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Appendix A - Introduction to Surveying

1.
Task

You will learn basic concepts in surveying to include:  

· types and units of surveying measurements

· review of basic concepts in math and trigonometry

· types of errors involved in surveying

· field notes

· survey teams

· types of survey equipment

2.
Purpose

You will use basic surveying principles during the FERL program to layout corners of buildings and slabs; to establish grades and layout for roads; to survey an airplane crash site; and to provide measurements on various projects during the time you spend at that activity.

In future Civil Engineering courses, you will use your knowledge of surveying to layout roads and curves in CIV ENGR 488; to draw and dimension site plans in CIV ENGR 464; and to work on retaining walls in CIV ENGR 390.
Throughout your Air Force career, you will use surveying concepts to layout tent cities for deployments; to layout and manage construction projects; and to ensure quality control of contractor and shop work.  You will also use surveying concepts to collect site information for design projects.  In many cases you won’t be the person actually doing the survey work (but don’t count on it, you may find you are the only one on a deployment who knows what an auto level is, or how to use one!), instead you will find yourself providing the requirements for the survey, or actually using the data provided by the survey team.  In any case, you will need to know what to expect from the survey team, and whether the information they collect is adequate.

3.
Learning Objectives

a) List the types of measurements taken during common surveys.

b) Understand the difference between direct and indirect measurements.

c) Recognize the standard units used in surveying, and be able to convert from one to another given a table or list of conversion factors.

d) Understand the difference between precision and accuracy in surveying measurements.

e) Demonstrate an understanding of the concept of significant figures by properly rounding a set of simulated survey measurements.

f) Understand the types of errors that can affect survey measurements, the effects those errors have, and methods to correct them.

g) Understand the concept of relative weight of measurements.
h) Demonstrate knowledge of basic trigonometric functions by computing the third value given two other pieces of the problem.

· Pythagorean Theorem

· Law of Sine’s

· Law of Cosine’s

· Basic Sine and Cosine formulas

i)
Understand that safety is an important concept in surveying, and list some of the possible safety hazards.

j)
Demonstrate knowledge of the basic layout of a survey book by:

· Listing the types of notes used in standard survey books

· Listing the major elements of a standard survey book

· Completing the cover and first page of a survey book, plus field notes for various surveying problems

k)
Understand why field notes are still necessary even when using automated data collection methods.

l)
List the members and describe the duties of a standard three man survey team.

m)
Given a list of standard surveying terms, match them with their corresponding definitions.

n)
Demonstrate standard hand signals used by survey teams.

o)
Recognize standard pieces of survey equipment and describe what surveying problems they are designed to handle.

p)
Given a list of standard survey types, match them with a description of the survey work involved.

q)
Understand the concept of order of accuracy as it deals with surveying.

r)
Determine your standard pace using a pre-measured course.

4.
Role and Responsibilities
a)
Ensure each cadet has calculator, paper, pencil and FERL Handbook.

b)
Ensure each cadet arrives to the activity on time.

5.
Assignments and Assessments
a)
Each cadet will be assessed in regard to attitude during this activity.
b)
A non-graded pre-quiz will be administered.

c)
Information presented during this activity is tested at the conclusion of the Autolevel and Taping Field Activity.

6.
Safety
a)
When handling equipment, be careful to handle with care to protect yourself from injury.

7.
Equipment List
a)
Many pieces of equipment will be demonstrated and passed around to be handled by every cadet.

b)
Each cadet will be supplied with a survey field book.

8.
Text
What Is Surveying?

· Process of determining the dimensions and contours of the earth’s surface

· Done by measuring distance and direction from a known point or points

· Staking out lines and grades for construction activities

· Computing areas and volumes

· Mapping and planning activities

Practice of the surveyor’s profession may involve one for more of the following activities that may occur either on, above, or below the surface of the land or the sea, and may be carried out in association with other professionals. 

1. Determination of the shape of the Earth and measurement of all facts needed to determine the size, position, shape and contour of any part of the Earth’s surface, and the provisions of plans, maps, files and charts recording these facts.

2. Positioning of objects in space, and positioning of physical feature, structures, and engineering works on, above, or below the surface of the Earth.

3. Determination of the positions of boundaries of public or private land, including national and international boundaries, and registration of those lands with appropriate authorities.

4. Design, establishment, and administration of land and geographic information systems, collection and storage of data within  those systems, and analysis and manipulation of that data to produce maps, files, charts, and reports for use in the planning and design process.

