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Preface

The objective of my book has always been to provide engineers and others
working in land development with a quick, easy reference for day-to-day design
problems and to introduce engineering students to the applications of their
education. Some factors important to engineers and others in land develop-
ment have changed significantly since the last publication. The importance of
keeping the book relevant has prompted me to prepare this revision.

Expanded use of the Internet for general information and reference material
facilitates the design process. Where Web sites can be helpful during the process,
they are added to the text. An appendix “Useful Websites” has been added to
the back of the book for quick reference to facilitate research.

Since the third edition of the Practical Manual of Land Development, pro-
tection of our water resources has become more important. The Clean Water Act
of 1972 and its amendments have come to the forefront. Chapter 10 has been
added to include various methods for protecting our water resources. That chap-
ter includes requirements and design methods for implementing the National
Pollution Discharge Elimination System (NPDES) and Storm Water Pollution
Prevention Plans (SWPPP). Explanations to the requirements and examples and
drawings related to the above issues are included in this edition.

Because of the pressure of population growth, the use of central wastewater
treatment plants has come into question. In some cases, it is more cost effec-
tive to construct community wastewater treatment with leach fields and treat-
ment on-site than to provide sewers to transport effluent to a central processing
facility. Chapter 8 has been expanded to present some of the options.

Chapter 14 has been added describing step-by-step procedures for the land
development process. Federal, state, and local governments are more involved
every year. Engineering realities are seldom if ever taught in learning institutions.
Much of the land development process involves laws, politics, and economics.
They influence or even dictate the engineering approach. Also included in that
chapter are procedures and methods for working with electronic files supplied by
other consultants and ideas and hints for using CADD in a way that will facili-
tate the work.

Xv
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XVi

Preface

The expanded capabilities and increased use of computer-aided design for
earthwork, profiles and utilities design has made some of the sections of the ear-
lier editions to be no longer pertinent to land development designers. For that
reason, the sections of the book involving those calculations are no longer nec-
essary for understanding the design process. In an effort to keep the book rel-
evant and easy to use, those sections have been changed to appendices and
moved to the back of the book. They are therefore still available for training pur-
poses and for engineers who are not yet using CAD to its fullest extent.
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Chapter

Land Development

Making the environment more useful, safe, and comfortable for humanity is the
purpose of civil engineering. Civil engineering for land development includes the
design and construction of transportation corridors; flood control facilities; potable
water supply facilities; collection and treatment facilities for solid and waterborne
waste products; electrical, gas, and communications facilities; and buildings.

Implementing the development and improvement of land involves political,
economic, and esthetic considerations as well as engineering realities. A proj-
ect may involve entrepreneurs, financiers, politicians, public agents, architects,
landscape architects, geologists, hydrologists, environmentalists, biologists, and
construction contractors as well as engineers.

The skills and talents of land surveyors, mechanical engineers, fire safety engi-
neers, and electrical and lighting engineers may be needed in addition to those
of several kinds of civil engineers. Civil engineers specializing in traffic, struc-
tures, soils, and hydraulics may be needed. Effective communication among
them is essential. Lack of clear communication can be the greatest obstacle to
timely, satisfactory completion of any project. The intent of this book is to pres-
ent a clear description of the tasks of the land development engineer and to pro-
mote a better understanding among the various people involved in land
development.

Using This Book

The engineering design of public works and private projects should be done
under the supervision of a highly educated, experienced engineer. This book has
been written as an overview and guide to the engineering design of a variety of
land development projects. The design of each aspect of the project must be made
with an understanding and respect for the other aspects.

The information found here is necessarily presented in a broad but shallow way.
Readers desiring more depth of understanding should refer to the references at

Copyright © 2005 by The McGraw-Hill Companies, Inc. Click here for terms of use.



2 Chapter One

Nomenclature

the end of each chapter for further reading on the subject. Work through each
of the examples presented in the chapters: The examples contain information
about techniques and procedures that are not described in the text. By solving
the problems in the examples, the text will become clearer and you will be more
likely to retain the information. Reading and solving the problems at the end
of each chapter will show you which information the author considers most
important.

Terms used to describe governing agencies, construction materials and tech-
niques, and maps and plans vary in different parts of the country. The usage in
this book should make the meaning clear. Great care has been taken to define
terms and jargon when first used. However, if the meaning of a word used is not
clear, refer to the glossary. The terms jurisdiction and agency are used fre-
quently and interchangeably throughout this book. They refer to the political
body that has power of approval over the aspect of the design being discussed.
The jurisdiction may be anything from participants in a town meeting to rep-
resentatives of the federal government. The terms pipe, line, conduit, main,
sewer, and drain are also used interchangeably. The term developer can refer
to a private party, a development company, or a public agency.

Local customs and resources

Coordination

The words chosen to describe materials or procedures in this book may vary from
the terms used for the same material or procedures in another part of the United
States or another country. It is best to use what is customary locally unless there
1s clear evidence that some new terminology, material, or technique is superior.
There are always those who resist change, and change initially requires addi-
tional time. Local agencies should be consulted for design criteria and specifi-
cations. When local agencies have not established criteria, nearby agencies with
similar conditions and history or respected contractors working on the area can
be helpful. This book is written as a guide only—as a set of rules.

Each aspect of the improvement of any site must be coordinated with every other
aspect. One may design the sanitary sewer with no problems, only to discover
that its location creates a problem in the design of the storm drain. After both
have been redesigned, it may be discovered that the new design creates a prob-
lem in a third area. The engineering may go smoothly, only to have the client
or a public agent request redesign. The plans must be polished and polished
again before they are finished.

No subject or chapter in this book should be used without the others. Each
chapter necessarily focuses on one aspect of the improvements, but all aspects
are inextricably bound together.
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Public Agencies

Every project requires acquisition of permits from agencies charged with pro-
tecting the health and welfare of the public. These agencies have established
certain criteria and standards. Ordinances have been written and established
as law by political processes. Failure to obtain approvals may mean dismantling
structures and/or financial penalties. It is right and necessary for public agents
to examine plans and to require changes deemed necessary.

The role of the public agent

Public agents have a different perspective than the developer and engineer. They
see not only the project but its impact on the immediate neighbors and the com-
munity at large. The region must be protected from disturbance of ecosystems.
Air, noise, soil, and water pollution must be prevented. The agencies are respon-
sible for verifying that the sewage transportation and treatment facilities are ade-
quate, that the project is not situated where it will be endangered by floodwaters
or landslides, and that planned storm drainage facilities will not increase storm
water runoff. Further, most projects impact traffic flow patterns, requirements
for fire and police protection, and school enrollment. These issues should be con-
sidered before a project is approved, while problems can be avoided or mitigated.

Dealing with public agents

It is important to establish a relationship of mutual cooperation and respect with
public agents, whether they be the mayor of a metropolitan area or a file clerk
in the county recorder’s office. We are dependent on these people for their
approvals and assistance.

File clerks may have more valuable information in their heads than all the
files and computers in the office. File clerks who have been responsible for maps
for many years can be worth their weight in gold. Very old maps and plans may
be impossible to find without such people.

The truism that contacts are essential to success is demonstrated daily in this
business. Always introduce yourself to agents, and tell them whom you repre-
sent. Presentation of your card will help them remember you. Be courteous and
respectful, and you will be remembered. Write down the names and positions
of those you meet. Once acquaintance is established, even if just through tele-
phone contact, information will be forthcoming more easily and quickly.

If an agency plans to deny a permit for your project, ask about its concerns.
Suggest solutions that meet those concerns and that satisfy the spirit and intent
of the criteria.

Public hearings

Projects to be built with public funds, such as highways and airports, must be
planned with notifications to and input from the general public. Public hearings
must be scheduled and notification given to ensure the greatest participation
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by the public. At these meetings, the lead agency presents the plan, and private
citizens and special-interest groups are given the opportunity to present their
concerns and suggestions. The public meeting provides a forum for the engineers
and other professionals to explain how these concerns are being addressed.

Citizens may point out that a planned freeway will create a barrier between
their children and the school their children attend. When this problem is brought
to light, the need for a pedestrian overcrossing may be apparent. Other citizens
may express concerns about noise and air pollution introduced by a new free-
way. Experiences and comments from the public can be a valuable asset.

Private projects are also subject to public hearings if they involve creation of
new lots or changing existing zoning. Neighbors within a specified distance of
the new project are notified of a planning commission, city council, or county
board of supervisors’ meeting where they will have the opportunity to express
their opinions about the project. If the project will change the character of the
neighborhood or adversely affect some of the neighbors, ways are investigated
and sometimes mandated to mitigate the potential problems.

The Developer

Each project is different from every other project. What is important to one
developer may not be important to another. One developer, such as a state or
federal agency, may study every detail and know exactly what materials and con-
struction methods are to be used. Another developer may want to take the most
economical approach possible. Know what approach the client wants. The most
professionally designed project will not lead to further work from that client if
the result is not what the client had in mind. Of course, if what the client wants
would not be good engineering practice, the developer must be educated and
directed to a more acceptable approach.

Health issues and toxic substances

Engineers and others have become increasingly concerned about toxic substances
and their effects on people’s health. It has come to national attention that many
of the practices of businesses and industries, as well as of ordinary citizens, have
caused damage to the environment that will require years to repair.

Asbestos was once a commonly used construction material. It is now known
to cause lung and other cancers and is no longer used in construction. Asbestos
used in ceiling tiles in many schools and public buildings is being removed with
very tightly controlled methods to ensure workers’ safety.

Underground storage tanks for gasoline and other toxic liquids have been
installed without precautions against leakage. Not only are those tanks now
being replaced with double-walled tanks, but soils testing and installation of
monitoring wells to detect leaks are also being required. Determination of the
extent of toxic plumes from previous installations and elaborate systems for mon-
itoring wells are being required.
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The previous use and purpose of property must now be known and evaluated
before a construction project is undertaken. Liability created by previous owners
may come with the property. If a piece of property was previously used for a gas
station and there were leaks of gasoline into the soil, the new owner may be
required to remove the toxic substances from the soil before any construction
can begin. Materials stored on the property may also have adversely affected
the soil and/or surrounding properties or waterways.

Methods have been developed to treat some pollutants without extracting
the soil (in situ treatment). New methods are being developed that utilize bio-
chemistry and electrokinetic phenomena in soils. When underground pollution
is widespread, this may be the only feasible way of correcting the damage. When
extracting the pollutant from the soil is feasible, it can mean excavating the soil
and dumping it in a Class 3 dump site. The cost of this approach is high, not
only because the cost of removing and replacing the soil is expensive, but also
because the fees for using a Class 3 dump site are high. Further, simply find-
ing such a dump site may be difficult, and there may be a problem finding a con-
tractor willing to take the risk of dealing with the toxic materials.

The cost of cleaning a site can be so high as to make the property uneconom-
ical to develop. If property is purchased without determining whether pollution
is a factor, an unwary owner can be driven into bankruptcy.

Environmental issues

The environmental impact of land use and development has become a major
factor for project planning. An environmental impact report (EIR) may be
required locally, and an environmental impact statement (EIS) is required on
most federal projects. Even on very small projects, some examination must be
performed in order to qualify for a “negative declaration” stating that the proj-
ect will not adversely impact the environment.

A draft environmental impact report (DEIR) is prepared that addresses all
the issues and ecosystems expected to be affected by a project. The draft
report is then circulated through various governmental agencies, and the
general public is given an opportunity to comment on and raise concerns that
may have been missed by the report writer. Concerns of private citizens or
political action committees (PACs) can cause a project to be altered or even
terminated as a result of concern for such things as loss of habitat for an
endangered species such as the spotted owl or a rare flower that grows only
on the project site.

Most often, mitigation can be provided to allow a project to go forward, but
this does not always happen. The cost of the study in time and dollars must be
factored in when a project is proposed. The disappearance of wetlands is an issue
of major importance, as wetlands provide a unique environment for flora and
fauna. In California, for instance, if wetlands are taken out of use because a high-
way bridge or some other structure will cover them, those wetlands must be
replaced at a rate greater than 1:1 and can be as great as 7:1. The ratio is based
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on the quality of the proposed wetlands and the amount of time necessary for
the new wetlands to become mature.

Engineering

There is a popular saying among civil engineers that when alligators are snap-
ping at your ass, you forget that you set out to drain the swamp. Private-sector
land development is one of the most time-sensitive of all businesses. The pres-
sure to perform multiple tasks quickly can lead to oversights and errors. On any
given day you may work on several different jobs. Interruptions for phone calls
to solve minor problems or major crises on other jobs make continuity of thought
on your primary task difficult. Keep in mind what you set out to do.

There is considerable risk, particularly to young engineers, of overengineer-
ing simple problems. Construction of a retaining wall may solve a landslide prob-
lem, but removing the potential landslide material may cost less and make
more sense. If a 0.1-m (4-in) plastic pipe will handle roof drainage adequately,
do not install a 0.3-m (12-in) concrete pipe. Be alert to this risk, and check plans
and results using common sense. Keep the work simple but complete. Whenever
possible, solve the same problem more than one way and compare the results.
It takes only minutes to superimpose two or more computer-aided design and
drafting (CADD) layers or to lay one hardcopy over another on a light table to
compare and look for differences. This simple process can quickly point out dis-
crepancies and is well worth the time.

Working in the metric system

In 1991, the first President Bush signed an order that, beginning in October 1,
1996, all federally funded projects were to be designed and constructed using
the metric system. This is the first step to promote conversion of all engineer-
ing and construction in the United States to metric. For that reason, this edi-
tion of the Practical Manual of Land Development has been written using the
metric system. The traditional method of measuring and number usage in the
United States is called the Imperial System. The International System of Units
referred to as SI (from Le Systeme International d’'unités) was adopted by the
General Conference on Weights and Measures in 1960. It is the international
system that is being universally adopted. The conventions used in this book are
taken from three sources:

1. Standard for Use of the International System of Units (SI): The Modern Metric
System, published as IEEE/ASTM SI 10-1997

2. Metric Practice Guide for Surveying and Mapping, by the American Congress
on Surveying and Mapping

3. A-8 Metric Primer by CALTRANS (California Department of Transportation)

A table of conversion factors (Table 1.1) follows, but it is not sufficient to know
the conversion factors. There are a number of questions that arise concerning



TABLE 1.1 Metric Conversion Factors

Land Development

LENGTH 1 mm = 0.03937 in 1in = 25.40 mm

1 m=1000 mm

1m=239.37in 1in=0.0254 m

1m=23.281ft 1ft=0.3048 m

1m=1.094 yd 1yd=0.9144 m

1 km = 1000 m

1km =0.6214 mi 1 mi = 1.609 km
AREA 1 m?%=10.76 sq. ft 1 sq. ft = 0.0929 m*

1m?®=1.196 sq. yd 1 sq. yd =0.8361 m®

1 hectare (ha) = 10 000 m®

1 ha=2.471 acres (ac) 1 ac=0.4047
VOLUME 1m®=235.31cu. ft 1 cu. ft = 0.02832

1L=0.2642 gal 1gal=3.785L

1 m®=1.308 cu. yd 1 cu. yd =0.7646 m®
MASS 1kg=2.2051b 11b =0.4536 kg

1 tonne = 1.102 ton 1 ton = 0.9072 tonne
VELOCITY 1 m/s = 3.281 fps 1 ft/s = 0.3048 m/s

1 km/h = 0.6214 mph 1 mph = 1.6093 km/h
FLOW 1 m%s = 35.31 cfs 1 cfs = 0.02832 m”/s
TEMPERATURE °C = (°F — 82°)/1.80 °F = (1.80 x °C) = 32°

how conversions are to be handled. For instance, if conversion factors are used
exactly, a 12 ft wide traffic lane would become a lane 3.6576 m wide. This type
of usage 1s referred to as “soft” conversion. It makes more sense to make the con-
version to a more useful and suitable number. When we convert to a suitable
number it is called a “hard” conversion. For a 12-ft lane converted to metric,
CALTRANS uses 3.6 m. An 11-ft lane is converted to 3.3 m and a 10-ft lane is
converted to 3.0 m. Dimensions 3.6, 3.3, and 3.0 m are equivalent to 12, 11, and
10 ft lane widths so that they meet the requirements for safety as well as the more
precise number, and they are easier to use. You will want to use “hard” conver-
sions for most of the work you will be doing in land development.

Some commercial products such as sizes of lumber are described in a way that
we understand what is meant even though the description cannot be taken lit-
erally. A 2 x 4 is understood to be lumber that is approximately 2 x 4 in but in
fact that is the rough sawn size and the finished size is smaller. These kinds of
items will retain their description and the size is referred to as the nominal size.

Linear measurement is based on the meter (39.37 in) in the metric system. This
degree of precision is sufficient for most calculations. However, in some instances
such as in conversion of existing surveying information in imperial units where
seven or more significant figures are required to satisfy the necessary precision,
the information should be converted by multiplying the Imperial distance by
1200/3937.

All distances should be shown in meters, kilometers (1000 m), or millimeters
(0.001 m). Centimeter (0.01 m) is not used. Convention is to use the symbols for
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Numbers

these dimensions, not abbreviations. The symbols are meters (m), kilometers
(km), and millimeters (mm). Plurals are not shown. The symbols are always
shown in vertical text regardless of surrounding text and in lower case and are
not followed by a period. Further the symbol is to be separated from the number
by one space such as 36 mm, not 36mm. The choice of whether to use meter, kilo-
meter, or millimeter should be made so that the numerical value will be between
0.1 and 1000. Values smaller than a meter should be shown as millimeters. The
exception to this is where the numbers are in a table. In that case, the values
should all be in the same metric dimension. Do not mix unit names and unit sym-
bols. Where you use a modifier, place it before the dimension as square meters
or cubic meters.

Areas are based on the metric system. Large areas will be in square kilome-
ters or, where we would traditionally use acreage, in hectares (10 000 m*= 1 ha).
The symbol “ha” is used for hectares.

Angular measurements for civil engineering are expressed in degrees, min-
utes, and seconds or as degrees and decimals of a degree as in the Imperial
System.

Other SI applications use the radian (rad), which is the angle subtended by
an arc of the circle equal to the radius.

Time 1s expressed in seconds, minutes, and days as in the Imperial System.

Velocity is expressed as meters per second (1 m/s = 3.281 fps) or kilometers
per hour (1 km/h = 0.6214 mph). Flow is expressed as cubic meters per second
(1 m%s = 35.31 cfs). Gallons per hour or day is not used. Instead use m?/s or L/s
where L is the symbol for liters. Here the symbol is capitalized, which is an
exception to the rule of using lowercase letters. This is because of the likelihood
that the lower case L (1) is easily confused with a 1 (one). The other exception
is where the symbol is taken from a proper name as Watt (W).

Decimal markers are shown with a period in the United States. A comma is
used 1n some countries. For that reason, commas should not be used to set off
large numbers into groups of three. Instead, a space is inserted after each set
of three numbers as 1 000 000 or 0.000 001. When there are just four digits, no
space 1s used as 4300 or 0.0043.

Two words that engineers should have a clear understanding of are accuracy and
precision. Accuracy refers to correctness. An answer is accurate (correct) or it is
wrong. Precision is a matter of degree. An accurate measurement of 10 m does
not tell you the degree of precision. The number 10.01 m is precise to within 10
mm. The measurement is greater than 10.00 m but not as great as 10.02 m. If
a more precise measurement is needed, the measurement must be made to
within 1 mm or 0.1 mm and so on. A number can be accurate and not be pre-
cise. An accurate value of a slope for drainage purposes of 1 percent may be just
as useful as the more precise value of 1.03 percent. But a number that is not
accurate, though it may be precise, is worthless.
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Your work must always be accurate. The degree of precision you select should
be based on what is dictated by the jurisdiction, the client, or common sense. If
you are designing a grading plan, ordinarily 20 mm (0.81 in) is sufficiently pre-
cise. The contractor will not be able to construct it closer. For dimensions and
elevations of structures, use 10 mm (0.40 in). The degree of precision that can
be accomplished may be plus or minus 5 mm (0.2 in), but do not round off or the
precision will be 5 mm plus the amount rounded off.

Surveying property lines and preparing subdivision maps require more pre-
cision. The degree of precision depends on the size of the parcel being surveyed.
When measuring angles, 1 degree of difference results in 17.452 m (57.25 ft) of
offset difference for every kilometer of length; 1 minute of difference yields 0.29 m
(0.95 ft) of offset difference for every kilometer; 1 second of difference yields
0.0484 m (0.156 ft) of offset difference for every kilometer. The degree of preci-
sion chosen should be based on the distance measured and the precision required
for the finished traverse.

In mathematical calculations, there is no advantage in using one value in a
formula that is more precise than another value. The degree of precision of the
answer cannot exceed the degree of precision of the least precise value in the
equation. For example, where the circumference of a circle (C = 7d) is needed
and the diameter is given as 50.25 m, there is no point in using more than four
significant figures for the value of 7. Use 3.14 rather than 3.14159265. A value
in a formula may be precise to two places to the right of the decimal even though
no numbers are shown. For example, the value of 2 may be exactly 2, and the
precision then is whatever is required, such as 2.00. Keep this in mind when
selecting numbers to use in making calculations.

When making conversions, determine the required precision as a guide as to
how many digits to retain in the number to be converted. The converted dimen-
sion should be rounded to a minimum number of significant digits to retain
required precision. If the value is preceded by “not more than,” the number
should be rounded down.

When you prepare estimates, the quantities should be rounded off to no less
than 5 m or 1 m” If the estimate is for a large project, the quantities should be
rounded even further. Using more than four or five significant figures when
making an estimate, which will total millions of dollars, is inappropriate and
misleading.

When design is complete, quantities can be determined exactly. The exact
length of curb and square meters of paving will be known and should be used.
However, showing values more precise than even meters is meaningless.

Order of magnitude is a term that is frequently heard in engineering. The term
refers to the relative size of a number. Checking that the order of magnitude of
an answer 1s correct is particularly important when using computers because
use of computers makes the work more abstract. When you have calculated an
answer, check if the order of magnitude seems correct. For instance if you mul-
tiply 50 x 20 x 1, your answer should be 1000. If the answer comes out closer to
10 or 10 000 it is clearly wrong—it is the wrong order-of-magnitude.
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Computers

One technique that will aid in making correct calculations is always to show
the dimensions of the numbers being used. Including the dimensions ensures
that all the necessary conversion factors have been included. The dimensions
must be calculated as well as the numbers. Meters times meters yields square
meters—area. Square meters times meters yields cubic meters—volume. If the
dimension of your answer is meters to the fourth power, it is wrong, since meters
to the fourth power is physically meaningless.

A clear demonstration of this approach is in use of the rational formula in SI.
The rational formula is @ = CIA. It was developed in the Imperial System. The
dimension for @ is cubic feet per second (cfs), C is dimensionless, I is given in
inches per hour, and A is given in acres. However, in SI, we want @ to be in cubic
meters per second, I in millimeters per hour, and A in square kilometers. If you
label each value with the correct dimensions, the formula yields the formula in
SI with @ in cubic meters per second.

Q=CIA

in. h 0.0254 m 4047 m?
=Cx| —x X —— X|acX ———
h 3600s in. ac

=0.0286 m?/s

In the equation, inches, hours, and acres in the numerator cancels out inches,
. . . 3
hours, and acres in the denominator leaving m™/s.

Use of CADD is now commonplace in civil engineering design and land devel-
opment. Use of computers and state-of-the-art software to calculate complex for-
mulas and manipulate large volumes of numbers has become necessary for
designers to remain competitive. Once computer skills have been mastered,
complicated computations can be made more easily, more quickly, and with less
risk of error.

Another advantage of CADD is that several similar alternatives can be designed
with relative ease. There are programs designed to make exhaustive calculations
for several alternatives to determine the best alternative relative to some aspect
of the design, such as volume of earthwork. Determining what criteria or aspect
of the design to examine is the challenging choice that no computer can make. The
information the computer can provide allows the engineer to make decisions that
maximize resources and meet the client’s needs more precisely.

It is particularly important that the engineering designer have a clear under-
standing of the basics of engineering when using computers to solve engineer-
ing problems. Each problem is unique. The logic and reasoning is done by the
engineer; the computer simply responds to the engineer’s direction to perform
mathematical calculations or delineate lines. Engineers should develop expert-
ise with engineering tasks before designing with computers. Inexperienced engi-
neers using computers without a sound engineering background may be left
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wondering if what they are doing is really correct—or worse, they may think they
know what they are doing when in fact they do not.

Some engineering college graduates enter the field thinking that because
they can operate the computer software programs designed to facilitate the
engineering design, they are doing engineering. That is not the case. A beautiful
computer-generated set of plans can be deceiving. If consideration of the effect
of such things as overland flows during flooding or provision of the access
route to satisfy the Americans with Disabilities Act and if strict adherence to
the “Conditions of Approval” are not met, the plans do not satisfy the purpose
of the engineering.

When they start using the computer before they have experience with engi-
neering design, it slows their training and will set them back in their career
goals. Some companies require 6 months or a year of experience before the com-
puter can be used so that the engineers will have a better understanding of the
design process. Colleges educate their engineering students in the elements of
engineering but the overview and day to day skill are seldom taught. Even
when they are, day-to-day experience is needed for a real understanding. This
book provides the day-to-day instruction that will facilitate the learning process.
In some companies, it is required reading.

