar that provides a usual psi in the range of 750 to 1200 and
higher, sometimes up to 2000. Again, this meets the minimum psi of 350 by a large percentage.

Typical type M mixes have strengths of 3000 to 3800 psi and so exceed the ASTM minimum compressive
strength requirement of 2500 psi.

Type S mortars are required to have a minimum of 1800 psi, and their mixes usually give you strengths of
from 2300 to 3000 psi.

5.14.1 Mixture Calculations for Types N, M, S, O, K Mortar

Here are seven common and uncommon mortar mixes. They are types N, M, S, and O. There is also mortar for
glass block, straight lime mortar, and type K. Type K is used solely in historic preservation. Each one has a
certain proportion of portland cement, hydrated lime, and sand. Mortar proportions are always expressed in that
order. In addition, these proportions always refer to volumes, not to weight or a combination of volumes and
weights. But then the components of these mixes are usually purchased by weight, but that’s not how the mixes
are measured.

A mix designated as 3/1/12 has three parts of portland cement, 1 part hydrated lime, and 12 parts sand. Now
let’s say that you want to compute mortar by the cubic yard. So how much of each mortar component is in a cubic
yard? Let’s go through all seven of the mixes and see.

Be aware that the proportions of lime, cement, and sand in each mix type can vary a bit by geographic regions
or by contractors within a region. However, we are showing you the commonly used proportions and if you are
used to something a little different, then you are simply using a regional or personal variation on the standard.

Also, these amounts are designed to add up to exactly one cu yd of material. Field amounts can show other
quantities of components due to the realities of outdoor mortar mixing. Much of the literature on mortar pro-
portions and mixes show greater or different quantities due to the great amount of waste in the actual preparation,
transportation within the job site, and handling during the use of a batch of mortar. The numbers shown here
reflect computed amounts. These are exact mathematical measurements down to the spoonful (though we give
you final amounts of sand in tons and the other parts in bags). The tons and bags are finely measured. The terms
hydrated lime and lime putty mean the same thing since lime putty is simply wet hydrated lime (you added
some water to it and stirred it up), whereas in hydrated lime all of the water molecules are stoichiometrically
bonded to the calcium and magnesium in the lime and the lime remains a dry powder. Lime putty is just wet
hydrated lime.

The mix calculations use densities set out by the ASTM. These are:

Portland cement 94 Ibs/cu ft
Hydrated lime 40 lbs/cu ft
Sand 80 Ibs/cu ft

The purchased items are by these:

Portland cement 94 1b bags
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Hydrated lime 50 1b bags
Sand by the ton
Component amounts

Type N mortar

This uses a 1/1/6 mix and results in a mortar with a 750 psi compressive strength. Type N is the normal,
general-purpose mortar mix and can be used in above-grade work in both exterior and interior load-bearing
installations.

To get 1 cu yd of N mortar, you need 27 cubic feet of the components in a 1 to 1 to 6 proportion.

Portland cement 3.375 cu ft

Hydrated lime 3.375cu ft
Sand 20.25 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you 317.25 Ibs of portland cement, 135 Ibs of hydrated lime, and
1620 1bs of sand.

To put together a single cubic yard of type N mortar, you need to buy and mix together:

3.375 bags of portland cement (94 Ib bags)
2.7 bags of hydrated lime (50 b bags)
0.81 tons of sand

Type M mortar

This uses a 3/1/12 mix and results in a mortar with a 2500 psi compressive strength. Type M is used for
below-grade load-bearing masonry work and for chimneys and brick manholes.
To get 1 cu yd of M mortar, you need 27 cubic feet of the components in a 3 to 1 to 12 proportion.

Portland cement 5.0625 cu ft

Hydrated lime 1.6875 cu ft
Sand 20.25 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you 475.875 1bs of portland cement, 67.5 Ibs of hydrated lime, and
1620 1bs of sand.

To put together a single cubic yard of type M mortar, you need to buy and mix:

5.0625 bags of portland cement (94 1b bags)
1.35 bags of hydrated lime (50 Ib bags)
0.81 tons of sand

Type S mortar

This uses a 2/1/9 mix and results in a mortar with a 1800 psi compressive strength. Type S is used for below-
grade work and in such areas as masonry foundation walls, brick manholes, retaining walls, sewers, brick walk-
ways, brick pavement, and brick patios.

To get 1 cu yd of S mortar, you need 27 cubic feet of the components in a 2 to 1 to 9 proportion.

Portland cement 4.5cu ft
Hydrated lime 2.25cu ft
Sand 20.25 cu ft
Total 27 cu ft



262 Construction Calculations Manual

Based on the ASTM densities, this gives you 423 lbs of portland cement, 90 lbs of hydrated lime, and
1620 1bs of sand.
To put together a single cubic yard of type S mortar, you need to buy and mix:

4.5 bags of portland cement (94 Ib bags)
1.8 bags of hydrated lime (50 1b bags)
0.81 tons of sand

Type O mortar

This uses a 1/ 2/9 mix and results in a mortar with a 350 psi compressive strength. Type O is a lime-rich
mortar and is also referred to as “pointing” mortar. It is used in above-grade, non-load-bearing situations
in both interior and exterior environments.

To get 1 cu yd of O mortar, you need 27 cubic feet of the components in a 1 to 2 to 9 proportion.

Portland cement 225 cu ft

Hydrated lime 4.5 cu ft
Sand 20.25 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you 211.5 Ibs of portland cement, 180 lbs of hydrated lime, and
1620 Ibs of sand.
To put together a single cubic yard of type O mortar, you need to buy and mix together:

2.25 bags of portland cement (94 Ib bags)
3.6 bags of hydrated lime (50 Ib bags)
0.81 tons of sand

Type K mortar

This uses a 1 /3 /10 mix and results in a mortar with but a 75 psi compressive strength. Type K is useful only
in historic preservation situations where load-bearing strength is not of importance and the porous qualities of
this mortar allows very little movement due to temperature and moisture fluctuations. This aids in prolonging the
integrity of the old or even ancient bricks in historic structures.

To get 1 cu yd of K mortar, you need 27 cubic feet of the components in a 1 to 3 to 10 proportion.

Portland cement 1.93 cu ft

Hydrated lime 5.79 cu ft
Sand 19.29 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you 181.42 Ibs of portland cement, 231.6 1bs of hydrated lime, and
1543.2 1bs of sand.
To put together a single cubic yard of type K mortar, you need to buy:

1.93 bags of portland cement
4.632 bags of hydrated lime
0.7716 tons of sand

5.14.2 Mixture Calculations for Straight Lime Mortar

This uses a 0/ 1/ 3 mix and is used now only to re-create the construction and review the methods of times
past or maybe for purely visual purposes. This mortar was made before portland cement was available in
many areas, and so this is what was used. Sometimes you’ll see straight lime mortar called “L” mortar (for
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lime), but this is not designating it as “type L” mortar as in the MSNOK types. There is no “type L”
mortar.
To get 1 cu yd of lime mortar, you need 27 cubic feet of the components in a 0 to 1 to 3 proportion.

Portland cement none
Hydrated lime 6.75 cu ft
Sand 20.25 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you no portland cement, 270 lbs of hydrated lime, and 1620 Ibs of
sand.
To put together a single cubic yard of lime mortar, you need to buy:

No bags of portland cement
5.4 bags of hydrated lime (50 1b bags)
0.81 tons of sand

5.14.3 Mixture Calculations for Glass Block Mortar

This uses a 1/1/4 mix and is used with as little water as possible. This is a mix designed specifically for glass
block. Also, note that it uses waterproof Portland cement in place of “regular” Portland cement.
To get 1 cu yd of glass block mortar, you need 27 cubic feet of the components in a 1 to 1 to 4 proportion.

5.14.4 Mixture Calculations for Waterproof Portland Cement

Waterproof Portland cement 4.5 cu ft

Hydrated lime 4.5 cu ft
Sand 18 cu ft
Total 27 cu ft

Based on the ASTM densities, this gives you 423 lbs of waterproof portland cement, 180 Ibs of hydrated
lime, and 1,440 1bs of sand.
To put together a single cubic yard of glass block mortar, you need to buy and mix:

4.5 bags of portland cement (94 Ib bags)
3.6 bags of hydrated lime (50 b bags)
0.72 tons of sand

Note
Lime Types versus Mortar Mix Designations

Limestone formed by nature contains varying proportions of calcium to magnesium. No large scientist with a
giant beaker and a set of stoppered test tubes measured out the things that make up rocks beforehand. Some of it
has more magnesium, while other limestone rock has more calcium. For making mortar, it is desirable to
have from a third to a half of the rock from which the mortar lime is derived composed of magnesium carbonate.
The remainder then would be from one-half to two-thirds calcium carbonate. A limestone whose composition
falls within these percentages is dolomitic limestone, and from it is made Type S lime hydrate. Masonry lime
made from limestone that is composed of less than 5% magnesium carbonate (called high calcium limestone
since it is 95 to 99% calcium carbonate) is labeled Type N lime hydrate. Type S lime is used to make
masonry mortar. Type N lime can be used only if it is tested and proven on a batch-by-batch basis. The type
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S lime designation stands for Special and the type N stands for Normal. The special lime hydrate is the one
normally used, and the normal lime hydrate is used only with special testing. These lime “types” have absolutely
nothing to with mortar mixes type N and type S. You must never, ever confuse these lime hydrate types with
mortar mixes. They have nothing to do with one another. Why “they” should label them with the same desig-

nations, we have no idea.
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Minimum compressive mortar strengths, ASTM and its psi requirements

The ASTM assigns minimum required compressive strengths to the various mortar types.

5.15.0 Typical Properties of Colorless Coatings for Brick Masonry

-

Water Vapor Water Life-Span, Available with Glossy  Graffiti
Transmission Repellency Years Finish Resistance
Film Formers
Acrylics Poor Very good 5to7 Yes Yes
Stearates Poor Varies 1 No No
Mineral gum Poor Good Varies No No
waxes
Urethanes Poor Very good 1to3 Yes Yes
Penetrants
Siloxanes Very good Very good 10+ No No
Silanes Very good Very good 10+ No No
Silicates Poor Poor Varies No No
Methyl Good Fair Varies No No
siliconates
Silicone resins Fair Varies 1 Yes No
RTV silicone Good Good 5to 10 No Yes
rubber
Blends Varies Varies Varies No No

By permission: Brick Industry Association, Reston, VA




< Section 6 >7

Calculating the Size/Weight of Structural
Steel and Miscellaneous Metals

/6.0.0 Ingredients of Steel 266 6.5.0 Calculating the Weight and Size of \
6.0.1  Structural Steel in the Construction U.S. Rectangular High-Strength Steel
Industry 267 Sections 302
6.0.1.1 AISC Shape Designations—Old 6.5.1  Calculating the Weight and Size of
and New 267 Metric Rectangular High-Strength
6.0.2  ASTM Designations for Most Common Steel Sections 306
Types of Steel in Construction 268 6.6.0 Calculating the Weight and Size of U.S.
6.0.3 Worldwide National Standards for Round High-Strength Steel Sections 311
Steel 274  6.6.1 Calculating the Weight and Size of
6.0.3.1 Quick Review of U.S. Metric Conversions Metric Round High-Strength Steel
to Assist When Reviewing Steel Sizes 274 Sections 315
6.0.3.2 EN, DIN, JIS Standards 275 6.6.2 Calculating the Weight of Standard,
6.0.3.3 Tolerance on JIS Dimension and Extra Strong, and Double Strong Steel
Shape of WF Beams 276 Pipes 319
6.1.0  Approximate Minimum Mechanical 6.7.0  Calculating the Weight and Size of
Properties of Some Steels 277 U.S. Steel C Channels 319
6.2.0 Common Structural Shapes for U.S. 6.7.0.1 Calculating the Weight and Size of U.S.
Steel Sections 279 A-36 and a-36 Modified C Channels 321
6.2.1 How Steel Wide-Flange Beams Are 6.7.0.2 Calculating the Weight and Size of
Identified 282 U.S. Channels—Ship and Car 322
6.2.2  How Steel Channels Are Identified 282 6.7.1 Calculating the Weight and Size of
6.2.3  How Steel Angles Are Identified 283 Metric Steel C Channels 323
6.2.4  Cross Sections of Standard Structural 6.7.1.1 Calculating the Weight and Size of
Steel Members 283 Metric Channel, Box, Rectangular,
6.3.0  Calculating the U.S. Weight and Size and Square Tubing 324
of Wide-Flange Beams-4" x 4" to 6.8.0 Calculating the Weight and Size
36" x 36" 284 of Structural Steel Angles 326
6.3.1  Calculating the Metric Weight and Size 6.9.0 Calculating the Weight and Size of
of Wide-Flange Beams W4s to W36s 289 Universal Mill Plates 327
6.3.2  Calculating the Weight and Size of | 6.10.0 Bar Size Tees—Calculating Their
Beams and Junior Beams 293 Weight and Size 328
6.4.0 Calculating the Weight and Size of U.S. 6.11.0 Cold and Hot Rolled Rounds—
Square High-Strength Steel Sections 295 Calculating Their Weight and Size 329
6.4.1  Calculating the Weight and Size of Metric ~ 6.12.0 Aluminum Structural Angles—
Square High-Strength Steel Sections 299 Calculate Their Weight and Size 330

Construction Calculations Manual. DOI: 10.1016/B978-0-12-382243-7.00006-1
© 2012 Elsevier Inc. All rights reserved. 265



266 Construction Calculations Manual

6.12.1 Aluminum Channels—Calculate Their 6.14.3 Converting Gauge Inches to Decimals
Weight and size 331 for Sheet Steel, Aluminum, Stainless

6.12.2  Aluminum Structural Beams—Calculate Steel 340
Their Weight and size 333  6.15.0 Carbon Steel Expanded Metal

6.13.0 Plate Steel-3/16" to 6” Thickness— Grating—ASTM A1011 341
Calculate Their Weight and Size 334 6.15.1 Carbon Steel Catwalk Expanded Metal

6.14.0 Sheet and Coil Steel—Types and Uses 336 Grating—ASTMA569/569M 342

6.14.1 Calculating the Weight of Various 6.15.2 Aluminum Expanded Metal Grating 342
Types of Carbon, Stainless, and 6.16.0 Aluminum Rectangular Bar Grating 344
Galvanized Sheet Steel 337 6.16.1 Aluminum | Bar and Rec Bar Grating 346

6.14.2 Calculating the Weight of Low-Carbon, 6.16.2 Aluminum Plank Sections and Pattern

\ Hot-Dipped Galvanized Roof Deck 338 Availability 34iy

6.0.0 Ingredients of Steel
Iron Ore

Iron ore is a rock that contains iron combined with oxygen. It is sourced from mines around the world. Some of
the world’s highest quality iron ore comes from Australia.

Coke

Coke is made from coal. Once mined, the coal is crushed and washed. Coal is then baked in coke ovens for about
18 hours. During this process, by-products are removed and coke is produced.

Flux

Flux is a term that describes minerals used to collect impurities during iron and steelmaking. Fluxes used by
BHP Steel include limestone and dolomite. The flux causes a chemical reaction, and the elements not needed
for steelmaking combine to form slag.

Molten Iron

Iron is the main ingredient needed to make steel in the Basic Oxygen Steelmaking process. Molten iron is made
from iron ore and other ingredients in a blast furnace.

Scrap Steel

Scrap steel comes from many different sources because it is very easily recycled. Some scrap comes from within
the steelworks, where it might have been damaged or is at the end of a batch of one type of steel. It also comes
from old car bodies, old ship containers, and buildings that have been demolished.

Another source of scrap can be found in our homes. Steel cans (food cans, pet food cans, aerosols, paint cans,
etc.) are collected as part of council curbside collections and can be recycled an infinite number of times.

Alloying Materials

Alloying materials are used to give the steel special properties and make different types of steel. Alloying ma-
terials can be added as elements, like manganese, aluminium, and nickel, or as compounds of iron.
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6.0.1 Structural Steel in the Construction Industry

There are four basic types of structural steel in general use in the construction industry today:

Carbon Steel

A36-Structural Shapes and Plates
A53-Structural Pipe and Tubing

A500-Structural Pipe and Tubing
AS501-Structural Pipe and Tubing
AS529-Structural Shapes and Plate

High-Strength Low-Alloy Steel

A441-Structural Shapes and Plates
AS572-Structural Shapes and Plates
A618-Structural Plate and Tubing
A992-W Shape Beams only
A270-Structural Shapes and Plates

Corrosion-Resistant High-Strength Low-Alloy Steel

e A242-Structural Shapes and Plates
e AS588-Structural Shapes and Plates

Quenched and Tempered Alloy Steel

e A514-Structural Shapes and Plates
e AS517-Boiler and Pressure Vessel Steel

6.0.1.1 AISC Shape Designations—OIld and New

~

Aisc Hot-Rolled Structural Designations Steel Shape
New Designation Type of Shape Old Designation
W 24 x76 W shape 24 WF 76
W14 x 26 W shape 14 B 26
S 24 x 100 S shape 241100
M 8x18.5 M shape 8 M 18.5
M10x9 M shape 10 JR 9.0
M 8 x34.3 M shape 8x8M34.3
C12x20.7 American Std. Channel 12 C20.7
MC 12 x 45 Miscellaneous Channel 12x4 C45.0
MC 12x10.6 Miscellaneous Channel 12JRC10.6
HP 14 x 73 HP shape 14 BP 73

-

/

(Continued)
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Aisc Hot-Rolled Structural Designations Steel Shape —Cont’d

~

New Designation

Type of Shape

Old Designation

L6 x 6 x 3/4 Equal Leg Angle L 6x6x3/4

L6 x4 x 5/8 Unequal Leg Angle L6x4x5/8
WT 12 x 38 Structural Tee ST 12 WF 38
WT 7 %13 Cut from W shape ST7B13

ST 12 x50 Cut from S shape ST 12/50

MT 4 x9.25 Cut from M shape ST4M9.25
MT 5 x u5 Cut from M shape ST 5 Jud.5

MT 4 x17.15 Cut from M shape ST4M17.15
PL'72 x18 Plate PL 18X7 2

Bar 1 Square Bar Bar 1

Bar 1-1/4 O Round Bar Bar 1-1/4 O
Bar 2-1/2 x1/2 Flat Bar Bar 2-1/2 x 1/2
Pipe 4 Std. Pipe Pipe 4 Std.

Pipe 4 x .Strong . Pipe Pipe 4 x -Strong
Pipe 4 x x Strong Pipe Pipe 4 x x -Strong.