5. Planning of the use, development, and re-development of property, and management of that property, whether urban or rural, and whether land or buildings, including determination of values, estimation of costs, and the economic application of resources such as money, labor, and materials taking into account relevant legal, economic, environmental and social factors.

6. Study of the natural and social environment, measurement of land and marine resources, and the use of this data in planning and development in urban, rural and regional areas.  From the International Federation of Surveyors (Section 1-9)
Why?

· Establish boundaries/settle disputes

· Layout construction projects....roads, buildings, dams, airfields, etc.

· Track river, lake, and ocean levels

· Establish physical locations of features

· Create/improve maps

· Provide engineering design data

How?

· Measure Distances--Tape, Pace, Electronic Distance Measuring, GPS, Angles, and Trigonometry

· Measure Angles--Transit, Theodolite, Distances and Trigonometry

· Determine Location--GPS, Angles, Distances, and Trigonometry

Types of Measurements

· Distance--Horizontal measurements, typically linear, but sometimes following the earth’s curvature
· Elevation--Vertical measurements, perpendicular to the earth’s gravitational pull 

· Angles--Measured either in the horizontal or vertical plane
Direct vs Indirect Measurements

· Direct measurements are read directly with a tape measure, by pacing, with a transit (equipment for measuring angles), etc.

· Indirect measurements are calculated from data taken directly...an example is using the Pythagorean Theorem to calculate the third side of a triangle from two known sides.

Trigonometry

· Essential to surveying...many measurements cannot be taken directly

· How tall is Mt Everest?  How far is it from New York to Los Angeles?

· Triangle Theory--Forms the basis for most survey calculations
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Right Triangles

· Pythagorean Theorem     a2 + b2 = c2
· Given a, b    tan A = a/b = cot B 

· Given a,c      sin A = a/c  = cos B
· Given A,a      B = 90( - A; b = acotA; c = a/sinA
· Given A, b     a = btanA; c = b/cosA
· Given A, c     a = csinA;  b = ccosA
Oblique Triangles

· Given A, B, a    b =  asinB/sinA; C = 180( - (A + B); c = asinC/sinA
· Given A, a, b    sin B = bsinA/a; c = asinC/sinA
· Given a, b, C    A + B = 180 - C;  c + asinC/sinA


tan [image: image3.wmf](A-B) = [(a - b)tan [image: image2.wmf]1
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 (A + B)]/(a + b)



c =(a2 + b2 - 2abcosC)1/2
· Given a, b, c    s = (a + b + c)/2



sin(0.5A) = {[(s-b)(s-c)]/(bc)}1/2


sin(0.5B) = {[(s-a)(s-c)]/(ac)}1/2


cosA = (b2 + c2 - a2)/2bc
Units of Measurement

· Standard units of distance measurement for most surveys in the United States are still feet and decimals of feet, although inches are sometimes used in construction surveys.  

· Metric measurements are also used in some surveys, and the practice seems to be growing, although slowly. 

· In the past some very different units have been used these are summarized in your text, and include the rod (16.5 ft) and the chain (66 ft or four  rods).  Also of interest is the nautical mile, which is the nominal length of a minute of latitude, approximately 6076.10 feet (used for aircraft speeds).

· Angles are measured in degrees (1/360 of a circle), minutes (1/60 of a degree), and seconds (1/60 of a minute).  Seconds are divided into tenths, hundredths, and thousandths - but that level of accuracy is seldom used.  Other units, like grads, mils, and radians, are sometimes used, but we won’t discuss them in this class.

Accuracy vs Precision

· Accurate--Close to the true value

· Precise--Degree of refinement...how close individual readings are to each other

· In surveying we want both accuracy and refinement.
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Significant Figures

· Many students in engineering classes think that keeping many decimal places in their calculation improves the quality of the data they are presenting.  However, this is not the case, and can sometimes actually make their work less credible.  The text gives some general guidelines for significant figures -- these can be applied in other engineering classes as well as in surveying.  

· The general rule is that you can’t keep more significant figures than the least of any number in a particular calculation, i.e. 12 x 0.032 x 252 = 97 not  97.0704.  

· When completing a string of calculations it is customary to keep one extra significant figure, then round off as the last step.

· Some examples of significant figures:  23.07--four sig figs; 0.032--2 sig figs; 24.3200--6 sig figs; 352,000 --at least three, but not more that 6 sig figs.