Drawings and illustrations

Drawings and illustrations are important tools for engineers. They put the
design concept into a tangible form. And a drawing made to scale is sometimes
the fastest way to find the answer to a problem. Scale drawings are illustrated
throughout this book. When there is an error in a traverse, plotting the coordi-
nate points and connecting them can make the location of the error apparent.
Plotting the points of a profile at a vertical scale 10 times as large as the hori-
zontal scale clearly shows the location of any points that do not fit in a straight
line or along a smooth curve.

When using illustrations for members of planning commissions, city councils,
and the general public, remember, they will not be familiar with drawings made
using exaggerated scales. Such drawings may confuse them and cause negative
feelings about what you are trying to illustrate. Use such drawings only if they
are absolutely necessary, then precede and follow them with drawings of the
same situation drawn at a natural scale, where the horizontal and vertical
scales are the same. Even better, illustrate the design or problem with a scale
model or generate the idea in four dimensions—the fourth dimension being
time. Software programs are available to make these illustrations.

The Project
Existing conditions

It is essential that the project engineer visit the site as early as possible. Each
person visiting a site sees different things. It may be necessary to visit the site
many times as the design progresses. Never accept the elevations and locations
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of significant existing structures from previously prepared plans without having
a survey crew field—check the information. If the topography is not checked,
differences may become apparent during construction, and the cost of redesign
or reconstruction at that late stage is not worth the risk.

Planning the project

Criteria

Planning the overall schedule for the project before the work begins is essential.
The first step is determination of the design critical paths—those aspects of the
design on which other aspects of the work depend. Doing a perfect job on one
branch of a project, only to discover that essential information is not available
and cannot be prepared in time to meet schedules, can be disastrous (Fig. 1.1).

The criteria established by the various jurisdictional agencies must be followed.
They may be documented in several ways, including city and county ordinances,
and standard plans and specifications. During the approval process, each agency
involved can stipulate conditions of approval. The client will have criteria, and
your employer may have established criteria in the form of company policies.
Other consultants, architects, traffic engineers, soils engineers, and environ-
mentalists impose criteria as well. All these criteria should be kept in mind. A
list should be made and checked frequently.

For all projects, there are many criteria that affect the design. Some of the
criteria, whether they be schedules, clearances, or some other value, cannot be
changed and must be adhered to. These criteria are called critical points. Other

TIME (WEEKS)

ACTIVITY

10

15

20

25

35

Predesign Conference
Base Map by City

Work Plan

Design Survey
Geotechnical Report
Initial Design

City Review and Approve
FINAL DESIGN

Draft Specs

City Review Specs
Prepare Cost Estimate
City Review Cost Estimate
FINAL SUBMITTAL

City Review

Bid, Award, Construct

Incorporate Comments, Advertise,

lly

Figure 1.1 Job schedule.
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criteria will not be absolute. All critical points must be identified before the work
is begun. In most cases, all the criteria can be met, but it is important to iden-
tify the critical points and give them priority during design.

Setback requirements

Planning criteria affects all sites. The architect or planner will have plotted the
structures on a drawing of the property taken from the deed or from existing
right-of-way or subdivision maps. Whether the new construction is residential,
commercial-industrial, or a transportation corridor, there will be minimum dis-
tances required between the structures and property lines. Highways and other
linear structures have minimum clearances to right-of-way lines and/or other
structures. Whether those criteria are met can only be determined with care-
ful calculations.

Planners and architects present their drawings with scaled distances.
Engineers and surveyors, however, cannot accept that information. The infor-
mation must be checked mathematically. A current title report must be acquired
from a title insurance company. The title report provides the grant deed, which
is the legal description of the property purchased and lists any property or
rights that may have been sold or otherwise granted after the original sale. The
title report will provide a legal description of any piece of property that may have
been sold from the original purchase, any easements over the property, or any
easements attached to the property. Further, the title report will describe other
parties who hold interest in the property such as property taxes due, mort-
gages, and liens.

When the deed is analyzed by the surveyor and a field investigation of the
boundary is completed, the distances and bearings may be different from those
on the deed. When the true property line is thus established, the distances
between structures and the property line may be less than expected and/or is
required for setbacks. When this happens, the client and/or architect should be
informed immediately, as the design of the structure will have to be altered to
comply with the setback requirements.

Easements are rights of limited usage held by one owner over the property of
another owner. The most common easements grant a strip of land for vehicular
access or for utility lines and their maintenance. Storm drain easements also
are not unusual. Engineers must plot the easements that affect the site, and read
the intent and restrictions imposed by them. Clearance of easements must also
be verified by coordinate calculations. Overhangs and paved areas may be
described separately, with separate setbacks to be used.

Lot and building sizes and alignment of linear projects are sometimes deter-
mined by setback requirements. If several different house plans are designed
for a particular subdivision, the engineer may be asked to prepare a “fit list” of
which house plans fit which lots. On lots where the fit is questionable, the clear-
ances must be calculated. The setback distances on all projects should be cal-
culated at all critical points.
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Timing

The statement “time is money” was never more true than in the land development
business. When the economy is booming, land development and construction are
booming. The faster the projects can be built, the more the money that can be
made. When economic growth is slow, many developers are forced out of business.
In fast-growing areas, the political and financial situation can change quickly. The
various fees for building permits or sewer connections can be doubled or tripled
with very little warning. Building moratoriums prohibiting further development
can be imposed at any time. In most areas, wet or cold weather limits the months
suitable for construction. Further, projects are usually financed and interest costs
can be thousands of dollars a day. These are only some of the reasons why devel-
opers often expect the engineering design to be done quickly. Do not let the time
constraints cause you to be careless or to leave out important checking.

Ideally, the topographic and boundary surveys will be complete before the ten-
tative map is drawn, and the tentative map approvals will be complete before
the parcel or final maps are begun. Sometimes, however, all these processes are
started as soon as the contract is signed. The planners start drawing a tentative
map from the deed. The surveyors are sent into the field to collect boundary and
topographic information, calculations are started for the final map and drafters
begin work on base maps for the engineering design. Once these tasks are under-
way, the engineers and surveyors gather information on the design of existing
and proposed utilities in the area. A visit to the site is essential for the engineer
to spot potential trouble spots in the topography. Though an estimate of the
existing elevations may be made from previous projects in the area, the topog-
raphy of adjacent projects, or U.S. Geological Survey maps to start the process,
careful, thorough field surveys will have to take place before engineering can
begin. Existing streets and utilities are seldom constructed exactly as designed.
As-built plans often are not representative of elevations and locations.

The conditions for approval of the tentative map may require facilities that
have not been planned for, and field investigation of the boundary may reveal
that there is less available land than is needed. The true topography may be
quite different than was anticipated. These differences must be corrected on the
plans, adjustments made, and the deadline still met. Whenever changes are
made, the potential for errors is greatly increased. Utmost care must be exer-
cised to follow through on every aspect of the design that is affected by changes.

Errors and omissions

Delays during construction to solve engineering problems are very costly.
Equipment and personnel standing idle while the problem is solved can cost
thousands of dollars per hour. Removal and replacement of new structures may
be the only solution to a problem that becomes apparent during construction.
Thoroughness in researching existing and proposed facilities is essential.
Often when design is in progress for one project, design may also be in progress
for an adjacent or nearby property. Remember to ask public agents about other
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projects that may be planned in the area. Their design and state of completion
may affect your project. If the engineer’s oversight costs the clients money, you
can be sure that they will look elsewhere for an engineer for their next project,
or they will look to this engineer for compensation.

Civil engineering design and land development can be very complex and involve
a wide variety of professional people and others. Engineers must understand
and work well with the public and public agencies. Clear communication among
the participants is essential.

There are many resources available to assist the engineer. The engineer must
know how to use those resources wisely. Ultimately, the civil engineering design
is a product of those resources and the engineers’ experience and sense of logic.
Planning the project based on schedules and interdependence of the various
aspects of the design is a necessary first step.

1. What is the greatest obstacle to successful completion of a design project?
2. Name five types of professionals involved in land development.

3. Name three kinds of civil engineers involved in land development.

4. Define jurisdiction.

5. When the local jurisdiction has no established criteria for some aspect of the work,
what criteria should be used?

6. What is the task of the public agent?
7. What is the purpose of a public hearing?

8. What is the economic impact of a site having been used for toxic or hazardous
material storage?

9. Whatis an EIS?

10. Describe an engineering problem and propose two solutions—one complex and one
simple.

11. Convert the following values from the Imperial System to SI:
. 35.671If

. 47 mi

12.22 cy

. 22 ac

217.4 cfs

oo T
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Resources

12. What is the difference between accuracy and precision?

13. Define order of magnitude.

14. Why is it important to use dimensions when solving engineering problems?
15. What is a critical path?

16. What is a critical point?

17. Name three sources of criteria for a project.

18. What is a title report? How is it used?

19. Define easement.

American Congress on Surveying and Mapping, Metric Practice Guide for Surveying and Mapping,
1978, 5411 Grosvenor Lane, Ste. 100 Bethesda, MD 20814.

California Department of Transportation, A-3 Metric Primer, The Metric System.

IEEE.ASTM SI 10-1997, Standard for Use of the International System of Units (SI): The Modern
Metric System, Institute of Electrical and Electronic Engineers, New York, NY; ASTM, West
Conshohocken, PA.
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Resources

This chapter describes the types of maps, plans, land surveys, software, and
other resources available to civil engineering designers and others involved in
land development.

During the 1980s, advancements in the development of computers and computer
software revolutionized the civil engineering profession. Computer systems capa-
ble of integrating all aspects of civil engineering design and presenting it in four
dimensions (the fourth dimension being time) are now available at a reasonable
cost. Even small design firms using personal computers (PCs) can perform most
of the same functions and have the work translated into a format that is usable
with mainframe systems. The use of computer-aided design and drafting (CADD)
systems and other software is included in each chapter where it can be applied.

Installation of navigation satellites (Navstar) encircling the earth has provided
a resource now taken for granted. With these satellites and the right receivers,
travelers can determine their location anywhere on earth. Receivers are begin-
ning to become commonplace in ordinary automobiles that can show your loca-
tion as your vehicle moves through an area shown on a map.

These satellites, used with the right system of receivers, can allow surveyors
to locate property and topography on the x, y, and z axes to the degree of preci-
sion desired without line of sight and in any kind of weather. This capability can
reduce the cost of surveying to a fraction of what it was a few years ago. This
method of surveying uses global positioning systems (GPS).

The increased use of the Internet in our lives in recent years is phenomenal.
What it will mean to civil design engineers and land developers is just begin-
ning to be revealed. Public agencies and commercial enterprises are providing

17
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Email

Chapter Two

information “on line” for design and construction. From those resources, infor-
mation such as product specifications, plan specifications, and a wide range of
other information can be downloaded. Some cities, counties, and states have
posted forms, requirements, standard plans, and specifications on web sites. Not
only are they convenient to access but, perhaps more importantly, they are con-
stantly updated. These resources are increasing every day.

Further, the Internet provides a way that engineers can share information
through e-mail and e-mail attachments. Moving large electronic files from one
computer system or Internet location to another computer system with broad-
band connections can be done in seconds. Projects can be put together between
teams of consultants in far flung parts of the country or the world. The devel-
oper may be in New York, the civil engineer in San Francisco, the landscape
architect in Colorado and the mechanical engineer in Texas. A project can be com-
pleted successfully without the team members ever meeting face to face.

Asking for information or answers to questions with email can be especially effi-
cient. The time “playing phone tag” can be eliminated while the participants get
and answer emails when convenient and without disruption of their work.
Further it is easy to keep track not only of information shared but the times
when it was shared making it difficult for using lack of communication as an
excuse for not making timely use of the information.

A word of caution needs to be expressed here. Using email to communicate
has its hazards. What is perhaps an even greater hazard is the lack of face-to-
face or even voice recognition in use of emails. Taking clues from body language
and facial expressions are clues of which we are seldom aware but aspects of
which do affect our interpretation of what is being said. The common expres-
sions used when calling such as “How are you?” aren’t usually made on emails
so emails can seem down right cold or even hostile. Worse is when someone is
angry or frustrated when putting together an email. Once you hit that “send”
icon there is no taking it back. Get away from the computer when emotions are
running high. Type a message in then but it into a “drafts” folder or print it and
delete i1t until you can be more objective. Better yet, don’t use the computer to
express your anger. Use an old fashioned pencil and paper. That way the angry
message cannot be “accidentally” sent.

Maps as Resources

Drawings that show the relative locations of various aspects of the physical and
legal environment are called maps. Maps are usually two-dimensional and show
only horizontal relationships. Relief maps are the exception and are three-
dimensional, showing the highs and lows of the ground level. Computer-
generated images of relief maps can be useful in some situations but only
two-dimensional maps will be discussed in this book. Topographic and aerial
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maps show physical environments. Topography is included on some of the other
maps discussed in this chapter. Parcel maps and subdivision maps serve as
legal documents and show unique parcels of land with mathematical exactness
and to the exclusion of all other property. Information shown must be such that
the location of the property lines is indisputable.

Modern land development would be impossible without maps. Street maps,
aerial maps, assessors’ parcel maps, zoning maps, flood-zone insurance maps, fault
zone maps, enterprise zone maps, U.S. Geological Survey (USGS) maps, U.S.
Coast and Geodetic Survey (USC&GS) maps, hazardous materials zone maps,
and assessment district maps are some of the kinds of maps used by engineers
involved in land development. Some of these maps are now available on com-
pact disk or on the internet for designers to install into their computer systems
to facilitate their use.

Aerial photographs are particularly useful in the planning stages of projects. A
single photograph may cover a very large area, or a series of photographs can
be used to cover linear projects such as highways and canals. The engineer can
see the entire area under consideration and can then better select alternative
routes for a highway or a site for a development. The engineer then uses this
information to locate the project where it can be built with the least disturbance
to the existing conditions—and thus the least cost. These maps are also useful
when making public presentations, as they provide information that the gen-
eral public understands.

Aerial photographs—either alone or with a profile grid—are sometimes repro-
duced and made available as an email attachment or on compact disk for use as
a base for design. Photographs can also be digitized for use in computer systems.

U.S. Geological Survey (USGS) maps and U.S. Coast
and Geodetic Survey (USC&GS) maps

Zoning maps

USGS and USC&GS maps can be very useful in the early stages of research for
a project. These maps are topographic maps showing large areas (Fig. 2.1).
Because of the scale, only the general topography can be shown. That is, areas
may be shown as occupied generally by buildings or orchards or open fields.
Other information, such as the existence of a well on the site, may also be
shown. In areas of rapid growth this information may be quickly outdated, so
the engineer should determine when the map was prepared. The maps show
contours typically at 40-ft intervals, which should not have changed signifi-
cantly over time. In lieu of more specific information, these maps can be useful.

The purpose of zoning maps is to show zoning districts (Fig. 2.2). These districts
are used to control population densities and the character of growth. The intent
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Figure 2.2 Zoning Map. (Courtesy of the city San Jose, California)



Resources

RESOURCE CONSERVATION AREAS
Baylonds

| Aqriculture - Lorge Scole

Agriculture - Mediom Scole

Hillsides

Ronchlonds

Open Spoce Reserve (===tampornty bounsinry)

Existing Reqgional Parks

Mher Public Open Londs
| ] RURAL RESIDENTIAL AREAS

OTHER LAND USES
Areos with Special Lond Use Policies

Najor Educational & Institutinnal @ lses

tajor Public Focilities

Communication and Utilities
| Tronsportation
Roadside Services

+ Active Solid Waste Disposal Sites, 1980
o Past Solid Waste Disposal Sites

wall Incusteian Facilities

Quarries (not yet delineated)

[ |ureaN service area

LIMIT OF FUTURE URBAN
EXPANSION (rat yet delincinted)

o o The Begonad Pars, Trails and Scme 10gha s Yoy

23



24 Chapter Two

is to have compatible land uses adjacent and incompatible uses separate.
Generally, the types of zones are industrial, commercial, business and profes-
sional, and residential. The zones are further subdivided to define densities
and uses. The sizes of lots and required building setback distances for specific
zones are described in city or county ordinances. Zoning can be used for almost
any purpose. Historic preservation zones, redevelopment zones, and green belt
zones are three.

Before work is begun, compliance of the project with zoning requirements must
be verified. Deviation from existing zoning can sometimes be allowed through
political process. Obtaining such variances, however, usually requires a signifi-
cant amount of time. “Planned developments” (not to be confused with develop-
ment plans) can sometimes circumvent specific ordinance requirements if the
developer can demonstrate that there is good cause and that the essence of the
zoning is upheld. Mixed-use zoning, wherein commercial, business-professional,
and residential uses are placed together, are sometimes allowed.

Assessors’ parcel maps

One of the first sources of information for engineers is assessors’ maps (Fig. 2.3).
The original purpose of assessors’ maps is to locate and show property for the

Book { | Page
662 32

Aborn Road
1.67 Acre |1.67 Acre 10.00 Acre

1 2

School Street
0.50 Acre [{1.10Acre
4

0.62 Acre 8
5

@ 0.51 Acre  }1.00 Acre
€

0.51 Acre =
7

2.33 Acre

Logan Street

White Road

Figure 2.3 Assessor’s map (imperial units).



Resources 25

purpose of tax assessment. These maps cover the entire land within the county.
Originally, these maps were filed in books and given page or file numbers. In
many cases, the use of terms book, page, and parcel are still used for finding
maps even though books are no longer the major source for research. This infor-
mation 1s now available on some city or county web sites. If not available on a
web site or on a computer within the city or county offices, assessor’s maps are
available in the assessor’s or tax collector’s office, usually located in the county
offices. By knowing the cross streets near the site, the book where the map of
the property is located can be determined from an index map. Within the asses-
sor’s book is another index map to help locate the page (map) that actually
shows the property. Reference is given at the edges of the page to show which
book and page shows the adjacent properties.

Each page is delineated to show property lines for several properties, and each
property is given a lot number. Each property on the tax roles is identified with
a number called the assessor’s parcel number and referred to as the APN. The
number indicates book-page-parcel, such as 662-32-3 (Fig. 2.3). This property
is shown in Book 662 at Page 32 as Parcel 3. The number is then listed in
another “book,” where the address of the parcel, the name and address of the
owner, the zoning, the assessed valuation of the property, and other informa-
tion is given. In some counties where the information has not been computer-
ized, this information and the assessors’ parcel maps have been converted to
microfilm or microfiche, so that research is conducted at a microfiche projector
rather than with books.

When the maps are copied to computers or microfiche, their size changes. The
change may result in an odd size that cannot be used with conventional meas-
uring instruments. The result is that when the map is copied, the engineer may
not be able to scale (measure) the drawing. Drawing scales on the maps facili-
tates the expansion or contraction of the map to a useful scale.

Another factor that makes the use of assessors’ maps for large or linear proj-
ects difficult is that adjacent assessors’ maps may be of very different scales. In
some cases, because of erratic timing and sizes of land developments, one asses-
sor’s map may be inside another. The first step in determining ownership for a
strip project is to change all the assessors’ maps in the affected area to the same
scale and then to fit them together like a giant puzzle (Fig. 2.4).

Other information may be shown on assessors’ maps. The names and file
numbers (tract map numbers) of existing subdivisions and Record of Survey
maps in the area may be given. The reference will be shown as a book and page
in the Book of Maps filed at the recorder’s office. These maps will also proba-
bly be available on microfiche. Be alert to the fact that the records may not be
current. Find out when the files were last updated, and be certain that you have
the most current information. In some cases this information is available on a
geographic information system (GIS described later), through the use of the
Internet. Though not all jurisdictions have this information available, many do.
Check it out first. If you are not able to find it using your best guess as to the
address, call the office of the jurisdiction and get an Internet address from them.
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Engineers can have the most current information at their fingertips, without
leaving their offices.

Distances along property lines may be shown on assessors’ parcel maps, but
these are not legal dimensions and should be used only as approximations. True
distances can be determined only from evaluation by a surveyor or civil engi-
neer skilled in interpreting the legal descriptions found in deeds filed in the
county recorder’s office or from title reports of the properties. Street names and
widths may be shown, as well as some easements and rights-of-way.

The information on the assessor’s map provides a useful sketch for following
the legal description. It is of a scale and size that is easily carried and referred
to. It also provides a map that can be given to the surveyors and other consult-
ants working on the project in the early stages of development. With the refer-
ence numbers for subdivisions and Records of Surveys adjacent to the site,
existing maps, and improvement or construction plans can be located. Remember,
assessors’ parcel maps are graphic representations only. They do not show actual,
legal property lines.

Geographic information systems

The information in a geographic information system (GIS) is composed of maps
and plans of existing and proposed improvements that are selected to be inte-
grated for some stated purpose. The information may consist of geographic or
topographic information, including street maps, property and zoning informa-
tion, existing and planned utilities locations, transportation systems, or any
other information deemed useful. This information may be integrated into a
single source in a computer system. This technology will provide a resource for
a vast amount of information that can be made current within hours.

Locating Land

Title reports

Before construction can begin, a clear and exact location of the property or
right-of-way boundary must be established. The deed is the legal description of
the property. Its interpretation should be made by a qualified professional
(licensed) land surveyor (PLS) from a field survey. However, the deed alone is
not sufficient for determining the legal property holdings. A title report is
required.

Title reports are documents prepared by title insurance companies, which ensure
the legal ownership of property. Title reports provide the legal description as
taken from deeds and list any claims to the property in the form of easements,
mortgages, liens, taxes, and water and mineral rights. Title reports may also
show stipulations and limitations on development. Title reports are important
to engineers for determining the exact legal description of property. The descrip-
tion of the property can also be found on the deed filed in the county recorder’s
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office, but that information is not sufficient. Subsequent to the original purchase,
a portion of the property may have been sold or granted for an easement, or there
may be taxes and other monetary interests held by others.

If property is to be developed, its exact property lines and ownership must be
known. The title report provides and guarantees the property information. If the
land is developed according to where the owners think their property lines are and
their neighbor disagrees, the property line dispute can end up in court. The devel-
oper must have a qualified surveyor determine the property lines through a field
survey and exacting analysis. The earlier in the project the survey takes place, the
less likely there will be a problem with property lines.

Property descriptions

In the simplest cases, a legal description of a property may be, for example, “Lot
1, Tract 5200, filed February 26, 1969, in Book 323 of Maps, at page 65, Santa
Clara County Records.” In many cases, however, the legal description is more
complicated and may continue for pages, describing the property by “metes and
bounds” (explained later). If a subdivision map or monuments were used in the
legal description of the property, the surveyor will have to establish their phys-
ical locations. Usually monuments are set at subdivision and lot or parcel cor-
ners or at changes in direction of right-of-way lines.

Historically, monuments were significant topographic features described by the
deed. At the turn of the twentieth century, surveyors would sometimes build their
evening campfire at a property or section corner (given later). In the morning,
the charcoal from the fire would be buried as the property corner. This was
better than installing a wooden stake, because animals would not destroy the
monument, and it would be preserved because charcoal does not deteriorate as
quickly as wood. Another popular monument used was a mature tree or rock out-
cropping that could be easily located. Today, %;-in iron pipes (IPs), tagged with
the surveyor’s license number, are commonly installed along subdivision bound-
aries. Cities often require that standard city monuments be installed at prop-
erty corners and along centerlines of streets in new subdivisions.

The following are some of the kinds of elements used in land descriptions.

1. Subdivision maps: Tract 5700, Map of W. E. Woodhams Tract, filed on
March 4, 1965 in Book 376 of Maps, at page 31, Shasta County Records
2. Streets: The northwesterly line of Alum Rock Avenue 30.5 m (100 ft) wide

3. Other deeds: The deed from Henry W Smith, et ux,' to George Davis, et ux,
dated December 10, 1954, and recorded December 15, 1954, in Book 303 of
Official Records, Page 288, Sonoma County Records.

4. Monuments: A %,-in IP at the southerly corner of Tract 5200

'Et ux is a Latin abbreviation for “and wife,” et vir means “and husband,” and et al. means “and
others.”
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Metes and bounds. Before a grid system was established to describe land, early
settlers described their property by metes and bounds. Metes is measure. Bounds
can be anything, such as a ridgeline or creek, that limits the parcel of land to
be described. Early settlers described their property as extending from one
landmark to another. In some cases the property was then measured by two men
on horseback carrying a rope or leather thong between them. The rope was set
at 100 varas—0.84 m (33 in). These original property boundaries are still valid,
but the description has since been retraced using modern surveying instruments.
The boundary is now described using bearings and distances and is called a
metes-and-bounds description.

When ownership of an irregular plot of land is transferred today, a Record of
Survey or Boundary map may be prepared and referred to, but metes-and-bounds
descriptions are not uncommon.

Bearings are directions as measured east or west of due north or south. They
must be exact, and so are measured in degrees, minutes, seconds, and decimals
of a second and are determined in the following way. A circle is divided into 360
degrees (360°). Each degree is divided into 60 minutes (60'), and each minute
into 60 seconds (60"). The course is described as a certain number of degrees,
minutes, and seconds (from 0° to 90°) east or west of due north, or a certain
number of degrees, minutes, and seconds east or west of due south. A line
described as N 50°E can also be described as S 50°W. The direction of retracing
the course determines whether the bearing is northeast or southwest (Fig. 2.5).