TS 4 x4 x.375 Structural Tubing: Square Tube4 x 4 x .375

TS 5x3x.375 Rectanqular Tube 5 x 3 x .375

TS3 OD x.250 Circular Tube 3 OD x.250
-

/

6.0.2 ASTM Designations for Most Common Types of Steel in Construction

American Society for Testing and Materials (ASTM) specifications that are common in steel design and con-

struction for materials, preparation, and testing are given below. Just click the name to see its scope and most
current date of revision. The links below get you the scope statements from ASTM. You can get nearly every one
of them, though, in AISC’s 2001 Selected ASTM Standards for Structural Steel Fabrication.

A6/A6M Standard Specifica-
tion for General Requirements
for Rolled Structural Steel Bars,
Plates, Shapes, and Sheet Piling
A27/A27M Standard Specifi-
cation for Steel Castings, Car-
bon, for General Application
A36/A36M Standard Specifi-
cation for Carbon Structural
Steel

AS53/A53M Standard Specifi-
cation for Pipe, Steel, Black
and Hot-Dipped, Zinc-Coated,
Welded and Seamless

A123/A123M Standard Speci-
fication for Zinc (Hot- Dip Gal-
vanized) Coatings on Iron and
Steel Products

A148/A148M Standard Specifi-
cation for Steel Castings, High
Strength, for Structural Purposes
A153/A153M Standard Specifi-
cation for Zinc Coating (Hot-
Dip) on Iron and Steel Hardware
A193/A193M Standard Specifi-
cation for Alloy-Steel and Stain-
less Steel Bolting Materials for
High- Temperature Service

A194/A194M Standard Speci-
fication for Carbon and Alloy
Steel Nuts for Bolts for High
Pressure or High- Temperature
Service, or Both
A242/A242M Standard Speci-
fication for High- Strength
Low-Alloy Structural Steel
A276 Specification for Stain-
less Steel Bars and Shapes
A283/A283M Standard Speci-
fication for Low and Intermedi-
ate Tensile Strength Carbon
Steel Plates
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A307 Standard Specification for
Carbon Steel Bolts and Studs,
60 000 PSI Tensile Strength
A325 Standard Specification
for Structural Bolts, Steel, Heat
Treated, 120/105 ksi Minimum
Tensile Strength

A325M Standard Specification
for High- Strength Bolts for
Structural Steel Joints (Metric)
A354 Standard Specification for
Quenched and Tempered Alloy
Steel Bolts, Studs, and Other
E xternally Threaded Fasteners
A370 Standard Test Methods
and Definitions for Mechanical
Testing of Steel Products
A384 Standard Practice for Safe-
guarding Against Warpage and
Distortion During Hot-Dip Gal-
vanizing of Steel Assemblies
A385 Standard Practice for
Providing High-Quality Zinc
Coatings (Hot-Dip)
A435/A435M Standard Speci-
fication for Straight- Beam Ul-
trasonic Examination of Steel
Plates

A449 Standard Specification
for Quenched and Tempered
Steel Bolts and Studs

A490 Standard Specification
for Heat-Treated Steel Struc-
tural Bolts, 150 ksi Minimum
Tensile Strength

A490M Standard Specification
for High- Strength Steel Bolts,
Classes 10.9 and 10.9.3, for
Structural Steel Joints (Metric)
A500 Standard Specification
for Cold-Formed Welded
and Seamless Carbon Steel
Structural Tubing in Rounds
and Shapes

A501 Standard Specification
for Hot-Formed Welded and
Seamless Carbon Steel Struc-
tural Tubing

A514/A514M Standard Speci-
fication for High-Yield
Strength, Quenched and Tem-
pered Alloy Steel Plate, Suit-
able for Welding
A529/A529M Standard Speci-
fication for High- Strength
Carbon-Manganese Steel of
Structural Quality

A563 Standard Specification for
Carbon and Alloy Steel Nuts
A568/A568M Standard Specifi-
cation for Steel, Sheet, Carbon,
and High-Strength, Low-Alloy,
Hot-Rolled and Cold-rolled
A572/A572M Standard Specifi-
cation for High-Strength Low-
Alloy Columbium-Vanadium
Structural Steel

A578/A578M Standard Speci-
fication for Straight- Beam Ul-
trasonic Examination of Plain
and Clad Steel Plates for Spe-
cial Applications
AS588/A588M Standard Speci-
fication for High- Strength
Low-Alloy Structural Steel
with 50 ksi [345MPa] Mini-
mum Yield Point to 4 in.
[100mm] Thick

A606 Standard Specification
for Steel, Sheet and Strip,
High-Strength, Low-Alloy,
Hot-Rolled and Cold-Rolled,
with Improved Atmospheric
Corrosion Resistance

A618 Standard Specification
for Hot-Formed Welded and
Seamless High-Strength Low-
Alloy Structural Tubing

A666 Standard Specification
for Annealed or Cold- Worked
Austenitic ~ Stainless  Steel
Sheet, Strip, Plate, and Flat Bar
A673/A673M Standard
Specification for Sampling
Procedure for Impact Testing
of Structural Steel

e A706/A706M Standard Speci-

fication for Low-Alloy Steel
Deformed and Plain Bars for
Concrete Reinforcement
A709/A709M Standard Speci-
fication for Carbon and High-
Strength Low-Alloy Structural
Steel Shapes, Plates, and Bars
and Quenched-and- Tempered
Alloy Structural Steel Plates
for Bridges

A759 Standard Specification
for Carbon Steel Crane Rails
AT770/A770M Standard Speci-
fication for Through- Thick-
ness Tension Testing of Steel
Plates for Special Applications
A780 Ptandard Sractice for Re-
pair of Damaged and Uncoated
Areas of Hot-Dip Galvanized
Coatings

A786/A786M Standard Speci-
fication for Rolled Steel Floor
Plates

A847 Standard Specification
for Cold-Formed Welded and
Seamless High-Strength, Low-
Alloy Structural Tubing with
Improved Atmospheric Corro-
sion Resistance

A852/A852M Standard Specifi-
cation for Quenched and Tem-
pered Low-Alloy Structural
Steel Plate with 70 ksi [485
MPa] Minimum Yield Strength
to 4 in. [100 mm] Thick
A913/A913M Standard Specifi-
cation for High- Strength Low-
Alloy Steel Shapes of Structural
Quality, Produced by Quench-
ing and Self-Tempering Process
(QST)

A931 Standard Test Method for
Tension Testing of Wire Ropes
and Strand

A941 Standard Terminology
Relating to Steel, Stainless Steel,
Related Alloys, and Ferroalloys
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A949/A949M Standard Speci-
fication for Spray- Formed
Seamless  Ferritic/Austenitic
Stainless Steel Pipe
A992/A992M Standard Speci-
fication for Steel for Structural
Shapes for Use in Building
Framing

A1011/A1011M Standard
Specification for Steel, Sheet
and Strip, Hot-Rolled, Carbon,
Structural, High-  Strength
Low-Alloy and High-Strength
Low-Alloy with Improved
Formability

B695 Standard Specification for
Coatings of Zinc Mechanically
Deposited on Iron and Steel
D3359 Standard Test Methods
for Measuring Adhesion by
Tape Test

D4541 Standard Test Method
for Pull-Off Strength of

Coatings Using Portable Adhe-
sion Testers

D4752 Standard Test Method
for Measuring MEK Resistance
of Ethyl Silicate (Inorganic)
Zinc-Rich Primers by Solvent
Rub

D5402 Standard Practice for
Assessing the Solvent Resis-
tance of Organic Coatings
Using Solvent Rubs

E94 Standard Guide for Radio-
graphic Examination

El65 Standard Test Method for
Liquid Penetrant Examination
E709 Standard Guide for Mag-
netic Particle Examination
El032 Standard Test Method
for Radiographic Examination
of Weldments

F436 Standard Specification
for Hardened Steel Washers
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F606 Standard Test Methods
for Determining the Mechani-
cal Properties of Externally
and Internally Threaded Fas-
teners, Washers, and Rivets
F959 Standard Specification for
Compressible-Washer-  Type
Direct Tension Indicators for
Use with Structural Fasteners
F1554 Standard Specification
for Anchor Bolts, Steel, 36,
55, and 105 ksi Yield Strength
F1852 Standard Specification
for “Twist-Off” Type Tension
Control Structural Bolt/Nut/
Washer Assemblies, Steel,
Heat Treated, 120/105 ksi Min-
imum Tensile Strength

GI01 Standard Guide for Esti-
mating the Atmospheric Corro-
sion Resistance of Low- Alloy
Steels

Here are a few brand-new and newer ASTM specifications (and some discontinued and replaced ones, t0o).

ASTM A992/A992M—The new 50 ksi steel for wide-flange shapes (only) that replaces ASTMA36, ASTM
AS572 grade 50 and the similar dual-certified products for wide-flange shapes (only). Read about this in three
places: Are You Properly Specifying Materials? Part I—Structural Shapes from the January 1999 issue of
AISC’s Modern Steel Construction magazine, Steel Industry Embraces ASTM A292 from the April 1999
issue of AISC’s Modern Steel Construction magazine and AISC Technical Bulletin No.3, which was AISC’s
announcement of ASTM A992 before it had an ASTM number. Also, note that 50 ksi W-shapes are now less
expensive than 36 ksi W-shapes, as explained here.

ASTM F1554 —The new ASTM specification for anchor rods (what used to be called anchor bolts). Read
about this in Are You Properly Specifying Materials? Part 3—Fastening Products from the March 1999 issue
of AISC’s Modern Steel Construction magazine.

ASTM F1852—The new ASTM specification for twist-off-type tension-control bolt assemblies that meet
mechanical and chemical requirements similar to ASTM A325 high-strength bolts. Read about this in
Are You Properly Specifying Materials? Part 3—Fastening Products from the March 1999 issue of AISC’s
Modern Steel Construction magazine.

And here are ASTM Specifications that have been discontinued or replaced:

ASTM A687 was discontinued (1999) without replacement.
ASTM A570/A570M was discontinued (2000) and replaced by ASTM A1011/A1011M.
ASTM E142 was discontinued (2000) and replaced by ASTM E94.
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Home > Useful Information > Materials, Preparation, and Testing

Properly specify requirements for materials, preparation, and testing in your steel projects with the help in this
feature. Here’s a three-part article in AISC’s Modern Steel Construction magazine that will help you to do so.
Surely it’s no coincidence that its title is “Are You Properly Specifying Materials?”

e Part 1—Structural Shapes (January 1999 issue)
e Part 2—Plate Products (February 1999 issue)
e Part 3—Fastening Products (March 1999 issue)

American Society for Testing and Materials (ASTM) specifications that are common in steel design and
construction for materials, preparation, and testing are given below. Just click the name to see its scope and
most current date of revision. The links below get you the scope statements from ASTM. You can get nearly
every one of them, though, in AISC’s 2001 Selected ASTM Standards Fabrication.

A6/A6M Standard Specifi-
cation for General Require-
ments for Rolled Structural
Steel Bars, Plates, Shapes,
and Sheet Piling
A27/A27M Standard Speci-
fication for Steel Castings,
Carbon, for General Appli-
cation

A36/A36M Standard Speci-
fication for Carbon Struc-
tural Steel

A53/A53M Standard Speci-
fication for Pipe, Steel,
Black and Hot-Dipped,
Zinc-Coated, Welded and
Seamless

A123/A123M Standard
Specification for Zinc (Hot-
Dip Galvanized) Coatings
on Iron and Steel Products
A148/A148M Standard
Specification for Steel Cast-
ings, High Strength, for
Structural Purposes
Al53/A153M Standard
Specification for Zinc Coat-
ing (Hot-Dip) on Iron and
Steel Hardware
A193/A193M Standard
Specification for Alloy-
Steel and Stainless Steel
Bolting  Materials  for
High-Temperature Service

A194/A194M Standard
Specification for Carbon
and Alloy Steel Nuts for
Bolts for High Pressure or
High- Temperature Service,
or Both

A242/A242M Standard
Specification for High-
Strength Low-Alloy Struc-
tural Steel

A276 Specification for Stain-
less Steel Bars and Shapes
A283/A283M Standard
Specification for Low and In-
termediate Tensile Strength
Carbon Steel Plates

A307 Standard Specifica-
tion for Carbon Steel Bolts
and Studs, 60 000 PSI Ten-
sile Strength

A325 Standard Specifica-
tion for Structural Bolts,
Steel, Heat Treated, 120/
105 ksi Minimum Tensile
Strength

A325M Standard Specifica-
tion for High-Strength Bolts
for Structural Steel Joints
(Metric)

A354 Standard Specifica-
tion for Quenched and Tem-
pered Alloy Steel Bolts,
Studs, and Other Externally
Threaded Fasteners

AS501 Standard Specifica-
tion for  Hot-Formed
Welded and Seamless Car-
bon Steel Structural Tubing
A514/A514M Standard
Specification for High-
Yield Strength, Quenched
and Tempered Alloy Steel
Plate, Suitable for Welding
AS529/A529M Standard
Specification for  High-
Strength Carbon-Manganese
Steel of Structural Quality
A563 Standard Specifica-
tion for Carbon and Alloy
Steel Nuts

A568/A568M Standard
Specification for Steel,
Sheet, Carbon, and High-
Strength, Low-Alloy, Hot-
Rolled and Cold-rolled,
General Requirements for
steel

AS572/A572M Standard
Specification for High-
Strength Low-Alloy Colum-
bium- Vanadium Structural
Steel

AS578/A5T8M Standard
Specification for Straight-
Beam Ultrasonic Examina-
tion of Plain and Clad
Steel Plates for Special
Applications
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AS588/A588M Standard
Specification for High-
Strength Low-Alloy Struc-
tural Steel with 50 ksi
[345MPa] Minimum Yield
Point to 4 in. [100mm)]
Thick

A606 Standard Specifica-
tion for Steel, Sheet and
Strip, High-Strength, Low-
Alloy, Hot-Rolled and
Cold-Rolled, with Improved
Atmospheric Corrosion
Resistance

A618 Standard Specifica-
tion for Hot-Formed
Welded and  Seamless
High-Strength Low-Alloy
Structural Tubing

A666 Standard Specifica-
tion for Annealed or Cold-
Worked Austenitic Stain-
less Steel Sheet, Strip,
Plate, and Flat Bar
A673/A673M Standard
Specification for Sampling
Procedure for Impact Test-
ing of Structural Steel
AT706/A1Q6M Standard
Specification for Low-
Alloy Steel Deformed and
Plain Bars for Concrete
Reinforcement
AT709/A709M Standard
Specification for Carbon and
High-Strength  Low-Alloy

Structural ~ Steel ~ Shapes,
Plates, and Bars and Ferritic/
Austenitic  Stainless Steel
Pipe

A852/A852M Standard
Specification for Quenched
and Tempered Low-Alloy
Structural ~ Steel  Plate
with 70 ksi [485 MPa] Min-
imum Yield Strength to 4
in. [100 mm] Thick
A913/A913M Standard
Specification for High-
Strength Low-Alloy Steel
Shapes of Structural Quality,
Produced by Quenching and
Self-Tempering Process
(QST)

A931 Standard Test
Method for Tension Testing
of Wire Ropes and Strand
A941 Standard Terminol-
ogy Relating to Steel, Stain-
less Steel, Related Alloys,
and Ferroalloys
A949/A949M Standard
Specification for Spray-
Formed Seamless Ferritic/
Austenitic Stainless Steel
Pipe

A992/A992M Standard
Specification for Steel for
Structural Shapes for Use
in Building Framing.
A1011/A1011M Standard
Specification for Steel, Sheet
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and  Strip, Hot-Rolled,
Carbon, Structural, High-
Strength Low-Alloy and
High-Strength Low-Alloy
with Improved Formability
B695 Standard Specifica-
tion for Coatings of Zinc
Mechanically Deposited on
Iron and Steel

D3359  Standard = Test
Methods for Measuring
Adhesion by Tape Test
D4541  Standard  Test
Method  for  Pull-Off
Strength of Coatings Using
Portable Adhesion Testers
D4752  Standard  Test
Method for Measuring
MEK Resistance of Ethyl
Silicate (Inorganic) Zinc-
Rich Primers by Solvent Rub
D5402 Standard Practice
for Assessing the Solvent
Resistance of Organic Coat-
ings Using Solvent Rubs
E94 Standard Guide for
Radiographic Examination
El65 Standard Test
Method for Liquid Pene-
trant Examination

E709 Standard Guide for
Magnetic Particle Examina-
tion

E1032 Standard Test Method
for Radiographic Examina-
tion of Weldments

Here are a few brand-new and newer ASTM specifications (and some discontinued and replaced ones, t00).

ASTM A992/A992M — The new 50 ksi steel for wide-flange shapes (only) that replaces ASTM
A36, ASTM AS572 grade 50, and the similar dual-certified products for wide-flange shapes (only).
Read about this in three places: Are You Properly Specifying Materials? Part 1 — Structural Shapes
from the January 1999 issue of AISC’s Modern Steel Construction magazine, Steel Industry
Embraces ASTM A992 from the April 1999 issue of AISC’s Modern Steel Construction magazine,
and AISC Technical Bulletin No. 3, which was AISC’s announcement of ASTM A992 before it had
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an ASTM number. Also, note that 50 ksi W-shapes are now less expensive than 36 ksi W-shapes, as

explained here.

ASTM F1554 — The new ASTM specification for anchor rods (what used to be called “anchor bolts™).
Read about this in Are You Properly Specifying Materials? Part 3 — Fastening Products from the March

1999 issue of AISC’s Modern Steel Construction magazine.

ASTM F1852 — The new ASTM specification for twist-off-type tension-control bolt assemblies that met
mechanicals and chemical requirements similar to ASTM A325 high-strength bolts. Read about this in
Are You Properly Specifying Materials? Part 3 — Fastening Products from the March 1999 issue of

AISC’s Modern Steel Construction magazine

And here are ASTM specifications that have been discontinued or replaced:

ASTM A687 was discontinued (1999) without replacement.
ASTM A570/A570M was discontinued (2000) and replaced by ASTM A1011/A1011M.

ASTM E142 was discontinued (2000) and replaced by ASTM E94.