Surveying Equipment

· Tape measure

· Autolevel

· EDM

· Transit

· GPS

Safety in Surveying

Surveying doesn’t look like a dangerous occupation, but safety is still a consideration

· Range poles are not javelins

· Chaining pins are also sharp

· Care is needed when lifting and moving equipment--back and other muscle and joint problems are possible

· Surveying is often done on rough terrain--footing can be treacherous--rocks can damage both equipment and personnel

· Machetes, axes, and knives are often used to clear underbrush and improve sight lines--DO NOT CLEAR AWAY ANY BRUSH

· Insects, snakes, and other wildlife may be encountered--leave them alone and they will probably leave you alone--if you know you have a particular problem in an area you will survey take precautions--carry anti-venom, wear heavy boots or leggings, etc.

· DO NOT THROW any piece of surveying equipment

Errors vs Mistakes

· Errors are a normal part of surveying, and cannot be eliminated, but your survey can usually be corrected for them.  

· Errors come from things like the curvature of the earth, stretch and expansion in steel tapes, calibration problems with equipment.  

· In each block of the surveying portion of FERL your instructor will discuss the normal errors in the equipment you will use, and how to correct them.  

· Mistakes are not a normal part of surveying, and your survey cannot be corrected from them.  

· A mistake is simply a blunder--they are easy to make, but are not acceptable.  

· Some common mistakes are: counting the wrong number of tape lengths when measuring with a steel tape; incorrectly recording a measurement; and reading your equipment wrong.  

· Your text discusses common mistakes with each piece of equipment, and some ways to help avoid them.  The only way to properly correct a mistake is to reaccomplish the survey, or at least a portion of the survey.  

Order of Accuracy

· The Federal Geodetic Control Subcommittee has set standards for the accuracy of surveys.  The order of accuracy describes the amount of misclosure error allowed on a survey.  This serves two purposes:  

1) It provides uniform standards specifying minimum acceptable accuracy for various surveys

2) Establishes specifications for instruments, field procedures, and misclosure checks to make sure the specified accuracy is achieved

· Three orders of accuracy are given in descending accuracy:  first-order, second-order, and third-order

1)    For vertical measurements (leveling) first and second order are divided into two categories...class I and class II 


2)    For horizontal surveys (traversing) second and third order are divided into class I and class II
	
	Horizontal Surveys
	

	Order and Class
	Relative Accuracy Between Points
	In Layman’s Terms, for a survey covering one mile

	First Order
	1 part in 100,000
	0.6 inches

	Second Order
	
	

	    Class I
	1 part in 50,000
	1.3 inches

	    Class II
	1 part in 20,000
	3.2 inches

	Third Order
	
	

	    Class I
	1 part in 10,000
	6.4 inches

	    Class II
	1 part in 5,000
	12.7 inches

	
	
	

	
	Vertical Surveys
	

	Order and Class
	Relative Accuracy Between Benchmarks
	In Layman’s Terms, one mile loop to same point

	First Order
	
	

	    Class I
	4mm x (K
	2.0 inches

	    Class II
	5mm x (K
	2.5 inches

	Second Order
	
	

	    Class I
	6mm x (K
	3.0 inches

	    Class II
	8mm x (K
	4.0 inches

	Third Order
	12mm x (K
	6.0 inches


K=distance between benchmarks or around loop back to starting point.  When surveying between two benchmarks, change first-order Class I to 3mm

Weights of Measurements

Which will provide the best measurements--surveying on flat, level, unobstructed ground or on steep wooded land with thick underbrush?  

· It’s pretty obvious that flat ground will be easier on which to work and will give better results.  

· When distributing errors in your survey, you should put more of the error correction on the readings taken on the poorer conditions since those areas will have more error in their readings.

· The better measurement condition will give a reading with a higher weight relative to other readings, and will be held closer to its observed value when making corrections.

· The weight assigned is subjective, but the higher the number, the more precise the reading should be.  

· If extremely variable conditions are encountered in the field, the survey chief should assign weights to the readings as they are taken.  An explanation of the weighting scale used should also be included in the survey notes.   

Survey Teams

· The “typical” survey team (or survey party) consists of an Instrument-person (IP) and a Rod-person (RP).  

· The IP will be the senior member of the survey team.  He will be responsible for recording duties as well as operating the primary piece of equipment.  

· The RP will hold the rod, locate survey points, clear brush, etc.   

· Sometimes a recorder will also be included to handle the record keeping, and when working in particularly difficult situations additional personnel may also be included.  