In a metes-and-bounds description, the bearings and distances serve to tra-
verse property. The following is an example of the metes-and-bounds descrip-
tion of the property in Fig. 2.6. (Distances are shown parenthetically in Imperial
units in this description to facilitate understanding by the reader during the
transition to metric units but should not be shown on maps and plans or included
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Figure 2.5 Determining bearings.
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Figure 2.6 Figure for metes-and-bounds description.

in descriptions. When writing descriptions using Imperial units, do not use

abbreviations for “feet” or “acres”
All that certain real property situate in the City of Redding, County of Shasta,

State of California, described as follows:
Beginning at the point of intersection of the Northerly line of Main Street, 15.2 m

(50 feet) wide, and the Easterly line of First Street, 12.2 m (40 feet wide); thence along
said Easterly line of First Street N5°22'36"E, 61.4 m (201.50 feet) to the Southerly
boundary of Tract 5700, filed March 4, 1965, in Book 376 of Maps, at page 31, Shasta
County Records; thence along the said Southerly boundary of said Tract 5700,
N89°52'22"E, 75.3 m (247.13 feet) to the Westerly line of Second Street, 18.3 m (60
feet) wide; thence along Second Street S5°22'36"W, 52.1 m (170.98 feet); thence along
a curve to the right with a radius of 9.1 m (30.00 feet), through a central angle of
83°40'32" an arc length of 13.4 m (43.81 feet) to a point on the Northerly line of Main
Street; thence S89°03'08"W, 67.3 m (220.66 feet) to the Point of Beginning.

Containing 4532 km? (1.12 acres) more or less.

Accurate interpretation or writing of metes-and-bounds descriptions is an
exacting skill that is beyond the scope of this book. For more information on this
subject, see Land Survey Descriptions, by William C. Wattles.

Townships and sections. The United States was surveyed by U.S. government
surveyors and a grid system was established in the late 1700s and early 1800s
as a result of political persuasion by Thomas Jefferson. The land was surveyed
and marked into sections. As a general rule, monuments were set at section
corners 1.609 km (1 mi) apart and quarter corners 0.805 m (‘/s m) apart. Even
though the work was sometimes done under very difficult conditions and with
instruments that were crude by today’s standards, the original monuments,
when they can be found, hold the most credibility for determining the location
of sections. The original surveys are recorded on “government plat maps,” and
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survey (call) notes are available from Bureau of Land Management (BLM)
offices. Establishment of townships and sections is a complicated procedure,
which is beyond the scope of this book. An idealization of the procedure is
provided here.

The establishment of townships is based on the latitudes and longitudes of
the earth. Longitudes are imaginary lines running north and south through the
poles. Each longitude is identified as from 0° to 180° east or west of Greenwich,
England. Latitudes are lines extending around the earth, parallel to the equa-
tor, and divided into degrees, from 0° at the equator to 90° at the poles.

Prominent geographical points are identified by latitude and longitude, and then
referred to for further refinement. Mt. Diablo in Northern California is at latitude
37°51'30" North (the base line) and longitude 121°54'48" West (the meridian line).
These are the reference lines for the references in descriptions using “Mt. Diablo
Base and Meridian”—abbreviated MDM. There are two other base and meridian
points in California—San Bernardino Base and Meridian, and Humbolt Base
and Meridian. There are 37 base points throughout the United States.

From these base and meridian lines, townships are established. Townships
are rectangular blocks of land 9656 m (6 mi) square. They are described by
their distance from the base and meridian. The land contained in the first 9656 m
(6 m1) north of the base line is said to be in Township 1 North. The land within
the first 9656 m (6 mi) south is said to be in Township 1 South. The land con-
tained in the second 9656 m (6 mi) north is Township 2 North, and so on. The
east and west limits of the township are measured in 9656 m (6 mi) increments
east and west and are referred to as ranges. The township and range terms are
abbreviated. TSN, R2E, MDM (Township 5 North, Range 2 East, Mt. Diablo Base
and Meridian) is illustrated in Fig. 2.7.

The township is further divided into sections of land approximately 1 mi
square, containing approximately 259.01 ha (640 ac). The sections are numbered
from 1 to 36, starting at the northeasterly corner of the township and continuing
back and forth across the township in a zigzag manner (Fig. 2.8). The section is
further divided into halves, quarters, quarter quarter sections, and so on. The
quarters are established by bisecting the boundaries of the section. The points
of bisection are called quarter corners. Lines are then drawn between quarter
corners to establish quarter sections. The property described as “the North half
of the Northeast quarter of the Southwest quarter of Section 26 T5N, R2E,
MDM?” is shown in Fig. 2.9. To interpret descriptions in this form, start reading
at the end of the sentence and trace the process backward.

Example 2.1 Determine the approximate distance between MDM and the west quar-
ter corner of Section 7 T56N, R2E. Use Figs. 2.7, 2.8, and 2.9.

Solution 'T5N occupies the land between 38.62 and 48.28 km (24 and 30 mi) north of MDM.
Section 7 lies between 0.64 and 0.80 km (4 and 5 mi) north of the south boundary of
Township 5N. The west quarter corner is 0.08 km (0.5 mi) north of the section corner.

38.62 km + 6.44 km + 0.80 km = 45.87 km north of the base
(24 mi+ 4 mi+ 0.5 mi = 28.5 mi)
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Figure 2.7 Township 5 North, Range 2 East, Mt. Diablo Base and Meridian.

R2E lies between 9.66 and 19.31 km (6 and 12 mi) east of the meridian. Section 7
lies between 0 and 1.61 km (1 mi) east of the range line; the west quarter corner is on
the west line (0 mi east of the range line)

9.66 km + 0 km + 0 km = 9.66 km east of the meridian
(6 mi+ 0 mi+ 0 mi=6mi)

The west quarter corner of Section 7 is 45.87 km (28.5 mi) north and 9.66 km (6 m1i)
east of MDM.

The exact dimensions of the distances along the sides of a section and portions of a
section will vary from expected dimensions because of inaccuracies in the original sur-
veys. Also, longitudes (meridian lines) converge from the equator to the poles. When
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adjustment is made for the convergence, the sections along the north and west of the
township were made to accommodate the variance.

Coordinate systems

One of the most useful tools at the engineer’s disposal is coordinate systems. Use
of coordinate systems is great and still increasing with the development of
modern surveying equipment and CADD systems. A basic understanding of
their use is imperative, even though step-by-step procedures can be followed with
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computers to determine information without understanding the basics. Without
a basic understanding, coordinates are meaningless numbers.

Coordinates are numbers that represent distances north and east of a refer-
ence point. The reference point can be real, such as Mt. Diablo Base and
Meridian or it can be fictional. Coordinate systems employ trigonometric rela-
tionships between points to determine distances and bearings exactly. The use
of a coordinate system also facilitates location and plotting of property corners
and other survey points with accuracy and precision.

The reference point is at the point of the 90° intersection of a north-south axis
with an east-west axis. The north-south axis can be true north, magnetic north,
or an assumed north. The point can be given coordinates based on another coor-
dinate system to which ties are made, or it can be given assumed coordinates
that are convenient to the task. In Fig. 2.10, point A is the reference point and
has been assigned assumed coordinates of 1000.000N and 2000.000E. When tra-
versing a course that is 152.4 m (500.00 ft) long on a bearing of N 50°E from
point A, the course will end at point B. The difference in northerly coordinates
1s called the latitude. The difference in easterly coordinates is called the departure.
A right triangle is formed by the course, N 50°E, 152.40 m (500.00 ft), the lati-
tude measured along the north-south axis, and the departure as measured from
point C to point B.

From trigonometry we know that the cosine of angle CAB (50°) is equal to
the length of AC divided by the length of course AB.

cosbH0° = A:C

This formula can be manipulated to yield the unknown latitude (AC).
AC = ABx cos50°
=152.40 m x0.642788 =97.96 m

AC = ABx cos50°
=500 ft x0.642788 =321.39 ft

116.75 m
Pt C ~OEPARTURE I Py Boe7.06
5% <4 %I € E 2116.75
zL.b(QQ‘QQ glg
NN NG Figure 2.10 A point established
N 1000.00 430 jlo’ using coordinates
E 2000.00 | g :

Pt. A



Resources 35

The northing coordinate for point B is

1000.000N + 97.96 m = 1097.96N
(1000.000N + 321.394 ft = 1321.394N)

Trigonometry also gives us the relationship that the sine of angle CAB (50°)
is equal to the length of CB divided by the length of course AB.

sin50° = 2
B

Again manipulating the formula, the departure CB can be determined.
CB = AB xsin50°
=152.40 m x0.766044 =116.75 m
CB = AB xsin50°
=500 ft x0.766044 = 383.02 ft

The easterly coordinate for point B is

2000.000E + 116.75 m = 2116.75E
(2000.000E + 383.022 ft = 2383.022E)

If the coordinates of points A and B are known but the distances and bear-
ing between them are not, the course between them can be determined. This
procedure is called inversing. The northerly coordinate of point B (1097.96)
minus the northerly coordinate of point A (1000.00) gives the latitude 97.96 m
(321.39 ft). The easterly coordinate for point B 2116.75 (2383.02) minus the east-
erly coordinate of point A (2000.00) gives the departure 116.75 m (383.02 ft).
From trigonometry we know that the tangent of the angle CAB is

tanZCAB = C:B
CA

_116.75m

= =1.1918
97.96 m

tanZCAB = 2
CA

_383.02ft _,

= =1.198
321.39 ft
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The angle, the tangent of which is 1.19313 is 50°. To find the length of the line,
we again use trigonometry:

sin/ZCAB = C_—B
AB

AB-_ B
sinZ CAB

_ 116.75m —152.4m

sin50°

sinZCAB = %

AB
AB._ B
sinZCAB

_ 383.02ft
sin50°

=500 ft

A series of courses is called a traverse. The traverse can be continued around
a piece of land and back to the point of beginning to delineate property lines such
as those shown in Fig. 2.6. An illustration of how to determine coordinates for
the property in Fig. 2.6 is given in Fig. 2.11. The traverse starts at assumed coor-
dinates at the northeast corner of the property.

TRAVERSE OF FIGURE 2.6
Point | Distance Bearing Cosine Sine  |Northing| Fasting|Point

1 1000.00/5000.00} 1
52.11{S 522'36" W | 0.995600] 0.093703! - -51.88| -4.88

2 948.1214995.121 2
9.14|N 84 37'24" W | 0.093703| 0.995600 0.86] -9.10

3 948.9814986.02] 3
9.14{S 0 56' 52" E | 0.999863| 0.016541 -9.14 0.15

4 939.84|4986.17] 4
67.21|S 89 03' 08" W | 0.016541; 0.999863 -1.11) -67.20

5 938.7314918.97| 5
61.42|N 522'36"E | 0.995600{ 0.093703 61.15 5.76

6 999.8814924.72; 6
75.32{N 89 52' 22" E | 0.002220| 0.999998 0.17| 7532

1 1000.0415000.04; 1
Error of Closure 0.04 0.04

Figure2.11 Calculation of coordinates for boundary of property in Fig. 2.6.
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The assumed coordinates chosen for that point are large enough that the
property will have all positive (not negative) coordinates and small enough that
unnecessary numbers will not have to be carried. The number for the easting
coordinate was chosen with the same considerations and so that the easting coor-
dinates would not be confused with the northing coordinates. When a traverse
contains one or two “unknowns” but the beginning and ending coordinates are
known, the unknown information can be calculated. The unknowns can be:

The bearing and distance of one course
The bearings of two courses
The distances of two courses

The bearing of one course and the distance of another course

Procedures for solving unknowns in two courses using trigonometry are long
and complicated, and there are many opportunities for errors. Fortunately, com-
puters and hand-held calculators do this task easily and quickly when simple,
step-by-step instructions are followed.

You may find that occasionally you will have a problem that the computer
cannot solve because of the location of the unknown information in relation to
the known information. When this happens, consider that you may be able to
solve for unknowns using the geometry and trigonometric formulas learned in
high school. It is seductive thinking that the computer can always solve prob-
lems most easily. That is not always the case. You may also be able to solve for
the unknowns by using some creative thinking about relocating or realigning
what is known. One technique that can be helpful is to rotate the traverse, so
that one course lies due north. Then solving for courses gives you the angles
between courses. Knowing angles between the courses, may give you enough
other information to solve for unknowns using the computer.

Existing and proposed maps and plans

There are existing maps and plans useful for developing proposed project sites.
A description of the kinds of maps and plans that can be used as resources, is
described at length in Chap. 4.

In the private sector, it is not unusual for work on a desirable piece of land to
have been begun by one developer and then been suspended because of a change
in the economy or because of a lack of sufficient planning by the developer.
Even though the new owner may have a different concept, there will be valu-
able information contained on the earlier maps and plans. A thorough search
must be made to collect all available resources. When these resources are located,
you may find that much of the information you need is already available. After
comparing a recent topographic map with observed conditions on a site visit, you
may decide that it can be used to begin design as long as you perform a field
survey to check critical points. Public works officials are well aware of the effect
of time and inflation on the cost of land, so it is not unusual for them to have
set aside land through zoning or purchases for transportation systems or other
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Surveys

public purposes. New public works projects can be in the planning stages for
years before construction actually begins. If a planned public works project may
affect your project, you must do a thorough investigation of its impact.

Engineering for land development depends on professional land surveying.
Even though there may appear to be sufficient information as to the topogra-
phy and property lines from existing maps and plans, the engineer must verify
the conditions with a field survey and analysis of the field information. Surface
and subsurface topography and property-line monuments are changed through
both conscious effort and accidents. Engineers take responsibility for the maps
and plans they sign. They must be certain that the information is correct.

Control surveys

Control surveys establish and tie together, with the use of trigonometry, vari-
ous points on the ground that provide reference points for further surveying.
They require a high degree of precision and are used throughout the design and
construction of a project.

Boundary surveys

Determination of property boundaries requires sophisticated procedures and
specialized expertise. Because of the importance of land ownership both mone-
tarily and emotionally, this is one task that only experienced, licensed land sur-
veyors should perform.

It is not unusual to find a number of similar monuments at the approximate
corner of a property. The surveyor must analyze the total property boundary and
other factors before determining by a “preponderance of evidence” which mon-
ument, if any, is correct. When boundary surveys are not performed correctly,
overlaps in and gaps between properties may be created, and the chances of a
civil suit increase.

Photogrammetry

Photogrammetry is a surveying process that utilizes aerial photographs. By
locating survey control points on the ground using conventional surveying meth-
ods and marking them large enough so that they will be clear on aerial photo-
graphs, aerial maps can be produced that can be measured precisely. These
photographs can be prepared to whatever scale is most useful to the engineer
and to the degree of precision needed. Using complicated procedures and equip-
ment, the photographs can be viewed in three dimensions. Skilled photogram-
metrists can then produce maps with contour lines and other topography.



6€

; BECUBOEE'S STATEMEST

- e [iea e ot 1
o "'.'....":'.‘.“:::,.'.m. ...." oy et i~ T |
p—-l--llnun.lw Azt of Rarniry Cami, J !
-unu ha Sants Ciars Conty Ganar s !
m‘, I Buly 1884, ﬂ: .. LAURIE NAKE, Coumiy Rucerder ‘El 1l - regir
— w W Epire_3- 3190
harn . WS T Uapdy !: Y i
Niree B W, VL i, a —_—
L,

R/S  BK 37 MAPS, PO 3¢ ez
LANDS OF GREEN Frteriood

k!rn.;r?;m.

R

408t ACRES

o
\EGEND oc Bois oF Beormgs
b I A ad AR Taccee ns LANDS OF SANTA CLARA COUNTY
PROPERTY Lini
MLE LiME
ASEMENT LIME
on B RECORD OF SURVEY
v
» ”“i'“.-':l.".".‘é“.“ﬁ?nu.z;ﬁu BASIS OF BEARING of
Ao, s o I T ol e Rk hieo v SMITH CREEK FOREST FIRE STATION
ci 3¢ FoaiTAY L3 e o ?Slu ko :‘u ESTARLISHED BETWEEM FOUND MONUMENTE. baing a portion of s
TH 'KI n“"t:":... R’I.:,ﬂ STAUPED F 4 PN-* rz“ e
I!CBIB R nuur:.um BELD Wi OB, PACE 5T THIS MAP IS BEING FILED 1N ACCORDANCE ANCHO CANADA de oy Lo
WECOAD PEM CEED K97 O.K, L r- F BARBARA COLLEY, R.C.E BV RECTIOM ITLY Tad.tad Inf. el Fa
O Gamhyyn ooearar [ 3 Conbing Civil Engineen 9% TUE LALC pve vy 51, SANTA CLARA COUNTY, CALIFORNIA
Ll SCALE =40 DATE ALY 1580

43 BLONIONW WAL ROAN Raw ORL GA WA

Figure 2.12 Record of Survey map (imperial units).



40 Chapter Two

Topography

Each project requires specific topographic information. Topography produced
from aerial surveys may not provide information that is specific enough. Aerial
surveys also do not provide subsurface information, such as flow-line elevations
on storm and sanitary sewers. Underground elevations of water and gas lines
can be estimated by locating the elevations of their valves, but more specific
information may be necessary. When this is the case, the pipeline must be
“potholed,” so that the top of the pipe is exposed for the surveyors to measure.

It is particularly important for the engineer to investigate the site. What may
show up on an aerial map simply as a building does not explain the importance
or cost of the building. Whether the building is a rundown shack or houses
multimillion-dollar equipment cannot be determined from an aerial survey
alone. On the surface, areas where the improvements connect to existing con-
ditions is particularly important. When connecting to an existing roadway, min-
imum information that must be gathered are elevations at the centerline, at the
gutter line or flow line, and at the top of curb for a distance of 15 to 30 m (50 to
100 ft) in order to design smooth connections. Further, the next upstream and
downstream catch basins or other drainage facilities must be surveyed in order
to determine the areas of drainage basins.

Global positioning systems (GPS)

By 1993, twenty-four satellites were in place at an altitude of 17700 km (11,000 m1)
to broadcast three-dimensional positioning data 24 hours a day to anywhere in
the world. This is called global positioning systems (GPS). The technology has
been used since 1979 for navigation and became available to civilians in 1983.
It was used in 1984 as survey support for construction of the Stanford Linear
Accelerator Extension and was planned for use to support construction of
the Superconducting Supercollider in Texas. Measurements can be made to
within 1 mm.

GPS surveying transcends many disciplines and requires understanding of
orbital mechanics, time, relativity, gravity, mathematics, physics, earth dynam-
ics, and statistics, as well as the limitations caused by the effects of the tropo-
sphere and the ionosphere on GPS signals. However, the instruments themselves
have been made easy to use and, with proper supervision, surveyors can be oper-
ating the antenna and data collectors in a short time.

The use of GPS is clearly indicated for providing control surveys for any large
project. Surveying a series of lines to a benchmark while hiking over hills and
down canyons, around buildings or other obstacles to the line of sight, or around
a bay, can be very time consuming and expensive. With the GPS, the survey can
be performed any time, day or night, in any weather, and without line of sight
and with much less opportunity for error.

As the technology improves and the cost of instruments drops, use of the GPS
will increase. There are now instruments available that enable a single surveyor
to set up a microstrip antenna attached to a previously established GPS point
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and walk about a site collecting data with a hand-held data collector. The data
can later be downloaded for printing of surface and subsurface topography and
analyzed for preparation of control and boundary maps.

Working with Computers

The computer revolution of the 1980s has affected the civil engineering profes-
sion enormously. The use of computers and state-of-the-art software to perform
complex operations and manipulate huge amounts of information has become
necessary for designers to remain competitive. Use of CADD is now common-
place in civil engineering design and land development.

Many public agencies currently require the work product of plans and spec-
ifications to be submitted on electronic medium using specified software.
Software that allows translation from one computer language to another is
improving quickly. In most cases, developing the design for a project on one soft-
ware product, and then presenting it in a format that can be used by another
software product can be accomplished. When sharing electronic files, it is impor-
tant to name the platform (DOS, Windows or some other maker), and the edi-
tion or release number of the software used to create the file. Otherwise, there
could be problems for the recipient in opening and using the file.

A brief description of available computer resources is presented in this sec-
tion. More specific information on particular software is provided where we dis-
cuss the area in which it will be used. Keep in mind that the computer industry
is evolving so rapidly that in a very short time additional and better software
may be available. If software is of particular interest to you, first check the ref-
erences section of the chapter covering the subject of interest. If you do not find
what you need there, refer to current magazines such as Civil Engineering,
Engineering News Record, or Civil Engineering News.

A word of caution is appropriate here. There is hardly a person who uses com-
puters who has not encountered a computer virus at one time or another.
When electronic information is being shared, even from very reliable sources,
it must be checked for viruses before being installed. Even after taking that
precaution, most engineers backup or copy computer files to floppy disks,
tapes, or compact disks frequently. A virus or other breakdown of the system
can incur huge costs to recreate information. What can be even more impor-
tant is the time lost. Developers are not sympathetic to excuses that you
cannot meet their schedule because of “computer problems”. The computer
information can be backed up to tape through manual or automatic programs.
Two copies should be made and one copy stored at a different location such as
in a safety deposit box.

Computer-aided design and drafting

The use of CADD software is now being required by many public agencies.
Plans prepared on electronic media facilitate storage. New projects prepared this
way can also be integrated directly with GIS.
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Information can be taken directly from conventional, aerial, or GPS surveys,
digitized, and made available to the design engineer and surveyor in an elec-
tronic format. Surveyors can analyze boundary information, apply complicated
adjustments with available software, and determine boundaries faster with the
use of computers.

When design engineers have set up the design sheet, established the orien-
tation of north, and labeled a starting point with the correct coordinates, the
coordinates of other points can be calculated automatically. As a result, lines and
arcs can be plotted with ease, and unknowns can be solved with very little effort
by the engineer. Engineers can then experiment with different designs and
solutions. Further, by plotting the courses, most errors become apparent. CADD
systems take away most of the tedious drudgery of complicated calculations and
allow the designer much more flexibility in design.

Spreadsheets are among the most flexible software tools an engineer can use.
A spreadsheet is a matrix of columns and rows. The columns are identified by
letters, the rows by numbers. The intersection spaces are called cells and are
identified by the letter and number corresponding to the location of that cell.
Cells can contain values (numbers), formulas, or labels. The way of expressing
the formulas differs among software products. This book uses Microsoft Excel
illustrations.

One of the simplest uses of spreadsheets for civil engineers is for the prepa-
ration of cost estimates (see Fig. 5.4). As an example, the first column might be
a list of the materials needed for construction of a particular project. The first
row would label what is there in each column, such as (A) quantity, (B) units,
(C) description, (D) unit price, and (E) total. The engineer then would fill in:

1. The value for the quantity in the cell created by the first column, second row

(A2)

2. The label for the units in the cell created by the second column, second row
(B2)

3. The label for the description (C2), the value for the unit price (D2)

The formula for the cost of the quantity of material in row 2 is = A2 * D2 as
expressed in the spreadsheet Microsoft Excel. That is, the value in cell A2 times
the value in cell D2 equals the value in the cell in which the formula is
expressed—in this case column E. If there is to be a total of the values in column
E, column E is highlighted though a drag and drop task then the <sum> button
is clicked.

The beauty of a computerized spreadsheet is that once it has been set up, you
can change any of the values and the corresponding total values will be changed
automatically. This provides the engineer the option of using different values
for different projects without having to recreate the spreadsheet.
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Most spreadsheet programs offer trigonometric values, exponential opera-
tions, logic functions, and string functions. With these resources you can develop
programs to solve any mathematical problems you have. There are software pro-
grams available for most civil engineering problems. However, if the problem
is not complicated or has some unique elements, it may be more efficient simply
to write the program yourself.

Software programs for solving particular problems are described in the chap-
ter covering the subject.

The resources needed to design land development projects are many and varied.
First a site visit is essential. Many of the resources are not identified to college
students and must be learned on the job. Knowing about maps and plans that
may exist in the area of the development is essential. Assessors’ parcel maps,
USGS maps, and GIS are some of the first resources needed. Engineers need to
be able to identify and locate property. Familiarity with title reports, subdivi-
sion maps, metes-and-bounds descriptions, and descriptions by townships and
sections is necessary. Coordinate systems are used to establish existing and
planned properties and structures exactly.

Design engineers are absolutely dependent on accurate surveys for design and
construction of projects. Engineers need to understand the various kinds of sur-
veys and their uses. Modern surveying technology and state-of-the-art com-
puter software is changing and developing at a rapid pace. Availability of maps
and plans, surveys, and computer software is changing rapidly. Engineers need
to have a thorough understanding of the resources available and why each is
important. The design engineer must keep abreast of the changes in the laws
affecting our work and improvements of civil engineering software to stay
competitive.

1. Define GIS.

2. Name three ways civil engineers can use the Internet in their work.
3. Whatis GPS?

4. What is the purpose of zoning?

5. Explain APN 678-54-04.

6. What is the purpose of a title report?

7. How do title reports help engineers?
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8. Write a metes-and-bounds description of Fig. 2.6.
9. What is the BLM?

10. What is the approximate distance between the southwest corner of Section 36,
T1N, R1E MDM and the northeast corner of Section 1, T1S, R1IE MDM?

11. Whatis the approximate distance between the northwest corner of Section 10, T3S,
R2W SBM and the southeast corner of the northwest quarter of Section 10, T1N, R2E?

12. Point A has coordinates N53,000, E26,560. Point B has coordinates N56,532,
E28,303. What are the latitude and departure between point A and point B?

13. For the locations in problem 11, what is the bearing and distance between point B
and point A?

14. What are the four sets of unknowns that can be solved using coordinates and
trigonometry?

15. What are control surveys?

16. Define backup. Explain why and how it should be done.
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Site Analysis

Site analysis should be done by experienced engineers with a firm grasp of the
technology described in the other chapters of this book. This subject is included
here only as a natural beginning in the progression of a project. This chapter
will be better understood and more useful after the novice has read the rest of
this book.