A370 Standard Test Methods
and Definitions for Mechan-
ical Testing of Steel Products
A384 Standard Practice for
Safeguarding Against Warp-
age and Distortion During
Hot-Dip Galvanizing of
Steel Assemblies

A385 Standard Practice for
Providing High-Quality
Zinc. Coatings (Hot-Dip)
A435/A435M Standard
Specification for Straight-
Beam Ultrasonic Examina-
tion of Steel Plates

A449 Standard Specifica-
tion for Quenched and Tem-
pered Steel Bolts and Studs
A490 Standard Specifica-
tion for Heat-Treated Steel
Structural Bolts, 150 ksi
Minimum Tensile Strength
A490M Standard Specifica-
tion for High-Strength Steel
Bolts, Classes 10.9 and
10.9.3, for Structural Steel
Joints (Metric)

A500 Standard Specifica-
tion for Cold-Formed

Welded and Seamless Car-
bon Steel Structural Tubing
in Rounds and Shapes
Quenched-and-Tempered
Alloy Structural Steel Plates
for Bridges

A759 Standard Specifica-
tion for Carbon Steel Crane
Rails

A770/A770M Standard
Specification for Through-
Thickness Tension Testing
of Steel Plates for Special
Applications

A780 Standard Practice for
Repair of Damaged and
Uncoated Areas for Hot-
Dip Galvanized Coatings
AT786/A786M Standard
Specification for Rolled
Steel Floor Plates

A847 Standard Specifica-
tion for Cold-Formed
Welded and  Seamless
High-Strength, Low-Alloy
Structural Tubing with Im-
proved Atmospheric Corro-
sion Resistance

F436 Standard Specifica-
tion for Hardened Steel
Washers

F606 Standard Test
Methods for Determining
the Mechanical Properties
of Externally and Internally
Threaded Fasteners,
Washers, and Rivets

F959 Standard Specifica-
tion for Compressible-
Washer-Type Direct Ten-
sion Indicators for Use with
Structural Fasteners

F1554 Standard Specifica-
tion for Anchor Bolts, Steel,
36, 55, and 105 ksi Yield
Strength

F1852 Standard Specifica-
tion for “Twist-Off” type
Tension Control Structural
Bolt/Nut/Washer  Asem-
blies, Steel, Heat Treated,
120/105 ksi Minimum Ten-
sile Strength

G101 Standard Guide for
Estimating the Atmospheric
Corrosion Resistance of
Low-Alloy Steels

Can’t find the specification you need in the above list? Give these materials web sites a try:
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e ASTM - their standards search page.
e NSSN - “a national resource for global materials standards.”
e Metal Basics — “digital solutions for marketing and sourcing metals.

tL)

6.0.3 Worldwide National Standards for Steel

Australia : AS standards

Austria : ONORM standards
Belgium : NBN standards
Bulgaria: BDS standards

Canada : CSA standards

China : GB standards
Czech/Slovak Republic : CSN standards
Finland : SFS standards

France : AFNOR standards

Great Britain : BS standards
Hungary : MSZ standards

Italy : UNI standards

Japan : JIS standards

Norway : NS standards

Poland PN standards

Romania : STAS standards

Russia : UNE standards

Spain : UNE standards

Sweden : SS standards
Switzerland : SNV/VSM standards
United States : ACI, AISI, AMS, ASME, ASTM, AWS, FED, MIL, SAE, UNS standards
European: Euronorm standards

Source: West Yorkshire Steel Ltd., Leeds, UK

6.0.3.1 Quick Review of U.S. Metric Conversions to Assist When Reviewing Steel Sizes

[ psi ksi ksf kPa atm bar h
1 psi= 1 0.001 0.144 6.895 0.068 0.069
1 ksi = 1000 1 144.0 6894.757 68.045 68.948
1 ksf = 6.94 0.007 1 47.88 0.473 0.479
1 mPa = 145 0.145 20.885 1000 9.869 10
1 atm = 14.696 0.015 2.116 101.325 1 1.013
1 bar = 14.504 0.015 2.089 100 0.987 1
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a N
U.S. Customary Units U.S. Units Equivalent SI Units Equivalent
one square inch (sq in) =1/144 sq ft = 645.16 mm?
one square foot (sq ft) =144 sqin = 1/9 sq yd =0.092903 m?
one square yard (sq yd) =1296s5q in =9 sq ft =0.83613 m?
one acre (ac) = 160 sq rd = 43560 sq ft = 4046.85642 m?
= 1/640 sq mi = 0.40469 ha
one square rod (sq rd) = 272 Ya sq ft =25.2929 m?
one rood =40 sq rd = 10890 sq ft =1011.7141 m?
one square mile = 640 acres = 2.58999 km?
Metric Units US units equivalent SI units equivalent
one acre (a) =~ 10767/8 sq ft =100 m? = 0.01 ha
one hectare (ha) = ~2 ' acres = 10000 m?
\one km? = ~3/8 sq mi = 1000000 m? = 100 ha?

By permission: Structural-Drafting-Net-Expert.com

6.0.3.2 EN, DIN, JIS Standards

The term steel specification is very often closely related to and used interchangeably with standards, although
their meaning is not really identical. Hence, German steel specifications often start with the letters DIN, Jap-
anese with JIS international with ISO, and so on.

The most widely used standard steel specifications in the United States are those published by ASTM; these
steel specifications represent a consensus drawn from producers, fabricators, and users of steel mill products.
In many cases, the dimensions, tolerances, limits, and restrictions in the ASTM specifications are the same as the
corresponding items of the standard practices in the AISI steel product manuals.

Many of the ASTM specifications have been adopted by the American Society of Mechanical Engineers
(ASME) with slight or no modifications. ASME uses the prefix S with the ASTM specifications; for
example, ASME SA 213 and ASTMA 213 are the same. SAE/AISI designations for the chemical compo-
sitions of carbon and alloy steels are sometimes included in the ASTM specifications for bars, wires, and
billets for forging. Some ASTM specifications for sheet products incorporate SAE-AISI designations for
chemical composition.

EN (Euronorm) is a harmonized system of European countries. Although it is accepted and effectively used
in all European countries, “obsolete” national systems, such as German DIN, British BS, French AFNOR, and
ITtalian UNI, can still often be found in many documents.

DIN standards are developed by Deutsches Institute fiir Normung in Germany. All German steel standards
and specifications are represented by the letters DIN and followed by an alphanumeric or a numeric code.
For example, DIN 40NiCrMo66 or 1.6565 is a Ni-Cr-Mo steel that contains 0.35-0.45%C, 0.9-1.4%Cr,
0.5-0.7%Mn, 0.2-0.3%Mo, 1.4-1.7%Ni, 0.035%S; DIN 17200 1.1149 or DIN 17200 Cm22 is a nonresulfurized
carbon steel containing 0.17-0.245C, 0.3-0.6%Mn, 0.02-0.035%S and 0.4% max Si.

JIS standards are developed by the Japanese Industrial Standards Committee (JISC) in Tokyo. The specifi-
cations begin with the prefix JIS, followed by a letter G for carbon and low-alloy steels. Examples: JIS G3445
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STKMI11A is a low-carbon tube steel containing 0.12%C, 0.35%Si, 0.60%Mn, 0.04%P, 0.04%S; JIS G4403
SKH2 (AISI T1Grade) is a tungsten high-speed tool steel containing 0.73-0.83%C, 3.8-4.5%Cr, 0.4%Mn,
0.4%3Si, 0.8-1.2%V and 17-19%W.

The KEY to METALS database brings global metal specifications and properties together into one
integrated and searchable database. Quick and easy access to the mechanical properties, chemical composition,
cross-reference tables, and more provide users with an unprecedented wealth of information. Click the buttons
below to learn more from the Guided Tour or to test drive the KEY to METALS database.

6.0.3.3 Tolerance on JIS Dimension and Shape of WF Beams

a N

Hot-rolled Wide Flange Shapes
for Building Structure

Range Tolerance Remarks
Width (B) B = 400mm + 2.0mm
400 mm < B £ 3.0mm
Depth (H) H < 800 mm + 2.0mm
B= 400 mm
400mm < B + 3.0mm
800mm = H + 3.0mm
Thickness  Flange (tz)*  t2 < 16mm + 1.0mm
T6mm = 2 < 25mm + 1.5mm
25mm = t2 < 40 mm + 1.7mm
40mm = t2 + 2.0mm
t1 < 16mm + 0.7mm
Web (t1) 16mm = t1 < 25mm £ 1.0mm
25mm = t1 < 40mm + 1.5mm
40mm = t1 + 2.0mm T
Length (L) L=7m +40mm — Omm t
7m < L + tolerance increases

5mm for the increment
of every 1m or fraction

thereof.
Flange Out-of- H = 300mm = Bx 0.01 The minimum l l
squareness (T) tolerance shall be
1.5 mm. H;
300mm < H = B x0.012 The
minimum tolerance shall
be 1.5mm. Al L
f
Bend H = 300mm =L x0.0015 Applies to both vertical and
hori | deviati
300mm < H < L x 0.001 orizontal deviations
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\
Hot-rolled Wide Flange Shapes
for Building Structure
Range Tolerance Remarks
Web off Center (S) B = 400mm + 2.0mm
400mm < B +3.5mm g=bi-b2
2 b1 b2
—l
Comber of Web (& H = 350mm =20 —_
350mm = H < 550mm =25
550mm = H =3.0
H
_0of- — = -
Ends Out-of-square (e) _'B.or H x 0.016 The Height [
minimum tolerance shall H
be 3.0 mm. e
Out-of-squareness (t) B = 400mm = b x 0.015 The b b
maximum tolerance Ry N —
shall be 1.5 mm ! L
*For the hot-rolled wide-flange shapes of JIS G3136, the following table should be used.
J

6mm = t2 < 16mm

+1.7mm - 0.3mm

16mm = t2 < 40mm

+2.3mm — 0.7mm

40mm = 12 =100mm

+2.5mm - 1.5mm

6.1.0 Approximate Minimum Mechanical Properties of Some Steels

Hot Rolled—Cold Drawn—Annealed—Quenched & Tempered at 1000°F.

The following table represents an average of results obtained from a large number of tests and is offered only
as a guide in accordance with standard procedure; the specimens used were 1” diameter. Under no condition do
we guarantee these statistics to be accurate.

The section size, finishing temperature, and cooling rate during the rolling process influence the final mechanical
properties of any steel in the As-Rolled condition. The amount of size reduction in cold drawing will affect the
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a N
Approximate Mechanical Properties
(Tensile and Yield Expressed in Thousands of Pounds Per Square Inch)
Machinability Strength Ductility Hardness
AISI GRADE Condition 1212 equals 100% S.FM. TS. Y.P. El 2% RA Brnl. Rock-well
1018 H.R. 52 86 58 32 25 50 116 68B
1018 C.D. 65 107 64 54 15 40 126 72B
M1020 H.R. 50 83 55 30 25 50 110 66B
1035 H.R. 65 107 70 30 20 35 155 83B
1035 C.D. 67 111 90 75 10 40 170 87B
1035 Q&T 95 70 19 55 91 92B
1042 H.R. 61 101 80 50 15 35 175 88B
1042 C.D. 63 104 90 75 12 30 185 91B
1042 Q&T 105 80 15 40 215 96B
M1044 H.R. 53 87 82 49 15 30 170 87B
1045 H.R. 56 92 85 50 15 30 175 88B
1045 C.D. 60 99 90 80 10 30 195 93B
1095 HRA 45 74 90 55 15 40 190 90B
1117 H.R. 85 140 60 35 20 45 115 68B
1117 C.D. 90 149 75 60 15 40 143 79B
1Lz H.R. 92 152 60 35 20 45 115 89B
11L17 C.D. 100 165 75 60 15 40 143 93B
1137 H.R. 70 116 85 50 18 35 179 24C
1137 C.D. 75 121 100 85 10 30 197 89B
1137 Q&T 110 85 15 40 250 93B
1141 H.R. 65 107 90 60 15 25 180 28C
1141 C.D. 70 116 100 85 8 20 195 94B
1141 Q&T 120 100 10 35 270 96B
1144 H.R. 75 124 95 60 15 30 200 30C
1144 C.D. 85 110 100 90 7 20 210 87B
1144 Q&T 130 110 15 45 286 87B
1212 C.D. 100 165 80 70 10 40 170 87B
1213 C.D. 150 248 80 70 10 40 170 81B
B1113 C.D. 150 248 80 70 10 40 170
12L14 C.D. 170 281 60 55 12 40 150 81B
(Type A Leaded)
12L14 C.D. 215 355 60 55 12 40 150 81B
Selenium Treated
1215 C.D. 150 248 80 70 10 40 170 87B
Jalcase 100 C.D. 80 132 120 100 10 25 248 24C
Jalcase 100L C.D. 98 162 120 100 10 25 248 24C
(Leaded)
4142 H.R.A. 56 92 85 55 20 45 170 87B
4142 C.D.A. 65 107 100 85 12 40 196 93B
4142 Q&T 150 130 15 45 300 32C
4147-50 H.R.A. 52 86 90 65 20 50 185 92B
4147-50 Q&T 170 145 15 50 350 37C
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Approximate Mechanical Properties—Cont'd
(Tensile and Yield Expressed in Thousands of Pounds Per Square Inch)

Machinability Strength Ductility Hardness

AISI GRADE Condition 1212 equals 100% S.FM. T.S. Y.P. El 2% RA Brnl. Rock-well

4340 H.R.A. 45 74 100 70 15 10 220 20C
4340 Q&T 175 155 12 18 370 38C
8620 H.R. 60 99 80 55 18 15 160 84B
8620 Q&T 130 92 25 55 218 24C
8620 C.D. 63 104 90 70 15 10 185 90B

\ /

mechanical properties of Cold Drawn Bars. Turned and Polished as well as Turned, Ground, and Polished Bars have
approximately the same mechanical properties as the Hot-Rolled Bars from which they were produced.

6.2.0 Common Structural Shapes for U.S. Steel Sections

The beams are known by their profile meaning:

e The length of the beam
e The shape of the cross section
e The material used

The most commonly found steel beam is the I beam, or the wide-flanged beam, also known by the name of
universal beam or stouter sections as the universal column. Such beams are commonly used in the construction
of bridges and steel frame buildings.

Types of Beams
The most commonly found types of steel beams are varied, and they are as follows:

I beams

Wide-flange beams

HP shape beams

Special shape nonstandard beams
H beams

Junior beams
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Typical Characteristics of Beams
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Beams experience tensile, sheer, and compressive stresses internally due to the loads applied to them. Generally,
in cinder gravity loads there is a slight reduction in the original length of the beam. This results in a smaller
radius arc enclosure at the top of the beam, thus showing compression, while the same beam at the bottom
is slightly stretched, enclosing a larger radius arc due to tension. The length of the beam midway and at the
bends is the same as it is not under tension or compression and is defined as the neutral axis. The beam is
completely exposed to shear stress above the support. There are some reinforced concrete beams that are
completely under compression. These beams are called prestressed concrete beams and are built in such a man-
ner as to produce a compression more than the expected tension under loading conditions.

Steel Channels, Stainless Steel Channels,. ..

e J channels: This kind of channel has two legs and a web. One leg is longer. This channel resembles the

letter J.

e Hat channels: This channel has legs that are folded in the outward direction resembling an old-fashioned

man’s hat.

e U channels: This is the most common and basic channel variety. It has a base known as a web and two

equal-length legs.

e C channels: In this channel the legs are folded back in the channel and resembles the letter C. C channels

are known as rests.

e Hemmed channels: In this kind of channel the top of the leg is folded, hence forming double thickness.

There are other variations of channels that are available, which are customized according to the customer’s needs.

Application

Steel channels are subjected to a wide array of applications. The application fields are:

Construction

Appliances

Transportation

Used in making signposts

Used in wood flooring for athletic purposes

Used in installing and making windows and doors

A major variant of the channel is the mild steel channel. Such channels are generally used in heavy industries.
They are used in the heavy machinery industry and the automotive industry too. The mild steel channel is

divided into major variants, namely:

e Lipped channels: The letters “LL” denote the Lipped channels. In the diagram, the number following the
letters, the nominal web dimension of the channel is indicated by the first three digits. The measurements

are in millimeters.

Shear
Centre

B
|y
i R3.2 —
i
i Centroid

L

=X

-}I-?BMT)

L, |
Xo
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e Plain channels: Such channels are represented by the letters “LL”. The numbers after the letters denote
the web dimensions of the channel measured in millimeters. The thickness of the material is denoted by
the last two digits and is measured in the tenth of millimeter.

Shear
Centre

The steel angle finds an application in a number of things, such as the following:

Used in framing

Used in trims

For reinforcement

In brackets

Used in transmission towers
Bridges

Lifting and transporting machinery
Reactors

Vessels

Warehouses

Industrial boilers

Structural steel angles are used in rolling shutters for fabricating guides for strength and durability.
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6.2.1 How Steel Wide-Flange Beams Are Identified
Steel Wide-Flange | Beams

Depth (d) X

The I Beams are identified by:
W DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)
For example: W27 x 161 is an I beam with a depth of 27 inches and a nominal weight per foot of 161 1bf/ft.

6.2.2 How Steel Channels Are Identified

American Standard Steel Channels

Depth (d) X

[ by ——]
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The channels are identified by:
C DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)
For example: C12 x 30 is a channel with a depth of 12 inches and a nominal weight per foot of 30 Ibf/ft.

6.2.3 How Steel Angles Are Identified
Steel Angles

o

y

The angles are identified by:
LLEG, inches x LEGy, inches x THICKNESS inches
For example, L4 x 3 x°/g is an angle with one 4-inch leg and one 3-inch leg and having a nominal weight per
foot of 161 1bf/ft.