· In almost all situations the senior member of the team will be the recorder, lending his experience and expertise to the records that will be kept of the survey.

Types of Surveys

· There are many types of surveys with very different purposes  In the Air Force you will be primarily involved with the following:

1. Construction surveys - Provide line, grade, control elevations, horizontal positions, dimensions, and configurations for construction operations.  Also used to provide data required to pay contractors for work done (i.e. square yards of pavement, linear feet of pipeline, etc).

2. As-built surveys - Used to document final locations and conditions on a job site, and also to provide data for design of future projects.

3. Route surveys - used to plan, design, and construct highways, railroads, pipelines, and other linear projects.  These surveys usually start at one control point and proceed as directly as possible (considering field conditions) to another.

4.  Site layout - If you deploy in support of an exercise or military operation you may be 
 tasked with laying out tent cities and other operational facilities.

Field Notes

· Permanent record of work done in the field.  

· Can be subject to court review when used in boundary disputes or construction claims.  

· Are often used to create engineering designs and drawings for future work, and in those cases are used by engineers who may never have been to the actual construction site (NEVER LET THIS HAPPEN TO YOU WHILE YOU ARE WORKING FOR THE AIR FORCE!  THERE IS NO EXCUSE FOR NOT VISITING THE SITE BEFORE STARTING A CONSTRUCTION DESIGN!).

· Field notes must be clear, complete, and accurate.

· Survey notes are normally kept with a hard lead pencil (at least 3-H).  This imprints the paper, and helps to prevent smudges.  Cover information is normally recorded with indelible ink.

· On the cover of your field book, you should use indelible ink to letter the following information on the first inside page:


United States Air Force Academy 


Department of Civil Engineering


Civ Engr 351


Summer 2007
· You should number pages of the field book on the left hand page only, starting with the number one on the back of the first page.  

· You should number all pages in the field book when it is initiated.  Page one will be a table of contents, and will be completed as you complete surveys in the book.

Each survey will start on a new page, the upper right hand page of each survey will include the following information:

1. Date, starting, and stopping time for the survey

2. Name and location of the survey

3. Weather at the survey site (Note: if the weather changes during the survey period a note should be included in the survey book stating the changes.)

4. Name and position of each member of the survey party

5. Name and specific reference number of each piece of equipment used (serial number or agency specific reference)

· Data should be entered on left hand side of page, sketches and site information on the right hand side.  

· Every survey must include a sketch...the more detail the better!  Of course detail must be tempered somewhat with practicality, but keep in mind the survey will be used by people who were not at the site, and sometimes a survey team must go back to the field to verify data or collect additional information.  The better the sketch you draw, the better off you’ll be.

· Different types of surveys will require different information to be collected, so the survey book will be set up a bit different at times.  

· When corrections are required, NEVER ERASE!!  Instead, line out the incorrect data with a single line (it should still be readable), and enter the correct data immediately above the correction.  

· A note explaining the correction should also be included in the survey book.  

· Erasures and missing pages in survey books detract significantly from the credibility of the surveys...and may in some cases make them unusable.

· If you have to copy data from one survey book to another, always include a clear note indicating the data is copied, and the original source.  

· In your surveys for this course, all of you will be required to submit a completed survey book.  One book will normally be kept in the field, and the rest will be copies of the original book.

· In some cases today, automated records will be provided by the equipment you use.  

· You will still need to keep a survey book to supplement the automated records.  Sketches of the survey location and other data can still be best handled on the written page.  

· The automated records will probably be admissible in court...but only if they are signed or verified in some other manner by the survey team chief.

PACING EXERCISE

· In order to determine your pace length, you must first layout a course of a known length.

· Count the number of paces it takes to get around the course.

· Repeat three times--determine the average number of paces.

· Divide the length of the course by the average number of paces to get the number of feet per pace...round it off to the nearest tenth.

· Record the survey in your field book as you accomplish it.

HAND SIGNALS

· Surveying often involves taking sight readings over fairly large distances... some of the current EDM equipment can take readings over distances of more than a mile!  

· It is impractical to yell information at someone a distance away, and information conveyed that way can sometimes be mistaken.  As a result, hand signals have been developed to convey information from the instrument person to the rod person.  

· Some of these basic hand signals are shown in the text on pg 96-97.  Other signals can be used by a survey team, as long as all the members understand the information that is being conveyed.

· Radios are becoming more prevalent in the surveying industry as distances involved get larger.  The advantages of radios should be obvious.

Notes:
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