Before engineering design is begun, a thorough analysis of the site must be
made. This analysis should consist of an engineering feasibility investigation,
a preliminary design, and a cost estimate. If the project is a public works proj-
ect, the analysis may be elaborate and take months or even years and involve
numerous public information meetings and hearings and investigation of sev-
eral alternatives. Analysis of the feasibility of a site or of alternative routes is
so significant that the California Department of Transportation requires that
engineers follow procedures described in a manual devoted exclusively to proj-
ect development.

Ideally, analysis is done at the time the client is considering several sites. This
way, an intelligent choice among alternatives, based on comparisons of devel-
opment and operating costs, can be made. Only the engineering feasibility will
be discussed here. The preliminary design and cost estimate will be discussed
in Chap. 4.

A site analysis checklist is shown in Fig. 3.1. This, or something similar, should
be used to collect information. Opposite “Responsible Jurisdiction,” in the space
provided for remarks, put such information as “Main Street will have to be
improved to 106 ft width according to George Smith of Springfield,” or “Solar access
for south side of Main Street is required.” Any of the items on the checklist that
are not compatible with the proposed development could stop the project. Find
out before thousands of dollars have been spent for fees for planning and design.
Keep in mind budget constraints for the analysis. Verify with the client whether
he or she is prepared to pay for a formal report. On a small project, the client
may simply want the engineer to make a site visit and draw from his or her
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SITE ANALYSIS CHECK LIST
Date Assignment Received Report
Required
Assessor’s Map Number Property Size
Owner: Developer:

Figure 3.1

Description of Location
Description of Environment
Description of Site

Existing Zoning

Planning Commission
Hearing

City Council Meeting

Annexation

Parcel Map

Subdivision Map

Lot line Adjustment

Other

Responsible Jurisdiction
Streets:

Sanitary District

Flood Control District
Water Supply District
Electricity

Gas

Communication

Cable TV

Other

Reports Required
ELR.

Negative Declaration
Traffic

Air Pollution

Noise Pollution
Hazardous Materials
Geologic

Soils

Archaeology
Historical

Permits and Fees

Storm Drain Connection Permit

Sanitary Sewer Connection
Permit

School Impacts

Highway Encroachment
Bays and Harbors

Fish and Game

Site analysis checklist.

Required
Zoning
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T
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experience as to what problems there will be. This chapter describes the pro-
cedure to use for a simple, formal report. A judgment should be made as to how
much material can be included in the report.

Zoning Considerations

Although zoning considerations are within the domain of planning rather than
engineering, it is important to be acquainted with them. Find out how the prop-
erty is zoned. If the zoning is not appropriate, find out what steps to pursue to
get the zoning changed and how long they will take. Typically, zoning changes
require public hearings, and hearing dates may not be available for 6 months
or even a year. Find out what the appeal procedures and time frames are in case
the proposed change fails.

Zoning affects all sites, but each site is unique in the particular patchwork
of jurisdictions that can impose constraints on development. Since the
Environmental Protection Act was passed, an Environmental Impact Report or
Negative Declaration has been required on most development projects. If the
site is small, it may be exempt from the report. But the exemption must be estab-
lished formally through specific procedures. Some other areas of concern that
may require reports, clearances, and/or special permits are flood control, traf-
fic, school district impacts, archaeological resources, hazardous materials, his-
toric sites, noise and air pollution, scenic impacts, solar access, landslide hazards,
and earthquake faults. These are examples of just a few of the things that can
affect development costs. Be alert to them.

Getting Existing Plans

The next step is to get the plans for the existing streets and utilities. Plans are
usually available from the public works or engineering department of the city
or county where the property is located. Water, gas, electrical, telephone, and
television cable lines may be within the jurisdiction of the city or may be owned
by private companies. Whether or not the site can be served by the utility com-
panies is critical.

Storm drains and sanitary sewers

If the site is in a city and sewer plans are not available there or from a special
district, the sewers may have been installed before the site was annexed to the
city. In that case the plans may be at county offices. In developed areas, look at
plans for the improvement of adjacent tracts. Plans for adjacent tracts will
show not only the sewers installed on those sites, but previously existing facil-
ities to which they are connected. In some cases, utilities are located in ease-
ments on private property rather than within public rights-of-way.

The designs for the construction of the storm and sanitary sewers are usually
on the same plans, if not as construction drawings, then as existing or proposed
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lines. Get copies of plans showing all adjacent utilities. The plans collected now
will be used by the project engineer to indicate inverts and to help determine
horizontal locations of existing lines. Elevations on different sets of plans may
have been taken from different benchmarks, so it is not the elevation of inverts
that is important but rather the depth of the manhole, i.e., the difference
between the manhole rim and the invert.

In many areas, storm and sanitary sewerage systems are the responsibility
of special districts. The boundaries of these districts seldom coincide with city
limits lines. Whoever is responsible for each system will have a master plan. The
master plan will show the entire network of sewers or drains within that dis-
trict as well as proposed lines. The agent will know which sewers are available.
In some areas, the sewage treatment plant has reached capacity. That is, as
much wastewater as can be processed is already reaching the plant or has been
allocated, so that no more connections can be made to the system. If this is the
case, ask if plant expansion is planned and, if so, when capacity will be avail-
able. If no expansion is planned, ask if there is another sanitation district in the
area that might be used, or if the sewage can be treated with septic tanks or
other on-site faqcilities. Do not give up easily. Remember, if a way to provide a
sanitation system is not found, the site cannot be developed.

Signing, striping, and signalization

Engineers in the city or county offices will dictate street dimensions and depths
of pavement sections as well as any necessary signing, striping, and signaliza-
tion. Plans of existing streets in the area, however, suggest what to use for the
report and cost estimate. Signalization is an expensive item. If installation of
signals might be required, check with the responsible department.

Other utilities and services

Ordinarily, storm drains and sanitary sewers are designed for gravity flow, so
their depth and slope are critical factors. Other utilities can be designed around
the sewer and storm drain systems. For this reason, the exact location of the
other utilities is of less concern at this point. The major concern is whether the
site can be served. Remember to check on water, gas, electricity, garbage col-
lection, telephones, and cable television.

If services will have to be extended to the site, what will the costs be? Also,
check to see if there will be a requirement to put aerial, electrical, telephone,
and television lines underground. Usually, the information needed can be
learned by calling the utility companies. Ask their representative to send a copy
of their facilities in the area of the site. Though these copies usually have a dis-
claimer, they will provide information for the project engineer and evidence of
your sources in case a problem with the location of the utility comes up later.
Some utility companies will not send copies, but will allow the information to
be copied in their office. If time allows, make these copies to include in the file
for the job. If the representative promises to send a copy, check after a week or
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two as to whether it has arrived; if it has not, call the representative and ask if
it has been sent.

A visit to the site is imperative. The visit should be discussed with the client. If
the purchase price is still being negotiated or the project is unpopular, the inves-
tigation should be made inconspicuously—possibly without entering the prop-
erty. On the other hand, if the client owns the property and it is occupied, a call
ahead can clear the way.

Taking notes and photographs

Plan to take careful notes on the site. Neat, orderly notes are worth the extra effort;
they are more credible and are easier to use. Take along the following items:

1. Clipboard and note pad

2. Two small 1:1000 to 1:5000 (100- to 500-scale) site maps. A copy of the asses-
sor’s map of the parcel should be available from the county assessor’s office.
Use one copy for marking utilities from existing plans, topography, and notes.
Use the second copy to identify snapshots as described below.

. Site analysis checklist (Fig. 3.1). Write comments in “Remarks” sections.
. Different colored pencils

. 150-mm (6-1n) scale

. 15- or 30-m (50- or 100-ft) tape

. Camera. Use a digital or Polaroid type to be sure that the snapshot does, in
fact, show what is intended.

=N O Ot B~ W

8. Extra film. A jammed film packet can cost valuable time and/or the oppor-
tunity to get pictures that are particularly needed.

9. Business cards or other identification.

Once pictures have been taken, identify what they show. Mark each snapshot
with a number. Show that number on the copy of the assessor’s map, at the loca-
tion where the picture was taken, and use an arrow to show the direction the
camera was pointed (Fig. 3.2). On a separate sheet, list the photos with a brief
description of what is shown, e.g., (a) existing storm sewer outfall, (b) condition
of existing pavement, or (c) oak tree (Fig. 3.3). These pictures will be invaluable
throughout the planning and design phases of the job.

Recognizing significant features

With experience, the significant features of any site will be conspicuous. Look
for manholes, water valves, gas valves, power and telephone lines, and storm
water inlets. Verify the locations of the utilities previously copied from existing
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Figure 3.2 Assessor’s map showing the location of objects in photographs.

plans, or sketch utilities as they exist onto one of the assessor’s maps. Use dif-
ferent colored pencils for the utilities that can be identified, e.g., red for sani-
tary manholes, green for storm manholes, blue for water valves. Alegend on the
sketch will save repetitious notes (Fig. 3.4).

Do not assume that because there is evidence of a utility, it is in fact avail-
able. A sewer may be too shallow or already at capacity. Other utilities may pres-
ent similar problems. Walk around the boundary of the site. Look for other
utility lines for which you may not have found plans. Look for alternative ways
to service the site in case the obvious solution cannot be used. The importance
of alternatives will be discussed further in other chapters of this book.

Notice the slope of the site. How much grading will have to be done? Are
there rock outcroppings (Fig. 3.5)? Is the soil sandy, spongy, soggy? A soils engi-
neer or geologist should be commissioned to prepare a preliminary report. Is the
site higher in elevation than the surrounding area? If it is, find out from the
water supply agency whether water is available at the elevation of the site, or
whether a pump and/or storage tank will be required. If the site is lower than
the surrounding area, storm water may pond there, the water table may be near
the surface, or the existing sewer lines may be too shallow to be useful. How
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Figure 3.3 Photographs taken at the site: (@) existing storm sewer outfall; (b) condition of street; (c) oak tree.

much area will be draining across the site? The storm water entering the site
will have to be intercepted and prevented from flowing overland across the site.

If the drainage basin upstream of the site is large, the drainage facilities may
have to be large enough to accommodate extra runoff caused by off-site flows.
Is there a river or stream running through the site? If so, look for highwater
marks on buildings and trees that will indicate if there has been flooding. Look
at recent improvements adjacent to the waterway. There may be restrictions as
to the finished floor elevation, or a flood plain corridor and dikes may have to
be constructed that will limit the buildable area.
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Figure 3.5 Rock outcroppings.
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Open-space corridors in adjacent developments may indicate easements, flood
plains, or fault zones. Notice trees. They are a valuable amenity not only for the
beauty and climate control they afford but also for the structure they provide
in holding slopes and possible habitat they provide. Some jurisdictions limit
which trees can and cannot be cut down. Note the type and condition of build-
ings on the site. What appears to be a worthless shack in a rural area may in
fact house the only producing water well for miles. Check it out. A standpipe
(Fig. 3.6) might be part of a defunct irrigation system or a blow-off valve for the
town’s main water supply line. There is no way that all the possibilities can be
listed. Be alert to potential trouble. Before leaving the site, review your notes.
Take one last look to see if you missed anything.

Linear Projects

Linear projects such as highways, railroads, canals, power transmission lines,
and major pipelines require special consideration beyond those of other kinds
of projects. In urban areas, property acquisition can be the greatest single
expense. Alternative routes must be compared with regard to the cost of prop-
erty as well as the cost of construction. Further, when people’s homes are taken
to provide for a highway or airport, the residents may look to the lead agency
to help them find new housing.

The Alaskan Pipeline crossed the historic migration routes of elk and rein-
deer, blocking passage, so the designers had to provide a way for the animals

Figure 3.6 Standpipe.
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to migrate—a necessity for their survival. Engineers must also be alert to his-
toric and anthropological sites, parks, wetlands, and natural habitats of endan-
gered species. These national resources are assets that must be protected if at
all possible. If it cannot be avoided, mitigation will be required.

Writing the Report

When the investigation is complete, write the report. Start with an outline so
the report will be clear and orderly. Have a table of contents so specific infor-
mation can be found quickly. Include all pertinent information. (An example of
a table of contents is given in Fig. 3.7.) Document resources. Give the names and
titles of those who stated, for instance, that signalization or a 0.60-m (24-in)
water main will be required, or that there will be partial reimbursement for over-

sized facilities.
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By the time the body of the report is finished, it will be clear how the site
differs from other sites. The extraordinary facilities and costs the site will
require should now be known. Write a summary and put it at the beginning
of the report. This way, the client will get the most important information
easily. The information in the summary should not be a condensed version of
the rest of the report, but rather a concise statement of selected information
to describe what is unusual about the site. For instance, a part of the summary
might read:

Though Clear Creek is 450 m (1480 ft) to the south, and there is no evidence of flood-
ing in or around the site, officials at Springfield Flood Control District state that it
is within the flood plain of a 100-year storm and a flood plain zone will be required
over the south 4 ha. If flood protection can be provided, development of the site
should be nearly routine.

From this, the client can go directly to the section of the report dealing with
flood protection for a broader explanation of what will be required and how
much it will cost. If interested, the client will also be able to find out who the
officials are who stated the requirements and what a “100-year storm” is.

When a developer is planning a new project, the civil engineer should be brought
in as early as possible for a site evaluation. There are a number of engineering
considerations that the engineer will recognize that other professionals may not.
The requirements for grading, storm drains and sanitary sewers, utilities, and
traffic controls will be identified. The feasibility report should be prepared by
an engineer with many years of experience.

1. What is the purpose of site analysis?
2. Name three types of zones.

3. Why is it that a sanitary sewer running through the site is not sufficient evidence
that the site can be served?

4. What should you check if the property is on high ground?
5. What should be checked if the property is on low ground?
6. What does a standpipe indicate?

7. Why are rock outcroppings important?

8. What should the report summary include, and where should it be located?
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Resources

California Department of Transportation, Project Development Procedures, Sacramento, CA, revised
1991.

DeChiara, Joseph, and Lee E. Koppelman, Time-Saver Standards for Site Planning, McGraw-Hill,
New York, 1984.

National Association of Home Builders Staff, Land Development, Tth ed., Home Builder, Washington,
DC, 1987.

The National Association of Home Builders, Land Development 2, Washington, DC, 1981.
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Maps and Plans

The primary tools of civil engineers are maps and plans. Some types of maps
are described in Chap. 2. When a new subdivision is to be created, the engineer
directs the creation of the final map to provide for legal transfer of the lots
within the subdivision. When a linear project is to be constructed, field surveys
of the properties affected must be performed. Record of Survey maps and
Assessor’s Exhibits must be created so that the ownership of right of way can
be transferred to the developer.

The engineer prepares plans to illustrate what the finished product will be,
so that the project can be constructed. The plans are used to prepare cost esti-
mates so that contractors can estimate and bid on projects they wish to construct.
They are also used for construction surveys so that the project can be marked
with stakes in the field to inform the contractors where facilities are located hor-
izontally and vertically.

During preparation of the plans, all the factors that affect construction should
become evident, so that problems can be addressed and solved on paper or on
the computer rather than in the field during construction. The costs of solving
problems during construction are much greater than solving them beforehand
in the office, because contractors’ personnel and equipment may be standing idle
while the problem is solved.

Specifications are a companion to the plans and describe the materials and
methods of construction to be used. They are described in Chap. 12.

Maps as Tools

Engineers use a variety of maps in designing improvements. Before design can
begin, topographic and property boundary maps must be prepared. From infor-
mation on them, preliminary maps are prepared that show the layout of the
streets and lots. When preliminary site maps are prepared for private develop-
ments, the developer selects one and a tentative map is prepared for presentation

57
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to city staff and council members as well as other committees and agencies for
approval. Once approvals have been obtained, the final map (parcel map, sub-
division map, or condominium map) can be prepared.

Topographic maps

A topographic map illustrates all the important physical characteristics of a site
(Fig. 4.1). Anything that may affect demolition, design, or construction, and
anything that may have to be protected, saved, accommodated, or connected to,
should be shown. Their type (concrete, asphalt, brick) and condition should be
noted on the map. Some items that should be shown include:

Buildings

Streets and roads

Railroads, main lines, and spurs

Sidewalks

Curbs and gutters

Trees (include type and trunk diameter), streams, rock outcroppings

Elevations and contours (described in Chap. 5)

Street lights and traffic signals

Power and telephone poles

Fences and walls

Manholes, water and gas valves, and meters

Transformers and telephone and communications pull boxes

Underground conduits

Wells

Underground tanks and cesspools

Easements

Flood plain zones

Earthquake fault zones

Hazardous waste sites

The agencies whose approvals will be needed may specify what symbols should
be used for the various topographic features. If not, the symbols should be clear,
and a legend should be included on the map.

It is important for the designer to collect all available maps and plans and to
visit the site before dispatching a survey crew to collect topographic informa-
tion. The engineer needs to evaluate from existing and visual information what

specific data is needed from the field survey. It probably will not be apparent to
the field crew if it is necessary to collect information many feet beyond the edge
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Figure 4.1 Topographic and boundary map. (Courtesy of Rugeri, Jensen, Azar & Associates.)
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of the property to illustrate drainage patterns or available storm drain and
sanitary sewer lines. Research of existing plans will tell the engineer what
information to request.

Boundary maps

Boundary surveys should be prepared whenever improvements are to be made
near property lines or when structures are to be constructed near building set-
back lines. If the developer makes changes within what are thought to be the
property boundaries and the developer is wrong, the neighboring land owner
may well demand that the “improvements” be removed. It is not uncommon for
land owners to be mistaken about where their exact boundaries lie. The only
way to determine property boundaries with certainty is with a boundary survey
performed by a qualified surveyor. Even then, the neighboring land owner may
hire another surveyor with a different interpretation, so that the matter will
have to be settled in court. Having the boundary and topographic information
on the same map is usually the best resource to use for the engineering design.

Preliminary maps

Ideally, boundary and topography maps should be complete when the prepara-
tion of preliminary maps is started. However, because timing is critical in land
development, work on the preliminary map may precede the boundary and topog-
raphy maps. In some cases, U.S. Geological Survey (USGS) maps can be used
for topography in the early stages and approximate boundaries are often plot-
ted from the deed or title report. Locations of items of topography that may
affect the design, such as trees, should be plotted as closely to the correct loca-
tion as possible. Planners and architects often plot the initial layout of buildings
or lots and parking and/or streets. Their concerns are for such things as com-
pliance with zoning, satisfaction of parking requirements, efficient use of the area,
and esthetics. The engineer should be involved with the preliminary plan to pro-
vide information on utilities. Additional storm water runoff will result from
development of the land with impervious surfaces such as streets and buildings.
Therefore, space for a detention pond to detain the extra runoff may be required
and the civil engineer will have to be involved to make recommendations.

The client may want the project to be a monument to his or her success, to
have the ambiance of a college campus, or, more likely, to include as many lots
or as much building area as physically possible. It is the engineers’ and/or plan-
ners’ task to accommodate these criteria and the physical conditions and to
present various alternative preliminary maps to the client and public agencies
for selection.

Attention must be given to existing easements. If a neighbor, utility com-
pany, or other owner has the right to use a portion of the property for utilities
or access to other properties, a portion of the client’s property may have limited
use. This information is stated in the title report and should be verified so that
all the constraints on the property are known.
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If the site has a significant amount of slope, areas for cut or fill slopes between
the lots or building pads will be necessary. The amount of space occupied by
slopes must be delineated or retaining walls must be planned so their cost will
be reflected in preliminary cost estimates. A good deal of money may be spent
on the planning and engineering of a project only to have the project require
redesign if easements and slopes are not accounted for in the early stages.

Tentative maps

When the preliminary maps are complete and one alternative has been selected,
a tentative map is prepared (Fig. 4.2). The tentative map serves to show approv-
ing agencies what is planned. What is shown on a tentative map can be as
simple as a proposed division of a lot into two parcels or as complicated as a “new
town.” State and local laws and ordinances determine the circumstances under
which a tentative map must be prepared and which agencies will have rights
of approval. The requirement of approvals is primarily to protect public health
and safety. It may be required that the map show drawings of such things as
street widths; percentages of coverage of the property by buildings, streets, and
landscaping; agencies supplying utilities; number of people to occupy the site;
and amount of traffic generated by the project.

Approving agencies can require whatever information they deem appropriate.
Usually the tentative map will be approved subject to certain conditions. The
Conditions of Approval will have to be satisfied. When the Conditions of Approval
are available, it is good practice to copy them and attach them to the tentative
map. The project engineer can then take the tentative map and Conditions of
Approval and prepare the subdivision map and construction plans.

Record of Survey maps

Parcel maps

When the survey is performed relating to land boundaries or property lines, a
Record of Survey map may be required (Fig. 2.12). In California, the map must
be filed with the office of the county surveyor in which the property lies. The
Professional Land Surveyor’s Act describes what conditions require a Record of
Survey map and dictate what the map must show. When a parcel map or sub-
division map is to be prepared it will include boundary information and will take
the place of the Record of Survey map.

A parcel map (Fig. 4.3) shows exact legal location and description of plots of land.
The map is used in place of metes-and-bounds descriptions to divide property
into two or more parcels. In California, parcel maps may show no more than four
parcels. A subdivision map is required when five or more parcels are created.

Lot line adjustments

In some places there are existing adjacent lots such that, due to the sizes of the
two areas or the configuration of the lines between them, one or both do not satisfy
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Figure 4.2 Vesting tentative map. (Courtesy of Rugeri, Jensen, Azar & Associates.)
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Figure 4.3 Parcel map. (Courtesy of Ruth and Going, Inc., San Jose, California.)



64 Chapter Four

criteria as buildable lots. When the lot line between them can be moved or
reshaped to make or both lots meet criteria a “lot line adjustment” can be made.
The process for adjusting the line may make it more cost effective than creat-
ing a new parcel map.

Subdivision and condominium maps

Final maps

ALTA maps

A subdivision map is a legal document for creating new lots on the ground in
two-dimensional space. It is sometimes called a tract map (Fig. 4.4). Subdivision
maps that create five or more parcels may be called tract maps, and the prop-
erty may be assigned a tract number. The assignment of a tract number facili-
tates referencing. Condominium maps create legal documents for creating two-
or three-dimensional lots or air space within a building. They provide owner-
ship of an apartment or office unit (air space) with a proportional undivided own-
ership of the underlying real property.

The owner of a townhouse unit holds exclusive right to the underlying land,
and a subdivision or tract map is used to define ownership. An undivided own-
ership to common areas may be held by a townhouse owner. These maps become
legal documents when they have been signed by the land owner, the surveyor
or qualified civil engineer, and the consenting agencies, and filed for record with
the county recorder. From that point on, property can be bought and sold by ref-
erence to that map.

When the surveying and engineering are done, all the Conditions of Approval
have been met, and the drafting is complete for a subdivision, parcel, or condo-
minium map, it is known as a final map. Once all necessary parties have signed
the map, it can be filed with the county recorder. It is then a legal document and
can be used to transfer property ownership.

The members of the American Land Title Association (ALTA) in association
with the American Congress on Surveying and Mapping (ACSM) have developed
strict standards for surveying to be used to establish existing topographic con-
ditions on property. The reason for this is that the standards in one part of the
country may differ from those in another part of the country and it may be nec-
essary to have very exacting information to provide to lenders before loaning
money for purchases of land. For that reason, engineers are sometimes asked
to provide topographic maps that meet ALTA standards (ALTA maps) before
funds can be made available for design.

Alternative route maps

The best route between two points is seldom straight because of constraints
imposed by the terrain. Even on flat deserts or plains, curves are sometimes built
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Figure 4.4 Tract map. (Courtesy of Rugeri, Jensen, Azar & Associates.)
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Figure 4.4 (Continued)
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Figure 4.4 (Continued)
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into highway routes so that drivers will not become hypnotized or simply bored
and fall asleep. Time spent preparing and investigating alternative routes is
valuable. Alternative route plans are usually shown on aerial maps or contour
(topographic) maps. The route that may be the obvious choice relative to the
physical (engineering) conditions may be the worst choice politically. The best
choice politically may endanger the environment or have restrictive costs. Each
alternative will have its advantages and disadvantages. The alternative route
maps are used for comparative studies and for illustrations at public hearings.
Their use allows for an informed decision among alternatives.

Elements of Plans

The plan view

Profiles

The term plan can refer to anything from saying “let’s eat” to volumes of books
and drawings describing methods and procedures to accomplish some result. In
engineering and allied fields, plans usually refer to drawings made to scale
showing horizontal, vertical, and cross-sectional views of tangible objects to be
built. Plans usually include written descriptions of construction materials and
procedures (specifications), artists’ renderings, or any other device to help make
clear what is to be accomplished.

The plan view shows significant information, such as existing and proposed
centerlines, edges of traveled way, shoulders, face of curb lines, and property
lines as viewed from above (Fig. 4.5). They should also show existing and pro-
posed power poles, storm water inlets, storm drain and sanitary sewer lines,
water supply lines, utilities lines, trees, and other objects that might affect the
design.

The view from the side showing the grades, vertical curves, and appurtenant
structures of any linear aspect of a project is called a profile. When the profile
is of a street, the profile line can be located at any convenient reference loca-
tion on the cross section, as long as it is clearly labeled and identified. The ref-
erence line is on the centerline for most streets. Typically, the sanitary sewer,
storm drain, and other utility line profiles are included. Though there is some
horizontal distance between the various profiles, they are projected onto the
same vertical plane.