6.2.4 Cross Sections of Standard Structural Steel Members

Standard Beams

I X [

STEEL W TYPE I-BEAMS STEEL S TYPE I-BEAMS STEEL CHANNELS
STEEL ANGLES ALUMINUM CHANNELS ALUMINUM |-BEAMS

Common Cross Sections

I I I L

I-BEAM TAPERED I-BEAM UNEVEN I-BEAM GENERAL SHAPE
SQUARE CHANNEL TAPERED CHANNEL EQUAL LEG L BEAM RECTANGULAR L BEAM

T T T i

T-BEAM SEMI-TAPERED T-BEAM TAPERED T-BEAM RECTANGULAR CROSS
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6.3.0 Calculating the U.S. Weight and Size of Wide-Flange Beams-4"x4" to 36"x16"

[w] WIDE-FLANGE BEAMS —

Conforms to A-36 and A-572-Gr50 R T

Standard Lengths 40', 50’ and 60’ = |

A B C D
Nominal Size in inches Weight  Depth Flange Average Flange ~ Web Weight LBS.
Per of Width Thickness Thickness ; ; ;
Foot Section  Inches Inches Inches 40 50 60

4 x4 13 4.16 4.060 375 .280 520 650 780
5x5 16 5.00 5.000 .360 .240 640 800 960
5x5 19 5.15 5.030 430 .270 760 950 1140
6 x 4 9 5.90 3.940 215 170 360 450 540
6 x 4 12 6.00 4.000 279 .230 480 600 720
6 x 4 16 6.25 4.030 404 .260 640 800 960
6 %6 15 5.99 5.990 .260 .230 600 750 900
6 X6 20 6.20 6.018 367 .258 800 1000 1200
6 %6 25 6.37 6.080 456 .320 1000 1250 1500
8 x4 10 7.90 3.940 .204 170 400 500 600
8 x4 13 8.00 4.000 .254 .230 520 650 780
8 x4 15 8.12 4.015 314 .245 600 750 900
8 x5 18 8.14 5.250 330 230 720 900 1080
8 x5 21 8.28 5.270 400 .250 840 1050 1260
8 x 6% 24 7.93 6.500 .398 .245 960 1200 1440
8 x 6% 28 8.06 6.540 4.63 .285 1120 1400 1680
8 x8 31 8.00 8.000 433 .288 1240 1550 1860
8 x8 35 8.12 8.027 493 315 1400 1750 2100
H 40 8.00 8.083 521 458 1600 2000 2400
8 x8 40 8.25 8.077 .558 .365 1600 2000 2400
8 x38 48 8.50 8.117 .683 405 1920 2400 2880
8 x8 58 8.75 8.222 .808 510 2320 2900 3480
8x8 67 9.00 8.287 933 .575 2680 3350 4020
10 x 4 12 9.87 3.960 .210 .190 480 600 720
10 x 4 15 10.00 4.000 .269 .230 600 750 900
10 x 4 17 10.12 4.010 329 240 680 850 1020
10 x 4 19 10.25 4.020 .394 .250 760 950 1140
10 x 5 3/4 22 10.17 5.75 .360 .240 880 1100 1320
10 x 5 3/4 26 10.33 5.750 .360 .240 1040 1300 1560
10 x 5 3/4 30 10.47 5.810 510 .300 1200 1500 1800
10 x 8 33 9.75 7.964 433 292 1320 1650 1980
10 x 8 39 9.94 7.990 .528 318 1560 1950 2340
10 x 8 45 10.12 8.022 618 .350 1800 2250 2700
10 x 10 49 10.00 10.000 .558 .340 1960 2450 2940
10 x 10 54 10.12 10.028 618 .368 2160 2700 3240
10 x 10 60 10.25 10.075 .683 415 2400 3000 3600
10 x 10 68 10.40 10.130 770 470 2720 3400 4080
10 x 10 77 10.62 10.195 .868 .535 3080 3850 4620
10 x 10 88 10.84 10.265 990 .605 3520 4400 5280

\_ %
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[w] WIDE-FLANGE BEAMS—Cont'd o
Conforms to A-36 and A-572-Gr50 -
Standard Lengths 40’, 50" and 60’ .
A B C D ‘
Nominal Size in inches Weight  Depth Flange Average Flange ~ Web Weight LBS.
Per of Width Thickness Thickness ; ; ;
Foot Section  Inches Inches Inches 40 50 60

10 x 10 100 11.12 10.345 1.118 .685 4000 5000 6000
10 x 10 112 11.38 10.415 1.248 .755 4480 5600 6720
12 x 4 14 11.91 3.970 224 .200 560 700 840
12 x 4 16 11.99 3.99 .265 .220 640 800 960
12 x 4 19 12.16 4.010 .349 .240 760 950 1140
12 x 4 22 12.31 4.030 424 .260 880 1100 1320
12 x61/2 26 12.22 6.490 .380 .230 1040 1300 1560
12 x 61/2 30 12.34 6.520 440 .260 1200 1500 1800
12 x61/2 35 12.50 6.560 .520 .300 1400 1750 2100
12x8 40 11.94 8.000 516 .294 1600 2000 2400
12 x 8 45 12.06 8.042 .576 .336 1800 2250 2700
12 x 8 50 12.19 8.077 .640 371 2000 2500 3000
12 x 10 53 12.06 10.000 5.76 .345 2120 2650 3180
12 x 10 58 12.19 10.014 .641 .359 2320 2900 3480
12 x 12 65 12.12 12.000 .606 .390 2600 3250 3900
12 x12 72 12.25 12.040 671 430 2880 3600 4320
12 x 12 79 12.38 12.080 .736 470 3160 3950 4740
12 x12 87 12.53 12.125 .810 515 3480 4350 5220
12 x 12 96 12.71 12.160 .900 .550 3840 4800 5760
12 x 12 106 12.88 12.230 .986 .620 4240 5300 6360
12 x 12 120 13.12 12.320 1.106 .710 4800 6000 7200
12 x12 136 13.41 12.400 1.250 .790 5440 6800 8160
12 x 12 152 13.71 12.480 1.400 .870 6080 7600 9120
12 x12 170 14.03 12.570 1.560 .960 6800 8500 10200
12 x 12 190 14.38 12.670 1.736 1.060 7600 9500 11400
14 x5 22 13.72 5.000 335 .230 880 1100 1320
14 x5 26 13.89 5.025 418 .255 1040 1300 1560
14 x 63/4 30 13.86 6.733 .383 .270 1200 1500 1800
14 x 63/4 34 14.00 6.750 453 .287 1360 1700 2040
14 x 63/4 38 14.12 6.776 513 313 1520 1900 2280
14 x 8 43 13.68 8.000 .528 .308 1720 2150 2580
14 x 8 48 13.81 8.031 .593 .339 1920 2400 2880
14 x 8 53 13.94 8.062 .658 .370 2120 2650 3180
14 x 10 61 13.91 10.000 .643 378 2440 3050 3660
14 x 10 68 14.06 10.040 718 418 2720 3400 4080
14 x 10 74 14.19 10.072 .783 450 2960 3700 4440
14 x 10 82 14.31 10.130 .855 .510 3280 4100 4920
14 x 14 1/2 90 14.02 14.520 .710 440 3600 4500 5400
14 x 14 1/2 99 14.16 14.565 .780 485 3960 4950 5940
14 x 14 1/2 109 14.32 14.6050 .860 .525 4360 5450 6540
14 x 14 1/2 120 14.48 14.670 .940 .590 4800 6000 7200
14 x 14 1/2 132 14.66 14.725 1.030 .645 5280 6600 7920
14 x 16 145 14.78 15.500 1.090 .680 5800 7250 8700
14 x 16 159 14.98 15.565 1.190 745 6360 7950 9540
14 x 16 176 15.25 15.640 1.313 .820 7040 8800 10560

=

(Continued)




w]l WIDE-FLANGE BEAMS — Contd

Conforms to A-36 and A-572-Gr50 I
Standard Lengths 40’, 50" and 60’ .

A B C D
Nominal Size in inches Weight  Depth Flange Average Flange ~ Web Weight LBS.
Per of Width Thickness Thickness
Foot Section  Inches Inches Inches 40 50’ 60’

14 x 16 193 15.50 15.710 1.438 .890 7720 9650 11580
14 x 16 211 15.75 15.800 1.563 .980 8440 10550 12660
14 x 16 233 16.04 15.890 1.720 1.070 9320 11650 13980
14 x 16 257 16.38 15.995 1.890 1.175 10280 12850 15420
14 x 16 283 16.74 16.110 2.070 1.290 11320 14150 16980
14 x 16 311 17.12 16.230 2.260 1.410 12440 15550 18660
14 x 16 342 17.56 16.365 2.468 1.545 13680 17100 20520
14 x 16 370 17.94 16.4575 2.658 1.655 14800 18500 22200
14 x 16 398 18.31 16.590 2.843 1.770 15920 19900 23880
14 x 16 426 18.69 16.695 3.033 1.875 17040 21300 25560
14 x 16 455 19.05 16.828 3.213 2.008 18200 22750 27300
14 x 16 500 19.63 17.008 3.501 2.188 20000 25000 30000
14 x 16 550 20.26 17.206 3.818 2.386 22000 27500 33000
14 x 16 605 20.94 17.418 4.157 2.598 24200 30250 36300
14 x 16 665 21.67 17.646 4.522 2.826 26600 33250 39900
14 x 16 730 22.44 17.889 4.910 3.069 29200 36500 43800
16 x 51/2 26 15.65 5.500 .345 .250 1040 1300 1560
16 x 51/2 31 15.84 5.525 442 .275 1240 1550 1860
16 x 7 36 15.85 6.992 428 .299 1440 1800 2160
16 x 7 40 16.00 7.000 .503 .307 1600 2000 2400
16 x 7 45 16.12 7.039 .563 .346 1800 2250 2700
16 x 7 50 16.25 7.073 .628 .380 2000 2500 3000
16 x 7 57 16.43 7.120 715 430 2280 2850 3420
16 x 10 1/4 67 16.33 10.235 .665 .395 2680 3350 4020
16 x 10 1/4 77 16.52 10.295 .760 455 3080 3850 4620
16 x 10 1/4 89 16.75 10.365 .875 .525 3560 4450 5340
16 x 10 1/4 100 16.97 10.425 .985 .585 4000 5000 6000
18 x 6 35 17.71 6.000 429 .298 1400 1750 2100
18 x6 40 17.90 6.018 .524 316 1600 2000 2400
18 x 6 46 18.06 6.060 .605 .360 1840 2300 2760
18 x 71/2 50 18.00 7.500 .570 .358 2000 2500 3000
18 x 71/2 55 18.12 7.532 .630 .390 2200 2750 3300
18 x 71/2 60 18.25 7.558 .695 416 2400 3000 600
18 x71/2 65 18.35 7.590 .750 450 2600 3250 3900
18 x 7 1/2 71 18.47 7.635 .810 495 2840 3550 4260
18 x 11 76 18.21 11.035 .680 425 3040 3800 4560
18 x 11 86 18.39 11.090 .770 480 3440 4300 5160
18 x 11 97 18.59 11.145 .870 .535 3880 4850 5820
18 x 11 106 18.73 11.200 .940 .590 4240 5300 6360
18 x 11 119 18.97 11.265 1.060 .655 4760 5950 7140
21 x61/2 44 20.66 6.500 451 .348 1760 2200 2640
21 x 61/2 50 20.83 6.530 .535 .380 2000 2500 3000
21 x 61/2 57 21.06 6.555 .650 405 2280 2850 3420
21 x 81/4 62 20.99 8.240 .615 400 2480 3100 3720
21 x 81/4 68 21.13 8.270 .685 430 2720 3400 4080
21 x 81/4 73 21.24 8.295 .740 455 2920 3650 4380
21 x 81/4 83 21.43 8.355 .835 515 3320 4150 4980
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\
/@ WIDE-FLANGE BEAMS—Cont’d

Conforms to A-36 and A-572-Gr50 -
Standard Lengths 40', 50’ and 60’ .

A B C D ‘
Nominal Size in inches Weight  Depth Flange Average Flange ~ Web Weight LBS.
Per of Width Thickness Thickness ; ’ ;
Foot Section  Inches Inches Inches 40 50 60
21 x 81/4 93 21.62 8.420 .930 .580 3720 4650 5580
21 x 121/4 101 21.36 12.290 .800 .500 4040 5050 6060
14 x 16 605 20.94 17.418 4.157 2.598 24200 30250 36300
14 x 16 665 21.67 17.646 4.522 2.826 26600 33250 39900
14 x 16 730 22.44 17.889 4.910 3.069 29200 36500 43800
16 x 51/2 26 15.65 5.500 .345 .250 1040 1300 1560
16 x 51/2 31 15.84 5.525 442 275 1240 1550 1860
16 x 7 36 15.85 6.992 428 .299 1440 1800 2160
16 x 7 40 16.00 7.000 .503 .307 1600 2000 2400
16 x 7 45 16.12 7.039 .563 .346 1800 2250 2700
16 x 7 50 16.25 7.073 .628 .380 2000 2500 3000
16 x 7 57 16.43 7.120 .715 430 2280 2850 3420
16 x 10 1/4 67 16.33 10.235 .665 395 2680 3350 4020
16 x 10 1/4 77 16.52 10.295 .760 455 3080 3850 4620
16 x 10 1/4 89 16.75 10.365 .875 .525 3560 4450 5340
16 x 10 1/4 100 16.97 10.425 .985 .585 4000 5000 6000
18 x 6 35 17.71 6.000 429 .298 1400 1750 2100
18 x 6 40 17.90 6.018 .524 316 1600 2000 2400
18 x 6 46 18.06 6.060 .605 .360 1840 2300 2760
18 x71/2 50 18.00 7.500 .570 .358 2000 2500 3000
18 x 71/2 55 18.12 7.532 .630 .390 2200 2750 3300
18 x71/2 60 18.25 7.558 .695 416 2400 3000 600
18 x 71/2 65 18.35 7.590 .750 450 2600 3250 3900
18 x71/2 71 18.47 7.635 .810 495 2840 3550 4260
18 x 11 76 18.21 11.035 .680 425 3040 3800 4560
18 x 11 86 18.39 11.090 .770 .480 3440 4300 5160
18 x 11 97 18.59 11.145 .870 .535 3880 4850 5820
18 x 11 106 18.73 11.200 .940 .590 4240 5300 6360
18 x 11 119 18.97 11.265 1.060 .655 4760 5950 7140
21 x 61/2 44 20.66 6.500 451 .348 1760 2200 2640
21 x 61/2 50 20.83 6.530 .535 .380 2000 2500 3000
21 x61/2 57 21.06 6.555 .650 .405 2280 2850 3420
21 x 81/4 62 20.99 8.240 615 .400 2480 3100 3720
21 x 81/4 68 21.13 8.270 .685 430 2720 3400 4080
21 x 81/4 73 21.24 8.295 .740 455 2920 3650 4380
21 x 81/4 83 21.43 8.355 .835 515 3320 4150 4980
21 x 81/4 93 21.62 8.420 .930 .580 3720 4650 5580
21 x 12 1/4 101 21.36 12.290 .800 .500 4040 5050 6060
21 x121/4 111 21.51 12.340 .875 .550 4440 5550 6660
21 x 12 1/4 122 21.68 12.390 .960 .600 4880 6100 7320
21 x 121/4 132 21.83 12.440 1.035 .650 5280 6600 7920
21 x 12 1/4 147 22.06 12.510 1.150 .720 5880 7350 8820
- /

(Continued)
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[w] WIDE-FLANGE BEAMS—Cont'd o
Conforms to A-36 and A-572-Gr50 -
Standard Lengths 40’, 50’ and 60’ .
A B C D ‘
Nominal Size in inches Weight  Depth Flange Average Flange ~ Web Weight LBS.
Per of Width Thickness Thickness ; ; ;
Foot Section  Inches Inches Inches 40 50 60

24 x 7 55 23.55 7.000 .503 .396 2200 2750 3300
24 x 7 62 23.72 7.040 .590 1430 2480 3100 3720
24 x 9 68 23.71 8.961 .582 416 2720 3400 4080
24 x 9 76 2391 8.985 .682 440 3040 3800 4560
24 x 9 84 24.09 9.015 772 470 3360 4200 5040
24 x9 94 24.29 9.061 .872 516 3760 4700 5640
24 x 12 3/4 104 24.06 12.750 .750 .500 4160 5200 6240
24 x 12 3/4 117 24.26 12.800 .850 .550 4680 5850 7020
24 x 12 3/4 131 24.48 12.855 .960 .605 5240 6550 7860
24 x 12 3/4 146 24.74 12.900 1.090 .650 5840 7300 8760
24 x 12 3/4 162 25.00 12.955 1.220 .705 6480 8100 9720
27 x 10 84 26.69 9.963 .636 463 3360 4200 5040
27 x 10 94 26.91 9.990 747 490 3760 4700 5640
27 x 10 102 27.07 10.018 .827 518 4080 5100 6120
27 x 10 114 27.28 10.070 932 .570 4560 5700 6840
27 x 14 146 27.38 13.965 975 .605 5840 7300 8760
27 x 14 161 27.59 14.020 1.080 .660 6440 8050 9660
27 x 14 178 27.81 14.085 1.190 725 7120 8900 10680
30 x 10 1/2 99 29.64 10.458 .670 .522 3960 4950 5940
30 x 10 1/2 108 29.82 10.484 .760 .548 4320 5400 6480
30 x 10 1/2 116 30.00 10.500 .850 .564 4640 5800 6960
30 x 101/2 124 30.16 10.521 .930 .585 4960 6200 7440
30 x 101/2 132 30.30 10.551 1.000 .615 5280 6600 7920
30 x 15 173 30.44 14.985 1.065 622 6920 8650 10380
30 x 15 191 30.68 15.040 1.185 .710 7640 9550 11460
30 x 15 211 30.94 15.105 1.315 775 8440 10550 12660
33 x111/2 118 32.86 11.484 .738 .554 4720 5900 7080
33 x111/2 130 33.10 11.510 .855 .580 5200 6500 7800
33 x111/2 141 33.31 11.535 .960 .605 5640 7050 8460
33 x111/2 152 33.50 11.565 1.055 .635 6080 7600 9120
33 x 153/4 201 33.68 15.745 1.150 .715 8040 10050 12060
33 x 15 3/4 221 33.93 15.850 1.275 .775 8840 11050 13260
33 x 15 3/4 241 34.18 15.860 1.400 .830 9640 12050 14460
36 x 12 135 35.55 11.945 794 .598 5400 6750 8100
36 x 12 150 35.84 11.972 .940 .625 6000 7500 9000
36 x 12 160 36.00 12.000 1.020 .653 6400 8000 9600
36 x 12 170 36.16 12.027 1.100 .680 6800 8500 10200
36 x 12 182 36.32 12.072 1.180 725 7280 9100 10920
36 x 12 194 36.48 12.117 1.260 .770 7760 9700 11640
36 x 12 210 36.69 12.180 1.360 .830 8400 10500 12600
36 x 16 1/2 230 35.88 16.475 1.260 .765 9200 11500 13800
36 x 16 1/2 245 36.06 16.512 1.350 .802 9800 12250 14700
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Wide-Flange Beams

Imperial to Metric Conversions

W/D Imperial = M/D Metric * 0.017
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\
[w] WIDE-FLANGE BEAMS—Cont'd ——
Conforms to A-36 and A-572-Gr50 r ‘
Standard Lengths 40', 50" and 60’ = |
A B C D
Nominal Size in inches Depth Flange Average Flange  Web Weight LBS.
of Width Thickness Thickness ; ’ ;
Section  Inches Inches Inches 40 50 60
36 x 16 1/2 36.24 16.555 1.440 .845 10400 13000 15600
36 x 16 1/2 36.50 16.595 1.680 .885 11200 14000 16800
36 x 16 1/2 36.72 16.655 1.680 .945 12000 15000 18000
/
6.3.1 Calculating the Metric Weight and Size of Wide-Flange Beams W4s to W36s
\