Cross sections

Cross-sectional views show what is seen when an object is cut across with a ver-
tical plane. On linear projects, the cross sections are usually made at right (90°)
angles to the centerline. Cross sections are used extensively in all areas of
engineering and architecture. There are several examples of cross sections
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Plon view

A

‘As& sectiona!
view

Profile view

Figure 4.5 Plan, Profile, and cross-sectional views.

throughout this book. Geometric cross sections of roadways (See Fig. 7.1) show
only dimensions and slopes; structural cross sections (See Fig. 7.2) show types
and depths of material to be used.

Cross sections are also helpful when the natural ground is sloped and the catch
points (See Fig. 6.8) at tops and toes of slopes are not apparent from the plan
view. Where road widening is part of a project, cross sections should be drawn
where the geometric cross sections or existing conditions change to verify that
no drainage problems are created.

Most sets of plans include some detail drawings. These will be “standard details”
established by the jurisdiction involved or may be structures that vary from the
“standard plans” of typical structures approved for use within the jurisdiction.
Detail drawings also show situations too small to be clear at the scale used for
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the surrounding area. The details may be shown on the cover sheet, on the
sheet where the object is located, or on special detail sheets, depending on the
number of details used and what will be most clear.

The detail can be a plan, profile, or cross-sectional view, or any other type of
drawing that will assist in making the intent clear.

Cover sheet

The cover sheet (Fig. 4.6) provides general information about the project. It
should include a title, general description of the project, and a location or vicin-
ity map. It may include an index map of sheets or a table of contents of sheets,
a legend and list of abbreviations used. There are lines for the signature of the
various approving agents and the design engineer and the engineering stamps
of each. The approving agency may provide a list of required items to include
on the cover sheet.

Index sheet
On large or complicated projects it may be expeditious to provide an index sheet.
This will show a map of the project with outlines of interior sheets and their
sheet numbers, so that those using the plans can easily find the sheet they
need.

Plan sheets

Land development plans are usually prepared on sheets 24 x 36 in or 22 x 34
in, although any size can be used. The 22 x 34 in size is popular because when
it is reduced by 50 percent, it becomes 11 x 17 in, which works well in reports
and is easily handled. At this writing, sheet sizes have not been changed to
metric units. In some cases, a larger size is used so that the civil site plans con-
form to other sheets in a set of plans prepared by an architect for a building or
buildings.

For a very simple project, all the necessary information may be shown on a
single sheet, but in most cases several sheets are needed.

The interior sheets of a set of plans are often the plan and profile sheets
(Fig. 4.7). These sheets most often are divided lengthwise. The top half of the
sheet is for the drawings of the plan view of the streets. The bottom half has a
grid for drawing the profile view of the streets and underground utilities. This
may be reversed, with the profile on top and the plan view on the bottom. On
site plans and complicated projects such as interchanges, the plans and profiles
may be shown on separate sheets.

Types of Plans

Some of the types of plans used in land development will be briefly described
in this section. It is important to remember that the nomenclature may differ
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from one city or state to another. For instance, the plans referred to in one loca-
tion as “construction plans” may be called “improvement plans” in another
locale. Do not let that distract you: The purpose and character of the plans will
be the same.

The format for including the material on the various types of plans will vary
among locales, engineering firms, clients, times, and jobs. All the necessary
information for a simple job might be included on a single sheet with a title such
as Site Plan. A large, complicated job might have several sets of plans, each con-
taining 100 or more sheets. The number of sheets is determined by how many
are needed to show clearly what is proposed and is limited only by how many
sheets make the set unwieldy.

Each project is just one piece of a giant puzzle. That piece must be made to fit
the whole puzzle—the master plan. On large projects it may be helpful to have
master plans for storm drainage, sanitary sewers, and water supply lines. Public
agencies that are responsible for providing or regulating facilities, view the
storm drainage, sanitary sewerage, water supply, and traffic plans differently
than engineers involved in single projects. The individual projects must fit into
the larger master plan of the entire district. Therefore, the master plan of each
affected agency must be consulted before work on the site plans begins.

Demolition plans

When construction begins, demolition plans will be the first to be used in the
field. The purpose of demolition plans is to show what is to be saved and what
is to be demolished or abandoned so contractors can clear the way for the new
construction. The demolition plan is made on a reproducible copy of the topog-
raphy map. Special care should be taken to verify that all underground utili-
ties or other facilities are shown. A job can be shut down because a conduit is
uncovered that was not shown on the plans. Work cannot continue until it is
determined what the conduit carries.

There can be serious consequences to ripping up a 100 mm (4-in) high-
pressure gas line or even a water main. It can be a matter of life or death for
workers or others in the vicinity. When the presence of a large, high-pressure
gas main is known, it must be marked with a highly visible note such as the word
DANGER spelled out in bold letters followed by a boldly printed note of what
the danger 1s.

The limits of demolition should be clear, and equipment should be kept a safe
distance from fences and walls owned by neighbors. If excavation is required,
a soils engineer should be consulted about what precautions must be taken to
protect adjacent structures. Where a portion of sidewalk or other concrete area
is to be preserved, there should be a note to “saw-cut or break at a joint” to ensure
a professional, finished product. Where streets are to be reconstructed, exist-
ing manhole, valves and other surface improvement must be labeled “preserve
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and protect”. When some, but not all, trees or other amenities are to be saved,
they must be marked in the field with an unmistakable message such as a fence
erected clearly for the purpose of protecting that object. When the site is stripped
of obstacles and the rubble has been cleared away, the site is ready for grading.

Grading plans

Before concrete and pipes can be laid and structures built, the site must be com-
pacted to provide a solid, stable base. The surrounding area must be sculptured
to slope away from structures to provide drainage, and parking lots and streets
must be shaped and sloped to direct overland flow toward drainage facilities.
The grading plan shows elevations at appropriate locations. The survey crew
marks the horizontal locations with 50 x 50 mm (2 x 2) wooden hubs and wooden
stakes. The stakes identify the elevation and the amount of cut or fill required
above or below the top of the hub.

Construction/improvement plans

Once the grading is finished, work on the structures can begin. The construc-
tion plans show the horizontal and vertical locations of the structures as well
as cross sections and whatever other details and instructions may be necessary
to build bridges, streets, drainage facilities, sewers, water supply lines, and
other utilities. The improvement plans may be made up of several sets of plans
covering the same area but different aspects of the construction. Some of the sets
that may be needed within the improvement plans are:

Cover sheet

Index sheet

Typical cross sections showing geometric and structural cross sections

Layout plans showing in plan view the location of surface improvements such
as highways, roads, parking areas, and buildings

Profile plans showing the profiles of streets or highways
Grading plans

Contour grading plans

Bridge plans

Construction details

Drainage plans showing the horizontal layout of drainage structures for
removal of surface drainage

Drainage profiles

Subsurface drainage plans showing the layout of drainage structures to
remove subsurface water

Subsurface drainage profiles
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Detention ponds

Drainage details

Sanitary sewer plans

Sanitary sewer profiles

Sanitary sewer details

Street lighting plans

Traffic signal plans

Traffic striping/delineation plans

Detour plans

Landscape plans

Landscape irrigation plans

Landscape details

Site plans for complex commercial, industrial, or multifamily residential
developments can also include the following plans:

Architectural

Structural

Mechanical

Electrical

Utility

Fire safety

Handicap access routes

The number and types of plans, the sheet sizes, and the scale to be used are

decisions that the engineer should make after careful consideration of the com-
plexity of the job. When in doubt, use extra sheets.

Traffic plans illustrate the signalization, signing, lighting, striping, and guard
rails of highways, roads, and streets for a project. When they are drawn for ren-
ovation of existing streets or roads, they may be delineated on aerial photo-
graphs. When the plans are for new streets, they may be drawn on copies of base
maps for construction plans. A base map is a drawing, which shows little other
than the lines delineating properties and streets. The plan is copied and used
for different types of plans of the same area. Specialized information is then
added to the different copies.

Traffic plans may or may not be included in the plan set, depending on the
complexity of the project and the requirements of the agency having responsi-
bility for traffic control and safety. The plans can include traffic flow diagrams
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and signalization plans as well as the locations, sizes, and types of striping and
other pavement markings. A civil engineer specializing in traffic engineering
should be responsible for the preparation of traffic engineering plans.

Landscaping plans

Landscaping plans are required on most projects. Ordinarily the landscaping
is designed by a landscape architect. The plans show the location and types of
the trees and plants to be used and various other information to ensure the suc-
cess of the planting. A plan for irrigation and lighting is usually included.

Utility trench plans

Power and communication lines are now installed underground in trenches
rather than overhead on poles. As a result, most projects will include a utilities
trench plan—sometimes called a trench composite plan. These plans show where
the utility trench will be located, cross sections of the various sections of the
trench, and where transformers, pull boxes, and valves will be located. The
trenches usually include all or some of the following: power, telephone, cable tel-
evision, and gas. Street lighting is included in some jurisdictions.

Individual site plans

As-built plans

Some builders of subdivisions of single-family, detached homes use a drawing
of the lots with a variety of information to assist in the construction of the
homes or for acquiring building permits. They may be required by the approv-
ing jurisdiction to verify that setback distances are met and individual lots
drain adequately. These drawings may be called site plans. Do not confuse this
with a planned development as described in Chap. 1. These plans are drawn to
scale showing lot lines and streets. A footprint (outline of the building) is drawn
on each lot. The development plan may be of a single lot or of several lots.

The building setback distances and easements should be shown for laying out
the foundation and acquiring permits. Other information that can be shown on
each lot includes site drainage, the model number of the house, the elevation
type, colors, roofing, and siding type to be used. Any other information that will
expedite the completion of the project can be included.

During the construction of a project, it is often necessary to make changes. If
there is some unforeseen obstacle that prevents construction of the facilities as
designed or there is an error in the design, a problem may exist that must be
solved in the field. Any field changes should be shown on the construction plans.
When the construction is complete and all changes have been marked on the con-
struction plans, dated, and signed, that set of plans becomes known as as-built
plans. Ideally, all changes made will be shown completely on as-built plans. In
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actual practice, this rarely happens. This is another reason why, even though
as-built plans may be available, field surveys should be performed to verify
locations before the engineer uses information from them to design other
improvements.

Maps and plans are the work product of engineers. There are many choices as
to how best to illustrate the work to be performed. Together the maps and plans
show the approving agency, the public, and the contractors what the finished
project will be and how its construction is to be accomplished.

1. What is the difference between a map and a plan?
2. What is the purpose of subdivision maps?

3. Name three ways plans are used.

4. What is the purpose of preliminary maps?

5. What is the purpose of tentative maps?

6. What are “Conditions of Approval?

7. What is the difference between a parcel map and a subdivision map?
8. Name four elements of the cover sheet.

9. Define profile.

10. Define cross section.

11. What is the purpose of a master plan?

12. What is the purpose of a grading plan?

Consulting Engineers and Land Surveyors of California, Subdivision Map Act, Sacramento, CA,
1989.
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Chapter

Preliminary Engineering

The first step of preliminary engineering is the site analysis. If a thorough site
analysis was done, much of the preliminary engineering is also done. If not, the
feasibility of the project should be investigated before more time and money are
spent. Because of the pressure of time, engineers sometimes rush enthusiasti-
cally into the design of a new project without spending sufficient time evaluat-
ing and planning the work. Careful planning of the layout and presentation will
result in a finished product in which the engineer can take pride. The prelimi-
nary engineering phase is the appropriate time for the planning to take place.

The purpose of preliminary engineering is to get approvals for the project from
the appropriate jurisdictions and to evaluate the costs of construction. The cost
estimate 1s very important and should be prepared by an experienced engineer.
The expected cost of the project must be known before construction loans can
be applied for and cash flow evaluated. Cost estimates may be requested sev-
eral times during the development process. Each cost estimate will be more
refined than the previous one.

People trained as planners often will prepare the street and lot layouts for the
subdivision map or building site plans, but engineers should understand the cri-
teria and be prepared if asked to design a building site or subdivision.

Design of alternative routes for linear projects should be prepared and eval-
uations made as to the various advantages and disadvantages of each. In addi-
tion to different locations, alternative routes can include routes with the same
location but different cross sections and also a “do nothing” alternative. The size
of the budget will limit the number of alternatives to be investigated. Alternative
route plans are illustrated for display at public meetings so that the citizens
affected can evaluate the impact on their lives and the environments.

Preliminary Design

The layout of the streets and lots for subdivisions, routes for linear projects and
site plans for commercial, industrial, or multifamily projects are affected by

81
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several factors. They are the locations of existing streets and utilities, the slope
of the land, the presence of legal and environmental limitations, natural ameni-
ties, traffic flows, and criteria relative to lot sizes and setback distances.

The most economical use of a subdivision site will maximize the number of
lots, while minimizing the space occupied by streets. To accomplish this, sev-
eral layouts should be designed. The minimum areas and frontages of lots may
be dictated by zoning ordinances. Some developers have house plans designed
with dimensions to fit frontage and side-yard setback requirements exactly.
Townhouses and patio homes are used to make the greatest use of street
frontages and to reduce the relative cost of street and utility construction. Where
there are existing or proposed easements, lots and streets should be designed
so that easements fall within the street or at the edges of lots so as not to
encumber full use of the lots.

It is undesirable to use long, straight streets in subdivisions, as such streets
encourage speeding. Also, curving streets are perceived as being more interest-
ing. On hillside sites, the desirability or necessity of curvilinear streets is clear.

Street grades must be within an acceptable range for safety. Routes that
curve around a hill rather than go directly to the top will not be as steep. Also,
a street that follows the contours of the hill (Fig. 5.1), rather than going directly
up the side (Fig. 5.2), will be less noticeable to those observing the hillside from
below. Of course, a direct route will be less expensive.

When laying out the lots on hillside sites, allowance in the sizes of the lots
must be made for slopes and drainage. This allowance cannot be estimated. Slope

Figure 5.1 Driveway following the contours of the hill.
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Figure 5.2 Driveway going directly up the side of a hill.

requirements and building setbacks must be determined. The cost of grading
is a major expense. As much as possible, the natural contour of the land should
be used, and split-level house plans should be encouraged on hillside locations.
The appearance of the homes from the street level should please the eye, so cut
or fill slopes of greater than 2.5 m (8 ft) should be avoided if they will be visible
from the street.

Preliminary design of a highway route depends on a number of factors. In
urban areas, the cost of land may be of primary concern. Demographics is also
an important factor. Cutting through established neighborhoods may create seri-
ous social problems. Taking land occupied by low-income housing may require
that housing be replaced. The more individuals whose lives will be affected, the
higher will be the social costs. During the construction of the three Gorges Dam
in China, for example, whole cities were moved and resettled at a new location.

The design engineer must be aware of the ownership and purpose of the
buildings shown on topography maps. What appears as just a box on a topo-
graphic map may be a greenhouse made of wood framing and plastic sheets with
very little monetary value, or it could be a sophisticated research site valued at
millions of dollars.

The extent of what property will be needed must include setback distances
to existing structures and right-of-way or property lines. The space needed
must also include cut and fill slopes. Areas may be needed for reconstruction or
realignment of drainage facilities, construction of storm drainage detention
ponds, construction of on-site sewer treatment systems or there may be set
asides for wetlands, endangered species, parks, or schools.
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In rural environments, earthwork may be the greatest factor. The steepness
of the grades allowed for highways and railroads can determine the horizontal
layout. The objective will be to align the highway to minimize and balance the
earthwork. Channels for transportation of water must function by gravity flow
as much as possible, to minimize the need for pumping systems. The use of bridges
and other structures should also be minimized. Disturbance of natural resources
such as wetlands and other unique natural habitats should be avoided. When wet-
lands and unique habitats are destroyed, they will have to be replaced—usually
a very expensive process.

The need for field visits cannot be overemphasized. The more familiar the
design engineer is with the project environment, the better the design will be.

Preliminary Engineering

When a preliminary design or alternative routes have been selected, the pre-
liminary engineering can begin. Often the preliminary engineering is done
before the Tentative Map is prepared. However, if a Tentative Map is available
with its Conditions of Approval, it should be used for preliminary engineering
and cost estimates. The object of preliminary engineering is to do an initial
layout of roadways, structures, storm drain facilities, sewers, and other utili-
ties so that a cost estimate can be made. Do not let the preliminary nature of
the task lead you to be careless in your analysis. The preliminary work could
be accepted and refinement of calculations made without further analysis.

Creating preliminary CADD drawings

Drawings showing preliminary layouts of proposed projects will be prepared for
presentation and evaluation by governmental agencies. It is during this phase
that preliminary layout of the engineering elements will first be put into the com-
puter. The engineering information necessary at this stage will be graphic and
time will not be spent showing exact calculations. The purpose of the drawings
is to show that criteria for development is met and that the project can be made
to work. The data shown at this phase is basic and minimal. The overall proj-
ect 1s 1llustrated and is a master plan.

Before computers were widely used, the plans created during this phase were
saved for reference for the final design but new drawings were made for con-
struction plans. Now that the preliminary layouts are created in the computer,
engineers are making use of them to create the final design. The problem with
this approach is that, whenever changes are made, the chance of errors is greatly
increased. And the very nature of building the final design directly on the pre-
liminary design is creating changes. This is further complicated by the fact that
the others involved in the design will be making changes to their original con-
cept as well.

Another problem that arises because of the use of CADD is that the way the
drawings look on the screen is not the way they will look in hard copy. This is
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because when we want to focus on a particular area, we simply zoom in on it
and can see the desired area clearly. The fact that line work is in a variety of
colors on monitors but shades of gray in hard copy also is deceptive. The result
is that what looks clear while working on the computer may look jumbled in hard
copy unless there is consideration of these factors. One way to alleviate this prob-
lem is to plan to use larger scale drawings.

Before any work is performed, engineers must take the time for careful con-
sideration of how the final work product will be presented. If the work is being
performed for a public works organization, they may have exacting standards
of how each of the elements of the work is to be shown. That is, they will dic-
tate the sheet sizes, borders, scales to be used, text size and type as well what
interior sheets are required, and what information must be shown on the cover
sheet and interior sheets.

On privately funded projects this is not usually the case. The team that will
be creating the plans must take the time to decide a number of things. If the
project is a complex site plan such as for a multifamily residential, commercial,
or industrial development, computer information will be received from the archi-
tect, landscape architect, and others. It is important that the information
received is coordinated with the civil engineering work.

The engineer must make it clear that though he or she can work with what-
ever is requested, some things can increase the costs. Shared computer infor-
mation should be kept as simple as possible. Drawings received from the
architect should be limited to a footprint of the buildings. Inclusion of other infor-
mation will have to be purged before the information is installed into the file of
that project. Since several consultants will be receiving information from the
architect, that same limited information will be true for others as well. Therefore
it makes more sense for the architect to remove extraneous information rather
than the various consultants. Each consultant should list what information is
needed for his or her work.

The site engineer needs only the outline of the buildings. The information
should include locations of entrances and exits and any outside facilities that
may affect grading. Except for overhangs, information on floors that are not at
ground level should not be included. The ground floor information should also
be kept to a minimum. Locations of electrical and mechanical rooms and ele-
vators may be useful but other information should be purged from the file. The
fact that extraneous information takes up memory on computers may not be sig-
nificant but the time to scroll through architectural layers then having to inter-
pret the layer names may be guess work and a trial and error process. The
architect should be able to purge unnecessary information in a short while. It
could take many hours for the engineer.

What the architect gives to the other consultants will most likely also hold
boundary information and possibly street information received from the civil
engineer. That should be on a separate layer and not bound together so that the
boundary and street information can be turned off or purged when returned to
the engineer. This is so that if there are changes to the information originally
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provided by the engineer, the revised information can be easily substituted. If
the engineering drawings are networked with the architectural drawings and
drawings of other consultants, this caution may not be necessary as changes are
made in real time.

The engineer will be providing the property boundary and street layout infor-
mation to the architect. The engineer will provide information to the architects
that will facilitate their work as well. Any information such as survey points or
topography not needed for the architect’s work should be purged. Further, it is
important that information given has been twisted or oriented the way that best
fits the way the architects want to present their plans by the engineer. This way
the engineer can be assured that coordinate and other mathematical information
will be preserved. If the orientation is left to the architect, there is the risk that
the civil information will be rotated rather than twisted in a way that loses the
coordinates and that the architectural information and changes will have to be
twisted every time information is received from them.

The civil site plans and the architects plans should be oriented the same way
on the plan sheets unless there is good reason to do otherwise. Normally civil
site plans are oriented so that north is up or to the right on the sheets and CADD
programs are constructed that way. If the architect or client chooses to orient
his or her work so that north is down or to the left that can be done but the client
needs to understand that it could slow the engineering and drafting if labeling
with that orientation must be deleted and rewritten.

Once a preliminary layout has been selected, a Tentative Map can be prepared
and approvals procedures begun. Where it will be necessary to install utility lines
or ditches through property held by others, easements or rights-of-way must be
purchased. To accomplish this, title reports should be ordered, legal descriptions
prepared, and negotiations begun. This process should be started as soon as the
need for the easement is realized. The smaller the investment made before all
required property is secure, the less will be the risk involved and the better the
client’s bargaining position.

After the Tentative Map has been approved, there will be Conditions of
Approval to be satisfied. The surveying calculations and drafting of the subdi-
vision or parcel maps will be started. This procedure, as well as any legal
descriptions, takes time and expertise, so there are costs associated with it. An
estimate of how much it will cost should be made and the client informed.

On linear projects, drawings must be assembled to show the ownership of the
lands affected. At this early stage, the drawings are usually made from infor-
mation available from the assessors’ parcel maps. It will be necessary to have
all the assessors’ parcel maps converted to a common scale for assembling into
a single map (Fig. 2.4).

There may be areas where the assessors’ parcel maps cannot provide
needed, current information as to such things as widths of streets. Where
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more information is needed, the subdivision or Record of Survey maps for
adjoining projects should be acquired. The information from these maps will
be more reliable than information from the assessors’ maps as to bearings and
distances but not as to ownerships. The subdivision and Record of Survey
maps will be needed later for use by the survey crews to determine exact prop-
erty ownership boundaries. The time and expense of acquiring all the subdi-
vision and Record of Survey maps for linear projects at this early stage is not
justified.

Cost Estimating

Estimates of the costs of construction will have to be calculated throughout the
projects so that the client can have some control over cash flow and to be pre-
pared if expected costs change. When the initial layout of the streets and utili-
ties 1s complete, the preliminary estimate can be prepared. It is often helpful
to list the quantities on the same sheets used for the preliminary layout of util-
ities. This way, if the final cost of construction is different from the preliminary
estimate, a comparison of designs can be made and the reason for the difference
determined. Most engineering firms have a list of items that might be neces-
sary to include (Fig. 5.3). By using the list, items are less likely to be missed.
Of course, there may be items to include, which are not on the standard form.

Compare the estimate with similar projects. If the costs vary significantly, be
sure the differences can be justified. When the initial layout of the streets and
utilities is complete and the quantities have been estimated, the preliminary
estimate can be prepared (Fig. 5.4). The estimate should be identified at the top,
e.g., “Engineers Preliminary Cost Estimate for Johnson Property, based on a
1:1000-scale preliminary site plan dated June 8, 2005.” It is essential to show
the date as preliminary plans are subject to change and you must be sure the
plan being used is the correct one. Also, this way, if the final plan is significantly
different and the costs differ from the estimate, the reason for the difference can
be understood.

Count the various items needed, measure the lengths of conduits, and calcu-
late the square meters of paving and other quantities. Accuracy is important,
but the plans will not be complete enough to make precise measurements. If a
length of pipe is between 180 and 190 m, use 190 m. If there is a minimal
amount of grading of the site needed and the quantity is to be in cubic meters,
assume earthwork as 0.6 m (2 ft) of depth over the site. Be conservative. Clients
get loans based on your estimates; if they are too low, the client may be in finan-
cial trouble. On the other hand, if your estimate is high and you cannot justify
it, clients will take their business elsewhere.

The format used will vary among engineers, clients, jobs, and times. Each
estimate should be tailored to the job. There may be reasons to segregate the
project into parts for the estimate. If the project is large, it may be constructed
in phases. It may be desirable to separate the on-site, which is the work within
the boundary of the project, and off-site work lying outside of the project
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Sheet1

Date:
Job No.

PRELIMINARY COST ESTIMATE

| Quantity Units Description | Unit Price | Subtotal | Total ]
Planning
L.S. Annexation
L.S. Zone Change
L.S. Preliminary Planning
L.S. Tentative Map
Other
Subtotal
Surveying
L.S. Boundary Survey
L.S. Control Survey
L.S. Aerial Survey
L.S. ALTA
L.S. Final Map
L.S. Easement Descriptions
L.S. Construction Surveys
Other
Subtotal
Grading
L.S. Demolition
LS. Clearing and Grubbing
m Removal of Hazardous Materials
m Rough Grading
m Street grading
m Lots
m Ditches
Other
Subtotal
Paving
m asphaltic concrete
m aggregate base CL 3
m cement treated base
m geotextile
m curb and gutter
m vertical curb
m AC berm
m PCC sidewalk
each driveway approach
each handicap ramps
LS signing and stripping
LS traffic signals
other
Subtotal
TOTALS PG 1

Figure 5.3 Example of preliminary cost estimate showing what some of the items might be.
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Date:
Job No.