Imperial Metric Imperial Metric
Size (In.) x Wt. (Ib/ft) Size (mm) x WT. (kg/m) W/D (Ib/ft/in.) M/D (kg/m/m)
w4 x 13 W100 x 19 0.65 39
W5 x 16 W130 x 24 0.65 39
W5 x 19 W130 x 28 0.76 45
W6 x 9 W150 x 14 0.39 23
W6 x 12 W150 x 18 0.51 30
W6 x 15 W150 x 22 0.51 30
W6 x 16 W150 x 24 0.66 39
W6 x 20 W150 x 30 0.67 40
W6 x 25 W150 x 37 0.82 49
W8 x 10 W200 x 15 0.37 22
W8 x 13 W200 x 19 0.47 28
W8 x 15 W200 x 22 0.54 32
W8 x 18 W200 x 27 0.57 34
W8 x 21 W200 x 31 0.66 39
W8 x 24 W200 x 36 0.69 41
W8 x 28 W200 x 42 0.8 48
W8 x 31 W200 X 46 0.79 47
W8 x 35 W200 x 52 0.88 52
W8 x 40 W200 x 59 1 59
W8 x 48 W200 x 71 1.18 70
W8 x 58 W200 x 86 1.41 83
W8 x 67 W200 x 100 1.61 95
W10 x 12 W250 x 18 0.38 23
W10 x 15 W250 x 2 0.48 29
W10 x 17 W250 x 25 0.54 32
W10 x 19 W250 x 28 0.59 35
W10 X 22 W250 x 33 0.59 35
W10 x 26 W250 x 39 0.69 41

/

(Continued)
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Wide-Flange Beams— Cont'd
Imperial to Metric Conversions
W/D Imperial = M/D Metric * 0.017

Imperial Metric Imperial Metric
Size (In.) x Wt. (Ib/ft) Size (mm) x WT. (kg/m) W/D (Ib/ft/in.) M/D (kg/m/m)
W10 x 30 W250 x 45 0.79 47
W10 x 33 W250 x 49 0.77 46
W10 x 39 W250 x 58 0.9 53
W10 x 45 W250 x 87 1.03 61
W10 x 49 W250 x 73 0.99 59
W10 x 54 W250 x 80 1.09 65
W10 x 60 W250 x 89 1.2 71
W10 x 68 W250 x 101 1.35 80
W10 x 77 W250 x 115 1.52 90
W10 x 88 W250 x 131 1.72 102
W10 x 100 W250 x 149 1.93 114
W10 x 112 W250 x 167 2.14 126
W12 x 14 W310 x 21 0.4 24
W12 x 16 W310 x 24 0.45 27
W12 x 19 W310 x 28 0.53 32
W12 x 22 W310 x 33 0.61 36
W12 x 26 W310 x 39 0.6 36
W12 x 30 W310 x 45 0.69 41
W12 x 35 W310 x 52 0.79 47
W12 x 40 W310 x 60 0.85 50
W12 x 45 W310 x 67 0.95 56
W12 x 50 W310 x 74 1.04 62
W12 x 53 W310 x 79 0.99 59
W12 x 54 W310 x 80 1.04 62
W12 x 55 W310 x 82 1.04 62
W12 x 58 W310 x 86 1.08 64
W12 X 65 W310 x 97 1.09 65
W12 x 72 W310 x 107 1.2 71
W12 x 79 W310 x 118 1.32 78
W12 x 87 W310 x 129 1.44 85
W12 x 96 W310 x 143 1.57 93
W12 x 106 W310 x 158 1.73 102
W12 x 120 W310 x 179 1.94 115
W12 x 136 W310 x 202 2.17 128
W12 x 152 W310 x 226 2.4 142
W12 x 170 W310 X 253 2.66 157
W12 x 190 W310 x 283 2.93 173
W12 x 210 W310 x 313 3.21 189
W12 x 230 W310 x 342 3.47 205
W12 x 252 W310 x 375 3.76 222
W12 x 279 W310 x 415 4.1 242
W12 x 305 W310 x 454 4.41 260
W12 x 336 W310 x 500 4.78 282
W14 x 22 W360 x 33 0.52 31
W14 x 26 W360 x 39 0.61 36
W14 x 30 W360 x 45 0.63 38
W14 x 34 W360 x 51 0.71 42
W14 x 38 W360 x 57 0.79 47
W14 x 43 W360 x 64 0.85 50
W14 x 48 W360 x 72 0.94 56
W14 x 53 W360 x 79 1.03 61
W14 x 61 W360 x 91 1.07 63




Wide-Flange Beams—Cont'd
Imperial to Metric Conversions
W/D Imperial = M/D Metric * 0.017
Imperial Metric Imperial Metric
Size (In.) x Wt. (Ib/ft) Size (mm) x WT. (kg/m) W/D (Ib/ft/in.) M/D (kg/m/m)
W14 X 68 W360 x 101 1.19 70
W14 X 74 W360 x 110 1.28 76
W14 x 82 W360 x 122 1.41 83
W14 X 90 W360 x 134 1.27 75
W14 x 99 W360 x 147 1.39 82
W14 x 109 W360 x 162 1.53 90
W14 x 120 W360 x 179 1.67 99
W14 x 132 W360 x 196 1.83 108
W14 x 145 W360 x 216 1.94 115
W14 x 159 W360 X 237 2.11 125
W14 x 176 W360 X 262 2.32 137
W14 x 193 W360 x 287 2.53 149
W14 x 211 W360 x 314 2.74 162
W14 x 233 W360 X 347 3 177
W14 x 257 W360 x 382 3.27 193
W14 x 283 W360 x 421 3.57 210
W14 x 311 W360 X 463 3.88 229
W14 X 342 W360 x 509 4.21 248
W14 x 370 W360 x 551 4.51 266
W14 X 398 W360 x 592 4.8 283
W14 X 426 W360 X 634 5.09 300
W14 X 455 W360 X 677 5.38 317
W14 x 500 W360 X 744 5.82 343
W14 x 550 W360 x 816 6.3 371
W14 x 605 W360 X 900 6.8 400
W14 X 665 W360 X 990 7.34 432
W14 x 730 W360 x 1086 7.9 465
W16 X 26 W410 x 39 0.55 33
W16 x 31 W410 X 46 0.65 39
W16 X 36 W410 x 54 0.69 41
W16 x 40 W410 x 60 0.76 45
W16 X 45 W410 X 67 0.85 50
W16 x 50 W410 X 74 0.94 56
W16 x 57 W410 X 85 1.07 63
W16 X 67 W410 x 100 1.07 63
W16 X 77 W410 x 114 1.22 72
W16 x 89 W410 x 132 1.4 83
W16 x 100 W410 x 149 1.56 92
W18 x 35 W460 x 52 0.66 39
W18 X 40 W460 X 60 0.75 45
W18 X 46 W460 X 68 0.86 51
W18 x 50 W460 X 74 0.87 52
W18 x 55 W460 x 82 0.95 56
W18 X 60 W460 x 89 1.03 61
W18 X 65 W460 x 97 1.11 66
W18 x 71 W460 x 106 1.21 72
W18 X 76 W460 x 113 1.11 66
W18 x 86 W460 x 128 1.24 73
W18 x 97 W460 x 144 1.39 82
W18 x 106 W460 x 158 1.52 90
W18 x 119 W460 x 177 1.68 99
N J
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Wide-Flange Beams— Cont’d
Imperial to Metric Conversions
W/D Imperial = M/D Metric * 0.017

Imperial Metric Imperial Metric
Size (In.) x Wt. (Ib/ft) Size (mm) x WT. (kg/m) W/D (Ib/ft/in.) M/D (kg/m/m)
W21 x 44 W530 X 66 0.73 43
W21 x 50 W530 X 74 0.83 49
W21 x 57 W530 x 85 0.93 55
W21 X 62 W530 X 92 0.94 56
W21 X 68 W530 x 101 1.03 61
W22 x 73 W530 x 108 1.1 65
W21 x 83 W530 x 123 1.24 73
W21 x 93 W530 x 138 1.38 82
W21 x 101 W530 x 150 1.29 76
W21 x 111 W530 x 165 1.41 83
W21 x 122 W530 x 182 1.54 91
W21 x 132 W530 x 196 1.66 98
W21 x 147 W530 x 219 1.83 108
W24 x 55 W610 x 82 0.82 49
W24 X 62 W610 x 92 0.92 55
W24 X 68 W610 x 101 0.93 55
W24 X 76 W610 x 113 1.02 60
W24 x 84 W610 x 125 1.13 67
W24 X 94 W610 x 140 1.26 75
W24 x 104 W610 x 153 1.22 72
W24 x 117 W610 x 174 1.36 80
W24 x 131 W610 x 195 1.52 90
W24 x 146 W610 x 217 1.68 99
W24 x 162 W610 X 241 1.85 109
W27 x 84 W690 x 125 1.02 60
W27 x 94 W690 x 140 1.13 67
W27 x 102 W690 x 152 1.23 73
W27 x 114 W690 x 170 1.36 80
W27 x 146 W690 x 217 1.53 90
W27 x 161 W690 X 240 1.68 99
W27 x 178 W690 X 265 1.85 109
W30 X 99 W760 x 147 1.1 65
W30 x 108 W760 x 161 1.2 71
W30 x 116 W760 x 173 1.28 76
W30 x 124 W760 x 185 1.37 81
W30 x 132 W760 x 196 1.45 86
W30 x 173 W760 x 257 1.66 98
W30 x 191 W760 x 284 1.82 108
W30 x 211 W760 x 314 2 118
W33 x 118 W840 x 176 1.19 70
W33 x 130 W840 x 193 1.31 78
W33 x 141 W840 x 210 1.41 83
W33 x 152 W840 X 226 1.51 89
W33 x 201 W840 x 299 1.78 105
W33 x 221 W840 x 329 1.94 115
W33 x 241 W840 x 359 2.11 125

N J




Calculating the Size/Weight of Structural Steel and Miscellaneous Metals

Wide-Flange Beams—Cont’d
Imperial to Metric Conversions
W/D Imperial = M/D Metric * 0.017

Imperial Imperial Metric

Size (In.) x Wt. (Ib/ft) Size (mm) x WT. (kg/m) W/D (Ib/ft/in.) M/D (kg/m/m)
W36 x 135 W920 x 201 1.28 76
W36 x 150 W920 x 223 1.41 83
W36 x 160 W920 x 238 1.5 89
W36 x 170 W920 x 253 1.59 94
W36 x 182 W920 x 271 1.69 100
W36 x 194 W920 x 289 1.8 106
W36 x 210 W920 x 313 1.94 115
W36 x 230 W920 x 342 1.92 113
W36 x 245 W920 x 365 2.04 120
W36 x 260 W920 x 387 2.16 128
W36 x 280 W920 x 417 2.31 136
W36 x 300 W920 x 446 2.47 146

o

6.3.2 Calculating the Weight and Size of | Beams and Junior Beams

/STANDARD JUNIOR

| BEAMS AND JUNIOR BEAMS
Structural Steel Shapes

Structural Steel Shapes are usually ordered as specification ASTM-36.

This Standard of the American Society for Testing and Materials is issued under the designation A-36.

The number immediately following the designation includes the year of original adoption, or, in the case of revision, the year

of last revision.

A-36 Specification
Tensile strength, psi 56,000-80,000

Min. yield strength, psi 36,000
Carbon Content, .26 max.
Standard Lengths 40, 50', 60

A-572 Specification

Tensile strength, psi 65,000
Min. yield strength, psi 36,000
Carbon Content, .26 max.
Standard Lengths 40’, 50’, 60’

Source: Cardinal Metals, St. Louis, MO




STANDARD | BEAMS [ [
Conforms to A-36 l
Standard Lengths 20/, 40’, 60’ e
A B C Weight Lbs
Depth in Inches Weight Lbs per  Flange Width  Web 20 Ft 30 Ft 40 Ft 60 Ft
Foot Inches Thickness In.  Length  Length  Length  Length
3 5.7 2.330 170 114 171 228 342
7.5 2.509 .349 150 225 300 450
4 7.7 2.660 .190 154 231 308 462
9.5 2.796 326 190 285 380 470
5 10.0 3.000 .210 200 300 400 600
14.75 3.284 494 295 443 590 885
6 12.5 3.330 .230 250 375 500 750
17.25 3.565 465 345 518 690 1035
7 15.3 3.660 .250 306 459 612 918
20.0 3.860 450 400 600 800 1200
8 18.4 4.000 .270 368 552 736 1104
23.0 4171 441 460 690 920 1380
10 25.4 4.660 310 508 762 1016 1524
35.0 4.944 .594 700 1050 1400 2100
12 31.8 5.000 .350 636 954 1272 1908
35.0 5.078 428 700 1050 1400 2100
40.8 5.250 460 816 1224 1632 2448
50.0 5.477 .687 1000 1500 2000 3000
15 42.9 5.500 410 858 1287 1716 2574
50.0 5.640 .550 1000 1500 2000 3000
18 54.7 6.000 460 1094 1641 2188 3282
70.0 6.251 711 1400 2100 2800 4200
20 66.0 6.255 .505 1320 1980 2640 3960
75.0 6.385 .635 1500 2250 3000 4500
86.0 7.060 .660 1720 2580 3440 5160
96.0 7.200 .800 1920 2880 3840 5760
24 80.0 7.000 .500 1600 2400 3200 4800
90.0 7.125 .625 1800 2700 3600 5400
100.0 7.245 .745 2000 3000 4000 6000
106.0 7.870 .620 2120 3180 4240 6360
121.0 8.050 .800 2420 3630 4840 7260
JUNIOR BEAMS
Conforms to A-36
Standard Lengths 20" and 40’
In Inches Per Width Thick Ness 20 FT. 30 FT. 40 FT. 60 FT.
Foot Inches In. Length Length Length Length
6 4.4 1.844 114 88 132 176
8 6.5 2.281 135 130 195 260
10 9.0 2.688 155 180 270 360
12 11.8 3.063 175 236 354 472




6.4.0 Calculating the Weight and Size of U.S. Square High-Strength Steel Sections

" N
Weight Wall Cross Torsional Torsional Surface
Per Foot  Thickness Section Stiffness Shear Area
Nominal Si t Area Constant J Constant C Per
ominal Size
b/t  h/t I s r z Foot
in. in. in. ib. in. in2 in? in2 in. in2 in? in2 ft2
32 x 32 x  5/8% 259.83 0.625 48.2 48.2 76.4 12300 771 12.7 890 19700 1230 10.34
1/2* 210.72 0.500 61.0 61.0 61.9 10100 634 12.8 727 15900 991 10.45
3/8* 159.37 0.375 82.3 823 46.8 7750 485 12.9 553 12000 750 10.51
30 x 30 x  5/8* 242.82 0.625 45.0 45.0 71.4 10100 673 11.9 778 16200 1070 9.68
1/2* 197.11 0.500 57.0 57.0 57.9 8320 555 12.0 637 13000 869 9.79
3/8* 149.16 0.375 77.0 77.0 43.8 6370 424 121 485 9870 658 9.84
28 x 28 x  5/8* 225.80 0.625 41.8 41.8 66.4 8140 582 11.1 674 13100 933 9.01
1/2* 183.50 0.500 53.0 53.0 53.9 6730 480 11.2 552 10600 755 9.12
3/8* 138.95 0.375 71.7  71.7 40.8 5150 368 11.2 421 8010 572 9.17
26 x 26 x  5/8% 208.79 0.625 38.6 38.6 61.4 6460 497 10.3 577 10500 801 8.34
1/2* 169.89 0.500 49.0 49.0 49.9 5350 411 10.4 474 8430 649 8.48
3/8* 128.74 0.375 66.3 66.3 37.8 4110 316 10.4 362 6400 492 8.51
24 x 24 x  5/8*% 191.78 0.625 354 354 56.4 5030 419 9.44 487 8180 679 7.68
1/2* 156.28 0.500 45.0 45.0 45.9 4170 348 9.53 401 6610 551 7.79
3/8* 118.53 0.375 61.0 61.0 34.8 3210 268 9.60 307 5020 418 7.84
22 x 22 x  5/8*% 174.76 0.625 32.2 322 51.4 3820 347 8.62 406 6260 567 7.01
1/2* 142.67 0.500 41.0 41.0 41.9 3190 290 8.72 335 5070 461 7.12
3/8* 108.32 0.375 55.7 55.7 31.8 2460 223 8.78 256 3850 350 717
\_ /
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Weight Wall Cross Torsional Torsional Surface\
Per Foot  Thickness Section Stiffness Shear Area
. . t Area Constant ) Constant C Per
Nominal Size
b/t  h/t 1 S r z Foot
in. in. in. ib. in. in?2 in? in2 in. in2 in? in2 ft.2
20 x 20 x 5/8*  157.75 0.625  29.0 29.0 46.4 2830 283 7.81 331 4670 465 6.34
1/2* 129.06 0500  37.0 37.0 37.9 2370 237 7.90 275 3790 379 6.45
3/8* 98.12 0.375 50.3 50.3 28.8 1830 183 7.97 211 2880 288 6.51
18 x 18 X 5/8*% 140.73 0.625 25.8 25.8 41.4 2020 224 6.99 264 3370 373 5.68
1/2* 115.45 0.500 33.0 33.0 33.9 1700 189 7.08 220 2740 305 5.79
3/8* 87.91 0.375 45.0 45.0 25.8 1320 147 7.15 169 2090 232 5.84
16 x 16 x 5/8 127.37 0.581 24.5 24.5 35.0 1370 171 6.25 200 2170 276 5.17
1/2 103.30 0.465 31.4 31.4 28.3 1130 141 6.31 164 1770 224 5.20
3/8 78.52 0.349 42.8 42.8 21.5 873 109 6.37 126 1350 171 5.23
5/16 65.87 0.291 52.0 52.0 18.1 739 92.3 6.39 106 1140 144 5.25
14 x 14 x 5/8 110.36 0.581 21.1 211 30.3 896 128 5.44 151 1430 208 4.50
1/2 89.68 0.465 27.1 271 24.6 743 106 5.49 124 1170 170 4.53
3/8 68.31 0.349 37.1 37.1 18.7 577 82.5 5.55 95.4 900 130 4.57
5/16 57.36 0.291 45.1  45.1 15.7 490 69.9 5.58 80.5 759 109 4.58
12 x 12 x 5/8 93.34 0.581 17.7 17.7 25.7 548 91.3 4.62 109 885 151 3.83
1/2 76.07 0.465 22.8 22.8 20.9 457 76.2 4.68 89.6 728 123 3.87
3/8 58.10 0.349 31.4 314 16.0 357 59.5 4.73 69.2 561 94.6 3.90
5/16 48.86 0.291 38.2 38.2 13.4 304 50.7 4.76 58.6 474 79.7 3.92
1/4 39.43 0.233 48.5 48.5 10.8 248 41.4 4.79 47.6 384 64.5 3.93
10 x 10 x 5/8 76.33 0.581 14.2 14.2 21.0 304 60.8 3.80 73.2 498 102 3.17
1/2 62.46 0.465 18.5 18.5 17.2 256 51.2 3.86 60.7 412 84.2 3.20
3/8 47.90 0.349 25.7 25.7 13.2 202 40.4 3.92 47.2 320 64.8 3.23
5/16 40.35 0.291 31.4 31.4 111 172 34.5 3.94 40.1 271 54.8 3.25
1/4 32.63 0.233 39.9 399 8.96 141 28.3 3.97 32.7 220 44.4 3.27
3/16 24.73 0.174 54.5 54.5 6.76 108 21.6 4.00 24.8 167 33.6 3.28
9 x 9 x 1/2 55.66 0.465 16.4 16.4 15.3 182 40.6 3.45 48.4 296 67.4 2.87
3/8 42.79 0.349 22.8 22.8 11.8 145 32.2 3.51 37.8 231 52.1 2.90
5/16 36.10 0.291 279 279 9.92 124 27.6 3.54 32.1 196 44.0 2.92
1/4 29.23 0.233 35.6 35.6 8.03 102 22.7 3.56 26.2 159 35.8 2.93
3/16 22.18 0.174 48.7 48.7 6.06 78.2 17.4 3.59 20.0 121 27.1 2.95
8 X 8 x 5/8 59.32 0.581 10.8 10.8 16.4 146 36.5 2.99 44.7 244 63.2 2.50
1/2 48.85 0.465 14.2 14.2 13.5 125 31.2 3.04 37.5 204 52.4 2.53
3/8 37.69 0.349 19.9 199 10.4 99.6 24.9 3.10 29.4 160 40.7 2.57
5/16 31.84 0.291 24.5 245 8.76 85.6 21.4 3.13 25.1 136 34.5 2.58
1/4 25.82 0.233 31.3 31.3 7.10 70.7 17.7 3.15 20.5 111 28.1 2.60
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3/16 19.63 0.174 43.0 43.0 5.37 54.4 13.6 3.18 15.7 84.5 21.3 2.62