PRELIMINARY COST ESTIMATE
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{ Quantity | Units Description | UnitPrice | Subtotal | Total ]
Sanitary Sewers
each 100 mm (4 in) laterals
each 200 mm (8 in) laterals
m 200 mm (8 in) VCP
m 200 mm (8 in) PVC (SDR 35)
m 250 mm (10 in) PVC
each standard manhole
each manhole w/ outside drop
each cleanouts
each on-site sewage treatment
other
Subtotal
Storm Drain
each flat grate inlets
each catch basins
each catch basins with fossil filters
each standard manhole
each outfall structure
each concrete lined ditch
m 250 mm (10 in) PVC
m 900 mm (36 in) RCP CL V
m 100 mm (4 in) perforated pipe
each clean out
each detention pond
other
Subtotal
Erosion Control
m silt fence
m straw rolls
each catch basin protection
each drop inlet protection
each entrance pad
LS straw cover
LS seeding
other
Subtotal

Figure 5.3 (Continued)
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Sheet3
Date:
Job No.
PRELIMINARY COST ESTIMATE
[ Quantity | Units | Description [Unit Price] Subtotal |  Total |

Water

m 250 mm (10 in) PVC water main
each 25 mm (1in) PVC lateral
each 38 mm (1.5 in) PVC lateral

each 25 mm (1in) water meter
each 38 mm(1.5 in) water meter
each wet tap

each fire hydrants

each double check valves
each back flow preventers

LS thrust blocks & fasteners
LS irrigation system

each blow off valves

each air relief valves

each gate valves

Subtotal

Miscellaneocus

Sanitary Sewer Connection Fee
Storm Drain Connection Fee
Joint Utility Trench

NOI fee

Cily Inspection Fees
Engineering Fee
Contingencies

other

Subtotal

TOTAL PG 2
TOTAL

Figure 5.3 (Continued)

boundary. Various conditions, such as an adjacent property being developed, may
change with time, so required work and costs will vary from time to time. This
should be explained in a notes section and comparison of costs with time listed.

Clearing, grubbing, and demolition

On simple projects, clearing, grubbing, and demolition can be included on the
grading plan. Where there are a number of structures to be removed or to be
saved, a demolition plan is recommended. The cost of the demolition can be dif-
ficult to estimate because there may not be a history of the same unit costs from
which to draw. Certainly, if the site is covered with orchard, clearing and grub-
bing will cost more than if the site is an open field. If there is paving to be
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removed from the site, demolition should be estimated on the basis of square
meters. It may be appropriate to estimate clearing based on square meters.

Demolition of buildings should be estimated based on the number and stur-
diness of the buildings to be demolished. A contractor expecting to be given the
demolition contract may be willing to provide an estimate. Previously unim-
proved sites require removal of organic material from the soil. The depth will
vary from site to site. The soils report should address this and recommend the
depth of soil to be removed, but at this early stage the soils report is not likely
to be available. The depth used for other sites in the area can be used.
Fortunately, the cost of clearing, grubbing, and demolition is usually a small por-
tion of the total cost of construction.

Grading can be one of the most important aspects of a cost estimate. This is par-
ticularly true if the site will have to be built up and if earth must be brought in
from kilometers away. It is possible that a contractor will pay to be allowed to
dump excess material from another site. Most often, if material is needed, it will
be expensive to locate, quarry, and transport to the site. In a metropolitan area,
the cost of imported material can make a project infeasible. In most cases, the
earthwork can be made to balance. That is, the amount of excavation will equal
the amount needed for fill.

The cost of grading for streets and building pads is based on removing the plant
material and compacting the soil to the specifications of the soils engineer. The cost
of grading building pads will be charged at a different rate than the rate for grad-
ing streets and parking lots, so it should be listed separately on the cost estimate.

Streets and highways

The preliminary map for a subdivision and alternative maps for highway routes
will provide the layout of the roadways. The standards of the jurisdiction for the
geometric requirements indicate the widths of the traveled way and curb, gutter,
and sidewalk requirements. The standards are based on the amount of traffic
expected.

The structural section (Fig. 7.2) is based on expected traffic and soil condi-
tions. The requirements of the structural section will not be known in the early
stages, but the preliminary estimate can be based on other roadways of similar
use and width in the area. This information can be taken from adjacent proj-
ects. Be aware, however, that the structural section may not be indicative if the
adjacent projects were built much earlier.

In subdivisions, there are often two or more types of streets within one proj-
ect. A cul-de-sac may have a shallower section than a primary street. Because
of this, each type of street will have to be estimated separately. The roadways
can be shown as so many square meters of paving, such as 140 mm (5'/2 in) of
AC (asphaltic concrete) on 250 mm (10 in) of AB (aggregate base) or 100 mm (4 in)
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Date: June 8, 2005
Job No. 17581C
PRELIMINARY COST ESTIMATE
Johnson Property (APN 640-45-78&79)

[ Quantity | Units | Description ] UnitPrice | Subtotal |  Total |
Planning
L.S. Preliminary Planning $ 6,000
L.S. Tentative Map $ 8,000
Subtotal $ 14,000
Surveying
L.S. Boundary Survey $ 21,230
L.S. Control Survey 3 6,500
L.S. Aerial Survey $ 19,650
L.S. Final Map $ 18,900
LS. Construction Surveys $ 23,560
Subtotal $ 89,840
Grading
L.S. Clearing and Grubbing $ 6,400
52,300 {m? Rough Grading $ 210]% 109,830
3,660 {m2 Street grading 3 160(% 5,856
21 jeach Lots $ 6000019 12,600
510 [m? Ditches $ 150§ 765
Subtotal $ 135,451
Paving
3,660 {m? 60 mm (2.5 in)asphalt concrete | $ 3501$% 12,810
3,660 |m3 250 mm (10in) CL3 AB. $ 3.50 | ¢ 12,810
380{m curb and gutter $ 2.10 798
380|m?2 PCC sidewalk $ 12.00 4,560
21leach driveway approach $ 180.001]% 3,780
4leach handicap ramps $ 220.00] ¢ 880
LS signing and stripping § 800
Subtotal $ 36,438
Sanitary Sewers
21|each 100 mm (4 in) laterals $ 60.00 | $ 1,260
180{m 200 mm (8 in) PVC $ 5001% 900
1leach standard manhole $ 2,00000($ 2,000
1leach manhole w/ outside drop $ 2,60000|$ 2,600
Subtotal $ 6,760
TOTALS PG 1 $ 282,489

Figure 5.4 Preliminary cost estimate form filled out.

of AC on 150 mm (6 in) of AB. On some projects the asphalt and aggregate may be
shown in tonnes (tons) rather than square meters.

Storm drains

A rough estimate of the expected rainfall runoff must be made. The master
plan of the storm drainage agency must be consulted. If the project is sur-
rounded by previously developed sites, the runoff may be the result only of



Preliminary Engineering

Date: June 8, 2005
Job No. 17581C
PRELIMINARY COST ESTIMATE
Johnson Property (APN 640-45-78&79)

[ Quantity | Units | Description [ Unit Price | Subtotal | Total ]
Storm Drain
2leach flat grate inlets $ 550.00|% 1,100
2leach catch basins $ 630.00 % 1,260
2}each standard manhole $ 2100.00 |8 4,200
150|m? concrete lined ditch $ 9.00}8% 1,350
170[m 300 mm (12in} RCP CL V § 1200 |$ 2,040
150[m 100 mm (4 in) perforated pipe 4.0018% 600
1jeach clean out 100.00 | $ 100
Subtotal $ 10,650
Water
170[m 100 mm (4 in) PVC watermain_ [ $ 6.00 § 1,020
21[each 25 mm (1in) PVC lateral g 30001% 630
2|each 38 mm (1.5 in) PVC lateral 340013 68
21|each 25 mm (1in) water meter 250.00 5,250
1{each 38 mm(1.5 in) water meter 280.00 280
1jeach wet tap 400.00 400
2|each fire hydrants 1,500.00 3,000
LS thrust blocks & fasteners 1,500
1{each blow-off valve $ 210.00 | § 210
Subtotal b 12,358
TOTALPG 2 23,008
TOTAL PG1 ] 282,489
TOTAL CAPITOL IMPROVEMENTS page 1& 2 3 305,497
$305,497/21= $ 14,547 Per Lot
Miscellaneous
Sanitary Sewer Connection Fee $ 10,500
Storm Drain Connection Fee 5,000
Joint Utility Trench 50,000
SWPPP 5,000
City Inspection Fees 15,000
Engineering Fee 30,000
Contingencies b 39,715
School Fees $ 42,000
Subtotal $ 197,215
TOTAL $ 502,712

$502,712/21= § 23,939 Per Lot

NOTES:
1. This estimate is prepared as a guide only, is based upon incomplete information and is
subject to possible change. Carter Engineérs, inc. makes no warranty expressed or implied

that actual costs will not vary from the amounts indicated and assumes no fiability for such
variances.

2. The estimate does not include:
a. Soils Engineering Costs
b. Landscaping
c. Fencing
d. Building related costs and fees
e. Reimbusible agreements or refundable deposits
3. Costs are based on estimated current prices without provisions for inflation.

Figure 5.4 (Continued)
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what falls directly on the project. Otherwise, an estimate of runoff from adja-
cent areas must be made. Determining the runoff area is described in Chap. 9,
under the heading “Hydrology.”

A USGS map can be used to delineate hydrologic drainage basins. The proj-
ect and those adjacent areas that will contribute to storm runoff over the proj-
ect should be divided into drainage basins so that an estimate of the number
and location of storm water inlets or culverts can be made and diversion ditches
planned. The locations of manholes can be laid out. The sizes of pipes can be esti-
mated based on the runoff and approximate slope of the ground. Need for bridges
can be identified.

In some situations, it may be necessary to accommodate upstream runoff
that will require the involvement of a flood control agency. That a site does not
appear to have a water course does not mean that it is not subject to flooding.
The Federal Flood Insurance maps must be consulted (on the Internet see
FEMA.gov/Flood Map Store).

If the project is linear, it may cross existing storm drain lines. This can be a
major problem and a major cost element if the project will lie below existing
ground, such as an urban freeway below grade or a construction of a major water
supply or storm drain line. Existing storm drains will most likely be dependent
on gravity flow. If there is a conflict in vertical location—that is, if the pipes are
at the same elevation where they cross—the new one will have to be designed to
go over or under the existing pipe. If that cannot be made to work because of other
constraints, the existing line may have to be relocated vertically. Inverted siphons
rarely work adequately and may not be acceptable to the storm drain agency. It
may be necessary to install a pumping system or to transport the drainage long
distances to accomplish the necessary clearance for crossings. These are major
costs that can be critical and must not be missed at this stage of planning.

Sanitary sewers

For new subdivisions, the initial layout of sanitary sewers is simpler than that
of storm sewers, since every building must be served. If the mains will serve only
the buildings on the project and it is a residential site, minimum-size laterals
may be adequate throughout. The responsible agency dictates the flows to use
for each household, a peak flow factor, and the infiltration rate. Manholes and
flushing inlets should be included in the layout and cost estimate.

It is important to contact the agency responsible for the area’s sanitary sewer
master plan to determine that the outfall you plan to use has capacity available
for your project. Also, it may be necessary to install a sewer main with a capac-
ity far exceeding the need of your subdivision to accommodate future develop-
ment. If excess capacity is required, there should be cost sharing by the agency.
Linear projects crossing existing sanitary sewer lines must consider the same
concerns as described in the section on storm drains above. These are critical
factors in determining costs.
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If the water supply company will be installing the water systems, the cost of pro-
viding water services should be based on its estimate. If the responsibility for
the design of the water supply is with the engineering consultant, an estimate
must be made. A layout of the lines, remembering that domestic water lines
should be looped so that water supply can be transported from more than one
direction, should be made. Some municipalities or water companies have sig-
nificant charges if a line is to have a wet tap. Mains, laterals, water meters, fire
hydrants, air-relief valves, blow-off valves, thrust blocks, and anchors must be
included in the estimate.

If you are designing a linear facility that crosses small water supply lines,
crossings are rarely a problem. Water supply lines are forced systems, that is,
the water is transported under pressure. For this reason, the water lines are
not dependent on gravity flow and will function even when designed to flow
uphill. Clearances are not as critical, and the water line can be relocated over
or under the new facility. There will be costs involved that must be accounted
for, but it is unlikely that these costs will be critical. However, if the water
supply line is a major trunk line, the costs of relocation, whether horizontally
or vertically, will be a very high-cost item. The agency that operates the trunk
line must be contacted to determine what its position will be and what costs
to expect.

Other utilities, such as power, gas, and communications lines, may have to be
extended to your site. There may be a requirement that overhead power and com-
munication lines be relocated underground. This can be very expensive. There
may also be a need for transformers and substations, which may increase costs
and require easements. Some utilities companies pay for the installation of the
utilities; some look to the developer to pay costs. Estimate the cost of utilities
design and construction based on the cost of other projects of similar size or on
linear meters needed.

Crossings by linear projects of these existing utilities is usually not a prob-
lem for the design engineer, as these “dry” utilities can be placed almost any-
where. However, there may be costs associated with relocations.

Traffic markings and safety features

The cost of installing traffic signals, signing, lighting, striping, and other traf-
fic markings and guard rails should be included. An estimate of the number
needed should be based on the type of features and placement required by the
jurisdiction and should be prepared by an experienced traffic engineer.
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Factors Affecting Costs

A unit cost will be allocated to each item on the cost estimate listing. These unit
costs will vary from job to job. Costs are affected by:

1. The size of the job. The unit cost of material and installation for a large job
is less than for a small job. The overhead costs and the cost of transporting
equipment and material to a site will often be nearly the same for two units
or for 22 units.

2. The location of the site. Again, transportation costs depend on distance and
accessibility of the site. This is particularly true in the case of imported earth.

3. The client. Some public agencies are notorious for elaborate specifications
and fastidious inspectors. Contractors know that these factors will be costly
in time and money.

4. The engineer. If incomplete or incorrect plans have cost a contractor time
and money on a job previously designed by a particular engineer, the con-
tractor may be reluctant to work with that engineer again or may pad the
costs with a large contingency factor.

5. The season. Longer days and dry weather allow work to be accomplished
more quickly, thus at less cost.

6. The economy. If the economy is booming and contractors have all the work
they can handle, the estimate may be high because there is not much incen-
tive to do more work. If economic times are poor or a contractor is trying to
establish a new business, the contractor may estimate lower to get the job.

7. Financial factors. Cash flow is often an important factor. If payments are
to be based on work completed, the unit costs of work done in the early stages
of construction may be high, and those of work done in the late stages may
be relatively low. This gives the contractor working capital at the beginning
of the project.

8. Cost of property. If the project is to develop property owned by your client,
this is not a factor except if easements will be required across adjacent prop-
erty. However, the cost of right-of-way in a metropolitan area for a new free-
way can be the single greatest cost and can be the most important determining
factor.

The value of property is affected by its zoning and use. Residentially zoned
property will probably be more valuable than property zoned agriculturally.
Commercial and industrial property will be more valuable than residential
property. Whether the property is vacant or developed also makes a significant
difference in its value. A property appraisal company should be brought in to
determine the value of the various types of property.

If it will be necessary to relocate homes and businesses to accommodate a
linear public works project, a company experienced in locating comparable prop-
erty and familiar with the costs associated with relocations should be assigned
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the task of estimating costs. They should provide a formal report of the costs
that can be anticipated.

Keep these influences in mind when selecting unit prices to use for the esti-
mate. The values you select to use for unit prices when making estimates should
be based on recent experience. For reference, keep a history of estimates you
have made. Whenever possible, get the prices used by the contractors who bid
on the projects you work on. This information may be the best source for esti-
mating unit costs.

Some developers and public agencies use computerized spreadsheets that list
the unit price estimated by contractors for each item to be used. Where quan-
tities are similar, take unit prices from the spreadsheet for another job. When
the job includes an unusual structure, it may be necessary to ask a contractor
involved in that type of work for an estimate. One other source to use in deter-
mining the value of contract items is one of the books published each year,
which lists unit prices of construction material. Be sure to compare the unit
prices suggested with the quantities being used and take into account an infla-
tion factor if the value of money may have changed since the publication was
released or if the project is expected to take years to complete.

Miscellaneous costs and fees

There are always some costs and fees that are not for material and installation
and do not fit into the other listed categories. There are fees to be paid for con-
nection to storm and sanitary sewers and water systems. There may be permits
for encroachment into streams or highway rights-of-way. The cost of putting
power and telephone lines underground may be listed here. Some areas may
have fees to help offset increased costs of fire and police protection and for
schools and parks. There may be a variety of bonds required, which will add costs
to the project. These are usually relative to the cost of improvements. Be sure
to list them and include information as to what authority is imposing the cost.

Fee estimates

The cost of engineering and other professional services is called a fee. There will
be a fee from the design consultants and from the reviewing jurisdictions. These
fees are usually based on, or at least relative to, the cost of capital improvements.

Estimating the fee is one of the most critical tasks the engineer faces. It is
also one of the most difficult. If the fee is overestimated, the client may seek
another engineer. If the fee is underestimated, there may be no profit, or worse,
a loss. If that happens often, the engineer will be out of business.

As with any professional service, for the client to make a choice based on fee
alone is terribly risky. The engineer with the higher fee may have a better
understanding of what is required and may design a project for which the cost
of construction is much less. The choice of engineer should be based on qualifi-
cations, experience, and reputation, not the size of the fee.
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The only way to be truly successful at fee estimating is to have extensive, cur-
rent experience. However, there are ways in which engineers can narrow the
risks. By estimating the fee using three different methods and comparing the
results, engineers can improve their confidence in the estimate.

The first step is to determine as nearly as possible the number of sheets that
will be needed to illustrate the design. When the scale has been decided upon,
the number of sheets that will be required to cover a particular area can be esti-
mated. Be generous in your estimate. There is little advantage in using fewer
sheets and clarity may require more. There are usually a number of configura-
tions that can be used. Be generous with space. It is false economy to try to get
as much on one sheet as possible. Once the number of sheets needed has been
determined, decide which sets of plans you will need to include. Use the list in
chapter 4, Construction/Improvement Plans to help you decide. Some public
works agencies require that quantities be shown as part of the set. Determine
if that 1s the case and, if so, how many sheets will be required for quantities.

When you have a total number of sheets, multiply the total number of sheets
times a cost per sheet for a similar project. There is no rule of thumb for deter-
mining the cost per sheet. The value will vary significantly from an uncompli-
cated private project to a complicated public works project and depending on
whether specifications are to be included. This is another case where there is
no substitute for experience. Having completed that task, you will have a good
understanding of the complexity of your job.

The second approach is to estimate the number of hours that the engineers
and other personnel will have to spend to produce the plans and specifications
needed. Remember to include time for meetings with the client and other pro-
fessionals, time for public hearings, and travel time.

If you have made a preliminary estimate of the cost of construction, you can
use it as a guideline to how much your fee should be. The fee will generally fall
somewhere between 4.5 and 12 percent of the net cost of construction—that is,
the actual cost of construction not including engineering fees, permits, and bonds.

Having estimated the fee these three ways, compare the results. The results
should be close. If they are not, you will want to reevaluate to be sure that you
have not left something out. Once the numbers are close enough to allow suffi-
cient confidence, you may want to pick a number somewhere between the high
and the low. If, however, the client is known as a tough negotiator, you may want
to pick the highest number you can justify to allow room for some negotiation.
On the other hand, if this is a new client whose business you are anxious to have,
or a client that you have worked for before and know to be good to work with,
you may want to use a lower number.

Contingencies

“Contingencies” includes unforeseen expenses and is usually set between 5 and
30 percent of the total cost of improvements, depending on the difficulty of the
project and the likelihood of unanticipated costs.
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The notes to the cost estimate are particularly important. Any assumptions
used in making the estimate should be clearly explained. State whether the costs
used are at current value or include an inflation factor. Most engineers include
a disclaimer that the estimate is only a guide, and they assume no responsibil-
ity for variances from actual costs.

State possible costs that are not included, such as sound walls, environmen-
tal impact reports, and soils reports. Where the facilities required are over-
sized, the jurisdiction may give partial reimbursement to the developer for
improvements larger than what is needed to serve the project. When this is the
case, the anticipated reimbursement should be described. Costs that constitute
refundable deposits, such as are sometimes required for water meters until the
building is occupied, should be listed. Try to anticipate questions the developer
may have, and provide the answers in the notes. Where there are unusual costs,
include the name of the official stating the requirement.

The purpose of preliminary engineering is to acquire approvals of controlling
jurisdiction, to determine what problems will affect the project and what the cost
will be to build it. The plans for the project will ultimately be a refinement of
the preliminary engineering. At this point the first cost estimates are made.
These costs may be estimated again throughout the design process, but thor-
oughness is necessary from the beginning, as the success of a project is depend-
ent on the cost estimates made.

1. What are the purposes of preliminary engineering?

2. Why is it important for architects and civil site designers to specify what should be
included on exchanges of computer files?

3. What is usually the highest cost factor in designing a linear project in an urban
location?

4. What is usually the highest cost factor in designing a highway in a rural
environment?

5. Why is it necessary for the design engineer to visit the site before making a
preliminary cost estimate?

6. If critical property ownership information is not clear on assessors’ parcel maps,
what resources can be used?

7. How can you tell if the site is subject to flooding?
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Resources

8. When a linear project crosses existing storm and sanitary lines, how are the crossings
handled?

9. When a linear project conflicts with existing water supply lines, how are the crossings
handled?

10. How do you determine the cost of property to be purchased for a linear project?
11. How do you determine unit prices for the estimate?
12. List four possible costs that would be included in a miscellaneous section.

13. What are the three approaches to estimating a fee?

American Society of Civil Engineers, Consulting Engineering, A Guide for the Engagement of
Engineering Services, New York, 1996. (www.ASCE.org)

California Department of Transportation, Contract Cost Data, A Summary of Cost by Item for
Highway Contracts, (www.dot.ca.gov)

California Division of Mines and Geology, Active Fault Mapping and Evaluation Program,
Sacramento, CA, 1976.

Federal Emergency Management Agency, (www.FEMA.gov)
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Earthwork

Before concrete can be poured and structures built, the land must be prepared
to provide a strong base. A civil engineer specializing in soils should be assigned
to determine the characteristics of the soil and what construction methods
should be used to provide the base for the structures. If the site is in a moun-
tainous area or an area subject to earthquakes, a geologist or geologic engineer
should also be contracted to evaluate risks and make recommendations for pro-
tection against landslides and earthquakes.

Surface and subsurface water can damage the base and cause failures as
well. Therefore, each project must be sculpted and compacted to direct drainage
away from buildings and other structures. The activities necessary to accom-
plish this are called earthwork.

The Geologic Report

Landslides

Geologic reports should be prepared for projects in mountainous or earthquake-
prone areas. The geologist will research the geologic history of the site, study
aerial photographs, perform soundings to determine subsurface densities, and
dig trenches across suspected earthquake faults and ancient landslides. Earth
cores will also be extracted and studied. With this information, recommenda-
tions can be made as to areas where structures are at risk. If subsurface con-
ditions change abruptly under a proposed structure location, it may be necessary
to excavate existing earth to provide a consistent earth foundation beneath
that structure, or to design a different foundation for different parts of the
structure.

A project can be destroyed very quickly by landslides, therefore areas of exist-
ing or potential landslides should be identified. Once an existing or potential
landslide is identified, recommendations can be made to avoid the risky areas.

101
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Groundwater

Earthquakes

In some cases, areas of potential landslides or of soil creep can be used if cer-
tain precautions are taken or the structures are designed to accommodate the
problems.

The geologic report should also identify groundwater conditions. If the water
table is near the surface, it can be destructive to pavements or create problems
to other structures. The geologist can make recommendations as to the scope
of the problem and make suggestions for removing the water so that it will not
adversely affect the structures.

A common method for removing groundwater is the use of French drains
(Fig. 6.1). They are ditches in which permeable material is placed and wrapped
in a geotextile to keep silt out. Groundwater moves into the ditch because water
can move through permeable material more easily than surrounding material.
A perforated pipe is placed in the ditch with the holes down and hydrostatic pres-
sure forces the water into the pipe where it is then carried to a drainage system.

If a well is needed for a water source, the geologist or a hydrogeologist can
recommend locations for drilling based on experience and studies of the site.
Sometimes there is a perched water table (Fig. 6.2). In this condition, ground-
water is trapped by an impervious soil layer. If a well driller finds this layer and
stops, the well may provide a limited supply of poor-quality water. The geolo-
gist should be able to identify the condition and may recommend drilling deeper
or elsewhere. A deeper layer of groundwater will most likely have a better poten-
tial for a good supply of high-quality water.

Earthquakes can damage or destroy structures. There are two primary ways
that earthquakes cause damage. One is the lateral forces created when the
earth moves, which is a structural problem, and the other is that some soils lig-
uefy during the ground shaking. These soils and their depths must be identi-
fied so that foundations can be designed to overcome the liquefaction.

In most cases, structures can be designed to withstand the forces of earth-
quakes. The advances made in understanding the forces and conditions caused
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Figure 6.2 Perched water table.

by earthquakes are testament to the work of engineers and geologists studying
earthquakes. Considering the density of population in the area, the loss of life
was very low from the Loma Prieta earthquake in California. Earthquakes of
the same magnitude in other parts of the world would kill thousands of people.

The Soils Report

An investigation of the soils should be made for every site. A report of the inves-
tigation should be made by a qualified civil engineer specializing in soils science.
The soils engineer will visit the site, take soil samples, and make borings at var-
ious locations. The cores resulting from the borings show the underlying strata.
A three-dimensional view of the layers of earth and rock can be projected from
the cores. Though subsurface conditions cannot be described with absolute cer-
tainty, the unknowns are reduced and much useful information is provided.

The different types of soil and rock on the site are identified. A series of tests
are performed on the soils to determine their strength, plasticity, potential for
liquefaction, and permeability. The depth of groundwater is also provided. The
level of groundwater below the surface varies with the time of year and the char-
acter of the previous rainy seasons. If the seasons have not been typical or there
is historical evidence that groundwater is a problem, further investigation is
indicated.

The information provided will be useful to the architect and structural engi-
neer in designing the structures, to the site engineer in designing paved sur-
faces and slopes, and to the contractor charged with grading the site. If subsurface
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conditions change abruptly under a proposed structure location, it may be nec-
essary to excavate existing earth to provide a consistent earth foundation
beneath that structure, or to design a different foundation for different parts of
the structure. The site engineer should read the soils report in its entirety
before beginning the grading plan.

The report should describe maximum allowable slopes. The allowable slope is
based on the angle of repose for the soil. Using a steeper slope could result in
slope failure or landslide. The slope is described as the unit vertical distance nec-
essary for each unit of horizontal distance. For a slope of 1:2 as described in
metric nomenclature (2:1 as described in English nomenclature), there is one
unit of vertical difference for every two units of horizontal difference (Fig. 6.3).
These slopes will be used between adjacent building pads, between proposed
roadbeds and existing natural ground.

Where there will be high cut or fill slopes, benches (Fig. 6.4) are usually
required in the slope. The benches will stop falling rocks and earth, and will be
used to intercept and redirect overland drainage. Benches are also required in exist-
ing ground that has slope where there will be an embankment placed over it

2 UNITS

T UNIT

2 UNITS 1T UNIT

1T UNIT

3 UNITS 4 UNITS

Figure 6.3 Aslope is designated by the number of vertical units for each horizontal unit. (English
system uses horizontal units for each vertical unit).
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Figure 6.4 Cut slope benches.

(Fig. 6.5). The natural slope is scraped clean of any organic material then cut
into benches. The vertical distances between the benches and the width of the
benches will be determined by the characteristics of the soil, widths needed to
operate equipment, and what the finished slope will be. Benches so employed
usually also have a key in the bench to connect the soil masses.

NATURAL GROUND

BENCHES

FRENCH DRAINS

Figure 6.5 Benches are cut into the existing ground to provide a stable base for fill
material.
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Compaction

Paving

The soil compressibility should be included in the soils report and is important
to the site engineer. Typically, to provide an engineered base for structures, the
soil must be 95 percent compacted. The natural earth in place may not be com-
pacted to 95 percent, in which case more earth will be required to fill the same
space after compaction. A clear demonstration of this can be seen by filling a cup
loosely with sand and clearing off the excess sand level with the top of the cup.
If you then tap the cup several times, the sand will compact, and the cup will
no longer be full. The same is true for earthwork. The soils report should describe
the optimum moisture needed and construction methods to use to accomplish
the recommended compaction.

All sites require some excavation and some filling or embankment. If the
earthwork is measured in cubic meters for design and estimation purposes,
more than a cubic meter of excavation will be required for each cubic meter to
be filled. The percentage difference, expressed as a portion of 1, is called the com-
paction or shrinkage factor (Eq. 6.1).

It is desirable to have the excavation and fill on a site “balance.” The earth-
work on a site is said to balance when no import or export of material is required.
To accomplish a balance, a volume of earth to allow for shrinkage must be
included in the calculations.

Structural sections for streets and parking lots should also be recommended in
the soils report. The structural section for a roadway will be based on the volume
and weight characteristics of the traffic expected. This is called the traffic index
(TTI). There will be a range of possibilities. Thicker asphaltic concrete (AC)
requires less thickness of aggregate base (AB). Cement-treated base (CTB) may
be used in place of, or in conjunction with, aggregate base. Where practical, list
the alternatives on the plans or in the specifications. Where the native soils have
poor structural qualities or are expansive, the soils report may recommend
importation of soils better suited to providing a subbase for structures.

Where groundwater may be a problem, a pervious layer wrapped in a geot-
extile beneath the roadway or parking lot may be recommended to remove the
moisture and protect the integrity of the base.

Sources of Earthwork

There are several types of earthwork activities that must be performed to con-
struct the base for any project. They are removal of unsuitable material, exca-
vation and embankment, miscellaneous earthwork, and shrinkage.

Unsuitable material

Most sites have at least some material that is unsuitable for engineered fill. It
may be debris dumped on the site from other sites, or it may be the naturally
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occurring topsoil containing organic matter. Organic material is unsuitable for
compacted subbase and must be scraped from the site before construction of the
base is begun. The depth of material to be removed should be recommended in
the soils report. Even 0.08 m (0.25 ft) of material to be removed over the entire
site is significant and should be listed on the earthwork tabulation. The organic
material and soil is usually stockpiled on the site for use in landscaping.

Constructing the base

Earthwork is a major factor in the cost of most projects. One of the objectives
in designing any project is to minimize the earthwork. On projects that will be
constructed on relatively level terrain, this objective is usually easily obtainable.
In mountainous areas, however, other design criteria may dominate. The design
engineer will have to work to minimize the volume of earthwork while consid-
ering other criteria.

Building pads should be designed to be level, with no more variation in slope
than is sufficient to drain the pad. Highways and railways must not exceed cer-
tain grades if they are to provide safe, efficient traveled ways. Channels require
a gentle slope.

In mountainous locations, buildings can be built with split-level foundations
and sloping or stepped-down parking lots to minimize grading. To accommodate
linear projects, mountains of earth must be moved. It is the cutting down of hills
and filling in of valleys that generates the greatest amount of work and costs.

When the unsuitable material has been removed, the major earthwork can
begin. On linear projects, heavy equipment begins the excavation by cutting a
wide swath where the finished top of slope will be, then continues cutting down
layer by layer with each layer narrower than the last to provide the required
side slopes. The earth is then transported to a location where it can be used for
fill. The side slopes are dressed to provide a smooth, even slope.

When fill dirt is to be placed to bring up the elevation, whether for a build-
ing pad or a highway, the area to be filled requires preparation to ensure stable
placement and a firm connection between the existing and new ground. Organic
and other unsuitable material must first be removed. Any holes that resulted
from removal of trees, structures, wells, cesspools, or septic systems must be
filled and compacted to 90-95 percent. Level steps or benches (Fig. 6.5) must
be cut into the receiving hillside. The fill is placed in courses of a depth recom-
mended by the soils engineer. It is watered to provide the optimum moisture for
compaction as recommended in the soils report. Each course is tested to deter-
mine if the compaction is sufficient before the next course is placed. This method
is repeated until the desired elevation is reached.

Miscellaneous earthwork

Where buildings are to be built on the property line, the pad may have to be over-
cut or overfilled along side yards to provide space for workers and equipment.
On residential sites, the entire lot may be made level at the rough-grading
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Shrinkage

stage. If the grading is handled this way, the finished grading will be complete
when a wedge-shaped section is cut away from the pads above the street and
filled in on pads below the street. These wedge-shaped areas are also referred
to as areas of overcut or overfill and must be accounted for when listing the quan-
tities of earth to be moved (Fig. 6.6).

The earth taken from trenches for utilities is called trench spoil. Then the
trench is often filled in with imported material that provides special charac-
teristics, so the trench spoil is not returned to the trench. This spoil is usually
not significant in calculating earthwork for residential, commercial, or indus-
trial sites, but be aware that it is a significant factor on pipeline projects and
may be a factor where unusually large trenches are required.

As described above, the volume of earth excavated from one area may not pro-
vide the same volume of earth for fill or embankment due to the compaction
needed. The difference is called shrinkage. When the shrinkage factor is applied,
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Figure 6.6 Areas of overcut and overfill.
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the actual compacted earth required can be determined. That volume of earth
is a source of earthwork. The method to determine the earth needed to compen-
sate for shrinkage is described later under “Determining Earthwork Quantities.”

Designing Grading Plans

Elevations

The purpose of the grading plan is for the engineer to design a firm foundation
for structures and protect people and the structures from drainage problems.
The plan is used to provide an economical design for construction and to com-
municate to the surveyors and contractors what is to be built.

Survey crews will use the plan to place 50 x 50 mm (2 X 2 in) wooden hubs
marked by stakes. The elevation to the top of the hub is determined by the survey
crew. Each survey stake is labeled with a brief description of what the hub marks
and the amount to cut or fill from the top of the hub. “ER TC, C 380 mm” (1.26 ft)
indicates that the hub is located at the end of the curb return (ER), and that the
earth must be cut away 380 mm (1.26 ft) below the top of the hub to the top of
curb (TC) elevation. The back of the stake will carry information describing the
horizontal location, such as “1.7 m Rt CL STA 20+00” (56 ft Rt CL: STA 20+00).
Then, a construction crew member will read and call out to the equipment oper-
ator whether to cut away or fill in earth, and the depth to cut or fill.

Earth-moving equipment can be fitted with computers and laser instruments
to direct earthwork operations. But the design engineer must still be sure that
there is enough information on the plan so that the earth moving crew will
have no problem doing its job. The equipment operator cannot be expected to
perform the grading correctly if information is missing or incorrect.

Of prime importance in understanding the various elements of the grading
plans as well as the other aspects of design is the concept of elevations. When
the term elevation is used, it may refer to an actual elevation (vertical distance
in meters or feet above mean sea level), or it may refer to a vertical distance above
an assumed elevation described on the plans as the benchmark at some per-
manent location that will not be disturbed during construction. Though the
dimension of the elevation is in meters or feet, it is customary to show eleva-
tions without a dimension.

All plans using elevations should have a benchmark. The benchmark is a ver-
tical reference point. The benchmark may be a brass disk set in concrete by the
U.S. Geological Survey (USGS) or some other agency, and tied to mean sea
level, but it can be anything that has a permanent elevation that can be refer-
enced. Some jurisdictions require that all plans be referenced to their standard
benchmarks or USGS benchmarks. At this writing, USGS maps and bench
marks are in English units (feet) except for some of the 1:100 000 maps produced
in 1991 and 1992. Whether the elevations are in feet or meters will be clear from
information provided on the map.
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On projects where there is no existing benchmark in the vicinity, the surveyor
may establish a benchmark using some permanent feature such as a top of
curb or manhole cover and give it an arbitrary elevation high enough so that
no point related to the project will have a negative elevation. This point then
has an “assumed elevation” and elevations are given to elements needed to
design and build the plan in reference to that benchmark. What is important
is that all the vertical relationships among the design elements is established.
There are areas in the United States where the land is below sea level and will
have negative elevations, but when an assumed elevation is to be used for the
benchmark, negative elevations should be avoided unless negative elevations
are customary in the area.

Care should be taken when using elevations from existing plans. The bench-
marks used to design different projects are often taken from different sources,
so the relation between elevations on the different projects will not be true. The
elevation for a physical object taken from one benchmark may be different from
an elevation for the same object taken from another benchmark, unless the two
benchmarks refer to a common benchmark. Even then, there may be some dif-
ferences because of the degree of precision or errors. Where two or more sets of
existing plans are to be tied together, it may be necessary to establish a bench-
mark equation. An example is:

Rim elevation for sanitary manhole on Main Street at Spring Street = 139.68 from
Tract 5555 and = 140.03 from Tract 5560.

In this case, if elevations for Tract 5560 are to be used on the new project, but
ties must be made to objects in Tract 5555, 0.35 (140.03 — 139.68) must be added
to all elevations taken from Tract 5555.

Before design is begun on the grading plan, elevations should be shown wher-
ever they must be considered in the design. This includes elevations for exist-
ing and proposed:

1. Natural ground
2. Ditch flow lines within project boundaries and in some cases outside a suffi-
cient distance to show the limits of the drainage basin (Chap. 9) contribut-
ing flow to the project.
. The bases of trees and other amenities to remain
4. Tops of curbs at
a. Property lines
b. Beginnings and ends of horizontal curves
c. Beginnings, ends, and high or low points in vertical curves
d. High and low points in street center line profiles
e. Points beyond the property line as necessary to show the grade of the
street so that smooth transitions can be made
. Centerlines and edges of pavement
6. Existing streets being met at connections and as necessary to show the grade
of the street so that smooth transitions can be made

w
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In most cases, the topographic map will have been produced through the use
of photogrammetry, and most of this information will be available on the map.
The engineer must determine how far beyond the limits of the project topogra-
phy is required before ordering the topographic map.

Lines connecting points of equal elevation are called contours (Fig. 6.7). They
are usually plotted for even elevations of 1, 2, or 5 m. Where the terrain is very
flat, the 1-m contour interval is used and intermediate elevations are spotted
where the slope between contours is not uniform. In steep terrain, the contour
interval may be 5 m, 10 m, or even greater. The steeper the slope, the closer the
contours will be. Therefore, rather than fill the map with contour lines, a larger
interval is used.

The surveyor or photogrammetrist should have marked an elevation wher-
ever there is a break in the slope. Therefore, it should be safe to assume that
the ground between elevations slopes evenly. Though contours are used prima-
rily to illustrate existing topographic conditions, “contour grading” can be used
to show proposed finished contours. During preliminary stages of design, the con-
tours as they will exist when the construction is complete can be drawn as a
graphic illustration of the concept. Exact contours can be drawn during the

Figure 6.7 Contours are lines connecting points of equal eleva-
tion. Elevations are shown at crosses.
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design phase to be used for earthwork calculations and to show drainage pat-
terns. Contour grading is described later in this chapter.

Cross sections

Cross sections are used extensively in designing grading plans. Figure 6.8
shows examples. Elevations are plotted to scale in a line perpendicular to, and
measured distances from, some reference line or radially from the center point
of a curve. When the points are connected, they represent the cross section.
Plotting the existing and natural ground at the same location can be very useful.
The edge of the proposed building pad, traveled way or parking lot usually does
not meet the existing ground but is above or below it. This point is called the
hinge point. From this point, a slope is designed based on the soils report. The
slope will probably be between 1:1 and 1:4 (4:1 Imperial). That slope will be
extended until it connects to the natural ground. That point is called the catch
point. When the slope of the existing ground and the proposed slope are nearly
parallel, the proposed slope will not “catch” within a reasonable distance. When
that happens, it may be necessary to redesign the grading or provide a retain-
ing wall.

Setting building pad elevations

The grading plan must be designed with an understanding of the drainage and
roadway criteria presented in Chaps. 7 and 9. The storm drainage and overall
design are coordinated with the grading plan. On hilly or complicated sites, the
first step may be a preliminary contour grading plan. Usually the street pro-
files are designed as described in Chap. 7 and the top-of-curb elevations calcu-
lated and transferred to the grading plan.

*’WJ{#

\\.‘v'

Street section
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Figure 6.8 End-area cross sections for earthwork quantities.
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There are three types of residential lot grading plans:

Type A: All the overland drainage on the lot is directed to the street at the front
of the lot.

Type B: Drainage on the front half of the lot is directed to the street in front,
and drainage on the back of the lot is directed to a street, alley, or ditch in the
back of the lot.

Type C: All drainage 1s directed to the back of the lot.

Some jurisdictions allow only Type A drainage. Where Type B or Type C is
allowed, remember that a ditch or other drainage facility must be designed for
the back of the lot and that storm drainage easements must be acquired to take
the drainage across adjacent property. All lots crossed with a ditch or under-
ground system for storm drainage must be provided with a private storm
drainage easement. On hillside sites where much of the site will be left natu-
ral, a ditch may be required at the property line to prevent storm water that
falls on one property after crossing adjacent property.

On residential and simple commercial industrial sites, the elevations of the
pads should be selected so that they will drain to the front of the property. This
will save the complications of draining storm water over adjacent properties or
the cost of installing storm drain inlets.

Sites with no drainage inlets. The criteria for selecting the building pad elevations
where there will be no drainage inlets within the lot are:

1. The pad must be high enough above the lowest top of curb elevation at the
front of the property to accommodate a drainage swale around the house with
a slope of at least 1 percent. Often the sizes of the lots and slope in the street
are consistent, so a constant amount can be added to the lower top of the curb
to establish adjacent pad elevations.

2. The pad must be designed so the grade on the driveway does not exceed 15
percent up or 10 percent down to the garage floor (Fig. 6.9). Steeper grades may
result in the undercarriage of cars scraping and damaging the car or the drive-
way. Flatter driveway slopes should be used wherever possible. A drainage
swale must be provided in the driveway in front of the garage where the garage
is below the street.

When the building setback distance and driveway length are consistent in a
subdivision, a consistent maximum elevation difference for a driveway down can
be calculated. The elevation difference for a driveway up should be calculated
using the top of the curb on the lower side of the driveway. The elevation dif-
ference for a driveway down should be calculated using the top of the curb on
the higher side of the driveway. The driveway slope is a function of the length
of the driveway as well as the elevation difference. Where flexibility is allowed
for the building setback, the driveway slope can be made less steep by making
the driveway longer.
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Figure 6.9 Driveway profiles.

3. The widths of slopes between pads and surrounding features are affected
by the vertical distances between them. Verify that the slopes do not occupy so
much space on adjacent lots that the level pad becomes too small to be useful
or a retaining wall must be built to provide enough buildable space.

4. Vertical differences between adjacent pads of less than 150 mm (0.5 ft) should
be avoided. It is simpler to build three adjacent pads at one elevation and a fourth
pad 180 mm (0.6 ft) different, than to build three pads each 60 mm (0.2 ft)
different.

Sites with drainage inlets. 'The vertical location of building pads for commercial,
industrial, and multifamily residential buildings where drainage inlets will be
provided must be coordinated with surrounding land:

1. The pad must be determined so that the area surrounding the pad slopes away
from the building. This is to prevent storm water from entering the building.

2. The storm water release point (Chap. 9) should not be more than 300 mm
(1.0 ft) above the storm water inlet.

3. The appearance of the building with respect to the street and other sur-
roundings should be considered. If the building is much different in elevation
from adjacent buildings and improvements, it will look out of place.
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The size of the building pad should be designed to extend beyond the build-
ing a distance recommended by the soils engineer. Usually, the minimum dis-
tance outside the foundation to provide room to work for construction equipment
and personnel is 1.5 m (5 ft). A greater distance may be required to provide for
foundation support. The pad elevation should be at least 60 mm (0.2 ft) higher
than is necessary to satisfy the other criteria.

Linear Projects

The grading plan for linear projects will be determined initially by the horizontal
and vertical alignments and will be based on criteria for those elements. When
the preliminary design is complete, the cross sections or contour grading plans
will be prepared and earthwork quantities calculated. The horizontal and ver-
tical alignments can then be adjusted within the limits dictated by the horizontal
and vertical criteria to effect an earthwork balance. This used to be a time-
consuming task based on re-drawing and re-measuring cross sections to deter-
mine earthwork quantities. Today, computer programs perform these tasks
quickly, allowing the engineer to try several designs until the best fit is determined.

Adjacent property

When designing the grading plan, care should be taken at the property bound-
aries. All necessary earth movement and slopes must not extend beyond the
property lines unless a slope or construction easement has been acquired. If the
profile of a street is in cut or fill, the street must be terminated far enough
inside the property to allow for the slope to reach the natural ground at the prop-
erty line (Fig. 6.10). If a vertical excavation is necessary near the property line,
the soils engineer should recommend treatments to stabilize the ground and pro-
tect adjacent properties and structures.

Determining Earthwork Quantities

Sophisticated software programs using digital terrain modeling (DTM) are
available with which the engineer can input digitized topography and roadway
templates and alignments or site designs. These programs will output the earth-
work quantities and the mass haul diagram. On small jobs or where the engi-
neer is not familiar with DTM, other methods can be used. These other methods
are included as Appendix D.

Determining shrinkage volumes

When earth is excavated and then placed and compacted for fill, the volume
will change if the degree of compaction is different before and after handling.
The shrinkage factor should be given in the soils report and may differ from
one part of a project to another. When calculating earthwork quantities, in
order to balance the earthwork, the additional volume required to offset shrink-
age must be calculated.
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The relationship used to determine the amount of earth needed, compensat-
ing for shrinkage, is shown in Eq. 6.1.
\%

RT100-8 ©.1)

where V; = volume of compacted earth (fill) required, m®
V = volume of uncompacted earth (excavation), m”
S = shrinkage factor

Example 6.1 Determine the volume of earth needed to accommodate a shrinkage
factor of 0.15. The volume of uncompacted earth is 4560 m®.
Solution Use Eq. 6.1 to determine the total volume of earth required.
4
1.00-8

_ 4560m?
1.00-0.15

=5365m?

R
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Calculate the difference between the volume of compacted earth and the volume of
uncompacted earth.

(5365 — 4560) m® = 805 m®

The amount of fill to allow for the compaction factor is 805 m®.

A bulking factor should be applied to volumes of earth where the in-place
material is extremely dense, such as rock. The bulking factor represents the per-
centage that densely compacted earth will increase in volume when it is exca-
vated. A bulking factor is rarely needed.

Balancing the earthwork

When the cut and fill quantities have been calculated and tabulated, the total
cut and fill should be compared. It is desirable for the cut and fill quantities,
taking into account the shrinkage factor, to be equal. The earthwork is then said
to balance. When the earthwork does not balance, all or part of the site should
be raised or lowered until the site does balance.

Adjustment to cause a balance will require some redesign of grades next to
the property boundaries. Earthwork quantities, including allowances for
shrinkage, will have to be recalculated. This redesign and editing of the pro-
posed elevation to input into the digital terrain model may have to be done more
than once. To estimate the size of the change to be made, divide the cubic
meters by the square meters of the site or area to be adjusted. The result will
be the depth of material to raise or lower necessary to balance the earthwork
spread evenly over the site. (When working in square feet and cubic yards, con-
vert the excess or shortage of material to cubic feet by dividing the cubic
yardage by 27 ft*/yd® then divide by the square footage of the site to yield feet
of depth to adjust.)

Example 6.2 The earthwork for a site of 0.4 ha (0.98 ac) has the following earthwork

tabulation:

Cut (m® or yd?) Fill (m® or yd®)
Pads and parking 4780 2800
Compaction 700
Organic material 320
Stockpile for landscaping 320
Total 5100 3820

How much should the site be raised or lowered?
Solution

1. Calculate the difference between the cut and fill totals.

5100 — 3820 = 1280 m®
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2. Divide the excess materials by the area of the site.

10000 m?

0.4 hax ————— =4000 m?
ha
3
1280 m” _ 0.2 m
4000 m?

At this point, edit the elevations 0.32 m higher, remeasure the areas, and
recalculate the quantities. The cut, fill, and compaction quantities will all
change. It is unlikely that the site will balance after the first redesign, because
the locations of change from cut to fill will change and because the adjustment
should diminish to zero at the project boundaries. With each redesign, verify that
the driveway slopes and other criteria, outlined earlier, continue to be satisfied.

If the earthwork does not balance during actual construction, earth may have
to be imported or exported. The cost in time and material of locating and import-
ing earth usually exceeds the cost of exporting. Take time to plan how the site
can be designed differently, that is, which pads or areas can be built higher or
lower, if the site does not balance during construction. Prepare a table listing
the size and location of these adjustments.

Contour grading

Mass diagram

Showing the finished contours for a proposed project is called contour grading.
To the trained eye, contour grading provides a visual, plan-view representation
(Fig. 6.11) of how the finished product will look and how drainage will work.
Modern CADD programs for solution of earthwork volumes present the project
with finished contours. These representations can be shown in plan view or with
simulated aerial views to illustrate the finished product.

Great quantities of earth are moved on linear projects. To minimize the haul dis-
tances, a mass diagram (Fig. 6.12) can be used. The mass diagram or mass
haul diagram is a graph that shows where the excavation and embankment vol-
umes are generated, the amount and volume of borrow or waste, and the direc-
tion of haul. The vertical scale or ordinate of the graph represents the algebraic
sum of the quantities of excavation (a positive value) and embankment (a neg-
ative value). Shrinkage factors must be included in the calculations. The hori-
zontal scale or abscissa represents the stations defining the length of the project.
Some sophisticated earthwork software programs can produce a mass diagram
while the other earthwork volumes are calculated.

The excavation and embankment volumes are added together algebraically.
Where excavation exceeds embankment, the earthwork volumes are increased.
Where embankment exceeds excavation, earthwork volumes are decreased. As long
as excavation exceeds embankment, the value on the chart goes up. Where the
embankment material needed exceeds the excavation material, the graph turns
down. A balance line is a horizontal line that is placed on the chart to indicate where
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Figure 6.12 Mass diagram.

the quantities balance—excavation and embankment material are the same. For
the purpose of the mass diagram, the ordinate of the balance line is set at an
arbitrary value, which is large enough that when the embankment values are
plotted, the graph will never fall below zero. The value of the balance line is
added algebraically to all the excavation and embankment quantities.

The areas that are between the ordinate line of the graph and the balance line,
and are above it, are areas where excavation is in excess of embankment. Areas
between the graph and the balance line, and below the balance line, are areas
where earth is needed for embankment. Where the graph is above the balance
line, earth is transported from the left station to the station at the right at the
same volume. Where the graph is below the balance line, earth is transported
from the station at the right to the station at the left at the same volume.