7 x 7 5/8 5.81 0.581 9.0 9.0 14.0 93.3 26.7 2.58 33.1 158 471 2.17
1/2 42.05 0.465 121 121 11.6 80.5 23.0 2.63 27.9 133 39.3 2.20

3/8 32.58 0.349 171 171 8.97 64.9 18.6 2.69 22.1 105 30.7 2.23

5/16 27.59 0.291 21.1 211 7.59 56.1 16.0 2.72 18.9 89.7 26.1 2.25

1/4 22.42 0.233 27.0 27.0 6.17 46.5 13.3 2.75 15.5 73.5 21.3 2.27

3/16 17.08 0.174 37.2 37.2 4.67 36.0 10.3 2.77 11.9 56.1 16.2 2.28

6 X 6 5/8 42.30 0.581 7.3 7.3 11.7 55.1 18.4 2.17 23.2 94.9 33.4 1.83
1/2 35.24 0.465 9.9 9.9 9.74 48.2 16.1 2.23 19.8 81.1 28.1 1.87

3/8 27.48 0.349 14.2 14.2 7.58 39.4 13.1 2.28 15.8 64.6 22.1 1.90

5/16 23.34 0.291 176 17.6 6.43 34.3 11.4 2.31 13.6 55.4 18.9 1.92

1/4 19.02 0.233 22.8 22.8 5.24 28.6 9.54 2.34 11.2 45.6 15.4 1.93

3/16 14.53 0.174 31.5 31.5 3.98 22.3 7.42 2.37 8.63 35.0 11.8 1.95

1/8 9.86 0.116 48.7 48.7 2.70 15.5 5.15 2.39 5.92 23.9 8.03 1.97

51/2 x 51/2 3/8 24.93 0.349 12.8 12.8 6.88 29.7 10.8 2.08 13.1 49.0 18.4 1.73
5/16 21.21 0.291 15.9 159 5.85 259 9.43 2.1 11.3 42.2 15.7 1.75

1/4 17.32 0.233 20.6 20.6 4.77 21.7 7.90 2.13 9.32 34.8 12.9 1.77

3/16 13.25 0.174 28.6 28.6 3.63 17.0 6.17 2.16 7.19 26.7 9.85 1.78

1/8 9.01 0.116 44.4 444 2.46 11.8 4.30 2.19 4.95 18.3 6.72 1.80

5 x 5 1/2 28.43 0.465 7.8 7.8 7.88 26.0 10.4 1.82 13.1 44.6 18.7 1.53
3/8 22.37 0.349 11.3 11.3 6.18 21.7 8.67 1.87 10.6 36.1 14.9 1.57

5/16 19.08 0.291 14.2 14.2 5.26 19.0 7.61 1.90 9.16 31.2 12.8 1.58

1/4 15.62 0.233 18.5 18.5 4.30 16.0 6.41 1.93 7.61 25.8 10.5 1.60

3/16 11.97 0.174 25.7 257 3.28 12.6 5.03 1.96 5.89 19.9 8.08 1.62

1/8 8.16 0.116 40.1  40.1 2.23 8.80 3.52 1.99 4.07 13.7 5.53 1.63

412 x 41/2 1/2 25.03 0.465 6.7 6.7 6.95 18.0 8.02 1.61 10.2 31.3 14.8 1.37
3/8 19.82 0.349 9.9 9.9 5.48 15.3 6.78 1.67 8.36 25.7 11.9 1.40

5/16 16.96 0.291 12.5 125 4.68 13.5 5.99 1.70 7.27 22.3 10.2 1.42

1/4 13.91 0.233 16.3 16.3 3.84 11.4 5.08 1.73 6.06 18.5 8.44 1.43

3/16 10.70 0.174 229 229 2.93 9.02 4.01 1.75 4.71 14.4 6.49 1.45

1/8 7.31 0.116 35.8 35.8 2.00 6.35 2.82 1.78 3.27 9.92 4.45 1.47

4 X 4 1/2 21.63 0.465 5.6 5.6 6.02 11.9 5.95 1.41 7.70 21.0 11.2 1.20
3/8 17.27 0.349 8.5 8.5 4.78 10.3 5.13 1.46 6.39 17.5 9.14 1.23

5/16 14.83 0.291 10.7 10.7 4.10 9.14 4.57 1.49 5.59 15.3 7.91 1.25

1/4 12.21 0.233 14.2 14.2 3.37 7.80 3.90 1.52 4.69 12.8 6.56 1.27

3/16 9.42 0.174 20.0 20.0 2.58 6.21 3.10 1.55 3.67 9.96 5.07 1.28

- /
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Weight Wall Cross Torsional Torsional Surface R
Per Foot  Thickness Section Stiffness Shear Area
. . t Area Constant ) Constant C Per
Nominal Size
b/t h/t | S r z Foot
in. in. in. ib. in. in? in* in.? in. in.? in* in.? ft.?
1/8 6.46 0.116 31.5 31.5 1.77 4.40 2.20 1.58 2.56 6.91 3.49 1.30
312 x 312 x 3/8 14.72 0.349 70 7.0 4.09 6.48 3.70 1.26 4.69 11.2 6.77 1.07
5/16 12.70 0.291 9.0 9.0 3.52 5.84 3.34 1.29 4.14 9.89 5.90 1.08
1/4 10.51 0.233 12.0 12.0 291 5.04 2.88 1.32 3.50 8.35 4.92 1.10
3/16 8.15 0.174 171 171 2.24 4.05 2.31 1.35 2.76 6.56 3.83 1.12
1/8 5.61 0.116 272 27.2 1.54 2.90 1.66 1.37 1.93 4.58 2.65 1.13
3 x 3 x  3/8 12.17 0.349 5.6 5.6 3.39 3.77 2.51 1.05 3.25 6.64 4.74 0.90
5/16 10.58 0.291 7.3 7.3 2.94 3.45 2.30 1.08 2.90 5.94 4.18 0.92
1/4 8.81 0.233 9.9 9.9 2.44 3.02 2.01 1.11 2.48 5.08 3.52 0.93
3/16 6.87 0.174 14.2 142 1.89 2.46 1.64 1.14 1.97 4.03 2.76 0.95
1/8 4.75 0.116 229 229 1.30 1.78 1.19 1.17 1.40 2.84 1.92 0.97
21/2 x 21/2 x 5/16 8.45 0.291 5.6 5.6 2.35 1.82 1.45 0.879 1.88 3.20 2.74 0.75
1/4 7.1 0.233 7.7 7.7 1.97 1.63 1.30 0.908 1.63 2.79 2.35 0.77
3/16 5.59 0.174 11.4 114 1.54 1.35 1.08 0.937 1.32 2.25 1.86 0.78
1/8 3.90 0.116 18.6 18.6 1.07 0.998 0.798  0.965 0.947 1.61 1.31 0.80
214 x 214 x 1/4 6.26 0.233 6.7 6.7 1.74 1.13 1.00 0.805 1.28 1.96 1.85 0.68
3/16 4.96 0.174 9.9 9.9 1.37 0.952 0.847 0.835 1.04 1.60 1.48 0.70
1/8 3.48 0.116 16.4 16.4 0.96 0.712 0.633  0.863 0.755 1.15 1.05 0.72
2 x 2 x 1/4 5.41 0.233 5.6 5.6 1.51 0.745 0.745 0.703 0.964 1.31 1.41 0.60
3/16 4.32 0.174 8.5 8.5 1.19 0.640 0.640 0.732 0.797 1.09 1.14 0.62
1/8 3.05 0.116 14.2 14.2 0.84 0.486 0.486 0.761 0.584 0.796 0.817 0.63
13/4 x 13/4 x 3/16 3.68 0.174 7.1 7.1 1.02 0.405 0.462 0.630 0.585 0.699 0.844 0.53
158 x 158 x 3/16 3.36 0.174 6.3 6.3 0.93 0.312 0.384 0.579 0.491 0.544 0.712 0.49
1/8 2.42 0.116 11.0 11.0 0.67 0.246 0.302  0.608 0.370 0.410 0.522 0.51
112 x 1122 x 3/16 3.04 0.174 56 56 0.84 0.235 0.314  0.528 0.406 0.414 0.592 0.45
1/8 2.20 0.116 9.9 9.9 0.61 0.188 0.251 0.556 0.309 0.316 0.438 0.47
114 x 114 x 3/16 2.40 0.174 4.2 4.2 0.67 0.121 0.194 0.425 0.259 0.218 0.383 0.37
1/8 1.78 0.116 7.8 7.8 0.49 0.101 0.162 0.454 0.204 0.174 0.292 0.38 /
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6.4.1 Calculating the Weight and Size of Metric Square High-Strength Steel Sections

Nominal Size Mass Weight Design b/t h/t Area 1/10° $/10° r z/10° Torsional Torsional Surface
Per Per Wall Stiffness Shear Area

us SI/Metric Meter  Meter Thickness Constant  Constant  Per

Customary )/10° c/10? Meter
Inches Millimeters kg kN mm mm?>  mm* mm’® mm mm’® mm* mm’® m?
32x32x5/8* 812.8x812.8x15.9* 387.3 3.798 15.9 48.1 48.1 49300 5140 12700 323 14600 7960000 20100 3.15
1/2* 12.7* 313.6 3.076 12.7 61.0 61.0 40000 4220 10400 325 11900 6440000 16200 3.19
3/8* 9.5% 236.6 2.320 9.5 82.6 82.6 30100 3220 7920 327 9040 4890000 12300 3.20
30x30x5/8*% 762.0x762.0x15.9* 361.9 3.549 15.9 44.9 44.9 46100 4210 11000 302 12800 6520000 17600 2.95
1/2* 12.7* 293.4 2.877 12.7 57.0 57.0 37400 3460 9090 304 10400 5280000 14200 2.98
3/8* 9.5% 221.4 2171 9.5 77.2 77.2 28200 2640 6940 306 7920 4020000 10700 3.00
28x28x5.8* 711.2x711.2x15.9* 336.6 3.301 15.9 41.7 41.7 42900 3390 9550 281 11100 5270000 15300 2.75
1/2* 12.7* 273.1 2.678 12.7 53.0 53.0 34800 2800 7870 284 9050 4270000 12400 2.78
3/8* 9.5% 206.3 2.023 9.5 719 71.9 26300 2140 6020 285 6880 3250000 9350 2.80
26x26x5/8*% 660.4x660.4%x15.9* 311.2 3.052 15.9 38.5 38.5 39600 2690 8150 261 9460 4190000 13100 2.54
1/2* 12.7* 2529 2.480 12.7 49.0 49.0 32200 2230 6740 263 7760 340000 10600 2.58
3/8* 9.5% 191.1 1.874 9.5 66.5 66.5 24300 1700 5160 265 5910 2590000 8040 2.59
24x24x5/8*% 609.6x609.6x15.9* 285.8 2.803 15.9 35.3 35.3 36400 2090 6870 240 8000 3270000 11100 2.34
1/2* 12.7* 232.6 2.281 12.7 45.0 45.0 29600 1740 5700 242 6580 2660000 9030 2.37
3/8* 9.5* 176.0 1.726 9.5 61.2 61.2 22400 1330 4370 244 5010 2030000 6830 2.39
22x22x5/8*% 558.8x558.8x15.9* 260.5 2.554 15.9 32.1 321 33200 1590 5700 219 6650 2490000 9310 2.14
1/2* 12.7* 212.3 2.082 12.7 41.0 41.0 27000 1330 4750 221 5490 2030000 7550 217
3/8* 9.5% 160.8 1.577 9.5 55.8 55.8 20500 1020 3650 223 4190 1560000 5720 2.19
20%x20x5/8* 508.0x508.0x15.9* 235.1 2.306 15.9 289 28.9 30000 1180 4640 198 5430 1850000 7630 1.93
1/2* 12.7* 192.1 1.884 12.7 37.0 37.0 24500 985 3880 201 4500 1510000 6210 1.97
3/8* 9.5* 145.7 1.428 9.5 50.5 50.5 18600 760 2990 202 3440 1160000 4710 1.98
18x18x5/8* 457.2x457.2x15.9%  209.8 2.057 15.9 25.8 25.8 26700 842 3680 177 4340 1330000 6130 1.73
1/2* 12.7* 171.8 1.685 12.7 33.0 33.0 21900 708 3100 180 3610 1090000 5000 1.76
3/8* 9.5% 130.5 1.280 9.5 45.1 45.1 16600 548 2400 182 2770 840000 3800 1.78
16x16x5/8 406.4x406.4x15.9 189.9 1.862 14.8 24.5 245 22600 571 2810 159 3290 854000 4530 1.57
1/2* 12.7 153.7 1.508 11.8 31.4 31.4 18300 469 2310 160 2680 703000 3670 1.59

\3/8 9.5 116.6 1.143 8.9 42.7 42.7 13900 365 1790 162 2070 547000 2810 1 .60/

(Continued)



4 Nominal Size Mass Weight Design b/t h/t Area 1/10° s/10° r z/10° Torsional Torsional Surfa(;
Per Per Wall Stiffness Shear Area

us SI/Metric Meter  Meter Thickness Constant  Constant  Per
Customary J/10° c/103 Meter
Inches Millimeters kg kN mm mm?>  mm*  mm®  mm mm® mm* mm?® m?
5/16 7.9 97.6 0.957 7.4 51.9 51.9 11700 308 1510 162 1740 461000 2350 1.60
14x14x5/8 355.6x355.6x15.9 164.5 1.613 14.8 21.0 210 19600 374 2100 138 2480 559000 3430 1.37
1/2 12.7 133.5 1.309 11.8 27.1 27.1 15900 309 1740 140 2030 463000 2780 1.38
3/8 9.5 101.4 0.995 8.9 37.0 37.0 12100 241 1360 141 1570 361000 2140 1.39
5/16 7.9 85.0 0.833 7.4 45.1 45.1 10200 204 1150 142 1320 306000 1790 1.40
12x12x5/8 304.8x304.8x15.9 139.1 1.364 14.8 17.6 17.6 16600 229 1500 117 1780 341000 2480 1.17
1/2 12.7 113.2 1.110 11.8 22.8 22.8 13500 190 1250 119 1470 284000 2020 1.18
3/8 9.5 86.3 0.846 8.9 31.2 31.2 10300 149 979 120 1140 224000 1560 1.19
5/16 7.9 72.4 0.710 7.4 38.2 38.2 8660 127 831 121 961 190000 1310 1.19
1/4 6.4 59.1 0.580 5.9 48.7  48.7 6960 103 676 122 777 154000 1050 1.20
10x10x5/8 254.0x254.0x15.9 113.8 1.116 14.8 14.2 14.2 13600 127 1000 96.6 1200 189000 1680 0.97
1/2 12.7 93.0 0.912 11.8 18.5 18.5 11100 106 838 98.0 994 159000 1380 0.98
3/8 9.5 71.1 0.697 8.9 25.5 25.5 8520 84.3 664 99.4 777 126000 1070 0.99
5/16 7.9 59.8 0.586 7.4 31.3 31.3 7160 71.8 566 100 657 108000 898 0.99
1/4 6.4 48.9 0.480 5.9 40.1 40.1 5770 58.7 462 101 534 88000 726 1.00
3/16 4.8 37.1 0.364 4.4 54.7 54.7 4340 44.8 353 102 405 67200 548 1.00
9%x9x1/2 228.6%x228.6x12.7 82.8 0.812 11.8 16.4 16.4 9870 75.9 664 87.7 793 113000 1100 0.87
3/8 9.5 63.5 0.623 8.9 22.7 22.7 7620 60.4 529 89.1 622 90400 856 0.88
5/16 7.9 53.5 0.525 7.4 27.9 27.9 6410 51.7 452 89.8 527 77300 723 0.89
1/4 6.4 43.8 0.430 5.9 35.7 357 5170 42.3 370 90.5 429 63400 584 0.89
3/16 4.8 33.3 0.326 4.4 49.0 49.0 3900 32.4 284 91.2 326 48600 442 0.90
8x8x5/8 203.2x203.2x15.9 88.4 0.867 14.8 10.7 10.7 10600 60.9 599 75.8 734 90100 1040 0.76
1/2 12.7 72.7 0.713 11.8 14.2 14.2 8680 51.8 510 77.3 614 77100 858 0.77
3/8 9.5 56.0 0.549 8.9 19.8 19.8 6710 41.6 409 78.7 484 62100 669 0.78
5/16 7.9 47.2 0.463 7.4 24.5 24.5 5650 35.7 351 79.4 412 53400 566 0.79
1/4 6.4 38.7 0.380 5.9 31.4 31.4 4570 29.3 289 80.1 336 43900 459 0.79
3/16 4.8 29.4 0.289 4.4 43.2 43.2 3450 22.6 222 80.9 256 33800 347 0.80
7%x7x5/8 177.8x177.8x15.9 75.7 0.743 14.8 9.0 9.0 9090 38.9 438 65.4 543 57300 774 0.66
1/2 12.7 62.6 0.614 11.8 12.1 121 7480 33.5 377 66.9 457 49700 644 0.67
3/8 9.5 48.4 0.474 8.9 17.0 17.0 5810 271 305 68.3 363 40400 505 0.68
5/16 7.9 40.9 0.401 7.4 21.0 21.0 4900 23.4 263 69.0 310 34900 428 0.69
1/4 6.4 33.6 0.330 5.9 27.1 27.1 3970 19.3 217 69.8 254 28900 348 0.69
3/16 4.8 25.6 0.251 4.4 37.4 37.4 3000 14.9 168 70.5 194 22400 264 0.70
6x6x5/8 152.4x152.4x15.9 63.0 0.618 14.8 7.3 7.3 7580 23.0 301 55.0 381 33500 548 0.56
1/2 12.7 52.4 0.514 11.8 9.9 9.9 6280 20.1 263 56.5 324 29600 460 0.57
3/8 9.5 40.8 0.400 8.9 14.1 14.1 4900 16.5 216 57.9 260 24500 364 0.58
5/16 7.9 34.6 0.339 7.4 17.6 17.6 4150 14.3 188 58.7 223 21300 310 0.58
1/4 6.4 28.5 0.280 5.9 22.8 22.8 3370 11.9 156 59.4 183 17800 252 0.59




3/16 4.8 21.8 0.214 4.4 31.6 316 2550 9.23 121 60.1 141 13800 192 0.59
1/8 3.2 14.8 0.145 3.0 47.8 47.8 1770 6.54 85.8 60.8 98.7 9800 134 0.60
51/2x51/2x3/8  139.7x139.7x9.5 37.0 0.363 8.9 12.7 12.7 4450 12.4 177 52.8 215 18400 302 0.53
5/16 7.9 31.4 0.308 7.4 15.9 15.9 3780 10.8 155 53.5 185 16100 257 0.53
1/4 6.4 26.0 0.255 5.9 20.7  20.7 3070 9.02 129 54.2 152 13500 210 0.54
3/16 4.8 19.9 0.195 4.4 28.8 28.8 2330 7.04 101 54.9 117 10500 161 0.54
1/8 3.2 13.5 0.132 3.0 43.6  43.6 1620 5.00 71.6 55.6 82.5 7500 112 0.55
5x5x1/2 127.0x127.0x12.7 42.3 0.415 11.8 7.8 7.8 5080 10.8 170 46.1 214 15800 307 0.47
3/8 9.5 33.2 0.326 8.9 11.3 11.3 4000 9.05 143 47.6 174 13400 246 0.48
5/16 7.9 28.3 0.277 7.4 14.2 14.2 3400 7.93 125 48.3 150 11800 210 0.48
1/4 6.4 23.4 0.230 5.9 18.5 18.5 2770 6.65 105 49.0 124 9930 172 0.49
3/16 4.8 18.0 0.176 4.4 259 259 2110 5.22 82.2 49.7 96.1 7810 132 0.49
1/8 3.2 12.2 0.120 3.0 393 393 1460 3.72 58.6 50.4 67.7 5580 92.2 0.50
41/2 x41/2 x1/2 114.3x114.3x12.7 37.3 0.365 11.8 6.7 6.7 4480 7.51 131 40.9 167 10900 242 0.42
3/8 9.5 29.4 0.289 8.9 9.8 9.8 3550 6.37 111 42.4 137 9400 195 0.43
5/16 7.9 25.1 0.246 7.4 124 124 3020 5.62 98.3 43.1 119 8340 168 0.43
1/4 6.4 20.9 0.205 5.9 16.4 16.4 2470 4.74 83.0 43.8 99.1 7070 138 0.44
3/16 4.8 16.0 0.157 4.4 23.0 23.0 1880 3.74 65.5 44.6 76.9 5600 106 0.44
1/8 3.2 11.0 0.107 3.0 35.1 35.1 1310 2.69 47.0 45.2 54.4 4020 74.2 0.45
4x4x1/2 101.6x101.6x12.7 32.2 0.316 11.8 5.6 5.6 3880 4.95 97.5 35.7 126 7120 184 0.37
3/8 9.5 25.6 0.252 8.9 8.4 8.4 3100 4.28 84.2 37.2 105 6280 150 0.38
5/16 7.9 22.0 0.216 7.4 10.7 10.7 2650 3.81 74.9 379 91.7 5630 130 0.38
1/4 6.4 18.3 0.179 5.9 14.2 14.2 2170 3.24 63.8 38.6 76.7 4820 107 0.39
3/16 4.8 14.1 0.139 4.4 20.1 20.1 1660 2.57 50.7 39.4 59.9 3850 82.8 0.39
1/8 3.2 9.7 0.095 3.0 309 309 1160 1.86 36.6 40.0 42.6 2790 58.2 0.40
31/2 x 31/2 x3/8 88.9%x88.9%x9.5 21.9 0.214 8.9 7.0 7.0 2640 2.70 60.8 32.0 771 3940 111 0.33
5/16 7.9 18.8 0.185 7.4 9.0 9.0 2270 2.43 54.7 32.7 67.9 3580 96.7 0.33
1/4 6.4 15.8 0.154 5.9 121 12.1 1870 2.09 47.1 33.5 57.2 3100 80.5 0.34
3/16 4.8 12.2 0.120 4.4 17.2 17.2 1440 1.68 37.8 34.2 45.0 2510 62.5 0.34
1/8 3.2 8.4 0.082 3.0 26.6  26.6 1010 1.22 27.6 34.9 32.2 1830 44.2 0.35
3x3x3/8 76.2x76.2x9.5 18.1 0.177 8.9 5.6 5.6 2190 1.57 41.2 26.8 53.4 2260 77.9 0.27
5/16 7.9 15.7 0.154 7.4 7.3 7.3 1900 1.44 37.7 27.5 47.6 2090 68.5 0.28
1/4 6.4 13.2 0.129 5.9 9.9 9.9 1570 1.25 329 28.3 40.5 1850 57.5 0.28
3/16 4.8 10.3 0.101 4.4 14.3 14.3 1210 1.02 26.8 29.0 32.2 1520 45.0 0.29
1/8 3.2 7.1 0.070 3.0 224 224 855 0.753 19.8 29.7 23.3 1130 32.0 0.29
21/2 x21/2 x5/16 63.5x63.5%7.9 12.5 0.123 7.4 5.6 5.6 1520 0.757 23.8 22.3 30.9 1090 45.0 0.23
1/4 6.4 10.6 0.104 5.9 7.8 7.8 1270 0.676 21.3 23.1 26.7 988 38.4 0.23
3/16 4.8 8.4 0.082 4.4 1.4 114 990 0.561 17.7 23.8 21.6 832 30.4 0.24
1/8 3.2 5.9 0.057 3.0 18.2 18.2 703 0.421 13.3 24.5 15.8 629 219 0.24
21/4 x 21/4 x 1/4 57.2x57.2x6.4 9.4 0.092 5.9 6.7 6.7 1120 0.471 16.5 20.5 20.9 683 30.3 0.21
3/16 4.8 7.4 0.073 4.4 10.0 10.0 879 0.396 13.9 21.2 17.1 585 24.2 0.21
\\1/8 3.2 5.2 0.051 3.0 16.1 16.1 627 0.301 10.5 21.9 12.6 449 17.5 0.22
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6.5.0 Calculating the Weight and Size of U.S. Rectangular High-Strength Steel Sections “
——/
Y
Nominal Size Weight Wall Cross x-x Axis Y-Y Axis Torsional Torsional Surface
per Thickness Sectional Stiffness Shear Area
Foot t b/t h/t Area Iy Sy Iy Z, ly Sy ry Z, Constant Constant Per
] C Foot

in. in. in. Ib. in. in? in* in. in. in. in. in? in. in? in? in. ft?
32 x 24 X 5/8* 225.80 0.625 35.4 48.2 66.4 9880 617 12.2 733 6390 533 9.81 604 12600 913 9.01
1/2* 183.50 0.500 45.0 61.0 53.9 8160 510 12.3 601 5280 440 9.98 495 10100 739 9.12

3/8* 138.95 0.375 61.0 82.3 40.8 6250 391 12.4 458 4050 337 9.96 378 7670 560 9.17

30 x 24 X 5/8* 217.30 0.625 35.4 45.0 63.9 8480 565 11.5 668 6050 504 9.73 575 11400 854 8.68
1/2* 176.70 0.500 45.0 57.0 51.9 7010 468 11.6 548 5000 417 9.82 472 9220 692 8.79

3/8* 133.84 0.375 61.0 77.0 39.3 5380 359 1.7 418 3840 320 9.88 360 6990 524 8.84

28 x 24 X 5/8* 208.79 0.625 35.4 41.8 61.4 7210 515 10.8 605 5710 476 9.65 546 10300 796 8.34
1/2* 169.89 0.500 45.0 53.0 49.9 5970 426 10.9 497 4730 394 9.73 448 8330 645 8.45

3/8* 128.74 0.375 61.0 71.7 37.8 4580 327 11.0 379 3630 302 9.79 342 6320 489 8.51

26 x 24 X 5/8* 200.28 0.625 35.4 38.6 58.9 6060 466 10.1 545 5370 447 9.55 517 9240 737 8.01
1/2* 163.08 0.500 45.0 49.0 47.9 5020 386 10.2 448 4450 371 9.64 425 7460 598 8.12

3/8* 123.64 0.375 61.0 66.3 36.3 3860 297 10.3 342 3420 285 9.70 324 5660 453 8.17

24 x 22 X 5/8* 183.27 0.625 32.2 35.4 53.9 4680 390 9.33 458 4110 373 8.73 432 7150 621 7.34
1/2* 149.47 0.500 41.0 45.0 43.9 3900 325 9.42 378 3420 311 8.82 356 5780 504 7.45

3/8* 113.43 0.375 55.7 61.0 33.3 3000 250 9.49 289 2630 239 8.89 273 4390 383 7.51

22 x 20 X 5/8* 166.25 0.625 29.0 32.2 48.9 3530 321 8.51 379 3060 306 7.91 355 5400 514 6.68
1/2*% 135.86 0.500 37.0 41.0 39.9 2950 269 8.60 313 2560 256 8.00 294 4370 418 6.79

3/8* 103.22 0.375 50.3 55.7 30.3 2280 207 8.67 240 1970 197 8.07 225 3330 318 6.84

20 x 18 X 5/8* 149.24 0.625 25.8 29.0 43.9 2590 259 7.69 307 2210 245 7.10 286 3960 417 6.01
1/2* 122.25 0.500 33.0 37.0 35.9 2180 218 7.78 255 1850 206 7.19 238 3220 340 6.12

3/8* 93.01 0.375 45.0 50.3 27.3 1690 169 7.85 196 1440 160 7.25 183 2450 259 6.17

20 x 16 X 5/8* 140.73 0.625 22.6 29.0 41.4 2360 236 7.55 283 1680 210 6.37 243 3280 368 5.68
1/2* 115.45 0.500 29.0 37.0 33.9 1990 199 7.65 236 1410 177 6.46 203 2670 301 5.79

3/8* 87.91 0.375 39.7 50.3 25.8 1540 154 7.72 181 1100 137 6.52 156 2040 229 5.84

20 x 12 X 5/8* 123.72 0.625 16.2 29.0 36.4 1890 189 7.20 234 864 144 4.87 166 2030 271 5.01
1/2 103.30 0.465 22.8 40.0 28.3 1550 155 7.39 188 705 17 4.99 132 1540 209 5.20

3/8 78.52 0.349 31.4 54.3 21.5 1200 120 7.45 144 547 91.1 5.04 102 1180 160 5.23

5/16 65.87 0.291 38.2 65.7 18.1 1010 101 7.48 122 464 77.3 5.07 85.8 997 134 5.25
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61.0

338
283
222
189

58.7
47.
41.2

(=2l

783
668
524

158

134

106
91.
75.

= W

702
581
452
384

274
230
181
155

47.0
38.3
33.2

536
422

407
341
267
227
186

124

105
84.1
72.3
59.6
45.9

47.1
41.1

84.6
70.8
55.6
47.4

29.3
23.8
20.6

131
111
87.3

52.6
44.6
35.5
30.4
25.0

17
96.8
75.3
64.0

68.5
57.6
45.3
38.7

23.5
19.1
16.6

89.3
70.4

81.5
68.1
53.4
45.5
37.2

41.2
35.1
28.0
24.1
19.9
15.3

23.6
20.6

3.34
3.39
3.44
3.47

1.68
1.73
1.75

4.81
4.89
4.95

2.48
2.53
2.58
2.61
2.63

4.73
4.86
4.91
4.94

3.27
3.32
3.37
3.40

1.65
1.71
1.73

4.73
4.80

3.98
4.04
4.09
4.12
4.14

2.43
2.48
2.53
2.55
2.58
2.61

1.59
1.64

96.4
79.5
61.5
52.0

34.0
26.8
229

152
127
98.6

61.0
50.7
39.5
335
27.3

137

111
85.5
72.2

79.2
65.5
50.8
43.0

27.4
21.7
18.5

104
81.2

95.1
78.5
60.7
51.4
41.8

48.4
40.4
316
26.9
22.0
16.7

28.5
24.1

916
757
586
496

195
156
134

1740
1430
1100

462
387
302
257
210

1470
1120
862
727

681
563
436
369

150
120
103

990
762

832
685
528
446
362

334
279
219
186
152
116

148
127

167

137

105
88.3

63.8
49.9
424

243
200
153

109
89.9
69.5
58.7
47.7

215
166
127
107

132

108
83.4
70.4

50.7
39.7
33.8

154
118

146

120
91.8
77.4
62.6

83.7
69.3
53.7
45.5
36.9
28.0

52.6
44.1

4.50
4.53
4.57
4.58

3.87
3.90
3.92

4.68
4.79
4.84

3.83
3.87
3.90
3.92
3.93

4.34
4.53
4.57
4.58

3.83
3.87
3.90
3.92

3.20
3.23
3.25

4.12
4.17

3.83
3.87
3.90
3.92
3.93

3.17
3.20
3.23
3.25
3.27
3.28

2.83
2.87

J

(Continued)



/ Nominal Size Weight Wall Cross x-x Axis Y-Y Axis Torsional Torsional Surface\
per Thickness Sectional Stiffness Shear Area
Foot t b/t  h/t  Area Iy Sy ry Z, y Sy ry zZ, Constant ~ Constant  Per
) C Foot

in. in. in. Ib. in. in? in* in?  in. in’? in* in® in. in? in* in? ft?
3/8 42.79 0.349 8.5 37.1 11.8 252 36.0 4.63 47.8 33.6 16.8 1.69 19.1 102 34.6 2.90

5/16 36.10 0.291 10.7 45.1 9.92 216 30.9 4.67 40.6 29.2 14.6 1.72 16.4 87.7 29.5 2.92

1/4 29.23 0.233 14.2 57.1 8.03 178 25.4 4.71 33.2 24.4 12.2 1.74 13.5 72.4 24.1 293

3/16 22.18 0.174 20.0 77.5 6.06 137 19.5 4.74 25.3 19.0 9.48 1.77 10.3 55.8 18.4 2.95

12 x 10 1/2 69.27 0.465 18.5 22.8 19.0 395 65.9 4.56 78.8 298 59.7 3.96 69.6 545 102 3.53
3/8 53.00 0.349 25.7 31.4 14.6 310 51.6 4.61 61.1 234 46.9 4.01 54.0 421 78.3 3.57

5/16 44.60 0.291 31.4 38.2 12.2 264 44.0 4.64 51.7 200 40.0 4.04 45.7 356 66.1 3.58

1/4 36.03 0.233 39.9 48.5 9.90 216 36.0 4.67 42.1 164 32.7 4.07 37.2 289 53.5 3.60

12 x 8 5/8 76.33 0.581 10.8 17.7 21.0 396 66.1 4.34 82.1 210 52.5 3.16 61.9 454 97.7 3.17
1/2 62.46 0.465 14.2 22.8 17.2 333 55.5 4.40 68.1 177 44.4 3.21 51.5 377 80.4 3.20

3/8 47.90 0.349 19.9 31.4 13.2 262 43.7 4.47 53.0 140 35.1 3.27 40.1 293 62.1 3.23

5/16 40.35 0.291 24.5 38.2 1. 224 37.4 4.50 44.9 120 30.1 3.29 34.1 248 52.4 3.25

1/4 32.63 0.233 31.3 48.5 8.96 184 30.6 4.53 36.6 98.8 24.7 3.32 27.8 202 42.5 3.27

3/16 24.73 0.174 43.0 66.0 6.76 140 23.4 4.56 27.8 75.7 18.9 3.35 21.1 153 32.2 3.28

12 x 6 5/8 67.82 0.581 7.3 17.7 18.7 321 53.4 4.14 68.8 106 35.5 2.39 42.1 271 71.1 2.83
1/2 55.66 0.465 9.9 22.8 15.3 271 45.2 4.21 57.4 91.1 30.4 2.44 35.2 227 59.0 2.87

3/8 42.79 0.349 14.2 31.4 11.8 215 35.8 4.28 44.8 729 24.3 2.49 27.7 178 45.8 2.90

5/16 36.10 0.291 17.6 38.2 9.92 184 30.7 4.31 38.1 62.8 20.9 2.52 23.6 152 38.8 2.92

1/4 29.23 0.233 22.8 48.5 8.03 151 25.2 4.34 31.1 51.9 17.3 2.54 19.3 124 31.6 2.93