Projects should be designed so that the earthwork will balance. Large proj-
ects will have several cycles or waves on the mass diagram. On projects where
the earthwork balances, the chart will meet the balance line at the ends.
However, sometimes there are political or other constraints that make a balance
impossible. If the earthwork cannot be made to balance, the balance line is
located where it will result in the fewest “station meters” of haul. In some cases,
best use of equipment suggests more than one balance line. In that case, one
kind of equipment may be used to haul the earth long distances and a different
type of equipment may be used for shorter-haul distances.

Erosion, sediment, and dust

When vegetation is removed from the ground, the soil beneath is vulnerable to
being moved by water and wind to places that can be harmful to the environment
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and create problems for neighbors. For this reason it is important to control the
earthwork with erosion, sediment, and dust control measures.

One method of control employed by some jurisdictions is to disallow grading after
some specified date in the fall and before some specified date in the spring. When
grading is allowed, check dams and sedimentation basins may by required. When
grading is taking place, the roadways being used to transport the earth are kept
watered or treated with some other dust palliative. When grading is complete, the
new slopes are planted with native plants or landscaped to ensure that erosion does
not harm the slopes and pollute surrounding area streams and waterways.

In 1987, an amendment to the federal Clean Water Act (CWA) established a
requirement that discharges of storm water associated with construction activ-
ities should be regulated. Thereafter, where there is an area of construction activ-
ities, the work is treated as an industrial activity and requires a National Pollutant
Discharge Elimination System (NPDES) permit. The purpose of the permit is to pre-
vent soil or construction materials from reaching waterways and polluting them.

To acquire the permit, a Storm Water Pollution Prevention Plan (SWPPP) and
a notice of intent (NOI) must be prepared and submitted. The NOI is simply a
form that must be filed out stating location of the project site, when work will
begin and end, location of the receiving waters, who owns the site and who will
be responsible for construction activities. The SWPPP is a description of what
measures will be taken to prevent any undesirable substance from reaching
storm water inlets or waterways. The methods employed are sheds or plastic
sheeting to contain hazardous materials such as paints and oils, and earthen
berms, hay bales, bags of gravel, bioswales, silt fences, and detention (settling)
ponds to stop silt from reaching waterways. These techniques are called best
management practices (BMP) A plan showing where the locations of various
construction activities such as storage of waste products, construction equip-
ment and hazardous materials must be drawn and included in the SWPPP.

A program to educate construction workers as to the importance of the BMP
and responsibilities must be described. Further, a maintenance program and
schedule and statement of who will be responsible for containment in case of a
serious spill must be spelled out. Failure to get the permit or to comply with the
provisions of the plan can result in serious penalties and even jail time for the
owners and other responsible persons. Most of the information for the permit
is best prepared by the construction superintendent but because a drawing is
required, the site design engineer will probably be asked to prepare an erosion
control plan (see Chap. 10).

The Grading Plan

All the information the grading contractor will need should be shown on the
grading plan (Fig. 6.13). It should be drafted in such a way as to be completely
independent of the rest of the plans for the site. The grading plan base map
should be made on a topography map and drawn to scale. It is useful to have
the existing topographic map “screened” in plotting or photographically so that
new work will be shown clearly.
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Summary

GRADING PLAN CHECKLIST
Existing topography
Vicinity map
North arrow
Property boundaries; bearings and distances
Lots and blocks or parcels, easements; distances
Street names
Bench mark
Title block
Typicai sections
Top of curb elevations
Pad elevations. Areas of cut or fil should be shaded on large projects.
Siopes
Ditches
Bulkheads or retaining walls
Details
Notes

TODITETTITQTOO00TQ

Figure 6.14 Granding plan checklist.

The property boundary, lot, and easement lines are then drawn on the screened
copy. This way the topographic information is available and serves as a back-
ground on which to present the plan. The plan should show a typical section or
sections for the pads and for the streets with slopes and setback distances from
property lines and structures. It will be the responsibility of the engineering
designer to show cross sections for ditches, dikes, and other drainage structures
that are an integral part of the plan. On linear projects, a mass diagram may be
a part of the grading plan set. Grading plans for site projects should show the
areas of fill shaded or otherwise delineated differently from areas of cut, to show
the extent of transporting earth around the site.

An 1mportant part of the plan is the notes. The notes should include the
names of the project engineer, the soils engineer and the jurisdictional agency.
The grading plan can sometimes be approved before the rest of the design so it
must be self contained. A table of the cut and fill quantities and a table of alter-
native locations for adjustments may be included. Instructions on how to handle
special problems, such as underground tanks, should be given. If erosion con-
trol measures are to be taken, they should be described in the notes and details.
A checklist for grading plans is shown as Fig. 6.14.

Earthwork is one of the major aspects and sources of costs in construction of most
sites. The soils and geologic reports provide information about the characteris-
tics of the site and the soils. Some of that information determines design fac-
tors and information for calculating earthwork quantities. There are a number
of sources of earthwork. Because of its significance to costs, the engineer must
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have a clear understanding of the factors involved and how to estimate earthwork
quantities accurately.

10.

11.

12.

13.

14.

15.

Name three things that should be included in the geologic report.
Name three things that should be included in the soils report.
What is liquefaction?
What is shrinkage?
Define earthwork balance.
What is the greatest source of earthwork?
What is a benchmark?
What is a benchmark equation?
Define contour.
What are the three types of lot grading plans?
What do you do if the site does not balance?
What is a catch point?
What is a hinge point?
Describe two reasons to make contour grading plans.

What volume of excavated material is needed to fill 6027 m® of embankment? The

shrinkage factor is 15 percent.

16.

The earthwork for a site has the following earthwork tabulation. The site covers

2 ha (5 ac). How much should the site be raised or lowered?

Cut (m® or yd?) Fill (m® or yd®)
Pads and parking 7440 11 000
Compaction 1100
Organic material 2020
Stockpile for landscaping 2020
Total 9460 14 230

17.

Define SWPPP.
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Roadways and Parking Lots

In designing roadways, the primary consideration is to provide a safe, smooth,
and comfortable ride. This is true whether the traveled way is a major highway
or a neighborhood street. The primary difference in design considerations
between rural roadways and city streets is that city streets are typically an inte-
gral part of the storm drainage system. Though storm drainage is an important
consideration that must be planned for on rural roadways, it has far less influ-
ence on design.

Roadway Cross-Section Design

The approving agency usually dictates the geometric and structural cross sec-
tions based on traffic and soil foundation factors. In most private developments,
streets will eventually be dedicated to public use and will become the respon-
sibility of the public agency to maintain.

Geometric cross sections

Geometric cross sections are used beginning in the planning stages of projects.
The widths and dimensions of the various elements of the roadway are shown.
A standard width for traffic lanes is 3.6 m (12 ft). However, on projects that are
renovations of existing facilities, the design width may be as narrow as 3 m (10 ft).
Also shown on the geometric cross section may be right-of-way widths, widths
of shoulders, bicycle lanes, medians, curbs and gutters, sidewalks, sound walls,
median barriers, and planting strips (see Fig. 7.1).

Cross slopes are shown on geometric cross sections. Cross slopes range from
2 to 4 percent on traveled ways and up to 5 percent on shoulders. Where road-
ways are in horizontal curves, superelevations are designed that provide cross
slopes of up to 12 percent to provide better control of the vehicle in overcoming
centrifugal force.

127
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Figure 7.1 Geometric cross section.

Structural cross sections

The types of materials to be used for the construction of roadways, their thick-
ness, and other specific information including geometrics are shown on the
structural cross section (see Fig. 7.2). The choice of material is based on expected
traffic loads and the characteristics of the supporting soil. A soils engineer
should make recommendations. The types of curb required and the type of side-
walk are shown.

A number of materials are used to comprise the structural section. The top
layer is usually asphaltic concrete (AC) or portland cement concrete (PCC).
Beneath the top layer there may be a layer of permeable material to collect any
moisture that has seeped through the top layer. In this layer there may also be
an edge drain at the lower edge, which will collect and carry the moisture away.
Next is an aggregate base (AB) layer and then possibly an aggregate subbase
(AS) layer. Cement-treated base (CTB) or lime-treated base (LTB) are also rec-
ommended under certain conditions. If groundwater is likely to be a problem,
a layer of permeable material wrapped in a filter fabric may be required to
ensure that the groundwater does not invade the base material and cause a loss
of integrity. French drains (Fig. 6.1) may be recommended at the edges of paved
areas, to draw down groundwater so that it does not reach the subbase. A soils
engineer would recommend depth and locations for the French drains. The
earth foundation is constructed with 95 percent compaction.

[ 12 m 12 m |

AC BERM

Sl CITY STANDARD 50 mm ASPHALT

CURB AND GUTTER ON 300 mm CLASS 3
AND SIDEWALK AGGREGATE BASE

Figure 7.2 Structural cross section.
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Curbs and gutters

There are six basic types of curbs (Fig. 7.3).

1.

Superelevations

Curb and gutter. Typically the gutter is 0.45 to 0.60 m (1.5 to 2.0 ft) wide
(Fig. 7.3a) and is sloped toward the curb to carry drainage along the edge of
the roadway to a drainage inlet.

. Vertical curb with spill gutter. The gutter is sloped away from the curb and

is used along medians and in other places where the roadway is sloped away
from the curb (Fig. 7.3b).

. Rolled or mountable curb

a. When roadway improvements are built before improvements to the lots are
planned, a rolled curb may be used. The advantage of the rolled curb is that
it can be driven over. This way, when improvements are made to the lots,
the driveways can be located anywhere along the property without requir-
ing that the curb be removed and replaced by a driveway cut. The disad-
vantage of using rolled curbs is that driving over them can adversely affect
the front-end alignment on cars, and they provide less protection for pedes-
trians (Fig. 7.3c¢).

b. On highways, a rolled curb may be used to transport drainage while allow-
ing vehicles to move onto the shoulder beyond in an emergency.

. Vertical curb. 'This curb extends below as well as above the pavement and

includes no gutter. It is used around medians, islands, and planters (Fig. 7.3d).

. Stick-on (extruded) curb. This concrete curb can be used in parking lot

design. It is attached to the paved surface with an epoxy (Fig. 7.3e¢).

. Asphalt berm or dike. This AC curb is usually used on roadways in rural

areas to direct drainage (Fig. 7.3f).

On straight sections of streets and roads, the cross slope ranges from 1 to 4
percent away from the centerline so that the water will drain off. This is called

$ Epoxy
B

(e) ()

Figure 7.3 Typical curbs: (a) curb and gutter; (b) curb with spill
gutter; (c) rolled curb and gutter; (d) vertical curb; (e) stick-on
curb; (f) asphalt berm.
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Figure 7.4 Superelevations.

a crown. When the horizontal alignment of roads is curved and speeds greater
than 60 km/h (30 mph) are expected, centrifugal force becomes a factor affect-
ing a safe, comfortable ride. To overcome centrifugal force, the cross slope is tilted
up on the outside of the curve. This tilting is called superelevation (Fig. 7.4).

The rate of the cross slope is determined by the design speed, the degree of
curve, and the friction of the tires on the pavement. The approving agency will
have established standards and methods for determining the superelevation
slopes to be used and for designing superelevation transitions.

On private driveways built on the side of a hill, the road may be sloped toward
the cut side to facilitate drainage regardless of horizontal curves. This is because
if the driveway drainage is allowed to flow over the embankment, erosion will
occur. Of course, whether this can be done safely depends on the expected traf-
fic speed, which in turn is based on the length and steepness of the driveway
slope.

Horizontal Alignment

In open country, the horizontal location of a roadway is determined by the short-
est route between two points, the alignment that requires the least earthwork,
the stopping and passing sight distances, and the preservation of natural
resources. In addition, traffic patterns, the value of property, and the location
of established neighborhoods influence the location of highways in urban areas.
In locating a street in new subdivisions, the way that street divides the prop-
erty relative to the lots it delineates is the dominant criterion.
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Establishing the reference line

Stationing

Streets and roadways must have a reference line from which their various ele-
ments can be located. On simple streets, the centerline is ordinarily used. On
roads where the opposing traveled ways are separated, and on one-way ramps,
the axis of rotation (Fig. 7.4) is usually most convenient. The axis of rotation is
the point on the cross section about which the cross section is rotated. As long
as the location of the reference line is clear, the reference line can be anywhere.
For simplicity, the centerline will be the reference line in this book unless stated
otherwise.

The location of the centerline of a roadway must be established relative to its
legal environment. The way to accomplish this is with a bearing and a distance
from a known point. For a highway, it is usually a named station of an existing
highway reference line. In a subdivision, the location is tied to the property line
a stated distance and bearing from a property corner. From there, the courses of
the reference line are described with bearings, distances, and curve data. The
reference line is tied to other known points where it crosses property lines or
streets. Where centerlines cross, stationing equations, described below, are given.

Where the centerline changes direction, a tangent, circular curve is inserted
for a smooth transition. In some states, spiral curves are added at the ends of
the circular curves on highways. Spiral curves are also used in the design of rail-
roads. Only circular curves are described in this book.

The geometric relationships of circular curves are illustrated in Fig. 7.5. The
radius, the central angle, or the length of the curve are all that is necessary to
describe a circular curve. This information should be shown on the plans, either
next to the curve or in a table. The radius and deflection or central angle (A) are
usually known or are set during design. When the radius or deflection is not
known, the equations given in Fig. 7.5 can be manipulated algebraically to give
a value for either one. Most computer programs simply require that you input
whether the curve is to the right or left, the radius and the length of the curve
or the central angle.

The reference line is stationed. Stationing means simply marking the distance
every 100 m (100 ft in the English system). The stations are numbered consec-
utively starting with O at some convenient location, such as the county line for
highways and a tract boundary or street intersections for subdivisions. The sta-
tions are labeled as STA 1+00, STA 2+00, STA 3+00, .... Where a station or a
measurement is needed at some point other than an even 100 m (100 ft) from
the previous station, the station is given as station plus meters; thus STA 1+32.66
1s 132.66 m (132.66 ft in the English system) from STA 0+00. When using sta-
tions for calculations, show stations in parentheses. The + in the station is not
a mathematical operation.

Whenever possible, it is desirable for the stationing to run from left to right
on the plans. The bearings and distances of the centerline are calculated and
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Figure 7.5 Geometric relationships of horizontal curves.

then labeled in degrees, minutes, and seconds, and in meters respectively.
Wherever there are curves, the radii, central angles (A), and lengths of the curves
must be calculated. This information is all that is needed to station the road-
ways. This is illustrated in Fig. 7.6. Here the centerline distance from the tract
boundary (STA 0+00) to the beginning of the curve (BC) is calculated to be
162.03 m, the length of the curve is 329.87 m, and the centerline distance from
the end of the curve (EC) to the other tract boundary is calculated to be 213.24 m.
The BC station is at STA 1+62.03, the EC 1s at STA 4+91.73, and the tract
boundary is at STA 7+04.97.

In some circumstances, a stationing equation is needed. For example, when
northbound and southbound lanes are separated by a median and the distance
between the lanes varies so that the traveled ways are not parallel or concen-
tric. This situation is not unusual in mountainous areas. The highway may be
designed this way so that separate profiles are needed for hundreds of meters
or many kilometers then return to a parallel design. Where the traveled way
leave and return to a parallel condition, stationing equations are needed.

A stationing equation might also be needed where portions of an old road are
redesigned so that the stationing changes back and forth between old and new
sections.
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Figure 7.6 Stationing a curve.

Example 7.1 Determine the stationing equation at the EC of the new centerline of
Winding Road as illustrated in Fig. 7.7. Use the equations in Fig. 7.5. (For the pur-
pose of this example, it does not matter whether feet or meters are used.)

Solution

1. We see from the illustration that the centerlines coincide except for the portion
within the curves. Therefore, we know that the central angle of each curve is the
same. We know from geometry that curves with different radii and the same central
angle have different curve lengths and tangent lengths.

EX ¢ EX ¢ Winding Road

R=225.00 ft
A=83° 40 00"
L=328.60ft

New t /
N R =370 ft 7
N

N 7/

Figure 7.7 Existing Winding Road centerline.
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2. Calculate the tangent length of the existing curve and the new curve using 7T =
R tan (A/2) (Eq. 7.2). First calculate A/2.

A _83°40
2 2
83°40 = 82°100°

82° 100’
+
2

=41°50

The tangent of 41° 50" is 0.8951506.
Tyew =370 m x 0.8951506 = 331.21 m
T existing = 225 m x 0.8951506 = 201.41 m
3. Calculate the difference of tangent lengths.
(331.21 -201.41) m =129.80 m

4. Subtract the difference of tangent lengths (129.80 m) from the BC station of the
existing centerline. Remember that, in equations, station numbers are given in paren-
theses to distinguish them from lengths. The + is not a mathematics operation.

(STA 47+15.23) — 129.80 m = (STA 45+85.43)
This is the BC station of the new centerline.

5. Calculate the length of the curve of the new centerline. Use Eq. 7.1 in Fig. 7.5. First
convert degrees, minutes, and seconds to degrees and decimals of degrees.

40’

— =0.667°
60"/degree
83°40" = 83.667°
L= ozR
360

_ 83.67°
360°

=540.02

X 2x3.14 x 370 m

6. Determine the station of the new EC.

New BC STA+length of new curve = new EC STA
(STA 45+85.43) + 540.32 ft = STA 51+25.75

7. Determine where the new EC becomes tangent to the old centerline. Add the tan-
gent difference of 129.80 m to the EC of the existing centerline.

(STA 50+43.83) + 129.80 m = (STA 51+73.63)
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New ¢
Winding Road

R = 370.00 ft+
A = 83°40' 00"
L = 540.06 ft

Figure 7.8 Proposed Winding Road centerline.

The equation is
EC New CL STA 51+25.75 New = POT EX CL STA 51+73.63
The new centerline will be 48.14 m shorter than the old one (Fig. 7.8).

When you calculate slopes along conduits or along curbs in curves, you should
be careful not to use the difference of stationing as the length of conduits or
curbs. The length of the curb must be determined from the plan view. The length
of a curb will be shorter than the centerline when it is concentric with and
inside the centerline curve. It will be longer when it is concentric with and out-
side the centerline curve.

This fact is important when designing drainage where minimal slopes are
needed. The curb that is concentric with and outside the centerline is longer than
the center line, therefore the slope on it will be flatter. The slope on the outside
curb will be set at the minimum and will determine what the minimum accept-
able slope for the centerline. A simple formula can be used for calculating the
length of a curve. The formula for the curve, which is not on the centerline, is
the same as it is for the centerline (Eq. 7.1). The only value that is different is
the radius.

A
L= 2 R Logp=—27 R,
¢ 360° ¢ CRB = ge00 CRB
Iy __A o Logs A 2
Ry 360° Regg  360°
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A constant can be calculated for the relationship
Ly
Ry
This constant can then be used to calculate the lengths of all other lines that

are concentric with the centerline.

L

= _K 7.8
R, (7.8)
K = Lo (7.9)
Rerp
KRcpp = Logg (7.10)

Example 7.2 Calculate the length of the right curb between STA 5+00 and STA 8+92.70
from Fig. 7.9.

Solution

1. Using Eq. 7.8, calculate a constant for the relationship between the centerline
radius and the length of the centerline curve. (For the purpose of this example, it does
not matter whether feet or meters are used.)

7, _392.70m

= =0.7854=K
500.00 m

2. Calculate the radius of the right curb.

(500.00 + 24.00) m = 524.00 m

t
R = 500.00 ft

A= 45° 00' 00"
L = 392.70 ft

VI
\é\ _ ;
Face of curb

Figure 7.9 Concentric curves.
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3. Using Eq. 7.10, calculate the length of the right curb,
Legs = KX Regp
=0.7854 x 524.00 m
=411.56m

Horizontal sight distances

Truck turns

The distance required for drivers to bring a car traveling at a given speed to a
stop after sighting an object in the road is called the stopping sight distance. On
a horizontal curve, the stopping sight distance is measured as the line of sight
(a straight line) from one point on the curve to another. The line of sight forms
a chord of the curve. The area enclosed within the curve and the line of sight
must be kept clear of obstructions (Fig. 7.10). The approving agency will dictate
minimum radii to be used for curves and distances from the curves for which
the line of sight must be preserved.

The turning radius varies from vehicle to vehicle and when large vehicles such
as semitrucks and buses turn, the back tires do not track the front tires so that
simple concentric curves are insufficient to show the space needed for those vehi-
cles. Truck turn templates are available from www.dot.ca.gov or by searching
the web with “truck turn templates” to bring up a variety from which to choose
(Fig. 7.11). It is important to determine that there is sufficient space for deliv-
ery trucks to travel through streets. Use truck turn templates on parking lots
to determine if trucks can reach likely loading docks without driving over traf-
fic islands or parking spaces.

Vertical Alignment

The drawing used for the longitudinal, vertical design of roadways and utilities
is called a profile. A profile shows the natural ground and the roadway profile
at the centerline. The profiles of sewers and other utilities are projected into the

Figure 7.10 Horizontal stopping sight distance.
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Figure 7.11 Semitrailer wheel
tracks.

vertical plane of the centerline. Other information necessary or helpful for
designing the profiles should also be shown. Crossing utilities and other trav-
eled ways are particularly important. The stationing of the reference line is
shown on the profile. It is not affected by the slope of the profile but is taken
from the plan view. When calculating slopes for utilities, care must be taken not
to use the difference of stationing as the length of the conduit or curb when the
centerline alignment is a curve.

Designing the roadway profile

The first step in designing a profile is drawing it graphically. The existing
ground and all critical crossings and other critical points for the entire length
of the profile should be plotted in a continuous profile. Select the horizontal and
vertical scales so that the entire profile can be shown without breaks. Plot the
natural ground at the centerline, and show the existing profiles of the roadways
to be connected to or crossed. Features that may affect the vertical alignment,
such as other roadways or bridges to be crossed or connected to, existing under-
ground utilities, trees to be saved within or next to the right-of-way, or overhead
power lines, should be plotted and their elevations shown.

In subdivisions where adjacent lots must be drained to the street, the profile
should be set low enough to allow drainage from the lots. The existing natural
ground may not be a factor in that situation. On lots 30 m (100 ft) from front to
back and 15 m (50 ft) wide, the overland flow will have to travel half the width
plus the length of the lot [(15/2) + 30 = 37.5 m]. At 1 percent fall for 37.5 m
(125 ft), the street should be located vertically so that the highest top-of-curb
elevation at the property line is at least 0.375 m (1.25 ft) below the pad eleva-
tions (37.5 m x 0.01).
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Balancing earthwork is always an important criterion. The roadway profile
should follow the slope of the natural ground as much as possible while taking
into account the depth of the structural section. The more closely it follows the
ground, the less earthwork will be required. Where changes occur in the natu-
ral grade, a change should be made in the slope of the roadway profile. By put-
ting your eye next to the paper at one end of the profile, the location of the angle
point in the slope of the natural ground will become apparent.

Judgment must be exercised as to how closely to follow the natural ground.
Too many grade breaks result in an unsafe and uncomfortable ride and increased
engineering and surveying costs. The profile must allow enough vertical clear-
ance to allow for culverts or other drainage facilities and must be coordinated
with other existing and proposed surface, subsurface, and overhead conditions
and improvements. In hilly terrain, the natural ground will be used only as a
guide to locating the profile. Balancing the amounts of excavation and embank-
ment 1s a more important consideration.

Profile slopes

Consideration must be given to limiting the steepness of slopes (grades) used
for roadways. The approving agency will have minimum and maximum slope
limits. The maximum slope to be used for long distances of highway may be as
low as 6 percent. This slope is chosen so that a heavily laden truck can be
expected to climb or descend safely. City streets may be designed with grades
as steep as 15 percent for short distances. For a private road, 20 percent may
be used if allowed by local agencies. Here, access for emergency vehicles, such
as fire trucks, is a consideration. Where roadways have slopes of 10 percent or
greater, it may be wise to limit parking. The force of gravity becomes a factor
in handling car doors where the slope of the parking area is steep. An unwieldy
door can be a hazard for small adults or for children.

When a roadway is in open country and can be built above the surrounding
land, the road can drain laterally and the profile can actually be level. When
streets are designed in subdivisions, they may be used to channel and control
storm water and must be designed with longitudinal slopes sufficient to allow
drainage. A slope of 0.003 is an absolute minimum. Successful construction of
a slope that flat is questionable, and “bird baths” (small puddles) are likely to
develop. Use a steeper slope whenever possible. The approving agency will dic-
tate the minimum allowable slope.

Calculating the profile

Once a profile for a roadway has been designed graphically, its location must
be calculated. Most CADD programs will do this for you. The slope is calculated
by dividing the horizontal difference between break points into the vertical (ele-
vation) difference between the same points. Where there are critical points such
as elevations to clear an overcrossing or other existing structures or features,
the elevation should be determined by a survey crew in the field and plotted on
the profile before the profile layout is plotted.
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Figure 7.12 Example 7.4. Slope of profile.

Example 7.3 Calculate the slope between STA 10+00 and STA 18+00 from Fig. 7.12.
(For the purpose of this example, it does not matter whether feet or meters are used.)

Solution
1. Calculate the distance between STA 10+00 and STA 18+00.
(STA 18+00) — (STA 10+00) = 800 m
2. Calculate the difference in elevation between STA 10+00 and STA 18+00.
(121.62 — 117.26) m = 4.36 m
3. The slope is the elevation difference divided by the distance between stations.
The slope i1s 0.00545.

Often engineers express surface slopes as percentages and subsurface slopes
on pipes as 1 per 100. The surface slope of 0.545% is expressed as 0.00545 on
subsurface structures. The slope in Example 7.4 is 0.545%, and is said to be neg-
ative because it is going downhill as the stati