3/16 22.18 0.174 31.5 66.0 6.06 116 19.4 4.38 23.7 40.1 13.3 2.57 14.7 94.6 24.0 2.95

12 x 4 5/8 59.32 0.581 3.9 17.7 16.4 245 40.8 3.87 55.5 40.3 20.1 1.57 24.5 122 44.6 2.50
1/2 48.85 0.465 5.6 22.8 13.5 209 34.9 3.95 46.7 35.3 17.6 1.62 20.9 105 37.5 2.53

3/8 37.69 0.349 8.5 31.4 10.4 168 28.0 4.02 36.7 28.9 14.5 1.67 16.6 84.1 29.5 2.57

5/16 31.84 0.291 10.7 38.2 8.76 144 24.0 4.06 31.3 25.2 12.6 1.70 14.2 72.4 25.2 2.58

1/4 25.82 0.233 14.2 48.5 7.10 119 19.9 4.10 25.6 21.0 10.5 1.72 1.7 59.8 20.6 2.60

3/16 19.63 0.174 20.0 66.0 5.37 91.8 15.3 4.13 19.6 16.4 8.20 1.75 9.00 46.1 15.7 2.62

12 x 31/2 3/8 36.41 0.349 7.0 31.4 10.0 156 26.0 3.94 34.7 21.3 12.2 1.46 14.0 67.7 25.5 2.48
5/16 24.97 0.291 9.0 38.2 8.46 134 22.4 3.98 29.6 18.6 10.6 1.48 121 56.0 21.8 2.50

12 x 3 5/16 29.72 0.291 7.3 38.2 8.17 124 20.7 3.90 27.9 13.1 8.73 1.27 10.0 41.3 18.4 2.42
1/4 24.12 0.233 9.9 48.5 6.63 103 17.2 3.94 229 1.1 7.38 1.29 8.28 34.5 15.1 2.43

3/16 18.35 0.174 14.2 66.0 5.02 79.6 13.3 3.98 17.5 8.72 5.81 1.32 6.40 26.8 11.6 2.45

12 x 2 1/4 22.42 0.233 5.6 48.5 6.17 86.9 14.5 3.75 20.1 4.40 4.40 0.845 5.08 15.1 9.64 2.27
3/16 17.08 0.174 8.5 66.0 4.67 67.4 12.2 3.80 15.5 3.55 3.55 0.872 3.97 12.0 7.49 2.28

10 x 8 1/2 55.66 0.465 14.2 18.5 15.3 214 42.7 3.73 51.9 151 37.8 3.14 44.5 288 66.4 2.87
3/8 42.79 0.349 19.9 25.7 11.8 169 33.9 3.79 40.5 120 30.0 3.19 34.8 224 51.4 2.90

5/16 36.10 0.291 24.5 31.4 9.92 145 29.0 3.82 34.4 103 25.7 3.22 296 190 43.5 2.92

1/4 29.23 0.233 31.3 39.9 8.03 119 23.8 3.85 28.1 84.7 21.2 3.25 24.2 155 353 2.93

3/16 22.18 0.174 43.0 54.5 6.06 91.4 18.3 3.88 21.4 65.1 16.3 3.28 18.4 118 26.7 2.95

10 x 6 5/8 59.32 0.581 7.3 14.2 16.4 201 40.2 3.50 51.3 89.4 29.8 2.34 35.8 209 58.6 2.50
1/2 48.85 0.465 9.9 18.5 13.5 171 34.3 3.57 43.0 76.8 25.6 2.39 30.1 176 48.7 2.53

3/8 37.69 0.349 14.2 25.7 10.4 137 27.3 3.63 33.8 61.8 20.6 2.44 23.7 139 37.9 2.57

5/16 31.84 0.291 17.6 31.4 8.76 118 23.5 3.66 28.8 53.3 17.8 2.47 20.2 118 32.2 2.58

1/4 25.82 0.233 22.8 39.9 7.10 96.9 19.4 3.69 23.6 44.1 14.7 2.49 16.6 96.7 26.2 2.60




10

10

31/2

3/16

3/8
5/16
1/4
3/16

5/8
1/2
3/8
5/16
1/4
3/16

3/16

3/8
5/16
1/4
3/16
1/8

3/8
5/16
1/4
3/16

5/8
12
3/8
5/16
1/4
3/16

5/8
1/2
3/8
5/16
1/4
3/16

1/12
3/8
5/16
1/4
3/16

19.63

35.13
29.72
24.12
18.35

50.81
42.05
32.58
27.59
22.42
17.08

16.44

30.03
25.46
20.72
15.80
10.71

27.48
23.34
19.02
14.53

59.32
48.85
37.69
31.84
25.32
19.63

50.81
42.05
32.58
27.59
22.42
17.08

35.24
27.48
23.34
19.02
14.53

0.174

0.349
0.291
0.233
0.174

0.581
0.465
0.349
0.291
0.233
0.174

0.174

0.349
0.291
0.233
0.174
0.116

0.349
0.291
0.233
0.174

0.581
0.465
0.349
0.291
0.233
0.174

0.581
0.465
0.349
0.291
0.233
0.174

0.465
0.349
0.291
0.233
0.174

31.5

11.3
14.2
18.5
25.7

3.9
5.6
8.5
10.7
14.2
20.0

17.1

5.6
7.3
9.9
14.2
229
2.7
3.9
5.6
8.5

9.0
121
17.1
21.1
27.0
37.2

5.6
7.8
1.3
14.2
18.5
25.7

3.5
5.6
7.3
9.9
14.2

54.5

25.7
31.4
39.9
54.5

14.2
18.5
25.7
31.4
39.9
54.5

54.5

25.7
31.4
39.9
54.5
83.2

25.7
31.4
39.9
54.5

12.5
16.4
22.8
27.9
35.6
48.7

12.5
16.4
22.8
27.9
35.6
48.7

16.4
22.8
27.9
35.6
48.7

5.37

9.67
8.17
6.63
5.02

14.0

11.6
8.97
7.59
6.17
4.67

4.50

8.27
7.01
5.70
4.32
293

7.58
6.43
5.24
3.98

16.4

13.5

10.4
8.76
7.10
5.37

14.0

11.6
8.97
7.59
6.17
4.67

9.74
7.58
6.43
5.24
3.98

74.6

120

104
85.8
66.2

149

129

104
90.1
74.7
57.8

53.6

88.0
76.3
63.6
49.4
34.2

71.7
62.6
52.5
41.0

174
149
119
102
84.1
64.7

133

115
92.5
79.8
66.1
51.1

80.8
66.3
57.7
48.2
37.6

14.9

24.1
20.8
17.2
13.2

29.9
25.8
20.8
18.0
14.9
11.6

10.7

17.6

15.3

12.7
9.87
6.83

14.3

12.5

10.5
8.19

38.7
33.0
26.4
22,6
18.7
14.4

29.6
25.5
20.5
17.7
14.7
11.4

17.9
14.7
12.8
10.7
8.35

3.73

3.53
3.56
3.60
3.63

3.26
3.34
3.41
3.44
3.48
3.52

3.45

3.26
3.30
3.34
3.38
3.42

3.08
3.12
3.17
3.21

3.26
3.32
3.38
3.41
3.44
3.47

3.08
3.14
3.21
3.24
3.27
3.31

2.88
2.96
3.00
3.04
3.07

18.0

30.4
26.0
21.3
16.3

40.3
34.1
27.0
23.1
19.0
14.6

13.7

23.7
20.3
16.7
12.8
8.80

20.3
17.5
14.4
1.1

48.3
40.5
31.8
27.1
22.2
16.9

38.5
32.5
25.7
22.0
18.1
13.8

24.6
19.7
16.9
14.0
10.8

34.1

40.6
35.2
29.3
22.7

33.4
29.4
24.3
21.2
17.7
13.9

10.3

12.4

11.0
9.28
7.33
5.16

4.69
4.24
3.67
297

17

100
80.4
69.2
57.2
44.1

51.9
45.2
36.8
32.0
26.6
20.7

13.2

11.2
9.88
8.38
6.63

11.4

16.2

14.1

11.7
9.09

16.7
14.7
12.1
10.6
8.87
6.93

5.89

8.27
7.30
6.18
4.89
3.44

4.69
4.24
3.67
2.97

33.5
28.7
23.0
19.8
16.3
12.6

20.8
18.1
14.7
12.8
10.6
8.28

8.79
7.45
6.59
5.59
4.42

2.52

2.05
2.07
2.10
213

.54
.59
.64
.67
.70
.72

.51

22
.25
.28
.30
.33

0.786
0.812
0.837
0.864

2.68
2.73
2.78
2.81
2.84
2.87

1.92
1.97
2.03
2.05
2.08
2.10

1.16
1.21
1.24
1.27
1.29

12.7

18.7
16.0
13.2
10.1

20.6
17.6
14.0
12.1
9.96
7.66

6.52

9.73
8.42
6.99
5.41
3.74

5.76
5.06
4.26
3.34

40.5
34.0
26.7
22.8
18.7
14.3

25.3
21.5
17.1
14.6
12.0
9.25

10.8
8.80
7.63
6.35
4.92

73.8

100
86.0
70.7
54.1

95.7
82.6
66.5
57.3
47.4
36.5

28.6

37.8
33.0
27.6
21.5
149

159

14.2

12.2
9.74

197
154
131
107
81.7

128

109
86.9
74.4
61.2
46.9

40.0
33.1
28.9
24.2
18.9

19.9

31.2
26.5
21.6
16.5

36.7
31.0
24.4
20.9
17.1
13.1

11.4

17.7

15.2

12.5
9.64
6.61

11.0
9.56
7.99
6.22

62.0
51.5
40.0
339
27.6
20.9

42.5
35.6
27.9
23.8
19.4
14.8

19.7
15.8
13.6
1.3
8.66

2.62

2.40
2.42
2.43
2.45

217
2.20
2.23
2.25
2.27
2.28

2.20

2.07
2.08
2.10
2.12
213

1.90
1.92
1.93
1.95

2.50
2.53
2.57
2.58
2.60
2.62

217
2.20
2.23
2.25
2.27
2.28

1.87
1.90
1.92
1.93
1.95




6.5.1 Calculating the Weight and Size of Metric Rectangular High-Strength Steel Sections

Y
X
Y
Area Torsional ~ Torsional Surface
Stiffness Shear Area Per
. . . . . Constant  Constanl  Meter
Nominal Size Design X-X Axis Y-Y Axis
Mass Weight Wall

us Sl/Metric per per Thickness I/ SJ10° ry  ZJ10° 1,/10° S,/10° r,  z,/10° Ji10° c/10°
Customary Meter  Meter t b/t h/t 10°
Inches Millimeters kg kN mm mm®> mm* mm* mm mm’ mm*  mm?® mm mm’ mm?* mm’® m?
32 x 24 x 812.8 x 609.6 x 15.9* 336.6 3.301 15.9 35.3 48.1 42900 4120 10100 310 12000 2660 8740 249 9920 5050000 1500 2.75
5/8*
1/2* 12.7* 273.1 2.678 12.7 45.0 61.0 34800 3400 8360 313 9850 2200 7210 251 8120 4090000 12100 2.78
3/8* 9.5% 206.3 2.023 9.5 61.2 82.6 26300 2600 6390 314 7490 1680 5510 253 6170 3120000 9150 2.80
30 x 24 x 762.0 x 609.6 x 15.9* 3239 3.176 15.9 35.3 44.9 41300 3530 9280 293 11000 2520 8270 247 9440 4590000 1400 2.64
5/8*
1/2* 12.7* 263.0 2.579 12.7 45.0 57.0 33500 2920 7660 295 8980 2080 6830 249 7730 3720000 11300 2.68
3/8* 9.5% 198.7 1.949 9.5 61.2 77.2 25300 2230 5860 297 6830 1590 5230 251 5880 2840000 8570 2.69
28 x 24x  711.2 x 609.6 311.2 3.052 15.9 35.3 41.7 39600 3000 8450 275 9930 2380 7810 245 8960 4140000 13100 2.54
5/8* x 15.9*
1/2* 12.7* 252.9 2.480 12.7 45.0 53.0 32200 2480 6990 278 8150 1970 6450 247 7350 3360000 10600 2.58
3/8* 9.5% 191.1 1.874 9.5 61.2 71.9 24300 1900 5350 280 6200 1510 4940 249 5590 2560000 7990 2.59
26 x 24x  660.4 x 609.6 298.5 2.928 15.9 35.3 38.5 38000 2520 7650 258 8940 2240 7340 243 8480 370000 12100 2.44
5/8* x 15.9*
1/2* 12.7* 242.7 2.380 12.7 45.0 49.0 30900 2090 6330 260 7350 1850 6080 245 6960 3010000 9800 2.47
3/8* 9.5% 183.5 1.800 9.5 61.2 66.5 23400 1600 4850 262 5600 1420 4660 246 5300 2290000 7410 2.49
24 x 22x  609.6 x 558.8 273.2 2.679 15.9 321 35.3 34800 1950 6400 237 7520 1710 6130 222 7090 2850000 10200 2.24
5/8* x 15.9*
1/2* 12.7* 222.5 2.182 12.7 41.0 45.0 28300 1620 5320 239 6190 1420 5090 224 5840 2320000 8260 2.27
38/* 9.5* 168.4 1.651 9.5 55.8 61.2 21500 1250 4090 241 4720 1090 3910 226 4460 1780000 6250 2.29
22 x 20 x 558.8 x 508.0 x 15.9*% 247.8 2.430 15.9 28.9 321 31600 1470 5270 216 6220 1280 5020 201 5830 2140000 8430 2.04
5/8*
1/2* 12.7* 202.2 1.983 12.7 37.0 41.0 25800 1230 4400 218 5140 1060 4190 203 4820 1750000 6850 2.07
3/8* 9.5% 153.2 1.503 9.5 50.5 55.8 19500 947 3390 220 3930 820 3230 205 3680 1340000 5190 2.08
20 x 18 x 508.0 x 457.2 x 15.9* 224.4 2.181 15.9 25.8 28.9 28300 1080 4250 195 5040 920 4030 180 4690 1560000 6840 1.83
5/8*
1/2* 12.7* 182.0 1.784 12.7 33.0 37.0 23200 906 3570 198 4180 772 3380 183 3890 1280000 5570 1.86




20 x 16 x 508.0 x 406.4 x 15.9* 209.8 2.057 15.9 22,6 28.9 26700 982 3870 192 4640 700 3440 162 4000 1290000 6040 1.73
5/8*

1/2* 12.7* 171.8 1.685 12.7 29.0 37.0 21900 827 3250 194 3860 589 2900 164 3320 1060000 4930 1.76
3/8* 9.5* 130.5 1.280 9.5 39.8 50.5 16600 640 2520 196 2960 456 2250 166 2550 81800 3750 1.78
20 x 12 x 508.0 x 304.8 x 15.9* 184.4 1.808 15.9 16.2 28.9 23500 786 3090 183 3850 360 2360 124 2720 791000 4450 1.53
5/8*

1/2 12.7 153.7 1.508 11.8 22.8 40.1 18300 644 2530 188 3080 293 1920 127 2170 613000 3420 1.59
3/8 9.5 116.6 1.143 8.9 31.2 54.1 13900 500 1970 189 2370 228 1500 128 1670 477000 2630 1.60
5/16 7.9 97.6 0.957 7.4 38.2 65.6 11700 422 1660 190 1990 193 1270 129 1410 404000 2200 1.60
20 x 8 x  508.0 x 203.2 x 15.9 164.5 1.613 14.8 10.7 31.3 19600 600 2360 175 3040 141 1390 84.8 1580 357000 2740 1.37
5/8

1/2 12.7 133.5 1.309 11.8 14.2 40.1 15900 496 1950 177 2480 118 1160 86.2 1300 298000 2240 1.38
3/8 9.5 101.4 0.995 8.9 19.8 54.1 12100 387 1520 179 1920 92.8 914 87.4 1010 235000 1720 1.39
5/16 7.9 85.0 0.833 7.4 24.5 65.6 10200 327 1290 179 1620 78.9 777 88.1 853 200000 1450 1.40
20% 4x 1/2 508x 113.2 1.110 11.8 5.6 40.1 13500 348 1370 161 1890 24.4 480 42.6 557 76200 1050 1.18

101.6x 12.7

3/8 9.5 86.3 0.846 8.9 8.4 54.1 10300 274 1080 163 1470 19.9 391 43.9 440 62200 821 1.19
5/16 7.9 72.4 0.710 7.4 10.7 65.6 8660 233 918 164 1240 17.2 338 44.5 375 53800 696 1.19
18x 12x 5/ 457.2x304.8x 15.9* 171.7 1.684 15.9 16.2 25.8 21900 606 2650 166 3270 326 2140 122 2490 678000 3990 1.43
8*

1/2* 12.7* 141.4 1.387 12.7 21.0 33.0 18000 517 2260 169 2750 278 1830 124 2090 564000 3280 1.46
3/8* 9.5* 107.8 1.057 9.5 29.1 45.1 13700 403 1760 171 2120 217 1430 126 1610 438000 2500 1.48
18x 6x 5/8 457.2x152.4x 15.9 139.1 1.364 14.8 7.3 27.9 16600 385 1680 152 2220 65.8 864 63.0 1000 178000 1790 1.17
1/2 12.7 113.2 1.110 11.8 9.9 35.7 13500 320 1400 154 1830 55.7 731 64.3 830 151000 1470 1.18
3/8 9.5 86.3 0.486 8.9 14.1 48.4 10300 252 1100 156 1420 44.4 583 65.6 649 15100 1470 1.18
5/16 7.9 72.4 0.710 7.4 17.6 58.8 8660 214 934 157 1200 38.0 499 66.3 550 103000 964 1.19
1/4 6.4 59.1 0.580 5.9 22.8 74.5 6960 174 760 158 971 31.2 409 66.9 447 84600 779 1.20
16X 12x 5/ 406.4x 304.8x 15.9* 159.0 1.560 15.9 16.2 22,6 20300 453 2230 150 2730 293 1920 120 2250 568000 3520 1.32
8*

1/2 12.7 133.5 1.309 11.8 22.8 31.4 15900 376 1850 154 2210 242 1590 123 1820 443000 2720 1.38
3/8 9.5 101.4 0.995 8.9 31.2 42.7 12100 293 1440 155 1710 189 1240 125 1410 346000 2090 1.39
5/16 7.9 85.0 0.833 7.4 38.2 51.9 10200 248 1220 156 1440 160 1050 125 1180 293000 1750 1.40
16x 8x 5/8 406.4